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ADAPTIVE MANAGEMENT 
 
 


Introduction 
Background 
The concept of adaptive management was developed in the late 1970s from a method called 
“Adaptive Environmental Assessment and Management” presented by C.S. Holling (1978).  
Adaptive management in its current form is basically a process that provides for the integration of 
scientific research with applied management to reduce uncertainty in management practices by 
filling in gaps in our understanding of natural systems while continuing to manage them (Walters, 
1986; Halbert, 1993).  These gaps in our understanding are filled by research, monitoring, and 
evaluation that is conducted in conjunction with resource management.  Thus, as the level of 
uncertainty associated with a particular resource management issue/decision increases, so does the 
importance of an adaptive management process.  Adaptive management helps reduce the risk of 
decision-making, particularly in situations where resource managers are dealing with significant 
levels of uncertainty and considerable consequences (e.g., species’ extinction).   


According to Walters and Holling (1990), “every major change in harvesting rates and management 
policies is in fact a perturbation experiment with a highly uncertain outcome, no matter how skillful 
the management agency”.  


Based on the above, one key element of an effective adaptive management program is research 
designed to gather information to fill in gaps or refine current knowledge pertinent to the resource(s) 
of concern.  This element includes decisions about what research will be conducted.  The research 
must be relevant to the resource(s) of concern, scientifically sound, and unbiased by interest groups 
or stakeholders.  Independent peer review by the scientific community and the public also helps 
ensure that the research does not appear biased.  In addition, due to financial and time constraints, 
the research conducted must be prioritized in a manner that allows for those crucial uncertainties 
that pose the most risk to the resource to be addressed first. 


Another key element of an effective adaptive management program is monitoring.  In the context of 
the Washington forest practices, there are three basic types of monitoring, all of which are essential 
to the success of an adaptive management program: 


• Compliance monitoring - designed to determine if landowners are following the Forest Practices 
Rules. 


• Effectiveness monitoring - designed to determine how well the management approaches are 
meeting resource objectives; and 
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• Validation monitoring - designed to determine if the assumptions (or resource objectives) upon 
which the regulations were based are correct. 


A formal process must also be established for incorporating new information to refine regulations.  
This process necessarily includes evaluation of the research and monitoring results to determine 
their relevance and significance to regulations.  When dealing with multiple stakeholders, this 
process would benefit from a protocol for receiving input and resolving disputes among stakeholders 
regarding research implications and recommendations.  Another key element of this process would 
be to define who will be responsible for defining overall resource objectives and priorities and 
whether and how to modify regulations based on results of research and monitoring. 


Enforcement of the regulations once they are implemented is essential to ensure that once decisions 
have been made to modify management practices or objectives, that all parties involved are held 
accountable for upholding their responsibilities. 


Finally, adequate multi-year funding is critical to a successful adaptive management program.  
Among other things, funding must be established in advance to ensure that quality research and 
monitoring is conducted to support the process.  Funding must also not be tied to any special interest 
group that then may dictate which select projects or programs will be conducted and once selected, 
how they will be conducted. 


Notably, although an adaptive management program may have all the key elements identified above, 
for the program to be effective, it must be designed to readily identify critical problems and respond 
to them, through corrective action, in a timely manner.  For a program to be responsive:  1) data 
must be gathered in a manner that allows for ready identification of the most significant resource 
issues; 2) evaluation of information and decision-making cannot be significantly delayed in dispute 
resolution processes; and 3) adequate funding must be secured in advance to ensure no critical 
delays, particularly in the collection of research and monitoring data. 


Goals of Adaptive Management 
As stated in Chapter 1, there are 4 goals of the new Forest Practices Rules all of which the adaptive 
management process is designed to support: 


1. To provide compliance with the ESA for aquatic and riparian-dependent species on non-federal 
forest lands; 


2. To restore and maintain riparian habitat on non-federal forest lands to support a harvestable 
supply of fish; 


3. To meet the requirements of the CWA for water quality on non-federal lands; and 


4. To keep the timber industry economically viable in the State of Washington (as required by state 
law). 


The overall goal of the adaptive management process as expressed in the Forests and Fish Report 
(April 29, 1999), is “to ‘close the loop’ when it is necessary or advisable to adjust rules and 
guidance to achieve the projected result.”  There are three desired outcomes: 


1. Certainty of change as needed to protect target resources; 
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2. Predictability and stability of the process of change so that landowners, regulators, and 
interested members of the public can anticipate and prepare for change; and 


3. Application of quality controls to study design and execution and to interpret results. 


Proposed Alternatives for Adaptive Management 
Overview 
Adaptive management is one of the cornerstones to the success of the new Forest Practices Rules.  
As stated above, the level of importance of adaptive management increases with the level of 
uncertainty and risk to resources associated with a particular set of management actions.  Thus, due 
to uncertainties surrounding forest management practices regarding effects on water quality and fish 
habitat, concern has increased over deficiencies in the current adaptive management program. 


The description of the Forest Practices Board EIS alternatives for adaptive management below, 
focuses on select aspects of the current program (Alternative 1) that are being proposed for change 
in Alternatives 2 and 3 and how these changes relate to meeting the Forest Practices Board goals.  
Key aspects of the current program proposed for change include: 1) formalizing the process, 2) 
increasing accountability in the process, 3) formalizing effectiveness and validation monitoring, and 
4) refining how decisions are made in the adaptive management process.  With respect to decision-
making, the changes proposed address formalizing dispute resolution and defining the role of the 
TFW Policy Committee and/or the Forest Practices Board in the adaptive management process.  An 
overview of the background for development of the current adaptive management program is 
presented under Alternative 1.  The descriptions of the three alternatives are then followed by a 
section comparing the proposed changes with respect to the key elements of an adaptive 
management process described in Section 1.0 above as well as the Forest Practices Board goals. 


Alternative 1 - No Action 
The use of adaptive management in Washington forest practices was provided for in the 1988 TFW 
agreement, and is considered one of the key elements of the agreement.  Notably, the TFW 
agreement is particularly unique among other resource management agreements in that it 
incorporates an adaptive management process through the establishment of the Cooperative 
Monitoring, Evaluation, and Research (CMER) program (Halbert, 1993).  Through the TFW 
agreement, adaptive management was established by rule in the Washington Forest Practices Rules.  
Adaptive management and monitoring is thus required under current Forest Practices Rules (WAC 
222-08-035 and 222-12-045).  The current adaptive management process basically establishes that 
resources be managed using the best available information, with the understanding that Forest 
Practices Rules and field methods can be changed in response to results of research and monitoring.  
Under WAC 222-12-045 the WDNR is “directed to report to the Forest Practices Board on 
opportunities to modify these regulations when baseline data, monitoring, evaluation or the use of 
interdisciplinary teams show that such adaptive management will better meet the purposes and 
policies of the FPA”.  


Unfortunately, although adaptive management has been formally incorporated into state Forest 
Practices Rules, the process for implementing it remains relatively informal and is inconsistently 
applied.  The TFW Agreement (1987) established the CMER Committee specifically to conduct 
research and monitoring.  TFW decides which research and monitoring projects to support (once per 
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biennium) and makes recommendations on resource objectives to be determined by the Forest 
Practices Board.  Research and monitoring in TFW is outlined in a work plan developed by CMER, 
who is also responsible for implementing the plan.  Based on results of this research and monitoring, 
CMER is then charged with developing tools and methods for forest management and identifying 
and filling gaps in knowledge relevant to Forest Practices Rules.  Results of CMER research and 
monitoring are discussed among subcommittees established within CMER.  Once consensus is 
achieved among the CMER subcommittees, results of CMER research and monitoring are presented 
to and evaluated by the TFW Policy Committee.  The TFW Policy Committee then determines if 
any changes in Forest Practices Rules are necessary based on consensus among TFW participants.  
Once consensus is achieved, the TFW Policy Committee makes any agreed-upon recommendations 
to the Forest Practices Board.  The Forest Practices Board then decides if and how to adjust rules 
based on these recommendations. 


This process was used to implement the recommendations of the original TFW Agreement and 
continues to be used to refine Forest Practices Rules.  Some noteworthy results of this adaptive 
management process include:  1) changes in stream shade requirements based on CMER stream 
temperature data (Sullivan et al., 1990); 2) determination of RMZs for lands on the east side of the 
Cascade Crest; and 3) the establishment of the watershed analysis process to provide for the 
development of basin-specific management (Benda and Miller, 1991). 


Notably, there is currently no formal dispute resolution process within TFW; therefore, lack of 
consensus among CMER or TFW participants can delay or prohibit presentation of CMER research 
and monitoring results to the Forest Practices Board.  The TFW Policy Committee thus has a large 
role in the current adaptive management process, particularly in determining which projects to 
support and serving as the connection between the CMER and the Forest Practices Board, which is 
ultimately responsible for all decision-making regarding Forest Practices Rules.  In addition, 
adequate, long-term funding cannot be guaranteed.  Funding under the current program is dependent 
on several factors, any of which can change from one year to the next.  The factors include the 
discretion of the Forest Practices Board, staff-level and policy-level decisions by the DNR, across-
the-board budget reductions, appropriations by the state Legislature, and general competition for 
federal monies. 


Alternative 2 - Forests and Fish Report  
There are basically three main areas of the current adaptive management program that are targeted 
for change under Alternative 2:  1) formalizing the overall adaptive management process; 2) 
improving accountability in the process; and 3) formalizing monitoring (Figure 1).  In addition, this 
alternative states that adequate and long-term funding would be secured to ensure the uninterrupted 
collection of quality data to support the process; however, no process is described for securing these 
funds.  Changes in these aspects proposed in Alternative 2 are described below. 


1. Formalized Process 


Under Alternative 2, the adaptive management process would be formalized through a variety of 
mechanisms.  Key to this proposal, the Forest Practices Board would establish the adaptive 
management process by rule and would appoint and empower the CMER committee by rule to 
impose accountability and formality in the process.  The CMER would be lead by a full-time  
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Figure 1.  Adaptive Management Process Under Alternative 2  
(Source:  Forests and Fish Report, 1999) 
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Adaptive Management Program Manager appointed by the Forest Practices Board with 
consultation from TFW.  This coordinator would have credentials as a scientist and researcher.  
The Forest Practices Board would still, however, establish resource objectives and would set 
priorities based on information gathered. 


A set of protocols and standards would also be developed to define and guide execution of the 
process.  An independent scientific review committee (SRC) would be established to oversee the 
work of CMER and, with CMER, would develop the protocols governing the adaptive 
management process.  As described in the Forests and Fish Report (April 29, 1999), these 
protocols and standards would govern, but not be limited to, the following: 


• content and presentation of hypotheses and/or data used to support requests for rule 
change or new rule development or initiation of research or monitoring projects; 


• requests for initiation of monitoring programs as appropriate or research projects and 
the review and decision-making process to be applied to such requests; 


• format and processes for reporting results of the program to the Forest Practices Board; 


• monitoring programs as appropriate; 


• analysis and evaluation of resource and operational impacts; 


• peer review processes and reviews of study designs; 


• the process of reporting results and initiating requests for changes in statute or 
regulation; and 


• coordination with other statewide efforts on salmon, steelhead, bull trout, and clean 
water. 


Any proposed changes to target forest conditions, forest practices, or enforcement programs 
would be evaluated by these protocols.  These protocols would also be used to document any 
hypothesis statement, data collection and analysis, hypothesis testing, and conclusions and all 
would be open to public review. 


Under Alternative 2, a formal dispute resolution process would replace the consensus 
requirement in the current TFW Policy Committee, such that if consensus is not reached among 
TFW participants on interpretation of research results, recommended direction or other 
controversies, the Forest Practices Board would make the final determination subject to rights of 
appeal.  Key elements of this process would include: 1) the establishment of specific substantive 
and benchmark (schedule) triggers for each monitoring and research project for invoking dispute 
resolution; and 2) the process would be staged and applied at any level of the adaptive 
management process. 


2. Increased Accountability 


As described in the Forests and Fish Report (April 29, 1999), another main goal of Alternative 2 
with respect to adaptive management is to build more accountability into the process.  This 
accountability would be established primarily by tying the process directly to the Forest 
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Practices Board (instead of through the TFW Policy Committee), and opening the process to 
public review and outside scientific review by the SRC mentioned above.  The Forest Practices 
Board, CMER, SRC, TFW Policy Committee, and the CMER administrator together would be 
empowered to conduct the required activities of the adaptive management process.  As in 
Alternative 1, the TFW Policy Committee would continue to have an integral role in the 
adaptive management program by evaluating CMER research and monitoring results and, based 
on consensus, making recommendations to the Forest Practices Board for Forest Practices Rules 
changes, program priorities and specific projects.  However, in contrast to Alternative 1, CMER 
would be accountable to both TFW and the Forest Practices Board.  Further, CMER and the 
SRC would interact with the TFW Policy Committee and the Forest Practices Board to establish 
goals and objectives, guide management practices, develop and implement research and 
monitoring projects, evaluate results of research, and take action to modify Forest Practices 
Rules or management objectives as necessary to meet goals of the adaptive management 
program. 


3. Formalized Monitoring 


Another key intent of Alternative 2 is to develop more formal validation, effectiveness, and 
compliance monitoring programs.  Overall performance goals would be established (see 
Schedule L-1) that restrict forest practices, either singly or cumulatively, from impairing the 
capacity of aquatic habitat from: a) supporting harvestable levels of salmonids; b) supporting the 
long-term viability of other covered species; or c) meeting or exceeding water quality standards.  
As outlined in the Forests and Fish Report (April 29, 1999), four primary relationships would be 
monitored: 


• correlations between target forest conditions and goal attainment; 


• effect of forest practices on forest conditions; 


• effect of forest practices on other resource objectives; and  


• enforcement and on-the-ground implementation of forest practices. 


This would be accomplished through the establishment of a science-based program to monitor 
the relationship between forest practices and forest conditions, and to evaluate the effectiveness 
of achieving target forest conditions and processes.  A centralized, uniform system of baseline 
data would be developed to support implementation of the adaptive management process and to 
monitor change.  Project definition and selection would be scientifically rigorous, guided by 
policy oversight, and subject to peer-review by the SRC.  Under Alternative 2, one compliance 
monitoring study would be completed each biennium, starting with the 2001-2003 biennium.  
Areas with the greatest amount of uncertainty would be the top priorities.  Additionally, an 
infrastructure would be established to ensure compliance.  This infrastructure would include 
adequate compliance monitoring integrated into enforcement, training, and education programs. 


Alternative 3  
The adaptive management process proposed in Alternative 3 is modeled after that presented in the 
Environmental Caucus Proposal (Figure 2) (WEC and WAS, December 1998).  Similar to 
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Alternative 2, one of the main intents of this alternative is to obtain more accountability in the 
adaptive management process by tying it more directly to the Forest Practices Board.  The way in 
which Alternative 3 would accomplish this goal, however, would be through significant changes in 
the level of participation that the TFW Policy Committee would have in the adaptive management 
process.  As in Alternative 2, CMER would be directly accountable to the Forest Practices Board; 
however, in contrast to both Alternatives 1 and 2, the TFW Policy Committee would not have a 
specific role in the adaptive management process. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 2.  Adaptive Management Process Under Alternative 3 
(Source:  Washington Environmental Council and Washington Chapter - National Audubon Society.  1998.  
The Salmon Recovery Proposal) 
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The Forest Practices Board would assume full responsibility for implementing the adaptive 
management program for forest practices to promote an objective and scientifically credible learning 
process to guide the forest practices management system.  With DNR support staff and a program 
administrator, the Forest Practices Board would take direct control over all effectiveness and 
validation monitoring and any research projects needed to answer questions relevant to forest 
practices.  Under Alternative 3, the Forest Practices Board would also designate a Stakeholder 
Advisory Committee and provide opportunities for public participation at all points in the program.  
Notably, the stakeholder committee would not operate as a consensus forum.  The Forest Practices 
Board would utilize the state’s Independent Science Panel (see ESHB 2496) to provide peer review 
on all research projects. 


Similar to Alternative 2, another key intent of Alternative 3 is to develop a good effectiveness 
monitoring program, but specific details of this program have not been outlined.  Compliance and 
validation monitoring are not addressed. 


Comparison of Alternatives 
As stated above, an effective adaptive management program is particularly important to employ in 
situations where management approaches have been developed with a lack of information and thus 
an element of uncertainty.  Furthermore, the level of importance of adaptive management increases 
with the level of uncertainty and risk to resources associated with a particular set of management 
actions.  Thus, due to uncertainties surrounding forest management practices effects on water quality 
and fish habitat, the establishment of an effective adaptive management program is essential to 
ensure meeting the first three of the four Forest Practices Board goals. 


Based on the key elements of an effective adaptive management program described in Section 1.0 
above, a number of deficiencies exist in the current adaptive management program with respect to 
meeting the Forest Practices Board goals.  Some key deficiencies include, but are not limited to, the 
following: 


1. lack of consistent application of adaptive management, including monitoring, due to lack of 
established policy; 


2. lack of established standards and guidelines for implementation rendering the process informal; 


3. public concern over biased decision-making, including resource objective definition; research 
project selection, and interpretation of research and monitoring results; 


4. lack of a process for incorporating the use of outside research; 


5. lack of a dispute resolution process within TFW to ensure a consistent and streamlined approach 
to decision-making within TFW that will not significantly delay the adaptive management 
process; and 


6. lack of adequate long-term funding to ensure the uninterrupted collection and analysis of 
information to support the process. 


Between Alternatives 2 and 3, Alternative 2 would best support meeting the Forest Practices Board 
goals.  This alternative addresses the first five of the six key deficiencies in the current adaptive 
management program (Alternative 1) listed above and provides the most specificity in describing 
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ways to improve the program.  The primary ways in which Alternative 2 addresses these 
deficiencies include the following: 


• To ensure consistent application, the adaptive management process (including monitoring) 
would be established by rule. 


• The process would be more formalized through the establishment of a variety of protocols to 
support implementation. 


• To address public concern over biased decision-making and lack of use of outside research, 
among other things, the process would be open to public review and review by the SRC, and the 
CMER would be directly linked to the Forest Practices Board such that ultimately the Forest 
Practices Board would have access to all results of research and monitoring;. 


• To decrease delays in decision-making within the TFW Policy Group, a dispute resolution 
process would be established 


Alternative 3 would be expected to better support meeting the Forest Practices Board goals than the 
current program, but not as well as Alternative 2.  Alternative 3 addresses three of the six key 
deficiencies in the current program (Alternative 1) listed above and provides less specificity than 
Alternative 2.  Similar to Alternative 2, Alternative 3 addresses concerns over delays in dispute 
resolution and biased decision-making.  These concerns are addressed primarily by giving the Forest 
Practices Board full responsibility for the program (with no specified role for the TFW Policy 
Group), establishing a Stakeholder Advisory Committee, providing public participation at all points 
in the program, and utilizing the state’s Independent Science Panel for project peer review.  One 
major difference between Alternatives 2 and 3 is that Alternative 2 would establish the adaptive 
management process by rule and would develop more-formalized compliance and validation 
monitoring programs. 


One key deficiency of the current program is not addressed by either Alternative 2 or 3:  adequate 
long-term funding.  Although Alternative 2 states that adequate long-term funding would be 
secured, no process has been identified for accomplishing this. 


Literature Cited 
Benda, L. and L.R. Miller.  1991.  Geomorphological watershed analysis:  A conceptual framework 


and review of techniques.  Timber, Fish and Wildlife Report TFW-SH10-91-001. 
Halbert, C.L.  1993.  How adaptive is adaptive management?  Implementing adaptive management 


in Washington State and British Columbia.  Reviews in Fisheries Science 1(3): 261-283. 
Holling, C.S., editor.  1978.  Adaptive Environmental Assessment and Management.  John Wiley 


and Sons, New York. 
Sullivan, K.J., K. Tooley, K. Doughty, J. Caldwell, and P. Knudsen.  1990.  Evaluation of prediction 


models and characterization of stream temperature regimes in Washington.  Timber, Fish and 
Wildlife Report TFW-WQ-90-006. 


Walters, C.J.  1986.  Adaptive Management of Renewable Resources.  Macmillan Publishing Co., 
New York.  374pp. 


Walters, C.J. and C.S. Holling.  1990.  Large-scale management experiments and learning by doing.  
Ecology 71(6): 2060-2068. 








 
 
  
 
 
 


Final EIS Introduction 


 


Chapter 3 


3-1


3. AFFECTED ENVIRONMENT AND ENVIRONMENTAL 
EFFECTS 


3.1 INTRODUCTION 
 


3.1 INTRODUCTION..............................................................................................................3-1 
3.1.1 Available Information..............................................................................................3-2 
3.1.2 Evaluation Criteria and Relationships Among Sections.........................................3-2 
3.1.3 Environmental Effects and Risk Statements..........................................................3-3 


 


This chapter provides information concerning the affected environment and the 
environmental effects of the alternatives.  The affected environment sections describe the 
current condition against which the significant environmental effects are evaluated.  The 
following areas are discussed: 


• Sediment (Section 3.2) 
• Hydrology (Section 3.3) 
• Riparian Habitats (Section 3.4) 
• Wetlands (Section 3.5) 
• Water Quality (Section 3.6) 
• Fish (Section 3.7) 
• Wildlife (Section 3.8) 
• Fire (Section 3.9) 
• Cultural Resources (Section 3.10) 


The environmental effects related to each of the above resource areas are discussed 
immediately following the presentation of the affected environment for each resource.  The 
environmental effects sections provide the scientific and analytical basis for the 
comparison of alternatives presented in Chapter 2.  They present the expected effects on 
the natural and the built environments associated with implementation of the alternatives.  
All significant or potentially significant environmental consequences are disclosed, 
including the direct, indirect, and cumulative effects.  Effects are quantified where 
possible, although qualitative discussions are often necessary.  Cumulative effects are 
addressed in a separate section at the end of Chapter 3. 


Direct environmental effects are those occurring at the same time and place as the initial 
cause or action.  Indirect effects are those that occur later in time or are spatially removed 
from the activity but would be considered significant in the foreseeable future.  Cumulative 
effects result from the incremental effects of actions when added to other past, present, and 
reasonably foreseeable future actions, regardless of what agency or person undertakes such 
other actions. 
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3.1.1 Available Information 
There is less than complete knowledge about many of the relationships and conditions of 
the resources and issue areas including fish and wildlife.  The ecology, inventory, and 
management of a large forest area, whether local, subregional, or regional, is a complex 
and developing science.  The biology of fish and wildlife species prompts questions about 
population dynamics and habitat relationships.  In developing the affected environment and 
environmental effects sections of this EIS, the analysis team examined the data and 
relationships used to estimate the effects of the alternatives.  The data and level of analysis 
used were commensurate with the importance of the possible effects.  Much of the analysis 
was based on the geographic information system (GIS) databases of the DNR as they 
existed in late 1999. 


When encountering a gap in information, the analysis team generally either collected the 
information or developed the information through modeling.  In some cases however, the 
effort required to obtain the information was prohibitively expensive or required too long a 
period of time, relative to the value of the information.  In these cases, the team concluded 
that the missing information would have added precision to estimates or better specified a 
relationship; however, the basic data and central relationships are sufficiently well 
established in the respective sciences that the new information would be unlikely to reverse 
or nullify understood relationships.  Thus, new information would add precision, but was 
not considered essential to provide adequate information for the decision-makers to make a 
reasoned choice among the alternatives. 


3.1.2 Evaluation Criteria and Relationships Among Sections 
Evaluation criteria are defined for each of the resource areas within their individual 
sections in this chapter.  The criteria are briefly defined in a subsection placed immediately 
before the detailed discussion of environmental effects in all of the sections.  Many of the 
resource areas have a variety of individual potential effects and individually identified 
criteria that stand alone.  For the following sections, however, the relationships among the 
criteria are more complicated and are interrelated: 


• Sediment  
• Hydrology 
• Riparian Habitats 
• Water Quality 
• Fish  


The evaluation criteria for these sections are defined in greater detail, along with a 
background literature review, in Appendix B. 
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The effects on the environmental components of these resource areas are closely related 
and these interrelationships are shown in Figure 3.1-1.  This figure shows the 
interrelationship of management activities (e.g., timber harvest; road construction, use and 
maintenance; and pesticide use) with the individual environmental components or 
individual environmental systems (e.g., riparian system or hydrological system) they 
affect. 


It also shows how effects on one environmental component cascade to other environmental 
components.  For example, timber harvest can influence shade and all other components of 
the riparian system, and through that effect can influence the temperature and sediment 
components of water quality.  These, in turn, can directly influence the habitat and 
physiology of fish.  Fish can also be directly affected through riparian modifications such 
as changes in LWD production which can affect fish habitat. 


3.1.3 Environmental Effects and Risk Statements 
It is desirable to be able to summarize the environmental effects of the alternatives in terms 
of their potential for meeting the three environmental goals of the Forest Practices Board, 
namely: 


• To provide compliance with the Endangered Species Act for aquatic and riparian-
dependent species on non-federal forest lands; 


• To restore and maintain riparian habitat on non-federal forest lands to support a 
harvestable supply of fish; and 


• To meet the requirements of the Clean Water Act for water quality on non-federal 
forest lands. 


The Forest Practices Board also has an economic goal that they must consider: 


• To keep the timber industry economically viable in the state of Washington. 


However, this EIS only considers how each element of the alternatives would meet the 
three environmental goals.  The question as to whether each element would meet the 
environmental goals cannot be definitively answered with a yes or no.  


Existing knowledge about most of the relationships that define aquatic and riparian 
systems is incomplete.  The ecology and management of aquatic and riparian habitats 
within forest ecosystems is a complex and developing science.  Therefore, the major 
conclusions of this EIS relative to meeting the environmental goals of the Forest Practices 
Board are necessarily expressed in terms of risk. Ideally, risk statements should be 
quantified.  However, because the physical and biological relationships of aquatic and 
riparian systems are imprecisely defined, and because quantitative measures do not exist 
for many aspects of the alternatives, the risk statements are given in qualitative terms. 


Risk is defined in this EIS as the likelihood that a specific factor will not support the 
achievement of one or more of the environmental goals.  These risk statements assume that 
other factors (e.g., non-forest practices, ocean conditions, harvest, etc.) do not prevent the 
goals from being met. 
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The scientists who conducted the analysis for this EIS developed risk statements based on 
best professional judgment after weighing all of the quantitative evaluation criteria that 
were developed, as well as their review of the scientific literature.  They also considered 
the performance targets identified in Schedule L1 of the Forests and Fish Report and the 
likelihood that they would be achieved.  Further, they considered the fact that each 
alternative incorporates a level of adaptive management, which allows for change in the 
rules over the long-term, based on feedback from research and monitoring activities.  In 
giving consideration to adaptive management, the efficiency and timelag involved for each 
adaptive management program was also evaluated. 


Finally, the issue of uncertainty was also considered.  Because of the lack of information 
available to make definitive statements regarding risk, each of the risk statements given has 
a certain amount of uncertainty associated with it.  In a few cases, the amount of 
uncertainty associated with the risk statement is quite high; in these cases, the high 
uncertainty is noted along with the risk statement.  


As described in Chapter 2, the Forest and Fish Report has the potential to be developed 
into a Habitat Conservation Plan that could be in place for up to 50 years.  Consequently, 
the effects analysis in the EIS generally considers “long-term” to mean approximately a 
50-year period, but in some circumstances could be a longer time period.  Given the 
definition of “long-term,” a “short-term” period is considered approximately 10 years. 
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Figure 3.1-1. Generalized Relationships among Management Activities and 
Environmental Components of the Aquatic Ecosystem 
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3.2 SEDIMENT 
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3.2.1 Introduction 
Sediment transported from upslope areas into stream channels can adversely affect the 
hydrologic system and its beneficial uses, such as fish habitat and water quality. In 
addition, sediment transport in the form of landslides can adversely affect public safety.   
Sediment enters water through various processes including surface erosion, channel 
erosion, and mass movements, and these inputs can be either chronic or episodic.  This 
section discusses the management-related impacts that can influence sediment delivery to 
streams.  


3.2.2 Affected Environment 
Sediment delivery rates are controlled by watershed characteristics such as geology, 
topography, vegetation, and hydrology.  As a result there is equilibrium between sediment 
input and sediment routing that must be maintained to have a healthy stream system 
(Everest et al., 1987). Sediment inputs are a combination of fine sediment, coarse sediment, 
and larger elements of instream structures, such as boulders and large wood.  In 
undisturbed basins, most natural sediment production occurs from streambank erosion, 
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debris slides followed by debris flows, tree blowdown, and animal burrows.  Forest 
practices, through the alteration of soil structure, vegetation, and hydrology, can 
significantly alter the delivery of fine and coarse sediment to streams, thereby potentially 
adversely affecting the beneficial uses of the stream network.  The primary management-
related sources of sediment are surface erosion and mass wasting from timber harvest 
activities and roads.   


To effectively discuss the effects of forest practices on sediment production in forested 
environments, it is important to have an understanding of the major management activities 
that contribute sediment to the drainage network. 


3.2.2.1 Road-related Sediment 
Surface Erosion 
Road-related surface erosion is a function of sediment available for movement and the 
power of water available to move it.  Road construction, use, maintenance, abandonment, 
and drainage all play important roles in the production and delivery of sediment.  Surface 
erosion from roads tends to be a chronic source of fine sediment to the drainage network.  
Chronic sources of fine sediment can adversely impact the physical habitat of the aquatic 
system and certain lifestages of fish and amphibians, and also degrade water quality.  
Delivery of fine sediment to streams from roads is a major concern because of the 
thousands of miles of forest roads that exist to transport harvested timber in forested 
regions of the state.  Appendix F, Forest Roads evaluates the specific best management 
practices (BMPs) of each alternative and should be consulted for further details. 


Road-Related Landslides  
Landslides are episodic sources of fine and course sediment to the aquatic system.  A 
landslide is the mass movement of soil, rock, and debris downslope; it occurs most 
frequently after heavy winter rains.  Landslide activity can be greatly accelerated by road 
management practices.  Many studies have shown that on a unit area basis, roads have the 
greatest effect on slope stability of all activities on forestlands (Sidle et al., 1985).  
However, some recent research suggests that harvest-related landslides occur with roughly 
equal frequency as road-related landslides (Montgomery et al., 1998). 


Road location, drainage, design, construction, and maintenance are all-important factors in 
effective road design, but can be contributing factors to road-related failure.  Newer road 
construction and engineering design has reduced road-related landslides relative to roads 
constructed more than 15 to 20 years ago (Toth, 1991; Robison et al., 1999).  Road-related 
landslides can become debris torrents and impact stream channels. 


Orphan Roads 
For the purpose of this analysis, orphan roads are roads constructed prior to 1974 that have 
not been used for forest practices since that time. Such roads are typically not maintained 
and many were constructed without a requirement to consider public resource and channel 
impacts.   The mileage of orphan roads in the state is unknown; however, the associated 
hazards have been identified.  The concern with orphan roads is the potential for failure 
and initiation of debris flows and torrents.  
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3.2.2.2 Sediment Related to Timber Harvest 
Timber harvest-related sediment can be delivered to the aquatic system as short-term 
surface erosion (fine sediment) generated from harvest units and skid trails, or it can be 
episodic from landslides initiated in harvested areas on unstable slopes.  Timber harvest 
activities often alter watershed conditions by changing the quantity and size distribution of 
sediment that can lead to stream channel instability, pool filling by coarse sediment, or 
introduction of fine sediment to spawning gravels. 


Surface Erosion  
Surface erosion is dependent on many variables.  The primary variables are slope, soil 
texture, and vegetation cover (Benda et al., 1995).  Harvest activities such as ground 
skidding or cable yarding can cause some degree of soil disturbance.  Typically, ground-
based systems compact and disturb more soils than non ground-based harvest systems 
(Graham et al., 1990).  The harvest systems most likely to cause greater levels of 
disturbance (from greatest to lowest) are ground-based systems, cable yarding, and aerial 
systems (Beschta, 1995).  Clearcuts tend to create the greatest area of soil disturbance 
(Hermann, 1978); however, disturbance from felling, yarding, and skid trails in partial cuts 
can also cause ground disturbance and compaction.  Cromack et al. (1978) found levels of 
soil disturbance in clearcut and partial cut areas to be comparable because of the need for 
equivalent access through a harvest unit.  Accelerated rates of erosion are generally not 
prolonged for more than several years as areas revegetate (Beschta et al., 1995).  Fine 
sediment that is transported overland can be significantly reduced by streamside buffer 
strips.  The ability of riparian buffer strips to control sediment inputs from surface erosion 
depends on several site characteristics including the presence of vegetation or organic 
litter, slope, soil type, and drainage characteristics.   Additionally, the filtering capacity is 
affected by timber harvest activities within the buffer.  Although soil disturbance generally 
increases the sediment delivery potential, the addition of obstructions on the forest floor 
from tree limbs and boles associated with partial logging can offset diminished filtration 
(Burroughs and King, 1989; Benoit, 1979). 


Mass Wasting   
LANDSLIDES 
Landslides tend to be the dominant natural erosion mechanism in areas with steep slopes 
throughout the Pacific Northwest (Swanson et al., 1987).  Landslides are an important 
disturbance mechanism to riparian areas and are episodic sources of predominantly coarse 
and fine sediment to the drainage network of a watershed.  Generally, less than 2 percent of 
the land is directly affected by landslides at any given time (Ketcheson and Froelich, 1978; 
Ice, 1985).  Debris slides are the most common landslides on steep forest lands.  Major 
storms increase the rate and intensity of landslides. Sidle et al. (1985) summarized several 
studies (Swanston, 1970, 1974; O’Loughlin, 1974; Ziemer and Swanston, 1977; Burroughs 
and Thomas, 1977; Gray and Megahan, 1981; Ziemer, 1982) indicating that stability 
depends partly on reinforcement from tree roots, especially when soils are partly or 
completely saturated.  
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DEBRIS TORRENTS 
Landslides can turn into debris torrents, which are classified as debris flows 
(approximately 80 percent solid and 20 percent water) or hyperconcentrated floods (about 
80 percent water and 20 percent solid), depending on site characteristics and conditions at 
the time.  Debris flows usually transport more material than the initiating event, due to 
scouring action on the slope or in the channel.  Debris flows stop moving when the slope 
gradient of the channel decreases or when the flow encounters a sharp bend in the channel.  
Debris torrents contain significant amounts of wood and can travel varying distances, 
which can result in variable degrees of impact depending upon channel gradient, 
confinement, layout of the channel network, and other characteristics (Fannin and 
Rollerson, 1993).   Debris torrents and debris flows can have significant, long-lasting 
effects on stream channels.  The channel location and cross-section can be radically altered 
in such a way that normal flows and normal peak flows cannot reconfigure the channel 
easily (Lamberti et al., 1991).  This is important because even though landslides in general 
may affect only one percent of a watershed, debris flows and torrents can affect 10 percent 
of the stream system because of their mobility (Swanson et al., 1987).  In addition to 
having significant impacts on the stream channel, debris torrents can also  affect riparian 
buffer functions and streamside forests when bank scour is so great that streamside 
vegetation is removed (see discussion on streambank stability).  


STREAM BANK STABILITY 
The roots of riparian vegetation help bind soil together, which make stream banks less 
susceptible to erosion.  The stability of stream banks is largely determined by the size, type 
and cohesion of bank material, vegetation cover, and the amount of bedload carried by the 
channel (Sullivan et al., 1987).  Riparian vegetation can also provide hydraulic roughness 
elements that dissipate stream energy during high or overbank flows, which further reduces 
bank erosion.  In most cases, vegetation immediately adjacent to a stream channel is most 
important in maintaining bank integrity (FEMAT, 1993); however, in wide valleys with 
shifting stream channels, vegetation throughout the floodplain or CMZ may be important 
over longer time periods.  


3.2.2.3 History of Forest Practices Affecting Sediment Production 
Prior to the adoption of the Washington Forest Practices Act in 1974, there were few rules 
or regulations that governed timber management activities on state and private forest lands.  
In early years, streams were used to move logs downstream to accumulation sites.  Most 
streams of sufficient size in western Oregon and Washington were cleared of obstructions 
for log drives during high water (Sedell et al., 1991).  On streams too small for log drives, 
splash dams of log cribbing were used to raise a head of water for sluicing logs (Sedell and 
Luchessa, 1982).  By about 1900, over 300 major splash dams and many undocumented 
smaller dams operated in Oregon and Washington.   


Railroads were built along the mainstems of the larger drainages, and logs were yarded 
down the smaller tributaries to the rail bed.  In this way, impacts extended to intermittent 
channels.  Whole watersheds were logged as convenience dictated beginning in the lower 
watershed and progressing upstream until all valuable timber was taken.  Logs were yarded 
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downhill, scraping debris and sediment into stream channels.  Streams were protected from 
being used for yarding beginning in the 1950s.  Clearcutting to the streambank, however, 
was normal practice until the 1980s. 


Timber harvest and associated road building can lead to increased rates of erosion into 
stream channels, which can alter substrate composition within the channels.  Channel 
disruption, decreased rooting strength, removal of debris from channels, and elevated 
sediment loading decrease the stability of channel morphology and the stream substrates 
(Gregory et al., 1987).  Roads were constructed on unstable slopes with substandard 
construction techniques compared to today’s practices.  The result is a legacy of roads that 
continue to be sources of chronic and episodic sediment into the drainage network.  In 
addition, there were few restrictions on harvest unit size.  The proportion of sediment 
contributed from different timber harvest activities varies between areas.  Some studies 
have shown that landslides related to timber harvest contribute more sediment on a 
watershed basis, than landslides associated with roads (e.g., Paulson, 1997), while other 
studies indicate that roads contribute more sediment, through both landslides and surface 
erosion (Ice, 1985).  Differences in lithology, soils, style of timber harvest, and road age 
may be responsible for this variation.  


Furthermore, the effects of debris torrents and debris flows originating from harvested 
areas may be more damaging than such landslides originating from mature forest.  
Reynolds and Paulson (1997) documented that the run-out along stream channels of debris 
flows which originated in harvested areas, was twice as long as those landslides originating 
in mature forest. Buffers intended to minimize landsliding and provide a fencing effect 
may be compromised by short-term losses to wind; therefore, the ability of a buffer to 
withstand blowdown is an important aspect of its effectiveness.  In a detailed study of four 
dam-break floods, Johnson (1991) found that the width of damage to riparian stands 
averaged 75 feet and ranged from less than 33 feet to 197 feet (depending on channel slope 
and valley width. 


The legacy of these past practices can be observed on the hillslopes of many managed-
forested areas.  Road construction associated with timber harvest activities began before 
1950, with many areas thoroughly harvested prior to that time.  Many of the roads used 
before the advent of forest practices rules were no longer in use by 1974.  These old roads, 
called orphan roads, have been recognized as potential hazards to public resources and 
public safety (Brunengo and Bernath, 1990).  Since the establishment of forest practices 
rules and the requirements of the Clean Water Act, rules and BMPs were implemented to 
guide timber harvest methods and new road construction. 


3.2.2.4 Existing Conditions Related to Sediment Production 
In a DNR unpublished draft document on forest roads (DNR, unpublished draft report, 
1999), significant amounts of sediment entering the drainage network were documented in 
70 percent of the sub-basins reviewed.  The survey was conducted on 380 miles of forest 
roads on 113 square miles of various private and public lands on 23 westside sites and 11 
eastside sites.  Maintenance issues and rule language that does not address sediment 
delivery during road construction and maintenance were concluded to be the major factors 
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contributing to the current state of road surface erosion and road-related mass wasting in 
Washington.  The findings of the DNR survey include: 


• Landslides were identified in half of the survey areas, with some areas delivering  large 
amounts of sediment to perennial streams. 


• Approximately 65 percent of the survey areas had direct delivery of sediment from 
roads to streams. 


• Culverts were a problem in 90 percent of the sub-basins. 
• Individual roads can exceed natural sediment input levels by 40 times. 
• Road drainage ditches were a problem in 66 percent of the sub-basins. 
• Commonly used road maintenance techniques are inadequate. 
• Watershed analysis and road maintenance plans assist landowners in identifying and 


correcting resource issue. 
The forested environment includes steep slopes or specific landforms that have a greater 
potential to fail, especially if disturbed by management activities.  High and moderate 
hazard unstable slopes are defined as areas that have the greatest potential for mass 
wasting.  Approximately 9 percent of the eastside and 18 percent of the westside consist of 
unstable slopes with a high or moderate potential to deliver sediment to streams (see 
Appendix E for more information).   


3.2.3 Environmental Effects 
In describing the environmental effects of sediment, it is best to separate the discussion 
according to the primary sources of management-related sediment -- roads and timber 
harvest.  This discussion is presented in the following sections.   


3.2.3.1 Evaluation Criteria 
A number of evaluation criteria have been identified to evaluate the degree of protection 
from sediment impacts offered by each of the alternatives.  Both quantitative and 
qualitative criteria are necessarily included.  These criteria are defined in greater detail in 
Appendix B.  Quantitative analysis of many of these criteria are provided in Appendix D 
(Riparian Habitat Analyses), Appendix E (Slope Stability Analysis), and Appendix F 
(Forest Roads). 


Road Surface Erosion 
As described in Section 3.2.2, road surface erosion is affected by road construction 
methods, road use, road maintenance, road abandonment, and drainage.  The criterion for 
evaluating this chronic source of sediment impacts is how the forest practices rules that 
define road management (i.e., planning, construction, use, maintenance, drainage, and 
abandonment) under each alternative, control road-related sediment production and 
delivery to streams (see Appendix F). 


Road-related Landslides 
The potential for road-related landslides depends on both the location of roads in relation 
to unstable areas and on how the roads are designed, built, and maintained.  Therefore, the 
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evaluation criteria for this episodic source of sediment impacts are: (1) the degree that 
unstable slopes would be avoided under each alternative; and (2) the degree of protection 
from road-related landslides provided by the forest practices rules (see Appendices E 
and F). 


Hillslope Erosion Related to Timber Harvest 
The disturbance of soil on hillslopes from timber harvest activities can result in short-term 
surface erosion that can be generated until vegetation is reestablished.  The potential for 
delivery of fine sediment to streams is dependent upon the amount of ground disturbance 
and the interception of potential overland flow.  The evaluation criteria for harvest-related 
sediment is the amount of harvest and hillslope-related surface erosion that reaches stream 
channels through riparian buffers.  In Section 3.2.3.2, the width of RMZs is compared to a 
buffer width of 30 feet.  Then the activity allowed in the RMZ is evaluated by using the 
results of the equivalent buffer area index (EBAI) for sediment (see Appendix D) and by 
assessing BMPs within the RMZ. 


Landslides Related to Timber Harvest 
Harvest-related mass wasting is most likely to occur on steep slopes and specific landforms 
that are highly susceptible to mass failure.  The initiation of failures from management 
activities can occur near streams within riparian areas and upslope areas. Buffers intended 
to protect slope stability (in addition to other functions) and provide a fencing effect may 
be compromised by short-term losses to wind; therefore, the ability of a buffer to withstand 
blowdown is an important aspect of its effectiveness.  The evaluation criteria for harvest-
related landslides is the degree of protection provided to unstable areas by forest practices 
rules.  These criteria include protection of unstable slopes upslope from RMZs that may 
buffer upslope landslides, landslides that may occur in RMZs, and debris torrent initiation 
areas that are likely to deliver sediment to the channel, and buffer effectiveness (see 
Appendix E).  


Bank Stability 
This evaluation is based on width of the respective RMZs and activities allowed within the 
buffer that may affect root strength and, thus, stream bank integrity.  For this analysis, 
one-half of a tree crown diameter (or its equivalent 0.3 of a site-potential tree height 
[SPTH], based on 100 to 250 years) is assumed to provide complete protection of bank 
stability (Spence et al., 1996), though it is realized in certain channels, particularly bedrock 
controlled channels, a much narrower RMZ would be required to maintain bank stability.  
The full estimated relationship between bank stability protection and SPTH is shown in 
Figure 3.2-1. 


Figure 3.2-1. Percent Effectiveness of Root Strength in Relation to the Distance 
from the Stream Channel 
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3.2.3.2 Alternative Evaluation 
Road Surface Erosion 
ALTERNATIVE 1 
Under Alternative 1, the forest practices rules are intended to reduce the risk of sediment 
delivery to streams based on implementation of BMPs.  As discussed in Appendix F, there  
is a high risk of sediment delivery to streams from roads, under Alternative 1.  This was 
confirmed in a published study by Rashin et al. (1999) who evaluated the BMPs in the 
current forest practices rules.  However, where watershed analysis had been applied, 
prescriptions were developed to reduce surface erosion for areas where there was a high 
vulnerability to a public resource, such as fisheries or water quality. 


A road maintenance survey was conducted by the DNR on 379 miles of forest roads across 
the state.  The unpublished draft document concluded that the rules under Alternative 1 are 
subjective and inadequate because they do not establish an acceptable limit on how much 
sediment delivery constitutes resource damage.  The delivery of fine sediment from the 
road surfaces to streams are addressed by the rules with statements such as “minimize 
erosion” or “not conducive to accelerated erosion;” however, the rules do not directly 
address the desired outcome, which is to avoid resource damage.  In addition, the rules do 
not offer a standard process for landowners and regulators to assess or identify successes 
and failures relating to resource protection which can lead to varying compliance 
expectations throughout the state for landowners, regulators, and the public.  The draft 
report by the DNR on road maintenance concluded that the current rules emphasize the use 
of culverts and ditches as the primary means of addressing hydrologic issues, but do not 
adequately address sediment production.  The results of the survey showed that 
approximately 65 percent of the survey areas had direct delivery of sediment from roads to 
streams (DNR, unpublished draft report, 1999). 


In addition, the rules under Alternative 1 do not result in a landscape-level approach to 
sediment reduction.  The rules do not encourage the reduction of road drainage into 
streams.  Road maintenance and abandonment plans, which are more of a landscape-level 
assessment, are not mandatory unless DNR assessments indicate an ongoing problem; in 
this situation, road plans are required on a case-by-case basis.  The rules under Alternative 
1 do not have any specific guidelines or assessment tools in the Board Manual as to when 
these plans are required.  The draft report by the DNR on road maintenance concluded that 
road maintenance and abandonment plans appear to assist landowners in identifying and 
addressing most issues that have the potential to cause resource damage and are effective at 
providing better protection for public resources; however, surface erosion appeared to be a 
problem in some areas that had a road maintenance and abandonment plan (RMAP) (DNR, 
unpublished draft report, 1999). 


Alternative 1 would 
result in a high risk 
of fine sediment 
delivery to streams, 
primarily because 
the rules do not 
directly address the 
desired outcome; 
therefore, they lack 
the needed 
flexibility for site-
specific situations. 
In addition, RMAPs 
are not generally 
required and rules 
and BMPs that 
address road 
drainage are 
inadequate. The 
risk of sediment 
delivery is 
substantially 
reduced with 
watershed analysis. 
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ALTERNATIVE 2 
Under Alternative 2, the BMPs recommended in the Board Manual are expected to 
substantially reduce sediment delivery to streams relative to Alternative 1.  Like 
Alternative 1, many of the BMP guidelines would be prescriptive; however, the revised 
outcome-based policy statements under Alternative 2, requires whatever measures are 
necessary to protect water quality and aquatic/riparian habitats (see Appendix F). 


The approach of the rules under Alternative 2 is specifically designed to reduce road-
generated sediment.  For new roads, all ditch relief culverts would be required to empty 
onto the forest floor in such a way that no sediment reaches a stream.  Research has shown 
(Duncan et. al, 1987) that outfall sediment can travel overland for 100 feet (or more) under 
certain conditions.  Therefore, Alternative 2's requirement for ditch relief culverts will 
result in placement of the culvert at least 100 feet from any stream.  Other conditions, such 
as slope and soil texture, could make the culvert-to-stream distance even greater.  Road 
maintenance and abandonment plans would be required by 2005 of landowners with more 
than 500 acres of forest land.  They would require the inventory and assessment of all 
forest roads, including orphan roads.  Further, the rules under Alternative 2 specify that all 
upgrades to roads must be completed, and new maintenance standards applied to all roads 
built after 1974 by the end of 2015.  Priorities in the rules place activities and locations 
with the highest potential benefit to fish and water quality early in the maintenance and 
abandonment schedule.  The DNR provides guidance and tools necessary for landowners 
to complete the road maintenance and abandonment plans.   


The road maintenance and abandonment plan represents a landscape-level approach that 
includes prioritization of problem sediment areas and temporal components for completion 
that would reduce the delivery of chronic sediment to streams.  Abandonment plans would 
prioritize roads for abandonment that would exempt them from future maintenance.  This 
would also result in further reduction of surface erosion sediment delivery to streams.   


The road policy to protect water quality and aquatic riparian habitats does not explicitly 
include or recommend tools such as monitoring to measure the effects of roads on the 
resources.  As a result, there is no systematic way to determine whether the policy or goals 
will be attained in a given watershed under Alternative 2.  However, general effectiveness 
monitoring will occur through the adaptive management program and the proposed rules  
require annual reviews of road plans and meetings with landowners which are likely to 
include an assessment of the plan's effectiveness.   


There is great difficulty associated with implementing a cost- and time-efficient monitoring 
plan that can verify the attainment of resource goals (e.g.,  in order to verify that new ditch 
relief culverts do not deliver any sediment to streams, intensive monitoring may need to be 
conducted during rainy periods).  Consequently, the adaptive management program intends 
to focus effectiveness monitoring within representative watersheds to obtain a higher 
likelihood of collecting meaningful data rather than a lower level of monitoring dispersed 
over a wider area (M. Hunter, WDFW, personal communication, January 19, 2001) .  


Alternative 2 would 
substantially 
reduce road-
related sediment 
from delivering to 
streams due to: 1) 
improved BMPs 
and 2) implement-
ation of RMAPs, 
and 3) an 
outcome-based 
and enforceable 
policy statement 
that requires 
resource 
protection. 
However, 
monitoring is 
necessary to verify 
the resource 
protection required 
by an outcome-
based policy. 







 
 
  
 
 
 


Final EIS Sediment 


 


Chapter 3 


3-17


ALTERNATIVE 3 
Alternative 3 would substantially reduce road sediment delivery to streams relative to 
Alternative 1.  There would also be a reduced risk of road sediment delivery to streams 
under Alternative 3 compared to Alternative 2.  This is primarily due to the requirement of  
no net increase in forest road densities on state and private timberlands.  In addition, 
Alternative 3 would require orphan roads to be maintained or abandoned and would 
eliminate sources of chronic sediment where these roads deliver sediment to streams.  In 
addition, the time frame for road maintenance and abandonment plan completion by 2010 
would be 5 years shorter than under Alternative 2.  Road upgrades and road abandonment 
in a shorter time period would reduce the total quantity of sediment generated by surface 
erosion compared to Alternative 2. 


Road-related Landslides 
ALTERNATIVE 1 
Under Alternative 1, road-related landslides would continue to occur at their current rate 
and deliver episodic quantities of sediment to streams.  The construction of roads on 
potentially unstable slopes increases the risk of road-related failures (as mentioned above).  
Landforms with a high potential for mass wasting would most likely be identified in forest 
practices applications (FPAs) and classified as Class IV-special.  A Class IV-special forest 
practices application covers practices where there is a potential for substantial impact to the 
environment such as aquatic habitat, water quality, and cultural resources (see Section 
1.4.1).  Because of the rudimentary screening tools used to identify unstable areas, there is 
a greater likelihood that potentially unstable areas may be missed in the application 
process. 


The current rules also have few specific guidelines that directly address road-related mass 
wasting issues such as road drainage.  Road-related landslides can be caused by road 
drainage problems such as plugged culverts and inadequately spaced cross drains and/or 
roads construction on potentially unstable slopes.  Problems can result from inadequate 
construction and maintenance.  The rules under Alternative 1 require culverts and bridges 
that cross streams to pass a 50-year flow event.  Cross drains are only required every 600 
to 1,000 feet depending on road grade.  A recent draft report by the DNR on road 
maintenance concluded that the most common drainage problems that caused resource 
damage to streams were undersized culverts and inadequate cross drain spacing; the most 
common maintenance related drainage problem was the maintenance of functional inlets 
(i.e., the drains from roadside ditches that divert water under the road through a culvert).   


In addition, the current rules do not address drainage onto unstable slopes.  Road drainage 
onto unstable areas can initiate mass wasting and the drainage onto unstable areas may not 
be identified when an FPA is reviewed; thus, a road built on stable ground may drain water 
onto potentially unstable areas.  The drainage of water onto steep slopes can increase the 
risk of slope failure.  Where watershed analysis has been conducted, the prescriptions for 
mass wasting would address and reduce the risk of road-related landslides. 


Studies by Toth (1991) and ODF (1999) found that newer roads (younger than 10 years 
old) experienced a lower rate of mass wasting than older roads.  Because there is no 


Alternative 3 would 
produce a low risk 
of road-generated 
sediment from 
entering streams 
over the short-term, 
as well as over the 
long-term, because 
of the restriction on 
increasing road 
densities and the 
shorter timeframe 
for completion of 
RMAPs; otherwise, 
it would be similar 
to Alternative 2. 


Alternative 1 would 
result in a continued 
moderate risk of 
road-related 
landslides because: 
1) the unstable 
slope screening 
process does not 
identify some 
unstable areas; 
2) the rules and 
BMPs that address 
road drainage are 
inadequate; and  
3) there are 
generally no 
requirements for 
RMAPs. 
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requirement under the Alternative 1 rules to upgrade roads to current construction 
standards unless a public resource has been damaged, the thousands of miles of older roads 
(both active and inactive) and orphan roads would continue to fail over time and deliver 
large quantities of sediment to the drainage network.  If roads or orphan roads are 
damaging public resources, the DNR has the authority to require the repair of these roads. 


ALTERNATIVE 2 
Under Alternative 2, new roads built on potentially unstable slopes would require greater 
scrutiny if the forest practices application is processed as a Class IV-Special.  Class IV-
Special applications would require a specific SEPA review including a site evaluation by a 
qualified expert and a detailed mitigation plan (see Appendix E for more details).  In 
addition, a more refined screening method would be used to identify potentially unstable 
slopes that have a potential hazard of delivering sediment to public resources.  This more 
refined screening process would reduce the risk of road construction on high hazard mass 
wasting areas and reduce the potential of failure on slopes and landforms with a high 
hazard failure potential. 


Road drainage guidelines in rules under Alternative 2 would reduce drainage-related road 
failures such as plugged culverts.  There are more specific BMPs in the rules that address 
road drainage.  Some of these include: outsloping roads so more runoff drains onto slopes, 
improved cross-drain spacing, and installation of new culverts that can pass a 100-year 
flow event.  Maintenance BMPs include removing debris from culvert outlets and inlets 
after major storm events and preventative ditch maintenance.   


The BMPs under Alternative 2 fail to consider that roads located on stable slopes may 
drain onto potentially unstable slopes (e.g., a ridge-top road that drains water onto 
convergent headwalls) without initiating a Class IV-Special application.  This omission 
represents a risk of mass wasting which has been documented in a study by Montgomery 
(1994). 


Under Alternative 2, an existing culvert will be replaced unless it meets the following three 
requirements:  (1) pose "little risk to public resources"; (2) "have been properly 
maintained"; and (3) be "capable of passing fish" (WAC 222-24-050).  The RMAPs to be 
implemented under Alternative 2 are intended to prevent failure of existing culverts by 
requiring maintenance and replacement of culverts that pose a significant threat to public 
resources.  There are many existing culverts on type Np and Ns streams.  If damage to 
public resources is imminent, the existing culvert must be replaced sooner, rather that later.  
However, if a culvert passes the three requirements mentioned above, the culvert does not 
need to be replaced to meet upgraded standards until the end of its lifespan. 


The required RMAPs would result in landowners with over 500 acres of forested land to 
upgrade all roads on their ownership by 2015.  Landowners with less than 500 acres would 
submit a RMAP with next forest practices application.  This would improve all roads to 
current construction standards, which has been demonstrated by Toth (1991) and ODF 
(1999) to have a much lower rate of mass wasting (e.g., failure) than older roads.  The use 
of RMAPs would substantially reduce the risk of road-related landslides compared to 


Alternative 2 would 
result in a low to 
moderate risk of 
road-related 
landslides because: 
1) the unstable 
slope screening 
process would be 
refined; 
2) the rules and 
BMPs that address 
road drainage 
would be 
substantially 
strengthened; and 
3) RMAPs would be 
required.   
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Alternative 1.  Orphan roads would be inventoried and assessed.  After the inventory and 
assessment, the maintenance and/or abandonment of orphan roads would be conducted by 
2015.  Where orphan roads are abandoned, there would be further reduction of potential 
mass failure of roads, sediment delivery to streams, and potential debris torrent initiation.   


ALTERNATIVE 3 
The potential risk for road-related mass wasting would be less than under Alternative 2.  
The no net increase in roads on a per unit basis would reduce the risk of failure because 
fewer roads would be constructed.  In addition, the time frame for RMAPs and the upgrade 
of older roads to current construction standards would occur over a shorter time frame (10 
years) than Alternative 2.  The shorter time period for the RMAPs, which include the 
maintenance of orphan roads, decreases the potential road failures because the potential for 
failure of older roads would be reduced by 5 years. Roads on stable slopes that drain onto 
potentially unstable slopes would not be classified as Class IV-Special applications, 
resulting in the same risk of mass wasting from this impact as under Alternative 2.  
Alternative 3 would result in an overall reduction of road-related sediment from entering 
the drainage network. 


Landslides Related to Timber Harvest 
ALTERNATIVE 1 
Under Alternative 1, some landforms with a high potential for mass wasting would most 
likely be identified during processing of the forest practices application.  Due to the 
rudimentary methods used to screen for unstable areas, there is a greater likelihood that 
potentially unstable areas may be missed in the application process.  In addition, there is 
little incidental protection of potentially high hazard slopes under Alternative 1 because 
there are no RMZs for Type 4 and 5 waters, which constitute approximately 80 percent of 
all streams on the landscape. RMZs of fish-bearing typed waters (Type 1, 2, and 3) provide 
some incidental protection of areas with a high hazard mass wasting potential; however, 
the effectiveness of these buffers may be impaired by short-term losses to windthrow.  


Under Alternative 1, the only protection provided for small channel junction angles and 
steep channel gradient slopes would be if they triggered a Class IV-special application 
based on appearing to be unstable and having a potential to significantly impact a public 
resource.  Because these areas receive no specific protection, there is a moderate risk of 
debris torrents.  The steep small tributary streams tend to be first- and second-order streams 
that would be Type 4 and 5 waters.  These streams have no buffers to protect them from 
management activities.   


Once a debris flow is initiated, the RMZs of higher order streams may act to reduce the 
channel impacts.  The streams most susceptible to riparian damage by channelized debris 
flows tend to have gradients greater than 20 percent.  On the westside, approximately 95 
percent of all streams with gradients greater than 20 percent are Type 4 and 5 waters; these 
streams would receive no buffer protection of riparian damage by channelized debris 
flows.  Lower gradient streams (Types 1-3) would receive some (though probably minimal 
in some cases) protection against riparian damage by dam-break floods under the existing 


Alternative 3 would 
result in the lowest 
risk of road-related 
landslides because: 


1) there would be 
no net increases in 
roads; 


2) the rules and 
BMPs that address 
road drainage would 
be substantially 
strengthened; and 


3) RMAPs would be 
required in the 
shortest timeframe.  


Alternative 1 would 
result in a 
moderate risk of 
harvest-related 
landslides 
delivering to 
streams, primarily 
due to the low 
frequency of RMZ 
protection along 
steep Type 4 and 5 
streams.   
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RMZ.  This alternative would have a moderate risk of harvest-related landslides delivering 
to streams. 


ALTERNATIVE 2 
Under Alternative 2, 5 percent of slopes with a high potential for failure would be 
incidentally protected by the RMZs based on modeling (see Appendix E).  The Class IV- 
special process (see Section 1.4.1) provides additional environmental review of forest 
practices on slopes considered to have a high potential to damage public resources or 
threaten public safety.  Currently, there is training of field personnel in the identification of 
high hazard features as a voluntary commitment of the Forests and Fish Agreement.  The 
greater environmental review should reduce the risk of timber-harvest related mass wasting 
and potential sediment delivery to streams. 


The forested landscape would be subject to more sophisticated screening methods 
statewide that would account for regional and local variations in soils, geology, and 
topography.  Because the screening tool would be more likely to identify potentially 
unstable slopes that may affect public resources and/or safety, more applications would be 
classified as Class IV-special by DNR.  In addition, more extensive unstable slope 
identification training of DNR personnel will also reduce the risk of management activities 
on potentially unstable slopes.  These changes are not rule-based, but rather agency tools 
used to implement the rules and protect public resources.  As a result, the rule-based 
language of Alternative 2 slightly reduces the risk of management-related mass wasting 
compared to Alternative 1 because of the greater likelihood of environmental review under 
SEPA.  


Under Alternative 2, areas of high susceptibility to debris torrents (i.e., steep tributary 
junctions) would receive greater protection than under Alternative 1.  If the areas of high 
susceptibility are on specific geomorphic landforms considered to be highly unstable and 
have the potential to deliver sediment to a public resource or threaten public safety, a Class 
IV-Special classification would be required and mitigation might be necessary for the 
management activity to occur.  In addition, perennial nonfish-bearing streams (Type Np) 
that intersect would have a 56-foot radius no-harvest buffer.  Sensitive areas such as 
headwall and sideslope seeps, springs, and alluvial fans would also receive a 56-foot radius 
no-harvest protection.  Seasonal nonfish-bearing streams (Type Ns), as well as unbuffered 
perennial streams (Type Np) would receive protection from equipment limitation zones 
(ELZs).  Management activities are allowed in ELZs, but with specific mitigation 
requirements for any soil disturbance greater than 10 percent of the ELZ area.  Local buffer 
effectiveness may be impaired in some cases due to short-term losses to windthrow.  There 
is still a moderate risk of debris torrent initiation because of potential for management 
activity in areas of susceptibility. 


Approximately 25 percent of streams less than 20 percent gradient would have Type S and 
F buffers and 75 percent would have Type N buffers.  These buffers would provide some, 
but not full fencing effect for debris torrents, and may be subject to short-term losses to 
windthrow.  As a result, Alternative 2 would have a slight to moderate risk of harvest-
related landslides delivering to streams. 


Alternative 2 would 
provide greater 
protection relative 
to Alternative 1, but 
would still result in 
a slight to moderate 
risk of harvest-
related landslides 
delivering to 
streams.  The risk 
would result from 
the lack of RMZs 
on many steep 
nonfish-bearing 
headwater streams. 
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ALTERNATIVE 3 
Under Alternative 3, 14 percent of high hazard slopes would be incidentally protected by 
no-harvest RMZs (based on modeling) (see Appendix E).  In addition, potentially high 
hazard areas identified in advance would automatically trigger a Class IV-special 
classification and would receive a 50-foot no-harvest buffer.  Alternative 3 provides the 
most protection from mass wasting and delivery of sediment to streams due to timber 
harvest. 


The no-harvest RMZs under Alternative 3 would protect steep stream channel junctions.  
This would probably reduce the frequency and downstream impacts of debris torrents.  
Also, there is no timber harvest or road activity permitted on high hazard slopes.  
Incidental protection of steep tributary junctions would also be provided if the tributary 
junction areas are considered high hazard mass wasting areas.  Streams with channel 
gradients of 20 to 30 percent would be buffered by 100 feet and streams with gradients 
greater than 30 percent would receive 70-foot buffers.  Further, additional CDZ buffers 
would be added along steep streams, with expected channelized landslides.  These buffers 
should provide a fencing effect from potential debris torrents.  Because buffer widths are 
wider under Alternative 3, they are more likely to be sufficiently windfirm and thus more 
likely to function fully and without short-term losses to blowdown. 


Hillslope Erosion Related to Timber Harvest 
ALTERNATIVE 1 
Under Alternative 1, the risk of sediment delivery to streams is greatest along Type 4 and 5 
streams, which do not have RMZs.  Because Type 4 and 5 streams are the most abundant 
streams on the landscape, the risk of sediment delivery from harvest-related practices 
would be high.  The sediment EBAI is lowest for Alternative 1 because of the lack of 
riparian buffers necessary to filter harvest-related surface erosion (Figure 3.2-2).  
Sedimentation would be short-term until sites become revegetated.  Alternative 1 provides 
an EBAI (see Appendix D) which is 64 percent (weighted by stream type) of the value for 
maximum protection (Figure 3.2-2).  This weighted value is a reflection of high protection 
along Type 1-3 streams and virtually no protection along Type 4 and 5 streams, which 
accounts for the majority of stream miles within the affected lands.  


In a study on the effectiveness of the existing forest practice rules at preventing sediment 
delivery, Rashin et al. (1999) concluded that streamside buffers (RMZs and Riparian Leave 
Tree Areas) were effective at preventing sediment delivery to streams on Type 1-3 streams.  
Along Type 4 and 5 streams, which are not buffered, physical impacts included extensive 
fine sediment deposition and other streambed changes such as increased streambed 
mobility, burial of substrates by logging slash, and loss of pre-existing large woody debris.  
Rashin et al. (1999) concluded that no-harvest buffers in place at the time, were generally 
effective in preventing sediment delivery, except where flow was channelized.  Most 
erosion features that were identified as delivering sediment, occurred within 30 feet of a 
stream.  However, they concluded that many of the BMPs and rules were ineffective, 
particularly where there was no RMZ, as for Type 4 and 5 streams.  In another study, 


Alternative 3 would 
provide much 
greater protection 
relative to 
Alternatives 1 and 
2 and would result 
in only slight risk of 
harvest-related 
landslides 
delivering to 
streams because 
all streams would 
have RMZs, and 
small steep 
streams would 
have CMZs.   


Alternative 1 would 
result in nearly full 
protection of 
hillslope erosion 
from directly 
reaching Type 1, 2, 
and 3 waters.  The 
lack of RMZs along 
Type 4 and 5 
streams would 
result in a high risk 
of hillslope erosion 
delivering sediment 
to these waters.   
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Pentec (1991) pointed out that lack of an RMZ and associated BMPs on Type 4 and 5 
streams was a fundamental conceptual flaw in the forest practices rules. 


In the representative sample area used for the analysis in this EIS, Types 4, 5, and 9 (west 
side only) streams comprised approximately 80 percent of the total stream length.  The risk 
of sediment delivery to these and other larger streams would be high under this alternative. 


 
Figure 3.2-2. Equivalent Buffer Area Index (EBAI) for Sediment by Alternative 
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ALTERNATIVE 2 
Under Alternative 2, the no-harvest portion of RMZs for Type S and F streams 
(a minimum of 50 feet on the westside and 30 feet on the eastside) meet or exceed the 
30-foot buffer criteria necessary to filter any management-related sediment generated from 
adjacent harvest units or activities within the RMZs.  There is full protection of hillslope 
erosion along Type F and S streams. 


A 30-foot ELZ on each side would be applied to all Type Ns and Np streams.  Landowners 
must mitigate (e.g., grass seeding, mulching, or installation of water bars) for the 
disturbance of more than 10 percent of the soil within any ELZ as a result of the use of 
ground-based equipment, skid-trails, stream-crossings (other than road crossings), or 
partial suspension of logs during yarding.  These ELZs should substantially reduce the 
amount of timber harvest-generated surface erosion and subsequent delivery to the stream 
network.  Notably, there is no monitoring requirement; monitoring is necessary to 
determine the effectiveness of erosion control measures.  


Approximately 50 percent of the NP streams on the westside would receive 50-foot no-
harvest buffers, which exceeds the 30-foot sediment filtration criterion.  In addition, 
sensitive areas, such as seeps, hyporheic zones, and areas upstream from the confluence 
with Type S and F waters, would also have 50-foot no-harvest buffers.  The no-harvest 
buffers along many of the NP streams, and the 30-foot ELZ along the other Type Np 


streams and NS streams should prevent hillslope sediment from entering streams.   


Along Type NP streams on the eastside, if the clearcut option is chosen by a landowner, 
approximately 70 percent would receive a 50-foot no-harvest buffer.  If the partial cut 
option is chosen, a 50-foot selective harvest buffer would be required.  In the cases where 
activity is allowed, the effectiveness of the RMZ in filtering sediment is compromised, but 
the mitigation requirements should be effective in reducing any surface erosion from 
entering streams. 


The EBAI for effective function of riparian sediment filtration shows that Alternative 2 
would have a greater buffering effect for sediment filtration (80 percent of maximum) 
compared to Alternative 1 (Figure 3.2-2).  However, it does not provide full protection of 
timber harvest-related surface erosion, specifically along Type NP and NS streams that do 
not have 50-foot no-harvest buffers. 


ALTERNATIVE 3 
The no-harvest buffers on all stream types far exceed the 30-foot buffer criteria.  Therefore, 
all streams should be fully protected from hillslope erosion delivery of sediment.  The 
EBAI for this alternative (100 percent of maximum) is the greatest among the alternatives 
(Figure 3.2-2). 


Alternative 2 would 
result in full 
protection of 
hillslope erosion 
from reaching Type 
S and F streams.  
However, there is a 
low risk of sediment 
from  hillslope 
erosion entering 
Type NP 
and NS streams.   


Alternative 3 would 
provide full 
protection of all 
streams from 
timber harvest-
related hillslope 
erosion.   
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Effects of Timber Harvest on Bank Stability 
ALTERNATIVE 1 
In western Washington, Alternative 1 (current forest practices rules) would provide full 
protection for bank stability based on the RMZ buffer widths for Type 1, 2, and 3 streams 
when maximum RMZ widths are implemented.  However, the minimum RMZ width of 25 
feet does not meet the one-half crown diameter (0.3 SPTH) required for complete 
protection of bank stability (Figures 3.4-7 and 3.4-8).  For each stream type, RMZ buffer 
width can vary between the minimum and maximum values, depending on the extent of 
wetland vegetation and the width needed for shade.  Also, selective harvest would likely be 
implemented adjacent to the stream channel, compromising the combined root strength and 
increasing the risk of damage to the stream bank directly from timber harvest activities.  
However, a greater number of leave trees are provided in RMZs along less stable stream 
channels (i.e., gravel/cobble channels) and this aspect may reduce the risk of bank failure.  
For streams that do not meet the established criterion of one-half crown diameter (0.3 
SPTH), combined with the selective harvest prescriptions, the risk of reducing stream bank 
stability would increase.  


In eastern Washington, full protection would be provided along Type 1, 2 and 3 streams 
when implementing the maximum and average RMZ widths.  One exception is for site 
class I, which would require a greater RMZ to provide a sufficient width buffer to maintain 
bank stability.  However, minimum RMZ widths of 30 feet provide complete protection of 
bank stability for all other site classes (Figure 3.2-1).   


As for western Washington, the possibility of harvest activity within the RMZ under 
Alternative 1 leaves the possibility that root strength would be compromised and the 
stream bank potentially damaged.  However, selective harvest does maintain some stream 
bank integrity through root strength and minimizes stream bank damage relative to clear-
cutting.  


The greatest risk is for Type 4 and 5 streams that have no leave tree requirement and where 
timber harvest can occur adjacent to the stream.  For Type 4 and 5 waters, RMZs are not 
required except for site-specific conditions and, in this case, would not exceed 25 feet.  
Therefore, RMZs for Type 4 and 5 streams do not meet the one-half crown diameter (0.3 
SPTH) required for complete protection under the maximum protection provided by the 
current forest practices rules.  Type 4 and 5 streams are smaller, tend to be moderately or 
highly confined, and have less erosive power; therefore, they do not necessarily require 
expansive buffers for bank stability protection.  However, Type 4 and 5 streams are 
susceptible to other processes such as mass wasting and peak flows, which could also 
affect bank stability.  The lack of an RMZ along most of these smaller streams means that 
Type 4 and 5 waters would receive no bank stability protection. 


ALTERNATIVE 2 
Under Alternative 2, all Type S and F streams would have RMZ widths that exceed the 
width recommended in the literature for full protection of bank stability.  On the westside, 
the 50-foot no-harvest zone adjacent to the stream bank (or CMZ) combined with the 
selective harvest inner zone under Option 1, should provide sufficient bank stability 


Alternative 1 would 
generally protect 
bank stability along 
Type 1, 2, and 3 
streams.  However, 
bank stability would 
not be protected 
along Type 4 and 5 
streams; therefore, 
a high risk of bank 
instability would 
exist along these 
small streams.   


Alternative 2 would 
protect bank 
stability, except 
along many non-
fish streams which 
lack RMZs. 
However, some 
protection would be 
provided by ELZs. 
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protection.  Additional protection due to the no-harvest floor adjacent to the 50-foot no-
harvest zone under Option 2 would provide even greater protection of bank stability.  On 
the eastside, the 30-foot no-harvest zone adjacent to the stream bank (or CMZ) combined 
with the selective harvest inner zone should provide sufficient bank stability protection.  
Overall, Alternative 2 would provide substantially more bank stability protection than 
Alternative 1 along Type S and F streams. 


For Type Np streams, at least 50 percent of their lengths would receive a 50-foot RMZ; 
these segments would have most of the protection required to maintain bank stability.  In 
addition, Type Np streams are much smaller, tend to be moderately or highly confined, and 
have less erosive power; therefore, they do not necessarily require buffers as wide for bank 
stability protection.  For other segments of Type Np streams and for all Ns streams, no 
RMZ would be provided.  However, all Type N streams would receive some protection 
because of the 30-foot equipment limitation zones that would be implemented.  These 
zones provide more protection than Alternative 1.  However, lack of an RMZ restricting 
tree harvest on these smaller streams would indicate that some Type Np and all Ns streams 
are not guaranteed complete bank stability protection. 


ALTERNATIVE 3 
Under Alternative 3, the RMZ width and no-harvest prescription would meet or exceed the 
recommendations in the literature (0.5 SPTH no-harvest buffers) for full protection of 
stream bank stability on most streams.  Overall, for all streams on both the east and 
westside, bank stability would be completely protected.  In addition, where there are small 
channels that have potential slope stability issues, channel disturbance zone buffers would 
provide additional protection. 


 


Alternative 3 would 
fully protect bank 
stability along all 
streams. 
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3.3.1 Introduction 
This section discusses the direct and indirect effects of forest practices on the hydrology of 
state and private forestlands.  The primary emphasis of this section is on peak flows 
because peak flows can accelerate bank erosion, change channel morphology, degrade 
water quality, and cause downstream flooding.  Peak flows, which can become large 
floods, can adversely affect aquatic habitat, water quality, public infrastructure, and public 
safety.  Timber harvest activities can affect runoff through two main mechanisms, 
increased runoff due to timber harvest and increased runoff due to roads.  


3.3.2 Affected Environment 
Three primary processes affect the hydrologic function of forested watersheds. 


1. Precipitation and surface/subsurface water flow regimes determine the rates of delivery 
of water to forests.  These processes are largely controlled by climate. 


2. Interception, condensation, evapotranspiration, and canopy snowmelt determine 
delivery of water to the forest floor.  These processes are controlled mainly by 
vegetation. 


3. Surface and sub-surface pathways transport run-off from the forest floor to the streams.  
These pathways are controlled by the interaction of condensation, precipitation, 
evapotranspiration, interception, snowmelt, and other physical and biological factors.  


The hydrologic functions of a watershed are dependent upon these processes.  When these 
processes are individually or cumulatively altered by road construction, harvesting, or 
other forest practices, the hydrologic continuity of the watershed is altered.  Three major 
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areas of hydrologic concern (annual water yields, low flows, and peak flows) are discussed 
in this section.  Section 3.3.2.4 describes how forest practices have affected hydrology. 


3.3.2.1 Water Yield (Annual) 
Water yield is the amount of water that enters the stream system in the watershed.  Various 
studies (Helvey, 1980; Bosch and Hewlett, 1982; Harr, 1983; Kattlemann et al., 1983; 
Troendle, 1983; King and Tennyson, 1984; Trimble and Weirich, 1987; Keppeler and 
Ziemer, 1990) have shown increases in water yields from timber harvest.  However, the 
increase in water yield is usually beneficial to the aquatic system (unless it results in peak 
flows - see below) and will not be addressed in this section.  


3.3.2.2 Low Flows 
Low flows are often referred to as baseflows, dry-weather flows, and groundwater flows 
depending on the specific need.  Low flows are the flows provided by groundwater to the 
streams during the lowest precipitation months of the year in the summer.  In western 
Oregon, increases in low flow are generally short-term (5 years) following clear-cut timber 
harvest (Rothacher, 1970; Herr et al., 1982).  In a northern California study, summer low 
flows were increased following selection harvest and then declined irregularly for 5 years 
until they were indistinguishable from low flows prior to harvest (Koppelar and Ziemer, 
1990).  Because an increase in low flows (i.e., more water in the stream) for summer 
months generally does not adversely affect the beneficial uses of the aquatic system, it will 
not be discussed any further.  Small volumetric increases may provide improved habitat 
conditions (lower stream temperature, increased instream wetted area and volume) and 
survivability of aquatic species. 


3.3.2.3 Peak Flows 
Peak flow is the maximum instantaneous discharge measured in stream channels during 
high flow periods.  Management activities can affect peak flows based upon their site 
specific effect, elevational location within a watershed and proportion of basin forest that 
has been altered by timber-related activities, such as roads and timber harvest.   


Existing Hydrologic Conditions 
WESTSIDE PEAK FLOWS 
Western Washington (and much of eastern Washington) receives moderate to high 
precipitation and is influenced by rain-on-snow events.  The significance of rain-on-snow 
events is the increase in water delivered to the stream system during these events compared 
to rainfall alone.  When warm air and rain occur on areas with a snowpack, rapid melting 
of the snow can occur, resulting in a pulse of water into the drainage network.  Rain-on-
snow events can occur on mountain slopes in the transient snow zone which extends from 
altitudes of approximately 1,000 feet to 3,000 feet above sea level (Harr, 1986), but can 
shift upward or downward during any given storm due to varying  meteorological 
conditions. 


Peak flow events associated with rain-on-snow can be of greater magnitude than rain-only 
events because the rainfall is augmented by snowmelt.  The direct effects of peak flows 
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include stream channel alteration, bank erosion, redistribution of sediment and large 
organic debris, and flooding.  In addition to the direct effect of peak flows, rain-on-snow 
events generate large inputs of water to the soils and can generate unstable conditions on 
hillslopes by increasing the pore-water pressure, which decreases the strength of the soil 
(Sidle et al., 1985); a reduction in soil strength increases the potential for slope failure.   


EASTSIDE PEAK FLOWS 
On the eastside, the buildup of snowpack over winter contributes to large amounts of 
spring runoff.  Rain-on-snow events are less common.  In forested areas east of the 
Cascades, snowmelt is the dominant mechanism for producing peak flows, most commonly 
in February to July depending upon location and elevation.  Greater snowpack in forest 
openings in the eastside forest can result (Kattelman et al., 1983; Troendle, 1983).  Peak 
flows are predominantly generated by snowmelt and may account for most of the 2- to 10- 
year flows.  The timing of snowmelt runoff is important for many eastern Washington 
watersheds because this runoff is vital for irrigation supplies and fish habitat. 


Management Influences on Peak Flows 
ROADS 
The design, construction, and maintenance of roads interact with watershed characteristics 
of soil topography, and geology and natural disturbances (such as large storms) to 
determine the effects that roads can alter the general hydrology of a particular watershed.  
The interception or storm routing of surface runoff and interception of subsurface flow by 
a road prism can affect the hydrology of a watershed.  In a general sense, roads can act as 
extensions of the drainage network if the roads drain to streams.  Road-influenced peak 
flows have been demonstrated in small drainages within watersheds (Ziemer and Lisle, 
1977); however, the effects of roads on a river basin scale are more controversial (Jones 
and Grant, 1996; Beschta et al., 1997) 


TIMBER HARVEST 
The best understood effect of timber harvest is its influence on streamflow relating to 
altering snow accumulation and melt rate.  Increased peak flows can occur in the winter, 
when a warm wet storm brings rain after a cold storm deposits significant amounts of 
snow.  The snow melts much faster than from warming of the air temperature alone.  Many 
floods in Washington, mostly on the west side of the Cascades, have occurred as a result of 
rain-on-snow events.  While rain-on-snow events are a natural occurrence, their effects can 
be exacerbated when a watershed has been logged in a short amount of time (25 to 30 
years) (Coffin and Harr, 1992; Troendle and Leaf, 1980).  The two most important 
watershed variables that affect rain-on-snow events are elevation and extent of timber 
harvest. 


Timber harvest has the potential to alter snow accumulation and melt rates in any portion 
of a watershed, but predominantly in the “rain-on-snow” zone.  The rain-on-snow zone in 
western Washington typically occurs between 1,200 and 4,000 feet in elevation 
(Washington State Department of Natural Resources, 1997).  Forest openings are 
conducive to increased snow pack accumulations because more snow reaches the ground 
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since less tree canopy intercepts the snow from reaching the ground.  Once a rainfall 
associated with a storm occurs, the forest openings are more conducive to higher rates of 
convection and condensation to the snow pack than the surrounding forest.  The 
combination of greater snow accumulation and increased melt rates can lead to a greater 
rate of moisture available at the soil surface in forest openings  during a rain-on-snow 
event than occurs in the adjacent forest (Coffin and Harr, 1992).  The net result is that 
increased in runoff is expected from forest clearcuts in areas where rain-on-snow is 
prevalent.    


Although not as well-understood, timber harvest may increase snowmelt peak flows 
(Benda et al, 1995).   Because timber harvest can cause increased snow accumulation in 
openings, areas where runoff is dominated by snowmelt can theoretically experience 
increased peak flows.  Existing research in the Pacific Northwest has not consistently 
demonstrated this effect, however.  While Cheng (1989) found as much as a 35 percent 
increase in peak flows with 30 percent clearcuts in British Columbia, Fowler et al. (1987) 
found no effect in small watersheds in Oregon.  In perhaps the most comprehensive study, 
Anderson and Hobba (1959) found an 11 percent increase in spring peak flows across 21 
watersheds in eastern Oregon.  This area is analogous to eastern Washington. 


Rain-dominated watersheds, such as along the coast, may also be subject to increased peak 
flows, but due to different reasons.  Studies that have shown peakflow increases in rain-
dominated watersheds (Harr et al., 1975; Harr 1986) have correlated the increases with soil 
compaction, rather than timber harvest itself.  Yet other studies indicate no change in peak 
flow after harvest. (Benda et al., 1995).  If they occur, small basins seem to be more likely 
to experience effects than large basins. 


3.3.2.4 History of Forest Practices Affecting Hydrology 
The greatest conversion of timberlands to farms and towns occurred between 1850 and 
1910.  As timber harvest occurred and increased over time, different harvest methods such 
as splash dams, railroads, and then roads were used to access and transport timber.  As a 
result of the transportation networks in forested environments and the harvest methods, 
increased erosion and watershed changes occurred.  A very brief history of forest practices 
is described in Section 3.2.2.3.  


Research completed within the past 20 years has clearly documented the link between 
forest practices and impacts on hydrology at the sub-basin scale (Megahan, 1972; Harr et 
al., 1975; Harr et al., 1979; Lisle, 1981; King and Tennyson, 1984; Hicks et al., 1991).  For 
example, the influence of rain-on-snow events on downstream flooding has been well-
documented and forest practices rules have been developed in response to this new 
understanding (Troendle and Leaf, 1981; Harr, 1986; Coffin and Harr, 1992).   


Logging impacts to the hydrologic processes within a watershed include both direct and 
indirect effects.  An example of indirect effects of forest practices on hydrologic processes 
is related to mass wasting.  Timber harvest and road construction has been shown, in some 
cases, to increase rates of both surface and mass erosion and sediment delivery to streams.  
Increased sediment delivery can result in increased rates of aggradation throughout the 
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stream network.  One outcome of increased aggradation is to lower the flow threshold 
necessary to cause overbank flooding.  Thus the flood frequency may be increased within a 
sub-basin. 


Impacts on hydrology associated with the construction and use of logging roads include: 


• increased fine sediment inputs to streams due to road-related surface erosion 
• increased coarse sediment inputs to streams due to increased road-related mass wasting 


events 
• increased peak flows at the sub-basin scale due to the creation of an extended drainage 


network and interception of subsurface flow 
• change in timing of peak flows to interruption of natural subsurface flow rates 


increased flooding due to rain-on-snow events 
Some examples of how forest practices rules address these impacts are listed below: 


• requiring strict road maintenance and planning that reduces mass failures 
• requiring higher standards of road construction which has lowered the number of road-


related failures 
• minimizing the size of allowable clearcut patch (120-240 acres) 
• minimizing the total area within a watershed that can be hydrologically immature and 


timing of harvest patterns linked to understanding of rain-on-snow zones within 
watersheds 


3.3.3 Environmental Effects 
The environmental effects section addresses only peak flows, because the effects of 
changes in the forest practices rules on low flows and water yield are not considered to 
cause significant adverse effects on watershed resources and public safety. 


3.3.3.1 Evaluation Criteria 
Road Influence on Peak Flows 
Although the results of studies are varied, there is a potential that road drainage may play 
some role in peak flow events, which would have greater impacts on first and second order 
drainages.  This potential may be significant in certain basins or weather events, and will 
be evaluated based upon the road management and drainage criteria and potential for 
decrease (e.g., abandonment) in roads under each alternative. 


Timber Harvest Influence on Peak Flows 
Many studies have found a correlation between the hydrologic maturity of a basin, 
especially in the rain-on-snow elevation zone, and the potential for increased peak flows.  
The evaluation criteria for timber harvest-related peak flows is how well the forest 
practices rules under each alternative reduce the potential for large land areas in the rain-
on-snow zone of a basin to become hydrologically immature (i.e., early seral stage).  It is 
important to note that although the effect of rain-on-snow events is most pronounced in the 
rain-on-snow zone, the rain- and snow-dominated zones may also be affected, depending 
on storm temperature and preceding snow conditions.  Therefore,  the effects of timber 
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harvest on peak flows in rain-dominated and snowmelt-dominated watersheds was also 
considered. 


3.3.3.2 Alternative Evaluation 
Timber Harvest Influence on Peak Flows 
ALTERNATIVE 1 
The current forest practices rules address peak flows related to timber harvest by allowing 
conditioning of the size of clearcuts in the significant rain-on-snow zone of a watershed 
where peak flows have resulted in material damages to public resources.  In addition, 
watershed analysis addresses peak flow issues, including areas where snowmelt is the 
dominant contributor to peak flows (e.g., Boise-Cascade, 1996).  However, watershed 
analysis has only been applied to a small percentage of the state (see Appendix H, 
Watershed Analysis) and is voluntary for private landowners.  Under Alternative 1, peak 
flow issues would be addressed in watersheds where watershed analysis is conducted.   


ALTERNATIVE 2 
Alternative 2 would result in a slight reduction in harvestable timber due to the RMZs, 
relative to Alternative 1.  Also, watershed analysis would be required to the extent funding 
is available and voluntary for landowners.  The rules under Alternative 2 also address peak 
flows related to timber harvest by allowing conditioning of clearcuts in the significant rain-
on-snow zone of a watershed where peak flows have resulted in material damages to public 
resources.  The effects of timber harvest on peak flows occur in watersheds with 
substantial area in the rain-on-snow elevation zones.  The assessment of the watersheds 
would likely occur with watershed analysis.  However, under Alternative 2, there may be 
less incentive to conduct watershed analysis since many components of watershed analysis 
have been incorporated into the new rules.  If fewer watershed analyses are conducted, the 
potential impacts of timber harvest and road building on peak flows would receive less 
consideration.  Therefore, the risk of timber-harvest related peak flows could be slightly 
higher than under Alternative 1.   


ALTERNATIVE 3 
Under Alternative 3, a new eastside hydrology module would be developed and applied to 
eastside watersheds that undergo watershed analysis.  Watershed analysis would be 
required for all state lands and voluntary for private lands.  In addition, a landscape rule 
would be applied to all applications to limit the amount of hydrologically immature (based 
upon crown closure) land within a watershed in rain-on-snow zones.  The rule says that a 
minimum of two-thirds of lands by ownership, within the rain-on-snow zone of basins 
1,000 acres or larger in size, must be maintained in stands that are at least 25 years old.  
This alternative would provide the greatest protection from potential management-related 
peak flows from rain-on-snow events.  


Road Influence on Peak Flows 
ALTERNATIVE 1 
Under Alternative 1, the road drainage BMPs such as rolling grade dips, water bars, and 
grade dips at stream crossings are encouraged but not required (see Appendix F).  Because 


Alternative 1 
presents a 
moderate risk of 
effects on peak 
flows because they 
are only addressed 
through watershed 
analysis or DNR 
intervention.   


Alternative 2 would 
result in similar risk 
of effects on peak 
flows relative to 
Alternative 1 
because land-
owners would have 
less incentive to 
conduct watershed 
analyses, but road 
drainage would be 
improved.  


Alternative 3 would 
provide the lowest 
risk of harvest-
related peak flow 
events because the 
rules would directly 
address the 
cumulative 
hydrologic maturity 
of the rain-on-snow 
zone.   


Alternative 1 would 
not encourage 
reduction of road 
drainage from 
streams; therefore, 
there would be a 
moderate risk of 
road-influenced 
peak flow.   







 
 
  
 
 
 


Final EIS Hydrology 


 


Chapter 3 


3-33


Alternative 1 does not require drainage structures that reduce the volume of surface water 
reaching streams, the implementation of these rules may have a greater effect in extending 
the drainage network and potentially influencing peak flows.  


ALTERNATIVE 2 
Under Alternative 2, closer spacing of ditch relief culverts would be required and outlets of 
ditch relief culverts would have to be located to allow the dispersal of water before 
reaching any stream.  Road maintenance and abandonment plans would have to be 
implemented by 2015.  These include abandonment of roads and the upgrade of all roads 
(except orphaned roads) to current construction standards, which includes drainage.  The 
reduction in road surface drainage would reduce the potential of road influences on peak 
flows. 


ALTERNATIVE 3 
Under Alternative 3, the effects of management on peak flows would be similar to 
Alternative 2.  In addition, there would be no net increase in roads allowed for large 
landowners.  However, road maintenance and abandonment plans would be implemented 
sooner (10 years) than Alternative 2.  The reduction in roads and similar drainage 
guidelines as Alternative 2 would likely reduce the potential influence of roads on peak 
flows. 


Alternative 2 would 
reduce the potential 
for road-related 
peak flow because 
road drainage to 
streams would be 
reduced and 
RMAPs would be 
implemented.   


Alternative 3 would 
have similar or 
lower effects on 
road-related peak 
flows relative to 
Alternative 2.   
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3.4 RIPARIAN HABITATS 
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3.4.1 Introduction 
Riparian habitats include instream habitat and stream channels, adjacent floodplains and 
wetlands (which often include seeps and springs) (see Section 3.5).  A wide variety of 
hydrologic, geomorphic, and biotic processes determine the character of riparian areas.  
Raedeke (1988) describes riparian systems as having long, linear shapes with high edge-to-
area ratios and microclimates distinct from those of adjacent upland areas.  Portions of 
riparian areas are disturbed from periodic inundation and water is present at or near the soil 
surface during all or part of the year.  These unique characteristics result in variable soil 
moisture conditions and distinct plant communities that are often more diverse than 
surrounding upland areas. 


Riparian areas have distinctive resource values and characteristics that make them 
important zones of interaction between terrestrial and aquatic ecosystems.  These areas are 
especially dynamic segments of a watershed.  Disturbances in upland areas (e.g., fire and 
windthrow), as well as disturbance processes unique to stream systems (e.g., channel 
erosion, peak flows, floods), affect riparian areas.  Highly functional riparian areas are 
generally composed of large conifers or a mixture of large conifers and hardwoods.  
Riparian vegetation is important for maintaining stream bank and floodplain integrity.  The 
vegetation slows water velocity on the floodplain and plant roots inhibit erosion along 
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stream banks, reducing sediment deposition in streams (Section 3.2).  Riparian vegetation 
also helps to provide shade, leaf, and needle litter important to aquatic food chains, and 
LWD which is an important component of instream fish habitat (Section 3.7).  Riparian 
ecosystems are also important for a variety of plant and non-aquatic animals.  Riparian 
areas provide important reproductive and foraging areas and/or dispersal/movement 
corridors for a wide variety of wildlife (Section 3.8). 


Clearing or harvesting trees near stream banks and associated road construction can affect 
riparian ecosystem functions.  Figure 3.1-1 displays the relationships among management 
activities and the environmental components of the aquatic ecosystem.  This figure 
demonstrates the critical central role that riparian functions play in the aquatic ecosystem.   


The Affected Environment Section (Section 3.4.2) will summarize the primary functions of 
the riparian area.  In addition, the Affected Environment Section will provide a general 
understanding of the history of riparian management/riparian protection on private and 
state lands in Washington and the current riparian conditions in Washington state.  In the 
Environmental Effects section (Section 3.4.3), each alternative will be evaluated focusing 
primarily on the different riparian management strategies.  Section 3.4.3.1 identifies the 
riparian function criteria used to evaluate the alternatives.  Section 3.4.3.2 evaluates how 
well the different riparian management strategies protect the primary functions of the 
riparian area using the criteria.  This evaluation is also supported by a literature review and 
summarization of criteria development described in Appendix B and riparian analyses 
described in Appendix D. 


3.4.2 Affected Environment 
3.4.2.1 Riparian Functions 
To understand the effects of various management actions, it is important to understand the 
function of riparian areas, which have been reviewed by many authors (e.g., Karr and 
Schlosser, 1977; Meehan et al., 1977; Raedeke, 1988; Bilby, 1988; Murphy and Meehan, 
1991; Beschta, 1991; Castelle et al., 1991a).  The most important recognized functions of 
stream riparian areas include LWD recruitment, leaf and needle litter production, stream 
shade, microclimate, stream bank stability, and sediment control.  Stream bank stability 
and sediment control are introduced and evaluated in Section 3.2 (sediment).  The other 
riparian functions (LWD recruitment, leaf and needle litter production, stream shade and 
microclimate) are briefly summarized below.   


LWD Recruitment 
Riparian areas are an important source of LWD that enters, or is recruited to, the stream 
channel.  LWD includes entire trees, rootwads, and larger branches.  Numerous studies 
have shown that LWD is an important component of fish habitat (Swanson et al., 1976; 
Bisson et al., 1987; and Naiman et al., 1992).  Trees that fall into streams are critical for 
sediment retention (Keller and Swanson, 1979; Sedell et al., 1988), gradient modification 
(Bilby, 1979), structural diversity (Ralph et al., 1994), nutrient production (Cummins, 
1974), and protective cover from predators.  LWD also creates storage sites for sediment in 
all sizes of streams.  In small headwater streams, wood controls sediment movement 
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downstream minimizing the risk of debris flows.  In larger streams accumulation of coarse 
sediment behind LWD often provides spawning gravels.  LWD plays an important role in 
stream nutrient dynamics by retaining leaf litter and needles. 


Large wood recruitment originates from a variety of processes including tree mortality 
(toppling), windthrow, undercutting of stream banks, debris avalanches, deep-seated mass 
soil movements, and redistribution from upstream (Swanson and Lienkamper, 1978). First 
and second-order headwater streams can also provide wood to larger higher order channels 
downstream (Potts and Anderson, 1990; Prichard et al., 1998; Coho and Burges, 1991).  
Two predominant mechanisms have been observed for the movement of LWD between 
stream types: transport during high flow events and debris torrents, which includes dam-
break floods and debris flows (Swanson and Lienkaemper, 1978).  However, the former 
mechanism is more common in third- to fifth-order streams because much of the wood that 
falls into streams is too large to float in smaller streams (Swanson and Lienkaemper, 1978). 
The occurrence of debris torrents, although less frequent than the redistribution of LWD 
from high flows, can introduce large amounts of LWD (Lamberti et al. 1991). 
Additionally, debris flows originating in managed forests (albeit, under older less 
protective rules) occurred at a rate much higher than that of unmanaged forests (Swanson, 
1976; Morrison, 1975).  The majority of debris flows and dam-break floods are initiated in 
lower order streams, primarily second-order streams (Coho and Burges 1991).  These may 
travel upwards of 2.5 miles into higher order low gradient valley floors, and cause 
significant damage to riparian vegetation and aquatic habitat during and after the event 
(Coho and Burges 1991).  “The most obvious schemes for avoiding the destructive forces 
of organic debris movement are maintaining contiguous riparian zones of mature conifers 
around low order channel and minimizing deposition of logging slash and debris into those 
channels” (Coho and Burges 1991). 


The potential size distribution of LWD is also an important factor when considering the 
appropriate activities in buffer strips relative to LWD recruitment.  There is a strong 
relationship between channel width, and the size of LWD that forms a pool (Bilby and 
Ward, 1989; Bilby and Wasserman, 1989; Beechie and Sibley, 1997; Beechie, 1998), 
where smaller pieces of LWD function in smaller streams.  LWD that is large enough to 
form a pool is referred to as “functional LWD.” In contrast, “Key piece LWD,” is a subset 
of “functional LWD,” and considered by some to be a better measure of the important 
wood recruitment sizes.  Key pieces have pool-forming capacity similar to “functional 
wood size,” but also are effective in trapping other smaller more mobile pieces of LWD 
(i.e., forming logjams), and are more likely to have long-term stability. 


Minimum functional LWD size increases with channel width (Bilby and Ward, 1989; 
Bilby and Wasserman, 1989; Beechie and Sibley, 1997; Beechie, 1998; Washington Forest 
Practices Board, 1995).  For example, mean functioning LWD diameter increased from 
11.7 inches in west side channels 5 feet wide to 21.7 inches in channels 44 feet wide (Bilby 
and Ward, 1989).  Key piece size is also related to stream size and is about 15 percent 
larger in diameter than functional piece size for a 40 foot wide stream (Washington Forest 
Practices Board, 1995; Bilby and Ward, 1989). As a result, RMZs need to ensure not only 
an appropriate amount or volume of wood, but wood of sufficient size to serve as both 
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functional pieces and key pieces (Murphy, 1995).  Consequently, the length of time needed 
for riparian areas to produce LWD after harvest depends upon the size of the stream, tree 
growing conditions in the riparian area, and the tree type.  Measurable contributions of 
wood from second-growth riparian areas are documented to take anywhere from 60 to 250 
or more years depending on region and size of stream (Grette, 1985; Bilby and Wasserman, 
1989; Murphy and Koski, 1989).  Therefore, larger streams that are deficient in LWD and 
have early seral stage riparian stands are likely to remain deficient in LWD for a longer 
period of time than smaller streams (MacDonald et al., 1991). 


Leaf and Needle Litter Production 
In aquatic systems, vegetative organic materials originate within the stream, such as algae 
production or from sources outside the stream, such as leaf and needle litter. Stream 
benthic communities (e.g., aquatic insects) are highly dependent on algal production 
detrital (i.e., organic debris) inputs.  The abundance and diversity of aquatic species can 
vary significantly depending upon the total and relative amounts of algae and leaf and litter 
inputs to a stream (IMST, 1999).  For example, grazing insects are more commonly found 
in stream reaches with algae production, while shredding insects are more commonly 
found in areas rich in leaf and needle input (IMST, 1999).  Detrital input from outside of 
the stream is the primary source of detrital input into small and medium size streams 
through the annual contribution of large amounts of leaves, cones, wood, and dissolved 
organic matter (Gregory et al., 1991; Richardson, 1992).  In contrast, wide high order 
streams with higher levels of direct sunlight, or low order streams with an open riparian 
canopy have more algal production.   As a riparian stand ages, the amount of litter-fall 
increases (IMST, 1999). The importance of this type of detrital input varies among streams, 
but can provide up to 60 percent of the total energy input into stream communities 
(Richardson, 1992).  Litter deposited into small steep-gradient streams in forested areas 
high in a watershed is generally transported downstream because higher gradient streams 
are less likely to retain deposited organic material until it has decomposed.  Therefore, 
small (low-order) streams are important sources of nutrients and contribute substantially to 
the productivity of larger streams in the lower reaches of a watershed (IMST, 1999). 


Stream Shade 
There are several factors that make up the heat balance of water (see Section 3.6 and 
Appendix B) including:  air temperature, solar radiation, evaporation, convection, 
conduction, and advection (Brown, 1983, Adams and Sullivan 1989). Stream temperatures 
have a natural tendency to warm from a streams headwaters to the ocean (Sullivan et al., 
1990; Zwieniecki and Newton, 1999).  However, seasonal and daily cycles produce a high 
degree of variability in stream temperature. For example, water temperatures increase 
during daytime and decrease at night.  Other site-specific factors such as latitude, regional 
weather (e.g. proximity to the ocean), stream size, groundwater inflow, and distance from 
watershed divides all can affect stream temperature changes (Beschta et al., 1987; Sullivan 
et al., 1990). During the summer, when stream temperatures are the highest, the 
combination of warmer air temperatures, increased direct solar radiation and a 
decreasedstream flows are the major factors affect stream temperature (Beschta et al., 
1987).  Of these three factors, forest management can have the greatest effect on direct 
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solar radiation by reducing shade.  Shade cannot physically cool the stream down, but it 
can prevent further heating of the stream and therefore maintain the cool water temperature 
from groundwater inputs or tributaries (OFPACSW, 2000).  Shade provided by riparian 
vegetation has been shown to be successful in minimizing or eliminating increases in 
stream temperature associated with timber harvest (Brazier and Brown, 1973; Lynch et al., 
1985).  Other factors that affect shading include stream size, orientation, local topography, 
tree species, stand age, and stand density. 


Microclimate 
Microclimate is a collection of variables that are highly dependent on local conditions; 
hence, microclimates tend to vary greatly across the landscape. Important components of 
microclimate include solar radiation, soil temperature, soil moisture, air temperature, wind 
velocity, and air moisture or humidity (Chen, 1991; Chen et al., 1992; Cadenasso et al., 
1997).  Changes in microclimatic conditions within the riparian zone resulting from 
removal of adjacent vegetation can influence a variety of ecological processes that may 
affect the long-term integrity of riparian ecosystems (Spence et al., 1996).  For example, 
many of the variables considered in microclimate studies (air temperature, humidity, wind 
velocity) are also variables that affect water temperature (Sullivan et al., 1990); an 
important component to fish habitat.  Additionally, microclimate is known to be important 
for stream/riparian species other than fish, such as amphibians (see Section 3.8). In general, 
due to their low-lying position on the landscape, riparian areas tend to be cooler than the 
surrounding hillslopes, especially during the night.  Because riparian areas are adjacent to 
water bodies, they often have a higher relative humidity under the canopy than similar 
upslope areas.  This increase in humidity combined with shading effects can cause intact 
forested riparian areas to have a moderating effect on microclimate (Beschta, 1995).   


3.4.2.2 Historic Protection of Riparian Areas 
The protection of riparian areas is considered critical to the long-term health of aquatic 
ecosystems (FEMAT, 1993; Cederholm, 1994; Murphy, 1995).  The protection of riparian 
areas is usually implemented by restricting management activities within an area adjacent 
to water bodies referred to as the riparian management zone (RMZ).  Management within 
RMZs (also known as stream buffers) usually involves two main features: (1) 
establishment of a protective buffer width, and (2) restrictions on allowable activities (e.g., 
timber harvest prescriptions) within the buffer. Within the scientific community, protection 
of riparian areas is considered central to salmonid conservation efforts (FEMAT, 1993; 
Cederholm, 1994; Murphy, 1995).  Protection of water quality and fish habitat is often 
given the highest management priority, but buffers may also be designed to benefit wildlife 
and other non-fish aquatic species. 


Forest practices are constantly being revised in light of new scientific information, political 
compromises, and changing public awareness and demands for forest and water resources.  
The Washington State Forest Practices Act of 1974 created a Forest Practices Board, which 
promulgates forest practices rules.  The first rules only took into consideration changes in 
stream temperature and bank stability for the aquatic ecosystem.  All riparian trees could 
be cut, sparing only the understory on certain temperature-sensitive streams.  In 1987, new 
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forest practices rules that derived from the Timber Fish and Wildlife (TFW) Agreement 
were implemented.  The rules were again revised to further address environmental 
concerns, including temperature, in 1992. 


Under Washington’s current forest practices rules, RMZs are required on Type 1, 2, and 3 
waters, but not on Type 4 and 5 waters unless warranted by site conditions.  In western 
Washington, the minimum RMZ width is 25 feet.  The maximum RMZ width depends on 
stream type and width, and ranges from 100 feet on Type 1 and 2 streams over 75 feet 
wide, to 25 feet on Type 3 streams that are less than 5 feet wide.  For each stream type, 
buffer width can vary between the minimum and maximum values depending on the width 
needed for stream shade.  Some timber harvest is allowed in the RMZ depending on stream 
type.  Site-specific information from watershed analysis may result in prescriptions for 
larger buffers.  Rules for eastern Washington are generally similar to those for western 
Washington.  The RMZ width for Type 1, 2, and 3 streams is 30 to 50 feet on each side of 
the stream for areas of partial harvest, and must average 50 feet for areas to be clearcut.   


3.4.2.3 Existing Condition of Riparian Areas 
In Washington state, the condition of riparian habitats on private and state forest lands that 
have been harvested during the past 25 years has largely developed under forest 
management governed by some form of forest practices rules.  The condition of riparian 
areas in harvest units that are greater than 25 years old, largely reflect a lack of riparian 
harvest restrictions.  This condition is described in the following two subsections according 
to the riparian vegetation that is currently present and the extent of roads that have 
developed in these riparian lands. 


Riparian Vegetation 
The vegetative communities that are commonly associated with riparian areas can be 
divided into three general areas of Washington: forested areas in western Washington, 
forested areas in eastern Washington, and the non-forested shrub-steppe region in eastern 
Washington (Knutson and Naef, 1997).  For the purpose of this document only forested 
riparian areas are generally described.  The species, sizes, and density of vegetation 
occupying a riparian site are dependent upon soil moisture conditions and disturbance 
history.  


Western Washington riparian habitats are associated with wet environmental conditions.  
Although considerable site-specific variability occurs, general vegetative characteristics 
include: the presence of a mixture of conifer and hardwood trees (hardwoods are more 
abundant where natural and human disturbance is frequent); the conifer tree species (e.g., 
western hemlock, western red-cedar, and sitka spruce) are tolerant of shade and 
periodically saturated soils; red alder is nearly always found in young and disturbed stands; 
upland conifers (e.g., Douglas-fir) and hardwoods (e.g., big-leaf maple) are dominant in 
small streams which have narrow riparian areas; lowland rivers and forested swamps with 
frequent flooding or gravelly soils often include black cottonwood, willow and red alder; 
swampy areas may also have vine maple, cascara, willow, western red cedar, Sitka spruce, 
and western hemlock (Knutson and Naef, 1997).  
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Eastern Washington riparian habitats can be divided into elevation zones.  Forested 
riparian areas of eastern Washington typically located in deeply-incised ravines in 
mountainous terrain (Carlson et al., 1990 in Knutson and Naef, 1997). Lower elevations 
with moist soils and temperate microclimates support cedar, western hemlock, big-leaf 
maple, quaking aspen and other hardwood trees.  Larger trees, snags and downed wood can 
be abundant in unmanaged areas. These relatively moist riparian areas also include a 
variety of understory shrubs and herbs including willow, red-osier dogwood, mountain 
alder, devil’s club, and other species.  Drier sites are characterized by ponderosa pine in the 
uplands while trees in riparian areas include Douglas-fir, paper birch, black cottonwood, 
and quaking aspen. High-elevation riparian sites often have saturated soils that are 
dominated by understory species rather than by tree species.  Where trees exist, they are 
commonly subalpine fir or Engleman spruce and down wood is abundant because 
decomposition is slowed by cold temperatures.  Shrubs and herbs at high elevation are 
relatively diverse, but generally stunted due to the more severe environmental conditions 
(Knutson and Naef, 1997). 


Current riparian vegetation condition on private and state lands is mostly a function of past 
management practices, but natural phenomenon such as wildfire, blowdown, non-
management related landslides, and disease have also contributed to conditions in many 
areas.  Because riparian protection rules are a relatively recent phenomenon in Washington 
State (1982), the majority of riparian forests on state, private, and some federal lands have 
been logged at least once.  Therefore, long-term changes to the riparian habitat character 
have resulted from multiple forest practices over time.  These changes to riparian habitat 
structure include:  simplification of the plant community, both in composition and structure 
(Knutson and Naef, 1997).  Today it is believed that red alder currently dominates more 
riparian sites on the west side than was “typical” under natural disturbance regimes 
(McHenry et al., 1998).   


Riparian habitat problems somewhat unique to eastern Washington forested areas are 
related to fire management and other riparian management factors not covered under this 
EIS, such as grazing, mining, and irrigation.  Studies have shown that livestock grazing 
within riparian areas eliminates or reduces streamside vegetation, destabilizes stream 
banks, causes channel sedimentation and aggradation, widens channels, increases stream 
temperature extremes, lowers the water table reduces bank undercut, and reduces pool 
frequency and depth (Armour et al., 1991; Chaney et al., 1993; Kauffman and Drueger, 
1984; Kovalchik and Elmore, 1992; Meehan, 1991; Platts, 1991).  Grazing pressure usually 
is higher in the riparian zone because there typically is more shade, surface water for 
drinking, and more succulent vegetation (Platts, 1981).  As a result, eastern Washington 
riparian areas include dense understories, dense reproduction and more fire-intolerant 
species resulting in higher fuel accumulation and more intense and destructive fires as 
compared to natural conditions (Wissmar et al., 1994) (see Section 3.9). The natural fire 
return interval for cedar, spruce, and hemlock stands of western Washington is about 937 
years and about 217 years for Douglas-fir stands (Agee, 1993). The return interval (cycle 
or turnover time) is the mean time between disturbances on a given site.  For the west side, 
fires were generally more intense and when they occurred were more often stand-
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replacement fires.  In contrast to the west side, natural fire return intervals for drier east 
side pine forests (lodgepole pine, ponderosa pine, or mixed conifer) range from 15 to 110 
years and were usually not stand-replacement fires (Agee, 1993).  Fire management 
practices in all areas have increased these intervals during the last century (Agee 1993) and 
more intense stand-replacement fires have resulted with more recent fires.  In addition, 
higher moisture levels can increase fire return intervals in riparian areas (Agee, 1993). 
Natural disturbance from fire on the east side is an important factor defining stand seral 
stage characteristics under unmanaged conditions.  In contrast, wind storms have a larger 
effect on west side forests with return intervals of about 119 to 384 years for small-scale to 
large-scale storms (Harcombe, 1986 as cited in Agee, 1993). 
 
As a basis for discussing current conditions, Table 3.4-1 presents the linear extent of 
streamside vegetation based on seral types that currently exist on riparian lands subject to 
Washington forest practices rules (based on a random sample of lands –see Appendix A).  
Seral stages, which are related to vegetation structure, are described in terms of early seral, 
mid-seral, or late-seral (see Appendix C for definitions) to reflect the species and/or 
condition of the vegetation and animal communities that are generally characteristic of 
different periods of succession.  Seral stage provides a general picture of riparian condition 
and quality. 


Unnaturally high levels of early seral stage are primarily a result of timber management 
activities and, to a lesser extent, fire, blowdown, and other natural processes that occur in 
riparian areas.  This stage generally produces riparian vegetation that cannot provide a 
property functioning riparian system important to aquatic and terrestrial biota.  In contrast, 
later seral stages can fully provide for riparian functions (e.g., shade and LWD recruitment 
for aquatic biota [Section 3.7]) and more complex vegetative structure (e.g., downed logs 
and snags for terrestrial biota associated with riparian habitat [Section 3.8]). 
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Table 3.4-1. Estimated Percent of Each Seral Stage along Forested Streams on 
Private Lands 1/ 


Seral Stage - Percent by Water Type (%) 
Water Type Early Mid  Late 


West Side-Private Lands 
Types 1-3 64% 33% 2% 
Types 4-5 81% 18% 1% 


All Streams 78% 21% 1% 


East Side- Private Lands 
Types 1-3 60% 36% 4% 
Types 4-5 61% 33% 6% 


All Streams 61% 34% 5% 
1/Based on a random sample of private and state forest lands (see Appendix A).  The sample 
includes the following stream miles:  West side Type 1-3 = 76 miles; West side Type 4-5 = 202 
miles; East side Type 1-3  = 21.6 miles; and East side Type 4-5 = 122.8 miles.  Seral stage 
definitions are given in Appendix C. 


Within the lands subject to forest practices rules, approximately 78 percent of the west side 
stream miles and 61 percent of east side stream miles flow through early seral stage 
riparian areas, while about 1 percent of the west side miles and 5 percent of the east side 
miles are late seral (see Table 3.4-1).  Though natural variability is expected in riparian 
areas, the level of alteration due to timber harvest and road building is apparent. 


Roads in Riparian Lands 
People have often taken advantage of flat floodplains along rivers for road building, which 
have removed riparian vegetation.  In narrow canyons with limited floodplains, roads 
commonly have been located on the sideslope within the riparian zone.  Even in the 
absence of these longitudinal impacts, the continuity of the riparian corridor has been 
interrupted at each bridge and culvert crossing (Kondolph et al., 1996) (see Section 3.2).  
Consequently, roads built in riparian lands have changed riparian forest structure and 
composition and caused permanent land disturbance.  It should be recognized that most 
historic management activities on private and state lands occurred under rules substantially 
less restrictive than are currently practiced.  


The changes due to roads have caused the loss of some or all riparian functions within 
riparian lands depending on where road construction has occurred.  One example is the loss 
of LWD recruitment potential from trees on the upland side of roads within riparian areas.  
Most of the trees on the upland side will not be recruited as LWD but are typically 
removed when the tree falls onto the road.  Major changes to the aquatic system have also 
occurred from riparian land modifications due to road development, including the 
straightening or simplification of the stream channel system (Knutson and Naef, 1997; 
Beschta et al., 1995). 


Currently, no specific information on statewide road density or distribution of roads in 
riparian areas is available.  However, the National Forests have quantified the number of 
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roads on National Forest System lands in Washington.  For a general perspective of the 
rate of road building that has occurred in Washington, by 1907 only 147 miles of road had 
been built in all of Washington’s National Forest lands.  By 1962, the length of roads on 
National Forest System lands in Oregon and Washington had risen to 22,000-24,000 miles, 
and to over 90,000 miles in 1990.  It was estimated that about 3,000 miles of new roads 
were being constructed annually in the western forested area of the United States (Knutson 
and Leaf, 1997).  In eastern Washington increased roading has allowed greater access for 
forest management and some types of recreation, but it has also contributed to the 
protection of the forest from the spread of fires and catastrophic outbreaks of insects.  
Railroads were also built into some areas and eventually many railroad grades were 
converted to roads.  The decision of where and when to build roads have always hinged on 
the logistics of timber harvesting (Oliver et al., 1994).  As the density of roads increases, 
road impacts on riparian areas will inevitably be impacted (Knutson and Leaf, 1997). 


3.4.3 Environmental Effects 
The establishment of RMZs is generally accepted as the most effective way of protecting 
aquatic and riparian habitats (Cummins et al., 1994).  Evaluation of the anticipated effects 
of the proposed alternatives on riparian habitats are based primarily on the current or 
proposed widths and management prescriptions within RMZs and the associated acreages 
of these habitats as regulated by various state management requirements.  


3.4.3.1 Riparian Function Criteria 
Criteria used to determine the effectiveness of proposed RMZ management allowed under 
each alternative, are based on the riparian functions that were summarized in Section 3.4.2 
and discussed in detail in Appendix B.  The effectiveness of each alternative can best be 
evaluated within the context of specific protection goals.  Most functions are evaluated in 
terms of protection goals for fish and water quality.  However, for microclimate, which is 
more likely to affect semi-aquatic species such as amphibians adversely, a variety of 
components was considered, including humidity, soil moisture and temperature, and air 
temperature.  As a result, the riparian functions are evaluated in terms of the level that 
provides full protection relative to the specific protection goals.  


The evaluation criteria are mostly defined in terms of curves, which identify the estimated 
relationship between the cumulative effectiveness of the riparian function and the distance 
from the stream bank.  Therefore, these curves show the estimated degree of protection of 
riparian function provided by different RMZ widths.  The curves are based on a wide 
variety of literature.  However, they are generally conservative, (i.e., they reflect the widest 
buffers needed to provide complete protection, as identified in the literature).  Note, 
however, that the discussions also consider lesser widths and other circumstances as 
appropriate.  It should be noted that the relationships between distance from stream and the 
percent of function maintained are not all linear, and some are more theoretical in nature 
than based upon empirical data.  In many cases, the area closest to the stream is more 
important for providing function than the areas further away.  
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Depending on the function, RMZ requirements may be defined as fixed RMZ widths or 
based on SPTH.  A SPTH is sometimes defined as the average maximum height of the 
tallest dominant trees that can grow on a certain site (FEMA, 1993).  However, to maintain 
consistency with Forest Practice Rules, SPTH in this EIS is defined as the height 
represented by the approximate midpoint of a stand at a given age and site condition (site 
class).  A SPTH for Washington state varies depending on site-class, species and region 
(Table 3.4-2).  Less productive forest lands (site class IV and V) will have shorter SPTH 
and more productive forest lands (site class I and II) will have taller trees.  Additionally, 
west side trees tend to grow taller than east side trees for the same site class. 


Two stand ages, 100 years and 250 years, were used to evaluate the level of protection to 
riparian function.  A SPTH of 100 years was agreed upon by the parties to the Forests and 
Fish Report and was used in EIS analyses to represent a mature riparian stand.  Numerous 
comments on the Draft EIS suggested that old-growth stand characteristics were more 
appropriate for use as a baseline to define adequate riparian effectiveness.  Consequently, 
riparian function effectiveness based upon a 250-year stand was also analyzed.  The choice 
of a 250-year stand was based upon the age at which stands begin to display old-growth 
characteristics (Franklin and Spies, 1991) and the return intervals for fire and blowdown 
reported by Agee (1993) for west side forests.  SPTH were based upon Site Class II 
Douglas-fir stands for the west side (McArdle, 1949) and east side (extrapolated from 
Table I-12 in USDA Forest Service, 1984).  Notably, SPTH for ponderosa pine (Meyer, 
1961) at 250 years is approximately the same as for Douglas-fir on the east side.  Neither 
of these stand age criteria have been experimentally tested for providing an adequate level 
of riparian function that is sufficient for maintaining robust populations of salmonids. 


It is assumed that RMZ widths based on 100- and 250-year SPTHs represent the range of 
SPTHs over which most riparian functions are likely to be fully  expressed.  For example, 
for an east side site class II riparian area adequate protection would be provided with a 
buffer somewhere between 110 and 170 feet.  This range represents the uncertainty about 
correctly choosing a particular SPTH hypothesis that provides complete protection.  If a 
250-year SPTH is chosen as the standard against which to compare RMZ widths, but 
complete protection is actually provided  by a 100-year SPTH, then 60 feet of the 170-foot 
buffer width would represent over-protection.  Conversely, if a 100-year SPTH is chosen 
for measuring RMZ widths, but a 250-year SPTH is the true SPTH that provides full 
protection, then the 110-foot RMZ would under-protect by 60 feet.  It is possible that an 
intermediate SPTH is more appropriate or that streams with different morphological and 
riparian characteristics have different SPTH levels that provide full protection for that 
stream type. 
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Table 3.4-2. Site Potential Tree Height (SPTH) for Douglas-fir at 100 years and 
250 years for Western and Eastern Washington  


 SPTH  100 (feet) SPTH  250 (feet) 
Site Class West Side East Side West Side East Side 


I 200 130 247 195 
II 170 110 210 170 
III 140 90 174 135 
IV 110 70 136 105 
V 90 60 100 85 


LWD Recruitment 
This evaluation is based on the level of protection provided for LWD recruitment potential 
from the riparian area using the RMZ width and silvicultural prescription.  Based on the 
review in Appendix B, it was concluded that a buffer width of approximately one SPTH, is 
needed to provide full or maximum protection of LWD recruitment by toppling, 
windthrow, or stream undercutting.  An exception to this may occur in second-growth 
stands where hardwoods have excluded regeneration of conifers or overstocking of stands 
have lead to the depletion of large size classes of debris (Spence et al., 1997).  As a result, 
consideration was also given to stand manipulation to increase tree size over time.  
Therefore, growth rate modeling of tree diameter and age to reach functional and key piece 
recruitment size, based on different silvicultural prescriptions and different stream sizes 
was also used when evaluating alternatives (see Appendix D).  The relationship between 
the estimated level of LWD recruitment potential and RMZ width used in the alternative 
evaluation is shown in Figure 3.4-1.  It should be noted that most reviews of this issue 
demonstrate at least 70 percent of LWD is recruited within 100 feet of the stream channel 
(ISR, 2000; CH2MHILL, 2000); consequently, under most conditions a buffer measuring 
one-half site-potential tree height would provide substantially more than 50 percent 
protection of LWD recruitment.  In order to quantify this relationship over all streams 
under different alternatives, an equivalent buffer area index (EBAI) was calculated for each 
alternative using both a 100-year and 250-year SPTH as baselines for full protection of 
LWD recruitment potential (see Appendix D for a full description).  The EBAI provides a 
weighted measure of the degree of protection provided by all streams giving consideration 
to stream size, RMZ widths, RMZ prescriptions, source distance, and the relative length of 
each stream type over the landscape. 


Leaf and Needle Litter Production 
This evaluation is based on width of the respective RMZs and activities allowed within the 
buffer that may affect leaf and needle litter inputs.  Little direct information is available 
that describes leaf and litter source distances from streams.  FEMAT (1993) hypothesized 
that a distance of approximately 0.5 site-potential tree heights would provide most leaf and 
litter inputs. The estimated relationship used in this analysis is shown in Figure 3.4-2.  
FEMAT (1993) based this hypothesis on a study (Erman et al. 1977) of benthic 
invertebrate diversity in buffered and unbuffered streams in northern California.  Erman et 
al. (1977) suggested that differences in the composition and volume of organic 
debris from vegetation was one of the most important factors contributing to 
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differences in invertebrate communities observed in these streams.   Although there 
is some uncertainty about the validity of the leaf and litter hypothesis developed by 
FEMAT (1993) for use in the Pacific Northwest, it was used in this analysis because no 
other criteria were available. 


Stream Shade 
Acknowledging that there is site-specific variation that determines shade it was concluded 
that buffer widths of approximately 0.75 SPTH are needed to provide full protection of 
stream shading capacity along most perennial streams.  This criteria is based upon the 
shade curve in FEMAT (1993).  The estimated relationship used in our analysis for most 
perennial streams is shown in Figure 3.4-3.  However, for small streams (<5 ft wide) that 
are often completely shaded by woody vegetation and hence have no riparian canopy 
opening in their undisturbed state, an RMZ width of less than 0.75 SPTH was determined 
sufficient to provide enough shade to maintain stream temperatures.  As a result, a 50-foot 
buffer was used as the minimum criteria for shade along small perennial streams.  For 
seasonal streams that do not flow during the summer, stream shade should have minimal to 
no effect on temperature and therefore will not be considered when evaluating shade 
requirements. 


Microclimate 
While there are not, as of yet, recommended buffer widths for maintaining microclimate 
gradients, the results of Brosofske et al. (1997) and Dong et al. (1998) provide crude 
guidelines to evaluate the alternatives.  Based on curves shown in Figure 3.4-4, a minimum 
of 147 feet is considered necessary to maintain most microclimatic gradients, while for air 
temperature, buffer widths greater than 230 feet are thought to be required.  
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Figure 3.4-1. Relationship between the Estimated Level of LWD Recruitment 
Potential and RMZ Width Used in the Alternative Evaluation 


 
 


 


 


 


 


 


 


 


 


 


 


 
 


Figure 3.4-2. Relationship between the Estimated Level of Leaf and Needle Litter 
Recruitment and RMZ Width Used in the Alternative Evaluation. 


 
Source:  McDade et al. 1990 
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Relationship Between the Estimated Level of LWD Recruitment and RMZ Width Used in 
the Alternative Evaluation 


Relationship Between the Estimated Level of Leaf and Needle Litter Recruitment and 
RMZ Width Used in the Alternative Evaluation 
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Figure 3.4-3. Relationship between the Estimated Level of Shade Protection and 
RMZ Width Used in the Alternative Evaluation 


 


 


 


 


 


 


 


 


 


 
 
 
 


Figure 3.4-4. Relationship between the Estimated Level of Protection for 
Microclimate and RMZ Width Used in the Alternative Evaluation 
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3.4.3.2 Evaluation of Alternatives 
Because each alternative has a different stream classification scheme and different leave-
tree requirements, it is difficult to quantitatively compare the effectiveness of the different 
alternatives in protecting riparian functions.  Nevertheless, a quantitative sense of the level 
of protection afforded to specific processes can be gained by considering riparian buffer 
width together with allowable level of activity within that buffer.  Therefore, for each 
function analyzed, an evaluation is made of both the RMZ widths and the allowable 
prescriptions that occur within the RMZ.  Figure 3.4-5 compares the RMZ widths and the 
allowable prescriptions for each stream type under each alternative in western Washington, 
and Figure 3.4-6 provides the same comparison for the east side. 


Another important aspect considered when evaluating the alternatives was susceptibility to 
windthrow or blowdown.  If an RMZ blows down, it will not be able to maintain most of 
the important functions.  The RMZs in all alternatives are likely to experience some degree 
of windthrow in localized areas.  Windthrow is a normal occurrence in forests, but is 
known to increase along harvest unit edges after timber harvest opens formerly interior 
forest trees to the more direct effects of the wind (Harris, 1989).  Buffer strips along 
streams are subject to similar increases in windthrow.  Several studies have attempted to 
define the relationship between riparian windthrow and various physical and biological 
features such as topography, valley morphology, aspect, slope, soil wetness and tree type 
(Steinblums, 1978; Steinblums, 1984; Harris, 1989).  Though these site-specific factors 
may increase the vulnerability of an RMZ to blowdown events, not one factor has been 
highlighted as of particular importance on a landscape scale.  However, since blowdown is 
generally greater at the windward edge of a buffer, alternatives with wider buffers will 
provide more protection to aquatic function.  Pollock and Kennard (1998) reanalyzed 
several windthrow data sets looking at the relationship between buffer width and the 
likelihood of windthrow.  They reached the conclusion that buffers of less than 75 feet 
have a higher probability of suffering appreciable mortality from windthrow than forests 
with wider buffers.  In general, vulnerability to windthrow tends to return to normal a few 
years after logging (Moore, 1977; Steinblums, 1978; Andrus and Froelich, 1986).    


Data for blowdown within buffers from seven studies reported in Grizzel and Wolf (1998) 
had a mean blowdown rate of about 15 percent for 344 sites in western Washington and 
Oregon with maximum blowdown rates ranging from 17 to 100 percent in the different 
studies. Median blowdown rates were usually somewhat lower than the mean because the 
data are not normally distributed with a relatively few sites having extensive blowdown.  
For example, the mean blowdown rate for sites reported by Andrus and Froelich (1986) 
was 21.5 percent while the median value was 15.5 percent (i.e., half of the sites had less 
than 15.5 percent blowdown).  Blowdown rates in Southeast Alaska were found to average 
about 9 percent in 66-foot no-harvest buffers over a four to six year period following 
harvest and most windthrow levels were less than 15 percent (Martin et al. 1998).  Martin 
et al.  (1998) also suggested that increased windthrow from buffers adjacent to geomorphic 
stream types with limited natural recruitment (via bank erosion) could be beneficial for  


Figure 3.4-5. Western Washington Allowable Silviculture within RMZs by 
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Figure 3.4-6. Eastern Washington Allowable Silviculture within RMZs by 
Alternative for the East Side 
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fish habitat.  Susceptibility to blowdown is addressed as appropriate in the effects analysis 
using a 75-feet buffer width as a general guideline. 


Evaluation of the effects of the proposed alternatives on riparian habitats is also based on a 
comparison of the estimated changes in total riparian area protected in some way.  The 
estimated amount of area, presented in terms of average RMZ widths, for each protection 
level provided under each alternative is compared in Figure 3.4-7 for western Washington 
and in Figure 3.4-8 for eastern Washington (see Appendix D).  The histograms presented 
in these figures have been standardized by estimating the total acreage in each protection 
category and then converting it back to the average RMZ width required to cover that 
acreage.  Separate comparisons are shown for fish-bearing streams, nonfish-bearing 
perennial streams, and nonfish-bearing seasonal streams.  The histograms show the 
different management activities allowed within the RMZ (or its zones).  


Changes in riparian management and its effects on riparian habitat are addressed for the 
short term (10 years) and long term (50+ years).  For each riparian function, the timeframe 
to transition from a non-functional riparian system to one that could provide most riparian 
functions is considered (Table 3.4-3).  As discussed in Section 3.4.2 (Affected 
Environment), most of the riparian landscape appears not to be currently fully functioning.  


Table 3.4-3. Percentage of Total Stream Miles Found in the Sample Section by 
Seral Stage and Estimated Time Scales for Recovery1/ of Each 
Riparian Parameter 2/ 


Recovery Periods (in years) 


Seral Stage3/ 


% Seral 
Stage 
on the 
West Side 


% Seral 
Stage 
on the  
East Side Shade 


LWD 
Recruitment 


Leaf & 
Needle Lifter Microclimate 


Early-seral 78 61 5 to 40+ 
years 


100+ years 30 to 80 years 10 to 40 + 
years 


Mid-seral 21 34 20 to 
functioning4/ 


50 to 100+ 
years 


30 to 60 years 20 to 
functioning6/ 


Late-seral 1 5 Functioning Functioning to 
100+ years5/ 


30 to 
functioning 


Functioning 


1/ Estimated time scales for recovery are based largely on Gregory and Bisson in Stouder et al., 1997. 
2/ Hardwoods were excluded because it is unknown if they would convert to coniferous forest in the future.  Site-specific  
    investigation would be required to determine whether this is a natural condition.   
3/  See Appendix A for definitions of seral stage. 
4/ The upper end of the seral stage size range is functioning.  The lower end of the seral stage size range requires more 
    recovery time prior to meeting function. 
5/ Functioning LWD recruitment also depends on stream size for determining recovery.  Larger streams require a  
    larger proportion of big trees and, therefore, need a longer period to recover. 
6/ Estimated to be the same time frame as shade. 
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Figure 3.4-7. Total Riparian Area Protection for the West Side by Alternative 
(Note:  histograms have been standardized by estimating total acreage in each protection category 
and then converting it back to the average RMZ width required to cover that acreage).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 


Fish-bearing (S & F) Waters


Alt 1  Alt 2 Option 1 Alt 2 Option 2 Alt 3
CMZ (Alt 2, Alt 3) Core Zone/No Harvest (Alt 2, Alt 3)
Inner Zone (Alt 2) Outer Zone (Alt 2)
Minimum Leave Tree (Alt 1) Increased Leave Tree (Alt 1)
Shoreline MZ (Alts 1, 2, and 3)


1/, 3/


200' width5/


100' width5/


4/


Non fish-bearing perennial (Np) waters


Alt 1 Alt 2  Alt 3


No Harvest (Alt 2, Alt 3) ELZ (Alt 2)


100' width5/


50' width5/


Non fish-bearing seasonal (Ns) waters


Alt 1 Alt 2  Alt 3


No Harvest (Alt 3) ELZ (Alt 2)


200' width5/


100' width5/


1/ For Alt 2, this does not include implementing the shade rule.  Also, all harvest across the landscape will be a mix of 
Option 1 and Option 2, rather than consisting entirely of either option; each option was modeled separately to 
capture the differences between the two options. 


2/ For Alt 2 Option 1, 17% of the inner zone overlaps with the SMZ and 13% overlaps with the outer zone. 
3/ For Alt 2 Option 2, 16% of the inner zone overlaps with the SMZ and 15% overlaps with the outer zone. 
4/    Although most fish-bearing streams under Alternative 3 receive a 200-foot RMZ, some stream miles were greater 


than 20% gradient, and therefore received a RMZ less than 200 feet.  This accounts for the failure of the Alt 3 RMZ 
acreage to meet the 200-foot buffer standard in this figure. 


5/  Standardized 50', 100' and 200' buffers were applied to all stream miles, to facilitate comparison among alternatives.
6/ A large proportion of nonfish-bearing seasonal streams were 0-20% gradient under Alternative 3 and therefore 


receive a 200-foot RMZ.  This accounts for Alt 3 RMZ acreage exceeding the 100-foot buffer standard in this figure.


6/ 
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Figure 3.4-8. Total Riparian Area Protection for the East Side by Alternative 
(Note:  histograms have been standardized by estimating total acreage in each protection category 
and then converting it back to the average RMZ width required to cover that acreage).  


 


1/ The All Effective Shade requirement for bull trout may provide greater protection to 2% of Alt 2's inner zone RMZ. 
2/ Standardized 50', 100' and 200' buffers were applied to all stream miles, to facilitate comparison among 


alternatives. 
3/ Alt 3 exceeds the 200-foot standard in this figure because most fish-bearing streams receive a 200-foot RMZ, plus 


the CMZ acreages along some fish-bearing streams add additional acreage. 
4/ For eastside Np streams, 70% of the total length of stream was given a 50-foot partial cut RMZ, and 70% of the 


remaining 30% was given a 50-foot no-harvest RMZ (see Section 2.7.1). 
5/ A large proportion of non-fish-bearing seasonal streams were 0-20% gradient under Alt 3 and therefore receive a 


200-foot RMZ This accounts for Alt 3 RMZ acreage exceeding the 100-foot buffer standard in this figure


Fish-Bearing (S & F) Waters 


CMZ (Alt 2, Alt 3) Core Zone/No Harvest (Alt 2, Alt 3)
Inner Zone (Alt 2) Outer Zone (Alt 2)
Minimum Leave Tree (Alt 1) Increased Leave Tree (Alt 1)
Shoreline MZ (Alts 1, 2, and 3)


200' width2/


100' width2/


Alt 1 Alt 2 Alt 31/


Non Fish-bearing Perennial (Np) Waters


Alt 1 Alt 2  Alt 3


No Harvest (Alt 2, Alt 3) Partial Cut (Alt 2)


4/


100' width2/


50' width2/


Non fish-bearing seasonal (Ns) waters


Alt 1 Alt 2  Alt 3


No Harvest (Alt 3) ELZ (Alt 2)


200' width2/


100' width2/


3/
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Where some level of disturbance has occurred in riparian areas, there would be an 
extended period to attain desired future conditions that approach fully functioning riparian 
areas (Table 3.4-3).  Although a large proportion of state and private lands subject to forest 
practices rules is currently in early seral stages (Table 3.4-1), riparian habitat should 
improve over time (10 to 100+ years) to increase the amount of healthy riparian areas 
(Table 3.4-3).  


LWD Recruitment 
To facilitate comparison of the LWD recruitment function among the alternatives, the 
EBAI for LWD was calculated and is displayed graphically in Figures 3.4-9 to 3.4-12 (see 
Section 3.4.3.1 and Appendix D).  The EBAI analysis for LWD is applied in this section as 
a relative measure of the protection of streams from loss of LWD recruitment potential. 
The EBAI is only an approximate measure of full recruitment potential because it does not 
account for all factors that contribute to recruitment or reductions in recruitment of LWD.  
For example, the EBAI does not account for redistribution of LWD within streams, 
reductions that could occur from yarding corridors or roads, or LWD enhancement. 


Redistribution of LWD is difficult to quantitatively model because additions in one stream 
section represents a loss in another.  However, headwater streams can be considered net 
sources of LWD, if it is available for transport.  Consequently, reductions in LWD 
recruitment in low order streams may also indicate some level of reduction of LWD 
recruitment to higher order streams.   In coastal Oregon, preliminary results suggested 
LWD recruitment from upstream sources ranged between 11 and 59 percent (Gresswell 
and May 2000).  This may be an appropriate range for basins in Washington with a similar 
geomorphology (i.e., steep to moderate gradient 2nd  and 3rd order streams with relatively 
narrow valleys) and precipitation, but may be an over-estimate for other areas, particularly 
east side watersheds with substantially lower precipitation and likelihood of debris flows. 


All of the alternatives allow yarding corridors across RMZs.  Yarding corridors provide 
landowners flexibility in accessing and harvesting suitable timber when a road and road 
crossing or helicopter yarding would otherwise be required.   Under Alternative 1, there are 
no requirements for leaving or removing trees cut for yarding corridors (presumably they 
would generally be removed).  Under Alternative 2, trees cut in the core zone must be left, 
and only a volume of trees in excess of the stand requirement could be removed from the 
inner or outer zone.  Under Alternative 3, all trees cut for the yarding corridor would 
remain in the RMZ.  Under both Alternatives 2 and 3 any cut trees retained in the RMZ 
could provide potential habitat for wildlife species that utilize down wood.  Yarding across 
fish-bearing streams requires a Hydraulic Project Approval (HPA) from WDFW.  HPAs 
provide a regulatory mechanism for requiring mitigation for the yarding corridor and an 
opportunity for LWD enhancement.  


Existing roads were not considered in the EBAI because they are present under all of the 
alternatives and their location is very site specific and difficult to incorporate in a 
representative fashion within the EBAI model. Incorporating existing roads would, 
therefore, provide additional complexity to the analysis while providing only limited 
additional clarity about the differences among the alternatives in terms of LWD 
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recruitment potential.   However, the presence of roads will reduce the area available for 
LWD recruitment in an RMZ approximately 5 percent or less depending upon the 
alternative and region of the state (based on GIS analyses).  Alternative 2 includes 
requirements that will partially mitigate for the presence of roads in the RMZ.  This 
mitigation will be discussed below under the Alternative 2 subsection.   


ALTERNATIVE 1 
WEST SIDE 
Type 1, 2, and 3 Waters 
On the west side the current forest practices rules would provide a minimum RMZ width of 
25 feet on Type 1-3 waters, with the maximum width depending on stream type and size, 
extent of wetland vegetation, or the width needed for implementation of the shade rule 
(WAC-222-30-040), ranging from 25 to 100 feet.  Complete LWD recruitment potential to 
the stream channel for most site classes would not be maintained.  The RMZs would all be 
less than one SPTH (both 100- and 250-year) with the exception of those on site class V 
lands.  As indicated earlier, 100-year and 250-year SPTH assumptions were used to 
express the range over which full LWD recruitment is likely to be met.  The 100-year 
SPTH assumption is derived from the Forest and Fish Report and is the basis for RMZ 
widths in Alternative 2 while the 250-year SPTH assumption is the age of stands beginning 
to display old-growth characteristics (Franklin and Spies, 1991).  Based on the more 
prevalent site classes II and III found on state and private lands, one 100-year SPTH would 
equal 140 to 170 feet and one 250-year SPTH would equal 174 to 210 feet.  In addition, 
there is an increased risk of blowdown along all streams that have an RMZ, since the 
average widths implemented are relatively narrow (< 75 ft) and therefore, more susceptible 
to blowdown.  In addition, there would be no protective measures along streams with 
CMZs if the channel shifted to an area that was previously harvested. 


Under Alternative 1, selective harvest would occur throughout the RMZ.  Based on 
modeling (see Appendix D), the post-harvest proportion of trees of recruitable size 
remaining in the riparian zone would range from 7 to 74 percent (depending on site class 
and stream size) with a larger proportion remaining along smaller streams.  Modeling 
involved applying prescriptions to a 50-year-old west side riparian stand, which is the 
stand age generally being harvested on the west side (Bolsinger et al., 1997).  This analysis 
only considered trees left after harvest which were of a “functional” size for LWD.  
Though only a percentage of functionally sized LWD may actually create pools, the greater 
the amount recruited, the greater the potential for pool formation.  For larger streams, the 
size of LWD would need to be substantially larger than for small streams.  For example, 
for a stream averaging 45 feet wide, the mean diameter required for LWD has to be 22 
inches compared to 8 inches in a 5-foot-wide stream.   


Under Alternative 1, there are few restrictions on the harvest of large trees.  Therefore, a 
substantial reduction in trees of functional size would occur in the RMZ.  When 
considering key piece size (which is a subset of functional size) a much smaller proportion 
of trees would be left in the RMZ that would be considered large enough.  The EBAI for 
LWD, which takes into consideration both RMZ width and the management activities that 
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occur within the RMZ, demonstrates that this alternative would provide the lowest level of 
protection for future recruitment of LWD (see Figures 3.4-9 and 3.4-11).  The 100-year  
and 250-year SPTH assumptions suggest that Alternative 1 will provide between 38 and 48 
percent of the LWD recruitment needed on fish-bearing streams for adequate riparian 
function. Yarding corridors and roads would decrease these values. Under Alternative 1, no 
additional measures are provided to address the reduction of LWD recruitment due to these 
roads or future roads.  In addition, there are no incentives for LWD enhancement projects, 
so these would rarely be implemented. 


Shorelines of the state (which are Type 1 waters) are managed under the dual jurisdiction 
of the Forest Practices Act and the Shoreline Management Act (SMA).  During 
implementation of forest practices, the more restrictive of the two acts is applied along 
Type 1 waters.  Restrictions of the Act include a 200-foot shoreline management zone 
(SMZ) above the ordinary high water mark that is implemented and enforced at the county 
level.  Within the SMZ, a landowner may remove no more than 30 percent of the available 
merchantable trees using a selective harvest strategy.  As a result, a 200-foot SMZ would 
complement the 25- to 100-foot RMZ applied under this alternative along shorelines of the 
state.  Therefore, the area outside the RMZ, but within the SMZ, would receive the 
protection required under the SMA (see Figures 3.4-5 and 3.4-7).  Under Alternative 1, the 
SMZ provides for substantially higher protection for Type 1 streams in the short-term than 
the standard forest practices rules. However, additional entries in SMZs at 10-year intervals 
are allowed to remove 30 percent of the standing stock of trees.  Although this would tend 
to reduce the level of protection over time, the SMZ would continue to maintain a higher 
level of protection than the standard rules under Alternative 1. 


On the west side, most harvests occur on relatively young stands (e.g., 50 years old).  Thus, 
the quality of LWD input would be substantially less than optimum until these areas grow 
to a point where trees of a sufficient size are prevalent.  In addition, the current forest 
practices rules do not encourage improving riparian stands for long-term gains in LWD 
recruitment.  Under this alternative, young conifer stands and hardwood-dominated stands 
could require many years to grow to (and may never reach) the size where they can supply 
functional LWD.  Only along smaller Type 1 to 3 streams, would a greater proportion of 
the available trees function with younger stand age.  Key piece size would be even more 
difficult to attain.   


 


The Shoreline 
Management Act 
provides additional 
protection to Type 1 
streams within the 
200-foot shoreline 
management zone.  
However, the level of 
protection may 
decline because of 
the potential to re-
enter the riparian 
area every decade 
for harvest. 


On the west side, 
Alternative 1 would 
result in high risk of 
diminished LWD 
recruitment along 
Type 1 to 3 streams.  
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Figure 3.4-9. Equivalent Buffer Area Index (EBAI) for LWD Summed for All, Fish-
Bearing, Nonfish-Bearing Perennial, and Seasonal Streams on the 
West Side, by Alternative Assuming a 100-year SPTH 


 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.4-10. Equivalent Buffer Area Index (EBAI) for LWD for All, Fish-Bearing, 


Nonfish-Bearing Perennial, and Nonfish-Bearing Seasonal Streams 
on the East Side, by Alternative Assuming a 100-year SPTH 
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Figure 3.4-11. Equivalent Buffer Area Index (EBAI) for LWD Summed for All, Fish-
Bearing, Nonfish-Bearing Perennial, and Seasonal Streams on the 
West Side, by Alternative Assuming a 250-year SPTH1 


  


 
 
 
 
 
 
 
 
 
 
 
 


Figure 3.4-12. Equivalent Buffer Area Index (EBAI) for LWD for All, Fish-Bearing, 
Nonfish-Bearing Perennial, and Nonfish-Bearing Seasonal Streams 
on the East Side, by Alternative Assuming a 250-year SPTH2


 


 


                                                      
1 The EBAI does not include additional protection provided by the Shoreline Management Act. 
2 The EBAI does not include additional protection provided by the Shoreline Management Act. 
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RMZs are not static, since trees continue to grow where they are left in an RMZ and 
regeneration does occur in clear-cuts.  Therefore, growth modeling was used to evaluate 
change over time.  Based on the stands that were modeled, it is apparent that there is an 
increase in tree growth rate, when thinning occurs.  Under Alternative 1, thinning increases 
the size of trees over the mid- and long-term (50-100 years).  However, under Alternative 1 
there is no limitation on timber harvest re-entry within the RMZ.  For the west side, it was 
assumed that the harvest rotation averages 50 years.  Therefore, long-term growth 
projections are unrealistic and riparian stands would not likely have enough large trees to 
provide for stable LWD in medium and large streams.  In very large streams, (using a 120-
foot wide stream as an example), trees as great as 40 inches in diameter (at a minimum) are 
needed as key pieces for long-term contributions to aquatic habitat.  Otherwise the trees 
run the risk of floating away in large flood events.  In addition, Alternative 1 selective 
harvest does not encourage riparian stand improvements within the RMZ for long-term 
gains, but encourages the maintenance of the status quo (i.e., maintaining the same ratio of 
conifers to hardwoods). 


Type 4 and 5 Waters 
For Type 4 and 5 waters, RMZs are not required except for site-specific conditions, and in 
this case would not exceed 25 feet.  For Type 4 and 5 streams in most scenarios, harvest 
would be allowed to the stream bank.  Consequently, there would be no protection of LWD 
recruitment potential for these smaller streams.  This is shown in the EBAI for nonfish-
bearing streams (Figures 3.4-9 and 3.4-11).  However, there is some potential for non-
merchantable trees to provide some function if left in the short-term, because of the smaller 
LWD needed in small streams. 


Along Type 4 and 5 streams that are clear-cut to the bankfull width, long-term modeling 
indicated that wood of sufficient size begins to be delivered to the channel in 
approximately 45 to 50 years when considering both functional and key piece sizes.  This 
was assuming an average channel width of 2 to 5 feet.  If the harvest rotation rate is 50 
years, minimal to no recruitment to the stream would occur over the near and long-term 
along Type 4 and 5 waters. 


EAST SIDE 
Type 1, 2, and 3 Waters 
Rules for eastern Washington are generally similar to those for the west side.  The RMZ 
width for Type 1, 2, and 3 waters ranges between 30 and 50 feet on each side of the stream 
for areas under the partial-cut harvest strategy, and averages about 50 feet under the 
clearcut harvest strategy, but can extend up to 300 feet.  As for most scenarios on the west 
side, the range of east side RMZ widths under current rules do not maintain complete LWD 
recruitment potential to the stream channel because the buffers are less than one site-
potential tree height (which ranges from 60 to 130 feet depending on site class for a 100-
year stand and 85 to 195 feet for a 250-year stand).  However, an exception occurs when 
riparian vegetation is extensive.  In these cases the RMZ can be expanded far beyond the 
average 50 feet and could meet or exceed one SPTH.  However, most timber harvest on the 
east side is selective harvest and, therefore, would not require the more expansive RMZ 


On the west side, 
Alternative 1 would 
result in very high 
risk of diminished 
LWD recruitment 
along Type 4 and 5 
streams.   
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widths (see Appendix D).  However, where the shade rule is implemented additional trees 
may be left in the RMZ.  As a result, this would likely increase the proportion of 
recruitable trees available in the RMZ under some conditions.  In addition, under 
Alternative 1, there is an increased risk of blowdown along all the streams that have an 
RMZ, since the average widths implemented (30 to 50 ft on the east side) are relatively 
narrow (< 75 ft) and therefore more susceptible to blowdown.  Along streams with a CMZ, 
no additional protection of potential recruitment is provided if the channel shifts to a 
previously harvested area. 


Similar to the west side, selective harvest can occur throughout the RMZ (Figures 3.4-7 
and 3.4-8).  In eastern Washington, soils and climate are less favorable for tree growth; this 
results in an average age of 80 to 100 years for stands at timber harvest (Bolsinger, 1997).  
Therefore, 80– to 100-year-old stands were used to evaluate post-harvest stand conditions 
after implementing the RMZ prescriptions.  


Based on modeling results (see Appendix D), which implemented the selective harvest 
prescriptions along Type 1 to 3 streams, the post-harvest proportion of trees of recruitable 
size remaining in the riparian zone ranged between 12 and 73 percent on the larger streams 
and 35 and 74 percent on the smaller streams depending on site class and species zone (see 
Appendix D, Table 12).  On the east side, the mean diameter required for LWD to be 
considered functional for a stream averaging 45 feet in width would be 12 inches, and for a 
stream averaging 5 feet in width it would be 8 inches (Bilby and Wasserman, 1989).  Key 
piece size has not yet been defined for the east side, though pieces larger than what is 
considered functional would likely be required to provide the long-term stability that 
defines key piece size.  Similar to functional LWD, key piece size would vary depending 
on channel size. 


For Type 1 streams, additional leave trees would likely be provided due to the Shoreline 
Management Act (SMA).  The SMA defines a 200-foot shoreline management zone (SMZ) 
measured from the stream’s ordinary high water mark.  The SMA requires that no more 
than one-third of the trees within this zone be removed every 10 years using a selective 
harvest strategy (Figures 3.4-6 and 3.4-8).  However, because the selective harvest strategy 
occurs more often than the even-aged strategy on the east side, additional trees outside of 
the RMZ, but inside the one SPTH width, will frequently be available for recruitment.  


In addition, roads may be present in the RMZ.  Under Alternative 1, no additional 
measures are provided to address the reduction of LWD recruitment due to these roads or 
future roads. 


The EBAI for LWD under the 100-year SPTH and 250-year SPTH assumptions shows that 
this alternative provides the lowest level of protection overall for future recruitment of 
LWD when compared to other alternatives on the east side (see Figures 3.4-10 and 3.4-12 
and Appendix D).  LWD recruitment potential along fish-bearing streams would range 
from 20 to 27 percent of the levels needed for adequate protection based upon the two 
SPTH assumptions (see Appendix D).  


On the east side, 
Alternative 1 would 
result in high risk of 
diminished LWD 
recruitment along 
Type 1 to 3 streams.  
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On the east side under current conditions, most riparian areas are dominated by younger 
seral stages.  Similar to the west side, the quality of LWD recruitment potential would be 
less than optimum.  Also, similar to the west side, there is no limitation of timber harvest 
entry within the RMZ.  For the east side it was assumed that harvest would occur every 80 
years within the RMZ and the largest trees could be removed so long as leave tree 
requirements were met (see Table 2-2).  The selective harvest prescriptions within the 
RMZ under Alternative 1 does not encourage improvement of the stand for LWD 
recruitment, but instead requires a minimum number of trees of a specific size and type 
along all Type 1 to 3 streams, without differentiating between stream size or riparian stand 
quality. Therefore, a sufficient number of larger trees in riparian stands is not likely to be 
maintained.  


Type 4 and 5 Waters 
For Type 4 and 5 streams in most scenarios, harvest would be allowed to the stream bank. 
However, a relatively large proportion of the east side (approximately 70 percent) usually 
has a selective harvest strategy that leaves some riparian trees.  Along streams with a 
clearcut harvest strategy, there would be no protection of LWD sources and, therefore, no 
short-term and minimal long-term recruitment potential.  Together, the EBAI suggests 
these harvest strategies would result in recruitment potential along nonfish-bearing streams 
estimated to be from 8 to 13 percent of adequate protection under the two SPTH 
assumptions. 


ALTERNATIVE 2 
GENERAL 
The silvicultural prescriptions for riparian management zones (RMZs) under Alternative 2 
are implemented within three zones: the core zone is nearest to the water, the inner zone is 
the middle zone, and the outer zone is furthest from the water.  In addition to the RMZ and 
silvicultural prescription discussions below, it is important to note that additional measures 
would be implemented to replace lost LWD recruitment due to the presence of roads under 
Alternative 2.  These mitigation measures include one of the following two measures: 


• Stand requirements must be met regardless of the presence of stream crossings and 
stream adjacent roads; basal area shortfalls are made up in the inner and outer zones, if 
possible, or in nearby RMZs of the same harvest unit. 


• An optional LWD placement plan (WDFW approval required) will be implemented. 


On the east side, 
Alternative 1 would 
result in very high 
risk of diminished 
LWD recruitment 
along Type 4 and 5 
streams.   
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The additional measures would increase future LWD recruitment potential compared to 
Alternative 1.  The first mitigation measure would mitigate the basal area of trees lost due 
to the road, but would not mitigate the same level of riparian recruitment potential because 
the location of mitigation leave trees would be further from the stream and the mitigation 
leave trees have no size distribution requirements (i.e., the mitigation basal area could be 
reached entirely with small trees).  Alternative 2 is the only alternative that provides 
incentives for an LWD placement plan by allowing lower leave-tree requirements in the 
outer zone. An LWD placement plan would increase the presence of in-stream LWD in the 
short-term in exchange for some trees in the portion of the RMZ that have the lowest 
probability of becoming in-stream LWD in the distant future.  The number of trees that a 
landowner may remove in the outer zone depends on the plan approved by the WDFW, but 
leave-tree requirements cannot be reduced below 10 trees per acre.    


Similar to Type 1 streams under Alternative 1, Type S streams may be provided additional 
leave trees under all harvest strategy options because of the Shoreline Management Act 
(SMA).  As indicated earlier, the more restrictive rules would be implemented for any 
given situation where both the SMA and FPA are applied.  In general, a shoreline 
management zone (SMZ) would likely provide more leave trees in the short-term than an 
RMZ, particularly for Type S streams that do not have a CMZ.  An SMZ is measured from 
the ordinary high water mark regardless of whether a CMZ is present.  Consequently, the 
added level of protection from an SMZ is reduced depending upon the width of the CMZ. 
Similar to Alternative 1, the areas outside the RMZ, but inside the SMZ, have a higher 
level of short-term protection due to the harvest restrictions required by the SMA.   
However, the level of added protection in the SMZ could decline over time because of 
additional harvest entries that allow removal of up to 30 percent of the trees during each 
decade.  Nevertheless, the overall level of protection to Type S waters would be equivalent 
to, or higher than, the standard rules.  


Landowners have the option of conducting hardwood conversion in the inner zone of the 
RMZ on the west side only.  The riparian areas must be hardwood-dominated stands with 
evidence that conifers were dominant in the past.  The objective of the hardwood 
conversion rule is to improve long-term riparian function by allowing landowners to 
remove hardwoods in the conversion area and restock the area with conifers. There are 
numerous restrictions to implementing hardwood conversion.  Some of these include the 
following: 


• The combined core and inner zone do not meet stand requirements. 


• There are fewer than 57 conifer trees per acre 8 inches or larger dbh. 


• There are fewer than 100 conifer trees per acre 4 inches or larger dbh. 


• Conifer trees greater than 20 inches dbh shall not be harvested in the conversion 
area. 


• No more than 10 percent of the conifer trees greater than 8 inches dbh may be 
harvested. 


Under Alternative 
2, RMZs may 
provide more 
protection than 
SMZs depending 
upon the size of the 
CMZ, if present.  
Otherwise, RMZs 
and SMZs would 
eventually provide 
similar levels of 
protection to 
riparian trees, 
depending upon 
the frequency and 
level of harvest in 
the SMZ. However, 
an SMZ would 
likely provide more 
protection to 
riparian trees in the 
short term (30 to 40 
years).   
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• The conversion area must be restocked with conifers and provided with post-
harvest treatment. 


• Conversion areas are limited to 500 feet in length. 


• Landowners must own the land 500 feet above and below the conversion area. 


• No stream parallel roads are present in the core or inner zone. 


• Several shade restrictions apply (See WAC 222-30-021). 


The hardwood conversion rule represents a small risk of reducing short-term LWD 
recruitment potential from hardwood trees.  The loss of LWD recruitment potential from 
harvested conifers is insignificant because most of the larger trees are protected.  The 
conversion areas provide a small to moderate risk of reduced shade in the immediate area, 
but the potential adverse effects on a larger scale may be reduced by the additional shade 
restrictions.  Conversely, the potential long-term benefit from restoring the riparian stands 
to conifer likely outweigh the short-term losses.  As indicated earlier, conifers have the 
potential to provide larger and longer lasting LWD than hardwood trees (Harmon et al. 
1986).  Nevertheless, the DNR recognizes there is some uncertainty about the adverse 
effects of the hardwood conversion rule, and includes a component for tracking conversion 
rates on a watershed basis.  The adaptive management program is charged with identifying 
adverse effect thresholds for conversion levels.   


Under Alternatives 2 and 3, small landowners (owning less than 80 acres of forest land in 
Washington) would be permitted to implement substantially less protective RMZs on 
parcels less than 20 acres in size (see Section 2.4.2.2).  Although these parcels represent a 
minority of the lands subject to forest practices rules (about 15 to 20 percent of all private 
forestlands, less if the total landbase is considered), and the rate of forest practices to be 
implemented on these lands is unknown, this reduced protection increases the level of 
concern.  In watersheds with a high proportion of small landowners, especially where a 
high level of past harvest has occurred, this rule would increase the risk that LWD 
recruitment is not adequate to maintain a properly functioning system. 


WEST SIDE 
Alternative 2 provides two options for harvesting within the inner zone on the west side, 
providing that the riparian stand exceeds the requirements for meeting the desired future 
condition. The Option 1 approach is designed for riparian stands that have a skewed 
distribution with more numerous, but relatively small trees.  In contrast, the Option 2 
approach is designed for stands that have a more normal distribution of tree sizes.  Option 
1 allows harvest by thinning from below.  That is, surplus basal area can be harvested, but 
with priority for removing smaller trees.  Option 1 was developed with the objective to 
shorten the time required to meet large wood fish habitat and water quality needs.  Option 
2 allows harvest of surplus basal area by prioritizing harvest of trees furthest from the 
stream and leaving trees closest to the stream.  The objective of Option 2 is to retain those 
trees closest to the stream that provide proportionally more functional benefit than trees 


Because small 
landowners are 
permitted to 
implement less 
protective RMZs 
under Alternative 2, 
the risk that LWD 
recruitment would 
not be adequate to 
maintain a properly 
functioning system 
is increased in 
watersheds with 
large areas owned 
by small 
landowners and 
with high levels of 
past harvest.   
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farther away from the stream.  As described in Chapter 2, both options have specific leave-
tree requirements. 


Type S and F Waters – Option 1 – Thinning From Below 
On the west side, Alternative 2 specifies an overall RMZ width of one SPTH along Type S 
and F streams based upon a 100-year-old stand. In addition, these buffers are measured 
from the edge of the CMZ, where present, rather than from the edge of the bankfull 
channel and, therefore, provide additional protection if a shift in the stream channel occurs.  
Protection of the CMZ ensures that an established stand of trees would be available for 
recruitment in the relocated stream channel.  


For Type S and F streams under Option 1, no harvest would occur in the core zone, which 
is 50 feet from the outer edge of either the bankfull width or CMZ (whichever is greater).  
Approximately 48 to 92 percent of LWD recruitment potential comes from this first zone 
of the RMZ, based on McDade et al. (1990), site class, and the two SPTH assumptions for 
stand age.  For site class II, this zone accounts for 56 to 70 percent of the recruitment.   


Selective harvest (thinning from below) would be allowed in the inner zone (the second 
zone).  Specific stand requirements and thinning is based on an assessment of specific site 
characteristics including site class, species, trees-per-acre, ratio of hardwoods-to conifers, 
and average stand age, and basal area.  The objective of this strategy is to shorten the time 
required for trees in the inner zone to reach a size adequate to provide functional LWD.  
This strategy allows for the removal of a portion of the smaller trees present in the inner 
zone leaving the largest trees which would provide all of the large tree recruitment that is 
available in the stand.   The width of this inner zone varies depending on site class and 
stream size.  Using a site class II modeled stand, approximately 24 to 25 percent of LWD 
recruitment potential comes from the 50 to 100 foot portion of the RMZ if all trees are left 
uncut (Appendix D).  The inner zone selective harvest prescription would initially reduce 
the LWD recruitment potential in the RMZ inner zone by approximately 5 percent along 
small streams (< 10 feet wide) with no reduction of recruitable size trees along the larger 
streams.  Stream size affects both LWD recruitment size and the width of the inner zone.  
In general, along smaller streams a wider range of tree sizes would function if recruited 
(i.e. smaller LWD would also be functional); therefore, a larger percentage of source trees 
would be lost if harvested compared to a larger river that requires larger trees to function.  


The outer zone under Option 1 would provide for commercial harvest with requirements 
for a specific number and size of leave trees.  Similar to the inner zone, the outer zone 
width would also vary depending on site class and stream width and would range between 
22 and 67 feet.  Approximately 6 to 14 percent of the LWD recruitment potential would 
come from the outer zone under no-harvest conditions depending upon the two site class II 
SPTH assumptions.  Under the 250-year SPTH assumption, about 6 percent of the 
recruitment potential would derive from outside the outer zone (i.e., 170 to 210 feet) and 
would receive no RMZ protection.  Based on the modeled harvest, the outer zone would 
contribute approximately 2 to 5 percent of the recruitment potential (see Appendix D).   


On the west side, 
Alternative 2—
Option 1 would 
result in low risk of 
diminished LWD 
recruitment along 
Type S and F 
streams.   
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The total post-harvest proportion of trees of recruitable size remaining in the three zones of 
the RMZ ranged between 91 percent (for smaller streams less than 10 feet wide) to 96 
percent (for larger streams greater than 10 feet wide) under the 100-year SPTH assumption 
and between 80 to 85 percent under the 250-year SPTH assumption (see Appendix D).  A 
sensitivity analysis was conducted using the 100-year SPTH assumption to see if the 
recruitment potential would vary substantially between stands on different site classes.  
The variation of recruitment potential based on the stands modeled (which included a low, 
medium and high site classes II and III) was relatively narrow, ranging between 87 and 93 
percent for smaller streams and between 93 and 96 percent for larger streams (see 
Appendix D). 


Based on the modeled harvest, the same proportion of trees sufficiently large to be 
considered key pieces would be present in the RMZ both pre- and post-harvest.  This result 
occurs because the inner zone is thinned from below, leaving the largest trees in the inner 
zone available for potential recruitment.  Therefore, depending on stream size, trees of key 
piece size could be maintained under this option, if they already exist in the stand.  
However, as stream size increases, the proportion of trees of key piece size decreases 
because minimum key piece size increases with stream size .  This was highlighted in the 
sensitivity analysis where no trees of functional size (or larger key pieces) were available 
for recruitment along modeled site class III stands. Growth modeling using the RAIS 
model suggests that stands will need to be at least 160 years old to obtain key pieces for 
streams 44 feet wide.  Therefore, the concern is over the long-term (and well beyond the 
expected life span of Alternative 2), since many stands do have sufficient trees of key piece 
size immediately after harvest.   


The EBAI for LWD on the west side, shows that under both the 100-year SPTH and 250-
year SPTH assumptions Option 1 would produce a substantially greater recruitment 
potential along Type S and F streams when compared to Alternative 1, a similar 
recruitment potential when compared to Option 2, and a lower recruitment potential when 
compared to Alternative 3 (Figures 3.4-9 and 3.4-11).  In addition, it is clear that fish-
bearing streams are provided more protection than nonfish-bearing streams under this 
alternative.  However, the EBAI does not take into consideration the long-term benefits 
associated with thinning to boost the growth rates of source trees remaining in the RMZ.  
Therefore, long-term modeling was implemented to evaluate the change over time.  


The current quality of LWD input potential along most west side streams is well below the 
optimum, and will remain that way until riparian areas grow to a point when trees are of 
sufficient size to provide functional LWD recruitment.  The 50-year old stand modeled for 
long-term recruitment using the Riparian Aquatic Interaction Simulator (RAIS) 
demonstrate there is an increase in tree growth rate under Option 1.  However, the 
modeling suggested that thinning adjacent to small streams (< 10 ft) would not result in a 
decrease in the time required for trees to reach a functional size (about an 80-year old 
stand, regardless of thinning). In addition, a wider range of tree sizes along small streams 
would provide functional LWD if recruited; therefore, a larger percentage of potential 
source trees would be lost if harvested. However, the benefit of thinning appears to be 
substantial when considering large streams and key piece size, especially in high 
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productivity stands (100-year site index of 128 or greater).  For the streams 44 feet wide, 
the modeling suggested that compared to no harvest, thinning resulted in a shorter time 
period for the growth of trees large enough to serve as key pieces (160-year stand if 
thinned and 290-year stand with no harvest).  In addition, the modeling suggested there 
could be an increase in the amount of LWD.  The RAIS model indicated that a 300-year 
old, site class II stand would have about 14 percent (nearly 2 pieces per 1000 feet) more 
functional LWD following thinning under Option 1 compared to Option 2 or Alternative 3.  
The modeling suggests that for lower productivity riparian stands or streams less than 30 
feet wide, thinning does not provide a substantial benefit for producing functional and key 
piece LWD at a more rapid rate than no-harvest.   


Type S and F Waters – Option 2 – Leaving Trees Closest to the Water 
Under Option 2, no-harvest buffers are 80 feet wide on streams less than 10 feet wide and 
100 feet wide on streams greater than 10 feet wide. Similar to Option 1, no harvest would 
occur under Option 2 in the 50-foot-wide core zone measured from the bankfull width or 
CMZ (if present).  Consequently, the core zone would provide the same level of protection 
under Option 2 as it would under Option 1 (48 to 92 percent under the two SPTH 
assumptions and five site classes; Figures 3.4-1). In addition, to the core zone, the next 30 
feet of the inner zone on streams less than 10 feet wide and 50 feet on streams greater than 
10 feet wide, would also have no-harvest.  Option 2 can only be applied to Site Class I, II 
and III areas on streams less than or equal to 10 feet wide and Site Class I and II areas on 
streams greater than 10 feet wide.  Depending upon the SPTH assumption (for site class 
II), the combined no-harvest buffers from the core zone and inner zone ranged from 73 to 
86.5 percent of full LWD riparian function for smaller streams (< 10 feet) and 80 to 95 
percent of full function for larger streams.  


Selective harvest would be allowed in the remaining portion of the inner zone, which 
varies in width, depending on site class and stream size.  When modeled, the total inner 
zone recruitment potential for streams greater than 10 feet wide would be maintained.  For 
streams less than or equal to 10 feet a reduction of approximately 3 percent of trees of 
recruitable size would occur. Under Option 2, if prescriptions in the core and inner zone 
result in a basal area that exceeds the basal area target, a greater reduction of trees is 
allowed in the outer zone.  In the modeled example, there was no excess (i.e., all 20 trees 
per acre were retained) resulting in a range of 0 to 2 percent of the recruitable trees 
remaining, depending on stream size.  The leave tree requirement for the outer zone can 
also be reduced if conifers are retained in the CMZ. 


The post-harvest proportion of trees of recruitable size remaining in the combined three 
zones of the RMZ ranged between 94 and 95 percent of the pre-harvest condition (see 
Appendix D). The overall recruitment potential of smaller streams (<10 ft) under Option 2 
was higher than the recruitment potential under Option 1.  In contrast, Option 1 produced 
greater recruitment potential for larger streams (> 10 ft). However, the differences between 
the two options were not large, less than 3 percent of the pre-harvest potential.  
Consequently, the different strategies do not appear to substantially change the amount of 
recruitable size trees.  A sensitivity analysis using the 100-year SPTH assumption and site 


Based on long-term 
modeling, Option 2 
would take longer 
to produce key 
piece size LWD


On the west side, 
Alternative 2—
Option 2 would 
result in low risk of 
diminished LWD 
recruitment along 
Type S and F 
streams.   


Based on long-term 
modeling, Option 1 
(thinning from 
below) would 
shorten the time 
required to obtain 
key piece size 
LWD, particularly 
on productive sites 
along large 
streams.  Along 
small streams, 
thinning does not 
appear to benefit 
key piece size LWS 
recruitment and 
may hinder it.   
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class III (low) to site class II (high) showed similar patterns.  The differences between 
options were 5 percent or less and both options left 87 percent or more of the recruitable 
sized trees.      


Under Option 2, the EBAI ranged from 81 to 94 percent for fish-bearing (Type S and F) 
streams under the 250-year SPTH and 100-year SPTH assumptions, respectively.  The 
EBAI under both SPTH assumptions, suggests that Option 2 of Alternative 2 would 
produce a substantially greater recruitment potential along Type S and F streams compared 
to Alternative 1, a similar recruitment potential compared to Option 1, but a lower 
recruitment potential compared to Alternative 3 (Figure 3.4-9 and 3.4-11). 


One limitation of the EBAI is that it fails to take into consideration the growth rate of trees 
remaining in the RMZ after silvicultural prescriptions are applied.  Stand growth modeling 
suggests the rate of growth is slower with the wider no-harvest area of Option 2 compared 
to Option 1. Consequently, under this option, wider streams will require a longer period of 
time to produce the larger trees needed to provide LWD function.  However, for smaller 
streams where smaller size LWD is needed to provide function, this option would ensure a 
greater number of source trees left in the RMZ for recruitment.  


Nonfish-bearing Waters 
On portions of Type Np streams, RMZ widths would be 50 feet, which is less than the one 
site-potential tree height (both 100-year SPTH and 250-year SPTH) recommended in most 
literature to encompass the source area where an adequate level of LWD recruitment can 
occur.  The 50-foot buffer would provide for approximately 48 to 92 percent of recruitment 
potential of a mature stand where the buffer is implemented, depending upon site class 
(McDade et al., 1990).  At least 50 percent of the length of Np streams, which include all 
sensitive sites within the harvest unit, are required to have the 50-foot no-harvest RMZ.  
Depending on the number of sensitive sites more than 50 percent of the Np streams could 
be given an RMZ.  Because of the relatively narrow buffer strip, there is a greater risk of 
blowdown occurring.  As mentioned previously, observed blowdown levels average about 
15 percent, but vary widely depending upon site characteristics and could approach 100 
percent in rare circumstances.  On Type Ns and all other Type Np streams, harvest would be 
allowed to the stream bank.  Therefore, there would be no protection of LWD recruitment 
potential.   


Currently, the contribution of LWD from Type Np and Ns streams to Type S and F (fish-
bearing) streams is not well understood, but Type Np and Ns streams are known to supply at 
least some level of LWD to downstream fish-bearing streams (Potts and Anderson, 1990).  
In narrow coastal streams in coastal Oregon, movement of LWD in second- and third-order 
streams has been observed to range between 11 and 49 percent (Gresswell and May 2000).  
In some streams, the level of input can be very high as a result of debris torrents.  In 
addition, trees that fall into streams are important for sediment retention (Keller and 
Swanson, 1979; Sedell et al., 1988), gradient modification (Bilby, 1979), and nutrient 
production (Cummins, 1974) in Type Np and Ns streams. 


On the westside, 
Alternative 2 would 
result in moderate 
to high risk of 
diminished LWD 
recruitment along 
perennial nonfish- 
streams and no 
protection along 
seasonal nonfish- 
streams. 


There is high 
uncertainty 
regarding the 
impact of low LWD 
recruitment along 
small, nonfish- 
bearing streams on 
downstream fish 
habitat. 


Based on long-term 
modeling, Option 2 
would take longer 
to produce key 
piece size LWD 
than Option 1 along 
longer streams; 
however, for 
smaller streams, 
Option 2 would 
produce greater 
quantities earlier. 
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EAST SIDE 
Type S and F Waters  
On the east side, Alternative 2 specifies an RMZ width of at least one SPTH along Type S 
and F streams.  There are a few exceptions, which include streams less than 15 feet wide 
that are on site class V soils and streams greater than 15 feet wide that have a site class of 
III, IV or V (which all exceed one SPTH).  Therefore, Type S and F stream RMZs meet the 
width recommended in the literature for LWD recruitment.  In addition, because these 
buffers are measured from the CMZ or the bankfull width, there is an additional factor 
established for the possibility of a shift in the stream channel.  This would ensure that an 
established stand of trees would be available for recruitment in the relocated stream 
channel. 


For Type S and F streams, no harvest would occur in the core zone, which is 30 feet from 
the CMZ or bankfull width.  Approximately 65 percent of LWD recruitment potential 
comes from the core zone within the RMZ, based on McDade et al. (1990) using a 100-
year SPTH of 110 feet and 44 percent of the recruitment potential using a 250-year SPTH 
of 170 feet. 


Selective harvest would be allowed in the inner zone, which varies in width, measured 
from the outer edge of the core zone, depending on stream width.  For streams less than 15 
feet wide, the inner zone would be 45 feet wide and for streams greater than 15 feet wide 
the inner zone would equal 70 feet.  Using a site class II modeled stand for comparative 
purposes, approximately 31 (100-year SPTH) to 33 (250-year SPTH) percent of LWD 
recruitment potential would come from the 30 to 75-foot zone of the RMZ if all source 
trees are left uncut along a stream less than 15 feet wide.  Streams wider than 15 feet would 
have approximately 33.5 (100-year SPTH) to 42 (250-year SPTH) percent of recruitment 
potential from the 30 to 100-foot inner zone of the RMZ.  The inner zone selective harvest 
prescription (using the modeled stand) would maintain 8 (100-year SPTH) to 9 (250-year 
SPTH) percent of the no-harvest LWD recruitment potential along streams less than 15 feet 
wide.  For streams greater than 15 feet wide, the inner zone selective harvest prescription 
would maintain between 6 (100-year SPTH) and 14 (250-year SPTH) percent of the LWD 
recruitment potential. 


More restrictive prescriptions will be implemented within the bull trout overlay.  The bull 
trout overlay means those portions of eastern Washington streams containing bull trout 
habitat as identified on the Department of Fish and Wildlife’s bull trout map.  The more 
restrictive prescriptions are designed for a higher level of protection for trees that provide 
shade, but would also provide increased protection for trees that could become LWD.  In 
areas where the bull trout overlay would be applied, the inner zone was modeled as no-
harvest between 30 and 75 feet for all streams to capture the maximum likely shade-
retention strategy.  For streams greater than 15 feet wide, the area 75 to 100 feet from the 
stream or CMZ edge was modeled as a partial harvest leaving at least 50 trees per acre 
including the 21 largest trees, at least 29 trees greater than 10 inches dbh, and basal area of 
at least 90 ft2 per acre leave trees.   Under this scenario, 31 (100-year SPTH) to 36 (250-
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year SPTH) percent of the no-harvest LWD recruitment potential would come from the 
inner zone (see Appendix D, Table 31a and 31b).   


The outer zone has prescriptions that allow for a more intensive selective harvest.  Similar 
to the inner zone, the outer zone width would also vary, depending on site class and stream 
width, and ranges between 0 and 55 feet.  The outer zone provides approximately 1.5 (100-
year SPTH) to 2.5 (250-year SPTH) percent of the LWD recruitment potential if all source 
trees are left uncut. Under the 250-year SPTH assumption for site class II soils, about 11.5 
percent of the recruitment potential derive from outside of the outer zone (i.e., 110 to 170 
feet) and receive no RMZ protection.  The outer zone would maintain less than 1 percent of 
the recruitment potential under the 100-year SPTH assumption, but would provide about 2 
percent of the potential under the 250-year SPTH assumption.  This results from the 
different cumulative recruitment potential curves used under the two assumptions.  The 
100-year SPTH assumption was based upon the mature stand and the 250-year SPTH 
assumption was based upon the old-growth curve from McDade et. al (1990).  Compared 
to the mature curve, the old-growth curve has a higher percentage of the total recruitment 
derived farther from the stream.    


With all zones combined, in areas outside the bull trout overlay the post-harvest 
recruitment potential for trees of recruitable size remaining in the three zones of the RMZ 
would range from 55 (250-year SPTH) to 74 (100-year SPTH) percent of the no-harvest 
potential for smaller streams less than 15 feet. The range for larger streams greater than 15 
feet was 52 (250-year SPTH) to 76 (100-year SPTH) percent (see Appendix D).  In areas 
within the bull trout overlay, the post-harvest recruitment potential of trees of recruitable 
size ranges from 80 (250-year SPTH) to 96 (100-year SPTH) percent for streams less than 
15 feet and 79 (250-year SPTH) to 97 (100-year SPTH) percent for streams greater than 15 
feet. 


A sensitivity analysis was prepared using the 100-year SPTH assumption to determine the 
variation among post-harvest recruitment potential between vegetative habitat types (mixed 
conifer versus ponderosa pine), areas within or outside the bull trout habitat overlay, site 
classes, and stream size.  The results suggested there were moderate differences between 
vegetative habitat types (8 percent or less), large differences (10 to 28 percent) between 
areas in or out of the bull trout overlay, large differences (up to 19 percent) between site 
classes, and small differences (less than 5 percent) between stream sizes (see Appendix 
D).For both the mixed conifer and ponderosa pine habitat types the post-harvest LWD 
recruitment potential was consistently higher on sites with lower productivity (see 
Appendix D).  This can be explained by the fact that sites with lower productivity (e.g., site 
class IV and V) have a lower SPTH than those with higher productivity.  Therefore, the 30-
foot core zone represents a greater percentage of the total SPTH and recruitment potential.   


Also, for most of the stands modeled in the sensitivity analysis, it was apparent that larger 
streams that require large wood (greater than 10 inch dbh) to function, may not benefit 
from the 29 smaller trees retained in addition to the 21 largest trees (in order to make up 
the minimum of 50 trees per acre) retained in the inner zone over the short term.  
Recruitment potential for these larger streams would likely only come from the 21 largest 


On the east side, 
Alternative 2 would 
result in moderate  
risk of diminished 
LWD recruitment 
along Type S and F 
streams. 
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trees per acre left in the RMZ until the rest of the trees grew to a size that would provide 
function when recruited.  This disparity would likely be even larger for the recruitment of 
key piece LWD.  For these large streams, depending on the size class distribution in the 
stand, there is a greater risk of recruitable sized trees being harvested that fall in between 
the gap of the minimum size trees that are retained (10 inch dbh) and the largest trees in the 
stand that are required to be retained.  Mid-size streams, with a wider inner zone compared 
to streams less than 15 feet wide, would have the lowest risk of LWD recruitment loss over 
the short-term, though some reduction would occur.  


The EBAI for LWD weights the recruitment potential for each stream type and size by the 
length of the stream in those categories and provides an overall measure of recruitment 
potential by alternative. The EBAI for LWD on the east side outside of the bull trout 
overlay ranges from 54 (250-year SPTH) to 73 (100-year SPTH) percent of the no-harvest 
potential along Type S and F streams. The EBAI suggests that under the protection levels 
provided outside the bull trout overlay, there is a substantially greater recruitment potential 
along Type S and F streams under Alternative 2 compared to Alternative 1, but less when 
compared to Alternative 3 under both SPTH assumptions (Figures 3.5-10 and 3.5-12). 


Within the bull trout overlay, which covers most of the east side forested areas, if a 
landowner decides not to harvest any trees within 75 feet of the stream to address shade 
issues (see the stream shade section, below), then the level of protection would increase 
substantially over the standard rule.  Notably, shade producing trees in the inner zone are 
also those most likely to be the larger trees that would also provide LWD if they fall into 
the stream.  Under this assumption, the EBAI for LWD ranges between 78 (250-year 
SPTH) and 96 (100-year SPTH) percent of the no-harvest potential.  In practice, it is 
expected that most landowners would harvest some trees between the core zone and 75 feet 
and the level of protection would thus be intermediate between the standard rule and the 
potential protection available from the shade rule. 


The EBAI under the 250-year SPTH assumption is substantially lower (about 18.5 percent) 
than the 100-year SPTH assumption.  Consequently, there is substantially more risk if a 
250-year SPTH is more appropriate for describing the buffer width needed for full 
protection of LWD recruitment.  Overall, there is a moderate (100-year SPTH assumption) 
to high (250-year SPTH assumption) level of risk that LWD recruitment potential to Type 
F and S streams may not be at levels adequate to sustain robust salmonid populations, 
except in situations where implementation of the shade rule results in substantial harvest 
reductions within the 75-foot bull trout overlay zone.  


On the east side under current conditions, most riparian areas are dominated by forests in 
early seral stages.  Thus, the quality of LWD input potential is currently less than optimum 
to provide LWD recruitment.  Using the RAIS growth modeling to predict tree growth rate, 
it is apparent that thinning results in increasing tree diameter at a faster rate.  Under 
Alternative 2, thinning the inner zone increases the size of trees over the mid- and long-
term, producing larger trees sooner (see discussion under west side).  However, because the 
growth rate is slower on much of the east side, the time-frame would likely be extended.  
Though key piece sizes have not been calculated for the east side specifically, the time that 
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thinning in the inner 
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key piece size is achieved would also likely be reduced to some extent, similar to the west 
side.  However, the actual timeframe required to reach key piece size would likely be 
longer than for the west side.  For the larger streams there may be a greater lag time before 
a larger proportion of trees would be of recruitable size, since the medium/large size trees 
are at the greatest risk of reduction in the short-term. 


Nonfish-bearing Waters 
On Type Np streams, the RMZ width would be 50 feet.  The silvicultural prescription for 
the Type Np RMZ can be partial cut, clearcut, or no harvest and are designated as part of a 
timber harvest application. The RMZ is less than the one site-potential tree width 
recommended in most literature to encompass the entire source area.  The 50-foot buffer 
would provide for approximately 48 to 92 percent recruitment potential, depending upon 
site class and SPTH assumption (McDade et al., 1990).  On some Np and all Ns stream 
reaches, harvest would be allowed to the stream bank.  Consequently, there would be no 
protection of LWD recruitment potential along these stream reaches.  Trees along Type Np 


and Ns streams (like Type S and F streams) that fall in are important for sediment retention 
(Keller and Swanson, 1979; Sedell et al., 1988), gradient modification (Bilby, 1979), and 
nutrient production (Cummins, 1974). 


Silvicultural prescriptions within buffers along Type Np streams include a partial cut and a 
clearcut option.  The partial-cut option has a selective harvest prescription similar to the 
inner zone along Type S and F streams.  The clear-cut option can be implemented along no 
more than 30 percent of the stream reach within the harvest unit, cannot be more than 300 
feet in length, and must be at least 500 feet upstream from the an intersection with a Type 
S or F stream.  A no harvest prescription must be implemented on both sides of the stream 
over a length similar to that implemented for the clearcut prescription. Under the partial cut 
option, 24 to 36 percent of the recruitable trees were left in the RMZ depending on site-
class and species zone under the 100-year SPTH assumption.  Once a partial cut or clearcut 
strategy is selected, it cannot change during the life of the Alternative 2 plan. Under the 
clear-cut option 55 to 59 percent of the recruitable trees were left in the RMZ. For all Type 
Ns streams, no RMZs are maintained, and, therefore, no protection of LWD recruitment 
potential would occur.   


ALTERNATIVE 3 
GENERAL 
As for Alternative 2, the small landowner exemption would apply to the riparian rules 
under Alternative 3.  Small landowners (owning less than 80 acres of forest land in 
Washington) would be permitted to implement substantially less protective RMZs on 
parcels less than 20 acres in size (see Section 2.4.2.2).  Although these parcels represent a 
minority of the lands subject to forest practices rules (about 15 to 20 percent of all private 
forestlands), this reduced protection increases the level of concern.  In watersheds with a 
high proportion of small landowners, especially where a high level of past harvest has 
occurred, this rule would increase the risk that LWD recruitment is not adequate to 
maintain a properly functioning system. 


Because small 
landowners are 
permitted to 
implement less 
protective RMZs 
under Alternative 2, 
the risk that LWD 
recruitment would 
not be adequate to 
maintain a properly 
functioning system 
is increased in 
watersheds with 
large areas owned 
by small 
landowners and 
with high levels of 
past harvest.   


Alternative 3 
provides more 
protection for 
riparian trees along 
shorelines of the 
state than the SMA. 
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non-fish streams 
and high risk along 
seasonal non-fish 
streams. 
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Under Alternative 3, the Shoreline Management Act (SMA) would not provide any 
additional protection to riparian trees along shorelines of the state compared to the standard 
rules.  In fact, the standard rules under Alternative 3 would provide a greater level of 
protection than the SMA because the 200-foot RMZ is a no-harvest buffer and measured 
from the outer edge of the channel migration zone. 


WEST SIDE 
On the west side, Alternative 3 would implement 200-foot RMZs along streams less than 
20 percent gradient, 100-foot RMZs along streams 20 to 30 percent gradient, and 70-foot 
RMZs along streams greater than 30 percent gradient.  These RMZs would provide 94 to 
100 percent, 75 to 100 percent, and 62 to 98 percent of the recruitment potential, 
respectively, depending upon the SPTH assumption for site class. Similar to Alternative 2, 
additional protection of LWD recruitment potential is provided by measuring the RMZ 
from the channel migration zone (CMZ).  Other zones that would provide additional 
protection of recruitment potential include measuring the RMZ from beaver habitat zones 
(BHZs) and channel disturbance zones (CDZs).  These no-harvest zones would provide 
additional LWD recruitment potential in areas that are not protected under Alternatives 1 
and/or Alternative 2. Also, because of the relatively wide RMZs under Alternative 3, the 
risk of blowdown would be relatively low compared to the other alternatives. 


For all three stream types, no harvest is allowed within the RMZ except for specific cases 
which include 1) converting a hardwood-dominated stand to one that is conifer-dominated, 
or 2) facilitating the development of 200 year-old stand conditions.  As a result, most if not 
all of the recruitment potential based on RMZ width (described above) would be 
maintained unless stand manipulation was deemed necessary to facilitate riparian 
condition.  


Under both the 100-year and 250-year SPTH assumptions, the EBAI analysis suggests that 
Alternative 3 has the greatest recruitment potential along all streams when compared to 
Alternative 1 and Alternative 2 (Figures 3.4-9 and 3.4-11). In addition, the EBAI suggests 
that recruitment potential to fish-bearing streams would be about 95 percent or higher.  
Although the higher gradient streams do not fully meet the one SPTH width to provide 
complete recruitment potential, virtually all high gradient streams are nonfish-bearing.  
However, a large proportion (70 percent) of the low gradient streams modeled (see 
Appendix C) fall in the category of Ns streams under Alternative 2.  Therefore, a relatively 
large proportion of streams that would likely be categorized as seasonal streams (and 
receive no buffer under Alternative 2), would receive a 200-foot, no-harvest RMZ under 
Alternative 3.  This factor produces a substantial increase in the EBAI value when 
compared to the more limited protection provided these streams under Alternative 2 and 
Alternative 1 (see Appendix D and Figures 3.4-9 and 3.4-11).   


Using growth modeling, it is apparent that tree diameters increase at a faster rate when 
thinning is implemented.  Therefore, the riparian stands that are along larger streams, 
thinning as provided by Option 1 of Alternative 2 may be important to increase the growth 
rate over a shorter period of time depending on the channel condition.  However, along the 


Based on long-term 
modeling, it is 
apparent that LWD 
diameters increase 
faster when 
thinning is 
implemented; 
generally larger 
streams would 
benefit from 
thinning and 
smaller streams 
would benefit from 
no harvest
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Alternative 3 would 
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smaller fish-bearing and nonfish-bearing streams that do not necessarily benefit from 
thinning, this alternative provides the maximum recruitment potential. 


EAST SIDE 
Silvicultural prescriptions in RMZs are the same on the east side as on the west side.  
However, SPTH is less than on west side.  Therefore, there are some differences in the 
level of protection for LWD recruitment potential.  On the east side, Alternative 3 would 
provide  100 percent of LWD recruitment potential through the designation of a 200-foot 
RMZ along streams that are less than 20 percent in gradient under all site classes and both 
the 100-year and 250-year SPTH assumptions.  For the 100-foot RMZ on streams that are 
between 20 and 30 percent gradient, LWD recrutiment potential would range from 98 – 
100 percent for the different site classes under the 100-year SPTH assumption and between 
81 and 100 percent for the different site classes under the 250-year SPTH assumption.  
Under the 250-year SPTH, 100 percent of LWD recruitment potential would occur for site 
class V soils, but site class III and IV soils would exceed 90 percent of LWD recruitment 
potential. The RMZs along streams that are greater than 30 percent would would result in 
91 to 100 percent of recruitment potential under the 100-year SPTH assumption and 71 to 
94 percent of LWD potential under the 250-year SPTH assumption.  Similar to Alternative 
2, additional protection of LWD recruitment potential is provided by measuring the RMZ 
from the CMZ and ensuring no-harvest within the CMZ.  Other zones that would provide 
additional protection of recruitment potential include measuring the RMZ from BHZs and 
CDZs where they apply. Also, because of the relatively wide RMZs under Alternative 3, 
the risk of blowdown would be relatively low. 


For all three stream types, no harvest can occur within the RMZ except for specific cases 
which are described above under the west side.  As a result, most if not all of the 
recruitment potential based on RMZ width (described above) would be maintained unless 
stand manipulation was deemed necessary to facilitate riparian condition.  


Similar to the west side, under both the 100-year SPTH and 250-year SPTH assumptions 
the EBAI suggests Alternative 3 has the greatest recruitment potential along all streams 
compared to Alternatives 1 and 2 (Figure 3.4-10 and 3.4-12).  The major differences in the 
two SPTH assumptions occur along steeper (greater than 20 percent) slopes that generally 
(but not always) are nonfish-bearing streams.  Of particular note is that the EBAI for all 
streams is just short of complete protection under the 100-year SPTH assumption, and is 
just short of complete protection for fish-bearing streams under the 250-year SPTH 
assumption.  These results are primarily due to the fact that, although high gradient stream 
RMZ width is less than one SPTH, most of the recruitment potential is obtained within 
70 feet to the stream.  In addition, a large proportion of seasonal streams (defined under 
Alternative 2), which make up the greatest proportion of stream miles across the landscape 
fall within the 0 to 20 percent gradient category and therefore, receive a 200-foot, no-
harvest RMZ. 
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Stream Shade 
ALTERNATIVE 1 
WEST SIDE 
Type 1, 2, and 3 Waters 
The RMZ width criteria for full stream shade protection is 0.75 SPTH and trees closer to 
the stream have a greater ability to provide shade (Figure 3.4-3).  On the west side a 0.75 
SPTH, which ranges from 68 to 150 feet under a 100-year SPTH assumption and 75 to 185 
feet under a 250-year SPTH assumption (depending on site class), is considered to provide 
full protection for stream shade along Type 1-3 streams.  Along most Type 1, 2 and 3 
streams the RMZ widths do not meet this requirement under Alternative 1.  The few 
exceptions are primarily where maximum RMZs are applied to low site classes.  Also, 
wider buffers and additional riparian leave trees are sometimes required to meet the shade 
rule, particularly in lower elevation areas.  


In addition to RMZ widths that do not meet full protection criteria, shade levels can be 
further reduced along Type 1 through 3 streams because the FPRs allow substantial canopy 
removal through selective harvest within the RMZ.  In general, the studies reviewed by 
Belt et al. (1992) indicated that removal of forest canopy within the buffer strip reduces its 
effectiveness by reducing shade. As a result, the level of protection is too low to maintain 
adequate stream shade to provide full protection. 


However, under Alternatives 1 and 2, the FPRs include the shade rule which is designed to 
maintain shade so water temperatures will not exceed water quality standards.  As guidance 
for meeting the requirements of the shade rule, the Forest Practices Board Manual includes 
a shade screening tool and, if necessary, water temperature modeling to determine the 
likely effects of removing riparian shade trees.  The shade rule requires maintenance of 
specific shade levels depending upon the stream water quality type (A, AA, etc.) and 
elevation.  The screening tool uses overhead canopy closure (measured mid-stream using a 
spherical densiometer) as an index for actual shade. Depending on elevation (particularly 
lower elevations) there is increased shade requirements along Type 1-3 streams due to the 
implementation of the shade rule.  As a result, the width of the RMZ and leave tree 
requirements within the RMZ may increase to the maximum and shade levels are likely to 
increase.  In tests of the shade screening tool, Rashin and Graber (1992) found that the 
screening tool was effective at 78 percent of the 9 sites examined (excluding those with 
flow loss within the reach).  Consequently, there is some risk that streams could be 
miscategorized using the screening tool and provided inadequate minimum shade 
requirements.  The results from Rashin and Graber (1992) also suggested that prior to 
implementation of the water temperature screening tool and model, low elevation streams, 
under 1,640 feet, were at higher risk of exceeding water quality standards than higher 
elevation streams.  It is not known to what degree the screening tool and model has been 
more effective at identifying these low elevation, at-risk streams and providing more 
effective shade retention.     


Currently, the majority of trees in the RMZs are in early seral stages (see Table 3.4-3).  
Therefore, depending on stream size much of the lands may not be effective at providing 
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shade under existing conditions and it may take many years of growth before riparian trees 
will be able to provide adequate shade.  However, because there is no limitation on entry 
into the RMZs, it is likely that many stands would be harvested again during the next 
rotation, prior to or near the time that riparian trees are approaching more complete shade 
function. 


Type 4 and 5 Waters 
RMZs are not required for Type 4 waters except under limited site-specific conditions and 
would not exceed 25 feet in any case.  Therefore, RMZs for Type 4 streams do not meet 
the mimum widths required to maintain adequate shade. 


Type 4 streams are most susceptible to alteration in shade since there are no RMZ or leave 
tree requirements.  There is some limited reduction in risk due to the fact that smaller 
streams can be partially or fully shaded with overhanging shrubs, young trees, and slash 
(timber harvest debris) which are not large enough to shade larger streams.  


EAST SIDE 
Type 1, 2, and 3 Waters 
A 0.75 SPTH, which ranges from 45 to 98 feet under the 100-year SPTH assumption and 
64 to 147 feet under the 250-year SPTH assumption, depending on site class, is assumed to 
provide full protection for shade on the east side (Spence et al., 1996; FEMAT, 1993).  
Most RMZ buffer widths along Type 1, 2 and 3 streams do not meet this requirement, 
since the minimum RMZ width is 30 feet, which is less than 0.75 SPTH for all site classes.  
The few exceptions where the 0.75 SPTH would be met are primarily where maximum 
RMZs are applied to low site classes. 


Similar to the west side, the possibility of harvest activity within the RMZ under 
Alternative 1 for all stream types leaves the possibility that shade will be further reduced.  
However, the shade rule would also be implemented on the east side and RMZ width and 
leave tree requirements could be increased to the maximum for maintenance of  shade 
levels.  The magnitude of temperature increases resulting from canopy removal on the east 
side might be expected to be slightly less than for the west side because the degree of 
shading provided by more open forest types (e.g., ponderosa pine) is lower than for coastal 
and western Cascade streams.  However, many streams east of the Cascades approach the 
maximum thermal tolerance level for salmonids during the summer and these smaller 
increases in temperature might be equally or more detrimental to salmonids. 


Similar to the west side, the majority of the riparian vegetation is currently in early seral 
stage and most of the remainder is in mid-seral stage (see Table 3.4-3).  The younger 
stands are not expected to provide shade that approaches adequate function in the short-
term.  Similar to the west side, the riparian stands would likely be harvested again prior to 
approaching adequate shade along all streams.  However, because the rotation is longer on 
the east side a greater proportion of the landscape would likely be functioning prior to the 
next rotation. 


On the west side, 
Alternative 1 would 
result in very high 
risk of diminished 
shade along Type 4 
and 5 streams. 
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Type 4 and 5 Waters 
RMZs are not required for Type 4 streams, except for limited site-specific conditions and, 
in any case would not exceed 25 feet.  Therefore, RMZs for Type 4 streams are less than 
the minimum buffer width required for adequate protection of shade. 


The greatest risk is for Type 4 streams that have no leave tree requirement and 
consequently no protection for shade.  However, for many Type 4 streams, the risk is 
reduced because they are effectively shaded by overhanging shrubs, young trees, and slash.  
In addition, selective harvest is the main silvicultural strategy (approximately 70 percent of 
the landbase) applied to the east side (Pers. Com., Debbie Robinson, DNR, January 5, 
2000).  Therefore, some protection may be provided even if no RMZ is applied.  Overall, 
however, the lack of RMZ buffers on Type 4 streams would not meet the level 
recommended for minimum protection, at least in the short- and mid-term.   


ALTERNATIVE 2 
WEST SIDE 
Type S and F Streams 
Under Alternative 2, the RMZ widths under the 100-year SPTH and 250-year assumptions 
nominally exceed the width recommended in the literature to provide complete shade for 
all Type S and F streams if considering only the width of the RMZ and not the RMZ 
prescriptions.  However, a substantial portion of the available trees can be harvested within 
the inner and outer zones. Consequently some level of shade reduction can be expected 
under Alternative 2.  Nevertheless, the cumulative percent curve for shade (Figure 3.4-3) 
shows that the relationship between buffer width and potential shade from the adjacent 
riparian zone is non-linear with a greater percentage of shade occurring closer to the 
stream. For example, approximately 75 percent of shade effectiveness is within 0.5 SPTH.  
In addition, RMZ widths begin at the edge of the CMZ where they are present which 
provides additional protection to vegetation in close proximity to a stream.  


The no-harvest zones adjacent to the stream bankfull width or CMZ range from 50 feet 
under Option 1 (thinning from below) to 80-100 feet under Option 2 (leave trees closest to 
the water).  A 50-foot no-harvest buffer is expected to provide 53 to 91 percent of full 
shade protection under the 100-year SPTH assumption and 44 to 86 percent of full shade 
under the 250-year SPTH assumption, depending upon site class.  Under Option 2, an 80-
foot no-harvest zone would provide 75 to 100 percent of full shade protection under the 
100-year SPTH and 64 to 100 percent under the 250-year SPTH assumption.  A 100-foot 
no harvest zone would provide 86 to 100  percent (100-year SPTH) or 76 to 100  percent 
(250-year SPTH) of full shade protection. The core zone would maintain the maximum 
available overstory canopy within the immediate area adjacent to the stream. 


Under Option 1, in addition to the core zone adjacent to the stream bankfull width or CMZ, 
the inner zone extends out to 0.66 of the 100-year SPTH for streams less than or equal to 
10 feet wide and to 0.75 of the 100-year SPTH for streams greater than 10 feet wide.  
These widths equate to 0.54 SPTH or 0.61 of the 250-year SPTH assumption for small and 
large streams with site classes I - IV, respectively.  The core plus inner zone widths exceed 
100 feet for site class I and II soils and site class III soils for streams greater than 10 feet 
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wide.   However, there are no data in the literature that demonstrates the level of shade 
protection that is available from the combination of a no-harvest zone and a selective 
harvest zone. The selective harvest that occurs within the inner zone of Option 1 leaves the 
largest, and therefore the tallest, trees which have the highest likelihood to provide shade.  
The taller trees in the inner zone are also those that have the highest likelihood of 
providing additional shade to the stream.  It is possible that under some circumstances 
leave trees in the outer zone may also provide some shade, but this will likely be minimal 
or none in most cases. 


Similar to Alternative 1, under Alternative 2 the shade rule must also be taken into 
consideration, which would increase shade in areas where site-specific conditions warrant 
it.  However, the shade rule is slightly different compared to Alternative 1.  Under 
Alternative 1 the shade rule applies to trees up to the maximum RMZ width for that stream 
type and width.  Under Alternative 2, the shade rule applies to all trees within 75 feet of the 
stream channel or CMZ, if present.  In addition, canopy closure measurements are made at 
the edge of the CMZ when it is present or mid-stream otherwise.  Nevertheless, it is 
unclear to what extent the shade rule would actually contribute additional protection when 
implemented because most shade producing trees that would be protected by the shade rule 
would already be protected by the no-harvest core zone, the thin from below requirements 
under Option 1, and the no-harvest portions of the inner zone under Option 2.  Similar to 
all alternatives reductions in shade would occur from yarding corridors and roads located 
in the RMZ. 


All factors considered, the overall RMZ effectiveness for providing shade protection to 
Type S and F streams within this alternative is considered moderate to high based upon the 
FEMAT (1993) shade curve, but high under most situations.  Consequently, the level of 
risk for diminished shade is considered low to moderate.  No-harvest buffers 100 feet wide 
have been suggested to have similar levels of shade protection as old-growth forests in 
western Oregon and Washington (Murphy, 1995; Johnson and Ryba,1992) and this width 
would be available under many Option 2 situations. In addition if the channel shifts within 
the CMZ in the future, the stream would still be provided shade. 


The large proportion of RMZs that are in early-seral stages are not expected to be 
producing complete shade capacity within the short-term (see Table 3.4-2) and some of 
these stands are under-stocked by conifers and dominated by hardwoods.  Mid-seral stands 
would regrow to the point that canopy closure would be sufficient to produce shade 
comparable to a later seral stand near the end of a 50-year period (see Table 3.4-3), 
however core zones that are re-growing as understocked hardwood-dominated stands may 
not return to their full shading potential (Sullivan, K.; personal communication; 
February 28, 2001).  Consequently, even no-harvest zones have some risk of not supplying 
long-term shade needs. 


Type N Streams 
For at least 50 percent of the Type Np stream length, a 50-foot RMZ will be provided, 
which meets the small stream width criteria.  Sensitive sites (which include seeps, springs, 
initiation points of perennial flow, and others) would also receive protection from forest 
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practices with 50-foot buffers.  In addition, a 50-foot buffer would be required for the first 
500 feet upstream of the confluence with the Type F or S stream.  These 50-foot buffers 
would provide 53 to 91 percent of full shade protection under the 100-year SPTH 
assumption and 44 to 86 percent of full shade under the 250-year SPTH assumption, 
depending upon site class.  For all other Type N streams, no RMZ is provided and therefore 
no shade protection is guaranteed, though some shade will be maintained from understory 
vegetation. 


The greatest risk of shade reduction is along portion Np streams that have no leave tree 
requirement, resulting in even-aged timber harvest adjacent to the stream and no shade 
protection.  Similar to the Type 4 waters under Alternative 1, these streams would not 
receive an adequate shade protection level, at least in the short term which could result in 
water temperature increases. 


However, for Type Np streams, the risk would be reduced because many Np streams are 
effectively shaded by overhanging shrubs and young trees and as discussed above at least 
50 percent of these streams are provided a 50 ft no-harvest RMZ.  The 50 foot no-harvest 
buffers along the lower 500 feet of Type Np streams are intended to allow water 
temperatures to equilibrate to shaded conditions prior to mixing with, or becoming, a Type 
F or S stream.  There is a moderate to high level of uncertainty that these buffers will be 
effective.  Consequently, this is a priority research topic under the adaptive management 
program.    


In watersheds with high proportions of small landowners, the lack of RMZs on all Type 4 
and 5 streams permitted by Alternative 2, would produce increased risk of adverse effects.  
These effects of Type N streams could also be transferred to downstream fish streams until 
streams temperatures equilibrated with local environmental conditions. 


EAST SIDE 
Type S and F Streams 
Under Alternative 2, the total RMZ widths nominally exceed the widths recommended in 
the literature for shade along Type S and F streams, but include both no-harvest and 
partial-cut silvicultural prescriptions.  The 30-foot no-harvest core zone adjacent to the 
bankfull width (or CMZ) would provide 49 to 86 percent of full shade protection under the 
100-year SPTH assumption and 35 to 69 percent of full protection under the 250-year 
SPTH assumption.  Inner zone widths are 45 feet for streams less than or equal to 15 feet 
wide and 70 feet for streams greater than 15 feet wide.  If the inner zones were no-harvest 
zones, 75 feet would provide 93 to 100 percent of full shade under the 100-year SPTH 
assumption, and 73 to 100 percent under the 250-year SPTH assumption.  A 100-foot 
buffer would provide 100 percent of full shade under the 100-year SPTH assumption and 
87 to 100 percent of full shade under the 250-year assumption.  However, some reduction 
in shade would be present because some level of harvest is allowed within the inner zone.  
Leave tree requirements for inner zones are dependent upon habitat type (ponderosa pine, 
mixed conifer, or high elevation) and site class.  Leave trees include 21 to 50 of the largest, 
and consequently tallest, trees per acre in the ponderosa pine and mixed conifer habitat 


On the east side, 
Alternative 2 would 
result in low to 
moderate risk of 
diminished shade 
along Type S and F 
streams. 


There is moderate 
to high uncertainty 
that buffers along 
Type Np streams 
would be effective 
in maintaining 
temperature of 
waters delivered 
to Type F and S 
streams.  
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types.  The high elevation habitats follow the “thin from below” prescriptions used in 
western Washington. 


There is  a moderate level of uncertainty that leave tree requirements in the inner zone will 
provide adequate shade protection, particularly if the core zone is not fully stocked. In 
regions with higher ambient air temperature, any potential risk of shade reduction could 
increase the risk of adverse affects to stream temperature (see Section 3.6.3.2). However, 
other prescriptions may reduce the risk associated with this uncertainty, including 
implementation of the bull trout overlay along Type S and F streams, and the shade rule. 


Under the shade rule, areas that are part of the bull trout overlay, an additional 45 feet 
outside of the core zone (75 feet total) is prescribed to maintain all available shade.  This 
does not necessarily imply no-harvest, but the level of additional protection is highly site 
specific. As discussed previously for the west side, the shade rule is based upon canopy 
closure and shade protection under the bull trout overlay is implemented similarly.  The 
shade rule protects existing shade rather than potential future shade.  Consequently, some 
trees are potentially at risk of harvest in the inner zone or within 75 feet of the stream 
within the bull trout overlay because they do not currently provide shade, but could if they 
were taller.  This limitation of the rule is more important on the east side than the west side 
because stands tend to be more open.  In a fully stocked stand, the trees closest to the 
stream would provide the bulk of the shade protection with trees further out providing a 
marginal increase in the level of additional shade.  In contrast, trees further from the stream 
have more potential to provide shade in a more open stand.  Compared to the west side, 
there is a greater likelihood that the shade rule will protect additional shade producing trees 
on the east side, particularly within the bull trout overlay, because the core zone is 
narrower and the shade rule is consequently applied to a larger area. 


Similar to the west side, any yarding corridors and roads located within the RMZ would 
also reduce the level of shade protection.  All factors considered, Alternative 2 is 
considered to have a low to moderate risk of diminished shade along Type S and F streams. 


For a large proportion of the RMZs that are in early seral stage, effective shading from the 
RMZ is currently compromised.  Most of the early seral stages are maturing and, without 
any new harvest taking place, the reestablishment of suitable canopy cover over the mid 
term to provide adequate stream shade would occur over most streams.  Therefore, as in the 
case for any alternative, the implementation of wider RMZs retaining more trees for shade 
protection, would still require many years for sufficient shade to be produced in most 
cases.  


Type N Streams 
Type Np streams with a 50-foot RMZ meet the shade requirement for smaller streams 
(<5 ft).  For some other Type Np streams, no RMZ is provided and therefore no overstory 
shade protection is provided. 


The 50-foot no-harvest RMZ along some Type Np streams would provide complete shade 
protection.  Type Np streams with 50-foot selective harvest RMZs, have a greater risk of 
shade reduction.  However, for Type Np streams, the risk is reduced because many Type Np 


On the east side, 
Alternative 2 would 
result in moderate 
risk of diminished 
shade along 
perennial nonfish-
bearing streams 
and high risk along 
seasonal nonfish-
bearing streams
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streams are effectively shaded by overhanging shrubs and young trees.  The greatest risk of 
reduction of shade is along Np streams that do not have any RMZs, similar to the west side.  
Therefore, these streams are at the greatest risk of shade loss over the short- and long term 
until new trees grow to an adequate size.  


As is the case for the west side, under Alternative 2 watersheds on the east side with high 
proportions of small landowners would have higher risk of temperature effects on Type N 
streams because no RMZs are required and leave tree requirements are reduced relative to 
the standard rules.  Water temperature increases could be transferred to downstream fish 
streams until temperature equilibrated with local environmental conditions. 


ALTERNATIVE 3 
Under Alternative 3 for streams 0 to 20 percent gradient, the 200 feet RMZ width would 
meet or exceed the width recommended in the literature for maintaining shade under both 
the 100-year and 250-year SPTH assumptions.  Streams with 20 to 30 percent gradient 
would receive a 100-foot no-harvest buffer that would provide 100 percent of full shade 
protection under the 100-year SPTH assumption and 87 to 100 percent of full protection 
under the 250-year SPTH assumption. The only exceptions would be along streams that are 
greater than 30 percent that have a 70-foot no-harvest RMZ.  These high gradient streams 
meet the 0.75 RMZ for west side site class V and east side site class III, IV and V areas.  
These high-gradient streams tend to be small and would, likely be provided complete shade 
protection from the RMZ.  Overall, the RMZ width provided should be sufficient to 
maintain most if not complete protection of shade on these streams.  The timing for 
recovery of shade along early- and mid-seral stage RMZs would be similar to Alternative 
2. 


Overall, for both the east and west sides and for all streams, most if not all shade is 
protected.  In general, the expansive no-harvest RMZs provide a high level of protection, 
and have a low risk of shade reduction.  Alternative 3 provides the highest level of shade 
protection, when compared to all other alternatives for all streams.  In addition, all the 
RMZ widths are within the range considered to have less likelihood of being susceptible to 
appreciable mortality from windthrow.  


Leaf and Needle Litter Production 
ALTERNATIVE 1 
WEST SIDE 
A 0.5 SPTH, which ranges from 45 to 100 feet depending on site class under the 100-year 
SPTH assumption and 50 to 124 feet under the 250-year SPTH assumption, is considered 
to provide full protection for leaf and needle litter inputs based on FEMAT (1993).  For 
current FPRs, depending on site class, full protection is provided based on RMZ buffer 
widths to Type 1, 2, and 3 streams when implementing the maximum RMZ widths.  
However, the minimum RMZ width of 25 feet does not meet the 0.5 SPTH required for 
complete protection of leaf and needle litter (Figures 3.4-7 and 3.4-8).  For each stream 
type, RMZ buffer width can vary between the minimum and maximum values, depending 
on the extent of wetland vegetation or the width needed for shade.  For Type 4 and 5 


Alternative 3 would 
result in low risk of 
diminished shade 
along fish-bearing 
streams statewide. 


Alternative 3 would 
result in low risk of 
diminished shade 
along most nonfish- 
bearing streams 
statewide, except 
for some small 
streams with very 
high gradients 
(which would at 
least receive a high 
degree of 
protection). 


On the west side, 
Alternative 1 would 
result in moderate 
risk of diminished 
leaf and needle 
litter production 
along Type 1-3 
streams. 
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waters, RMZs are not required except for site-specific conditions and, in this case, would 
not exceed 25 feet.  Therefore, RMZs for Type 4 and 5 streams do not meet the 0.5 SPTH 
required for complete protection under the maximum protection provided by the current 
FPRs. 


For Alternative 1, leaf and needle litter recruitment would be compromised along Type 1 
through 3 streams because the FPRs allow substantial reduction in overstory conifers and 
hardwood removal through selective harvest within the RMZ reducing the quantity of 
biomass that would likely be recruited.  For streams that do not meet the established 
criteria of 0.5 SPTH combined with the selective harvest prescriptions, the risk of reducing 
leaf and needle litter recruitment would increase.  There is a compounding of risk when 
both the required RMZ width is not met and selective harvest is allowed within the limited 
size RMZ.  


Even greater risk is associated with the Type 4 and 5 streams that have no RMZ or leave-
tree requirement, however.  The size and morphology of a small low-order stream greatly 
influences the deposition and processing of organic materials.  Litter is primarily deposited 
into small steep-gradient streams in forested areas high in a watershed.  Higher order 
streams are less likely to retain deposited organic material until it has been decomposed.  
Therefore, these small (low order) streams are important to the productivity of larger (high 
order) stream in lower reaches of the watershed because they are a major source of organic 
material (IMST, 1999).  The exact proportion of detrital production that comes from Type 
4 and 5 streams is not well documented in the literature; however, it may be an important 
portion of the overall productivity.  The lack of RMZ buffers on Type 4 and 5 streams 
would not meet the protection recommended for detrital input needs, at least in the short 
term, and probably only in localized areas while vegetation grows back. 


There would likely be an interruption of detrital input until the riparian forest has grown 
for many years after the Type 4 and 5 streams are harvested.  The Type 4 and 5 streams 
would then produce some leaf and needle litter, although production might not reach full 
production in the short or long term.  In addition, the type of the litter may be different than 
the pre-harvest stands because of shifts in the ratio of coniferous versus deciduous 
vegetation.  The type of detrital input can affect not only its nutritional value, but also the 
amount of time needed for decomposition (Gregory et al. 1987).  To what extent leaf and 
needle litter composition is altered is difficult to determine because; 1) timber harvest 
occurs in localized areas at varying times within a watershed; and 2) all forest seral stages 
provide some level of leaf and needle input, although in varying quantities. 


Currently, most riparian vegetation is in an early to mid-seral stage (see Table 3.4-2).  
Stand age significantly influences detrital input to a stream system.  Therefore, these stands 
will not be producing leaf and needle litter that approach natural background levels in the 
short term (see Table 3.4-2).  Mid-seral stands would re-grow to the point that canopy 
closure would be sufficient to produce leaf and needle litter comparable to a later seral 
stand near the end of a 50-year period (see Table3.4-3).  As a result, just as the stand is 
meeting detrital input production levels, the stand would likely be harvested again for the 
next rotation, never allowing complete return to natural production levels.   


On the west side, 
Alternative 1 would 
result in very high 
risk of diminished 
leaf and needle 
litter production 
along Type 4 and 5 
streams.   


There is uncertainty 
as to what order of 
magnitude leaf and 
needle litter is 
altered since timber 
harvest occurs in 
localized areas at 
varying times in a 
watershed, and all 
seral stages 
provide some level 
of input. 
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EAST SIDE 
A 0.5 SPTH, which ranges from 30 to 65 feet, depending on site class under the 100-year 
SPTH assumption and 43 to 98 feet under the 250-year SPTH assumption, is considered to 
provide full protection of leaf and litter inputs on the east side.  Under current FPRs in 
eastern Washington full protection is provided based on RMZ widths to Type 1, 2 and 3 
streams when implementing the maximum and average RMZ widths.  Site class I, requires 
a greater RMZ width to maintain the leaf and needle litter zone which is considered 
complete protection.  The minimum RMZ widths of 30 feet meets the target width of a 0.5 
a SPTH for site class V areas only under the 100-year SPTH assumption (Figures 3.4-7 and 
3.4-8).  For Type 4 and 5 waters, RMZs are not required and, therefore, these do not meet 
the 0.5 SPTH required for complete protection under all circumstances.   


As for the west side, the possibility of harvest activity within the RMZ under Alternative 1 
for all stream types leaves the possibility that leaf and needle litter production would be 
compromised.  The greatest risk is for Type 4 and 5 streams that have no leave tree 
requirement and timber harvest can occur adjacent to the stream.  The lack of an RMZ on 
these smaller streams would indicate that Type 4 and 5 waters receive no protection of leaf 
and needle litter recruitment.  However, uneven-aged (partial-cut) timber harvest strategies 
are currently applied to approximately 70 percent of the east side forested landbase 
(personal communication Debbie Robinson, DNR, January 5, 2000).  Therefore, some 
incidental protection is provided even if no RMZ is applied.  Overall, the lack of RMZ 
buffers on Type 4 and 5 streams would not meet the level required for full protection of 
leaf and needle litter input, at least in the short term, and probably in most areas for the mid 
and long term. 


Currently, most riparian vegetation is in early-seral and mid-seral stages  (see Table 3.4-2).  
These young stands would not be producing leaf and needle litter that approach natural 
background levels in the short term (see Table 3.4-2).  Similar to the west side, most stands 
would likely be entered again prior to the complete return of detrital production. 


ALTERNATIVE 2 
WEST SIDE 
Under Alternative 2 the overall RMZ widths exceed the width recommended in the 
literature for leaf and needle litter production for Type S and F streams.  Type Np streams 
with a 50-foot RMZ receive most of the protection required to maintain leaf and needle 
litter input, but not at the level recommended by the literature for full protection.  For some 
portions of Type Np and Ns streams, no RMZ would be provided and, therefore, no 
protection of leaf and needle litter would be provided. 


The no-harvest zone ranges from 50 feet under Option 1 to 80 to 100 feet under Option 2 
should maintain most of the RMZs leaf and needle litter input capacity along Type S and F 
streams.  In addition, the inner zone, which is a limited selective harvest prescription on 
Type S and F streams would not appreciably reduce the ability of the RMZ to contribute 
leaf and needle litter, especially when combined with the core zone no-harvest area.  These 
RMZs would provide continuous inputs for leaf and needle litter to streams and would 


On the east side, 
Alternative 1 would 
result in moderate 
risk of diminished 
leaf and needle 
litter production 
along Type 1-3 
streams


On the east side, 
Alternative 1 would 
result in very high 
risk of diminished 
leaf and needle 
litter production 
along Type 4 and 5 
streams. 


On the west side, 
Alternative 2 would 
result in low risk of 
diminished leaf and 
needle litter 
production along 
Type S and F 
streams. 


On the west side, 
Alternative 2 would 
result in moderate 
risk of diminished 
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allow the maintenance of stream productivity in the short and long-term depending on the 
stand age and structure.  


The greatest risk of reduction of leaf and needle input is along the Type Np and Ns streams 
that have no leave tree requirement resulting in even-aged timber harvest adjacent to the 
stream.  The lack of an RMZ on these smaller streams would indicate that these waters 
receive no protection of leaf and needle litter recruitment.  Similar to the Type 4 and 5 
waters under Alternative 1, these streams would not meet the requirements for adequate 
protection of detrital input, at least in the short term, and probably only in localized areas 
while vegetation grows back.  Similar to Alternative 1, in many areas a shift in the initial 
type of detrital input can be expected from coniferous needles to deciduous vegetation.  
However, a large proportion of Np streams (50 percent or greater depending on the number 
of sensitive sites) would be provided a 50-foot, no-harvest RMZ, substantially reducing 
this risk. 


Because of the large proportion of RMZs that are in early- and mid-seral stages, they 
would not be expected to produce leaf and needle litter that approaches natural background 
levels in the short term (see Table 3.4-2).  Mid-seral stands would grow to the point that 
canopy closure would be sufficient to produce leaf and needle litter comparable to a later 
seral stand near the end of a 50-year period (see Table 3.4-3).  Because the RMZs would 
not be re-entered until the desired future condition was met, most stands would have the 
opportunity to return to natural production levels over the long-term. 


EAST SIDE 
Under Alternative 2, for all Type S and F streams total RMZ widths exceed the 0.5 SPTH 
recommended in the literature for leaf and needle litter production.  For Type Np streams 
that receive a 50-foot RMZ, the 0.5 SPTH is met for site class II through V and protects 
most of the area for site-class I.  Under the partial-cut strategy, all Np streams are provided 
with an RMZ, and under the clear-cut strategy, at least 70 percent of the Np streams are 
provided with an RMZ.  For all other Type Np and Ns streams, no RMZ would be provided, 
and, therefore, no protection of leaf and needle litter would be provided. 


Along Type S and F streams, the 30-foot core zone, which is no-harvest, combined with 
the selective harvest inner zone, should maintain most of the RMZs leaf and needle litter 
input capacity.  These RMZs would provide continuous inputs of leaf and needle litter to 
streams and would allow the maintenance of stream productivity in the short- and long-
term depending on the stand age and structure.  


As described earlier, landowners must identify either a partial cut and/or clearcut strategy 
within the 50-foot RMZ along Type Np waters.  When the clearcut strategy is identified 
along no more than 30 percent of the stream in the harvest unit, no harvest RMZs of equal 
length on both sides of the stream must also be identified.  The 50-foot no-harvest RMZ 
along some Type Np streams and the 50-foot selective harvest RMZ along others would 
provide some if not all of the leaf and needle recruitment capacity. However, the some risk 
would be present from Type Np designated for the clearcut strategy and Ns stream reaches 
that do not have any leave tree requirements.  Therefore, these streams are at the greatest 


On the east side, 
Alternative 2 would 
result in low risk of 
diminished leaf and 
needle litter 
production along 
Type S and F 
streams. 


On the east side, 
Alternative 2 would 
result in moderate 
risk of diminished 
leaf and needle 
litter production 
along perennial 
non-fish streams 
and high risk along 
seasonal nonfish-
bearing streams. 


Recruitment of leaf 
and needle litter 
from nonfish-
bearing streams to 
downstream fish-
bearing streams is 
of concern, 
especially in 
watersheds with a 
high level of past 
harvest and/or high 
proportion of 
ownership by small 
landowners. 
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risk of having detrital inputs interrupted over the short- and long-term until new trees grow 
back in localized areas.  For a large proportion of the RMZs that are in early seral stage, 
production of leaf and needle litter is currently compromised.  As a result, only over time 
will the increased tree biomass occur to allow for increased litter recruitment to streams. 


ALTERNATIVE 3 
STATEWIDE 
Under Alternative 3, the RMZ width for most streams (0 to 30 percent gradient) would 
meet or exceed the width recommended in the literature for full leaf and needle litter 
recruitment potential.  In addition, the RMZs are no-harvest, providing complete protection 
of leaf and needle litter production along these streams.  The only exceptions are along 
streams that are greater than 30 percent.  These high gradient streams meet the 0.5 RMZ 
for the west side of site classes III through V and the east side of all site classes.  These 
streams are provided with a no-harvest RMZ of 70 feet.  Though the exact proportion of 
detrital production that comes from these streams is not well documented in the literature, 
it may be an important portion of the overall productivity.  However, in general the RMZ 
buffer provided should be sufficient to maintain most the detrital inputs on these streams at 
or near natural conditions.  The timing for recovery of leaf and needle input along early 
and mid seral stage RMZs would be similar to Alternative 2. 


Overall, most if not all leaf and needle litter input would be protected for all streams 
statewide.  Alternative 3 would provide the most protection of leaf and needle input when 
compared to all other alternatives for all streams.   


Microclimate 
ALTERNATIVE 1 
Under this alternative, microclimatic gradients, and particularly relative humidity and air 
temperature, would be negatively affected.  Sullivan et al. (1990) studied the effects of 
current forest practices rules on water and air temperature in riparian areas and found 
significant increases in air temperature.  A nearly one-to-one correlation was found 
between air temperature and percent shade.  


Because the RMZ widths would, at most (maximum of 100 feet on Type 1 and 2 streams 
on the west side and generally 50 on the east side), be only about two-thirds or less of the 
147 feet minimum, and because there would be harvest within the buffer, microclimatic 
conditions would be negatively affected, relative to natural conditions, on all stream types.  
Air temperature and humidity would be greatly affected.  In addition, on the east side, 
which naturally has higher ambient air temperatures, the change in microclimate could 
further increase air temperature.  On the west side, where the dominant early seral riparian 
area is predominantly made up of coniferous forest, there is no long-term goal for returning 
the condition of the riparian area to a conifer-dominated stand which would maintain a 
seasonally altered riparian zone. 


ALTERNATIVE  2  
Although there are some differences between the two options under this alternative that 
might affect air temperature and overall microclimatic gradients, there is not enough 


Alternative 3 would 
result in very low 
risk of diminished 
leaf and needle 
litter production 
along all streams 
statewide. 


Alternative 1 would 
result in moderate 
risk for some, but 
high risk for most 
microclimatic 
variables, statewide. 


Alternative 2 would 
result in a 
moderate risk for 
mostmicroclimatic 
variables along 
Type S and F 
streams statewide;
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resolution in the existing understanding of microclimatic gradients to distinguish the 
effects of Options 1 and 2.  Therefore, they are treated the same. 


In contrast to Alternative 1, total buffer widths for site classes I and II approach or exceed 
the minimum buffer widths for overall microclimate gradient maintenance, at least on fish-
bearing streams.  However, because some level of harvest is allow within the RMZs, the 
natural gradients would not likely be maintained.  Within the no-harvest zone of buffers on 
fish-bearing streams, relative humidity and other parameters would probably be somewhat 
lower than under natural conditions, since decreased humidity in the adjacent selectively 
harvested inner and outer zones would affect the core zone to some extent. 


The adverse effects to microclimate along nonfish-bearing streams would be greater.  For 
the Type Np and Ns stream segments that do no receive an RMZ, no protection would be 
provided.  On Type Np stream segments that receive some protection from no-harvest 
RMZs, the 50-foot width is at most one-third of the minimum recommended buffer for the 
various microclimate variables. 


Air temperature and humidity would be affected under this alternative, because the buffer 
width for maintaining these gradients is even greater than for other microclimatic 
gradients.  The eastside air temperature in the RMZ is likely to have a greater change since 
ambient air temperatures tend to be higher then the west side. 


ALTERNATIVE  3 
Among the alternatives considered in detail, Alternative 3 provides the highest degree of 
protection of microclimatic gradients.  Streams with instream gradients of less than 20 
percent would receive 200-foot, no-cut buffers.  This would be sufficient to maintain 
microclimatic gradients for most variables.  Air temperature, humidity, and windspeed 
would nonetheless be affected to some extent, since they require wider buffers (240 to 787 
feet) to maintain natural gradients. 


Streams with higher instream gradients would receive somewhat less protection.  A stream 
with an instream gradient between 20 and 30 would receive a 100-foot, no-cut buffer, 
while streams with higher instream gradients would receive a 70-foot, no-cut buffer, which 
is high risk for most microclimate variables.  Under both situations, natural microclimate 
gradients, would be modified, but the extent of modification would be lower than 
Alternatives 1 and 2.  However, as with lower gradient streams, air temperature, humidity, 
and wind speed would be significantly affected across riparian areas. 


 


Alternative 3 would 
result in low risk for 
modifying most 
microclimate 
variables along 
streams less than 
20 percent gradient 
and moderate to 
high risk elsewhere. 
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3.5.1 Introduction 
Wetlands are defined in terms of their physical, chemical, and biological characteristics, 
such as hydrologic regime, soil type, and plant species.  Wetlands are formally defined as 
those areas that are inundated or saturated with surface or groundwater at a frequency and 
duration sufficient to support, and that under normal circumstances do support, a 
prevalence of vegetation typically adapted for life in saturated soil conditions (40 CFR 
230.41 (a) (1)) and WAC 222-16-11.  This definition includes forested swamps, marshes, 
bogs, and other similar areas.  Wetlands are subject to regulation through the Clean Water 
Act by the Corps of Engineers and the Environmental Protection Agency.  Sections 404 
and 401 of the Clean Water Act were created specifically with the intent “to restore and 
maintain the chemical, physical and biological integrity of our nation’s waters” (see 
Section 1.4.3.4). 


Wetland ecosystems provide a variety of physical and biological functions.  Additionally, 
they provide many values to society including recreation, water quality enhancement, and 
flood attenuation.  The National Wetland Policy Forum (Conservation Foundation, 1988) 
identified eight natural functions that wetlands may perform at a landscape level.  These 
functions are: (1) nutrient removal and transformation; (2) sediment and toxicant retention; 
(3) shoreline and bank stabilization; (4) flood flow alteration; (5) groundwater recharge; 
(6) production export; (7) aquatic diversity and abundance; and (8) wildlife diversity and 
abundance.  Values to society of these wetland functions include recreation, water quality 
enhancement, and flood control. 







 
 


 


 


Wetlands Final EIS 


 


Chapter 3 


3-90


 


3.5.2 Affected Environment 
3.5.2.1 Wetland Functions 
As noted above, wetlands provide a variety of functions and values.  The key wetland 
functions that are the focus of this EIS include fish and wildlife habitat, water quality, and 
hydrology.  These functions were chosen because they are the ones that may be most 
directly impacted by timber harvest related activities.  The functions are briefly discussed 
below. 


Fish and Wildlife Habitat 
Wetland and riparian habitats are considered to be among the richest zones for aquatic and 
terrestrial organisms (Clark, 1977; Dodd, 1978; Brinson et al., 1981; Kauffman and 
Krueger, 1984).  Because wetland and riparian habitats exhibit an “edge effect” due to 
overlapping types of habitats, more niches are provided by these areas than are provided by 
any other habitat types.  Eighty-six percent (359 out of 414) of the terrestrial vertebrate 
species in western Washington and 85 percent (320 out of 378) of terrestrial vertebrate 
species in eastern Washington utilize wetland and associated riparian habitats for portions 
of their life needs (Brown, 1985; Thomas, 1979).   


Wetlands provide habitat or perform functions that contribute to the health of ecosystems 
of many anadromous and resident fish species within Washington.  Wetlands are known to 
help maintain cool water temperatures, retain sediments, store and desynchronize flood 
flows, maintain stream base flows, and provide food and cover for fish (Cederholm and 
Scarlett, 1981; Beechie et al., 1994; Mitsch and Gosselink, 1993; DOE, 1993). 


Water Quality 
Wetlands can improve water quality through nutrient removal and transformation 
(Hammer, 1989).  For example, wetlands can remove nitrate and phosphorus from 
agricultural runoff.  Nutrient-rich sediments may also become trapped and removed from 
the water.  Wetlands can also remove toxic chemicals, such as pesticides, heavy metals, or 
excess nutrients from water (Mitsch and Gosselink, 1993).  Wetlands can reduce shoreline 
and bank erosion by binding soil substrates in wetland plant roots.  Thus, wetlands protect 
upland habitats along streams and rivers from erosion, and protect downstream habitats 
from sedimentation and pollution.  Wetlands can help maintain desirable stream 
temperatures in the summer as they discharge cool groundwater.  Additionally, forested 
riparian and wetland areas serve an important role in shading streams from direct solar 
heating. 


Hydrology 
Headwater riverine and depressional wetlands can delay discharge of peak run-off into 
streams and impede passage of overbank flow downstream during storm events, thus 
reducing the potential for downstream flooding (Winter, 1988; Roth et al., 1993).  
Depressional wetlands can help maintain existing quantities of groundwater by delivering 
water to underlying aquifers (Dinicola, 1990; Economic and Engineering Services Inc., 
1991).  Additionally, wetlands can help maintain minimum stream base flow by naturally 
regulating the release of groundwater discharge into streams and by recharging aquifers 
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that discharge groundwater to streams (Dinicola, 1990; Hidaka, 1973; O’Brien, 1988; 
Mitsch and Gossselink, 1993). 


3.5.2.2 Historic/Current Wetland Protection 
Wetlands are subject to regulation under Sections 401 and 404 of the Clean Water Act.  
Discharge into wetlands may also be regulated under section 402 of the Clean Water Act.  
Exemptions granted under Section 404(f)(1) allow for normal agricultural, ranching, and 
silvicultural activities, as well as maintenance of existing drains, farm ponds, and roads.  
The construction or maintenance of forest roads for silvicultural purposes is exempt from 
regulation when such roads are constructed and maintained in accordance with best 
management practices (BMPs).  The BMPs “assure that flow and circulation patterns and 
chemical and biological characteristics of water of the United States are not impaired, that 
the reach of the waters of the United States is not reduced, and that any adverse effect on 
the aquatic environment will be otherwise minimized.”   


On private and state lands in Washington, the FPRs provide protection for wetland 
resources from timber harvest-related activities.  For management purposes, the FPRs 
recognize two major categories of wetlands:  forested and nonforested.  Nonforested 
wetlands are divided further into two classes:  Type A (greater than 0.5 acre, with open 
water) and Type B (other nonforested wetlands).  FPRs require buffers, termed WMZs, on 
all Type A wetlands and most Type B wetlands.  Harvest may occur in forested wetlands; 
however, harvest methods are to be limited to low impact harvest or cable systems.   


For Type A wetlands greater than 5 acres in size and containing open water, an average 
WMZ of 100 feet is required.  For Type A wetlands between 0.5 and 5 acres, a 50-foot 
average WMZ is required.  For Type B wetlands greater than 5 acres, a 50-foot average 
WMZ is required.  For other wetlands between 0.5 and 5 acres, a 25-foot WMZ is retained.  
Wetlands less than 0.5 acre have no buffer. 


In addition to leaving WMZs, there are several other harvest restrictions around 
nonforested wetlands.  For example, individual trees and small patches of forested 
wetlands (0.5 acre) cannot be harvested if surrounded by a Type A or Type B wetland.  
Harvest of upland areas or larger forested wetlands require a plan approved by the DNR if 
they are surrounded by Type A or Type B wetlands.  Additionally, Timber cannot be felled 
into or cable-yarded across a Type A or Type B wetland without prior approval by DNR.  


3.5.2.3 Existing Condition of Wetlands 
Since the time of colonization, Washington state has lost between thirty to fifty percent of 
its wetlands (National Wetlands Inventory; USFWS, 1999).  Additionally, the functions of 
existing wetlands have been reduced.  Various factors have contributed to wetland loss and 
wetland function reduction including agriculture development, urbanization, timber 
harvest, road construction, and other land management activities.  It is difficult to assess 
the current conditions of wetlands in forested lands across the entire state of Washington.  
However, some wetlands on lands subject to FPRs have been altered in the past due to 
actions associated with timber harvest activities, such as harvest and road building.  These 
actions can impact wetland sites directly through vegetation alteration, soil compaction, 
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and changes in hydrologic regime and water quality or indirectly through sedimentation 
from adjacent land management practices.  Additionally, harvest of trees in or adjacent to 
wetland sites can impact microclimates of wetland sites.  Other impacts to wetlands have 
likely occurred from fires and other natural disturbances. 


Wetlands are described in this document using the DNR wetland GIS coverage, which 
separates wetland habitats into two major categories:  forested and nonforested.  The 
nonforested wetland are further divided into Type A wetlands (greater than 0.5 acre, 
including any acreage of open water) and Type B (other non-forested wetlands), and other 
(forested wetlands and open water habitats). 


Overall, approximately 4.4 percent of the land base evaluated for this section is comprised 
of wetland habitats (Table 3.5-1).  Wetland areas comprise approximately 2 percent of the 
land base on the east side and approximately 6 percent on the west side.  The percent of 
wetlands by type in the sample sections subject to FPRs can be found in Table 3.5-1. 


Table 3.5-1. Approximate Wetland Area as a Percentage of Forested Ownership, 
by Region and Wetland Type1/ 


Region Ownership 
Type A 


Wetland 
Type B 


Wetland 
Other Open 


Water 
Forested 
Wetland 


Westside Private Lands 0.7 percent <0.1 percent <0.1 percent 5.7 percent 
Eastside Private & State 


Lands 
0.4 percent <0.1 percent <0.1 percent 1.2 percent 


Statewide Private and State 
on Sampled lands 


0.6 percent <0.1 percent <0.1 percent 3.8 percent 


1/Based on random sample of lands subject to FPRs in each region/ownership category (see Appendix G). 
 


3.5.3 Environmental Effects 
3.5.3.1 Evaluation Criteria 
The evaluation criteria for this EIS for wetland resources includes an analysis of the degree 
of protection provided by the Forest Practices Rules for wetlands and their associated 
functions (i.e., water quality, hydrology, and fish and wildlife habitat).  Provisions under 
the alternatives that are evaluated against the evaluation criteria include timber harvest 
(application of protective buffers (WMZs and RMZs) and the degree of harvest or 
disturbance allowed in forested wetlands), road management practices, and application of 
new wetland mapping and classification systems. 


Timber Harvest 
FORESTED WETLANDS 
Timber harvest and associated activities can affect wetland sites by changing species 
composition, reducing stand density and shading, changing fuel profiles, and altering 
disturbance regimes (Castelle et al., 1992; Harris and Marshall, 1963; Darrnell, 1976).  
Timber harvest may alter wetland hydrology and cause a rise in the water table elevation 
(Veery, 1997).  Changes in hydrologic patterns of wetland sites can directly influence plant 
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species and growth within the wetland site resulting in an increase in undesirable plant 
species.  Additionally, the altered water table and associated streamflow relationship could 
increase localized runoff and flooding (Grigal and Brooks, 1997).  Soil rutting and 
compaction from timber harvest activities can reduce infiltration, redirect flow, and alter 
pathways by which water moves through and from wetlands.  


Water quality of wetland sites can be affected by harvest activities (Shepard, 1994).  
Harvest and associated activities can deliver sediment to wetlands, diminish water quality 
and lead to the filling of wetland sites.  Nutrient pathways within wetlands can also be 
affected. 


Alterations of forested wetland sites discussed above can impact microclimates within 
wetland sites and can effect habitats of associated fish and wildlife species.  Changes to 
wetland hydrology may diminish suitable amphibian breeding, feeding, and rearing habitat 
(Hruby et al., 1998).   Reduced cover and changes in plant species composition can 
influence invertebrate populations (Cyr and Downing, 1988) and impact food sources, 
den/nest sites for aquatic mammals, birds, and amphibians (Hruby et al., 1998).  
Additionally, fish populations in waterways associated with harvested forested wetlands 
may be effected by increased sedimentation and hydrologic and temperature alterations. 


A method of reducing impacts to forested wetland sites is to implement reduced harvest 
scenarios and restrict equipment operation and yarding practices in these areas.  Residual 
vegetation left behind after reduced harvest and associated activities would provide 
shading for wetland sites and act as a buffer to filter out sediments and pollutants 
(Broderson, 1973; Corbett and Lynch, 1985).  Effects on wetland hydrology would be 
reduced in light harvest areas.  As a result, impacts to fish and wildlife would be reduced. 


NON-FORESTED WETLANDS 
Due to the lack of commercial timber within nonforested wetland habitats, these areas 
would not be harvested.  However, adjacent timber harvest may indirectly impact these 
sites through increased sedimentation from upslope timber harvest activities and potential 
reduction of shading from removal of adjacent trees.  These disturbances could disrupt 
nutrient pathways, affect water temperatures, and affect hydrology within these 
nonforested wetlands, causing short-term indirect effects on water quality, vegetation 
composition, and microclimates.  


A method of reducing impacts on wetlands from land management activities is to apply a 
protective buffer around wetland sites.  Characteristics of buffer zones, particularly slope 
and vegetative cover, directly influence buffer zone effectiveness.  The effectiveness of 
removing sediments, nutrients, bacteria, and other pollutants from surface water runoff 
increases with buffer width.  Although buffer protection distances for wetlands can vary 
markedly, depending upon site conditions, buffers of 100 feet or greater have been found 
to control course and fine sediments if channelization in the buffer zone does not occur 
(Broderson, 1973; Corbett and Lynch, 1985; Lynch et al., 1985).  Additionally, buffers of 
at least 100 feet have been found to minimize water temperature fluctuations (Lynch et al., 
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1985).  To protect wetland values for wetland-associated wildlife species, slightly larger 
buffers, ranging from 200-300 feet, are generally needed (WDW, 1992). 


Wetland buffers or WMZs that are required under the alternatives are described in 
Table 3.5-2. 


Table 3.5-2. WMZs under Alternatives 1, 2, and 3 


Wetland Type 
Size of Nonforested 
Wetland (in acres) 


Alternatives 1 and 2 
Average WMZ width 


Alternative 3 
Average WMZ width 


A (including bogs) > 5 100 200 
A (including bogs) 0.5 to 5 50 200 
A (bogs Only) 0.25 to 0.5 50 200 
A (including bogs) < 0.25 No WMZ required No WMZ required 
B > 5 50 100 
B .5 to 5 25 100 
B 0.25 to 0.5 No WMZ required 100 
B < 0.25 No WMZ required No WMZ required 
Forested  No WMZ required, some 


restrictions may apply 
Leave 70 percent canopy closure, 
understory vegetation, snags, and 


non-merchantable trees.  
 


Road and Landing Management 
Road construction in wetland areas can directly impact wetland sites by permanently 
removing or eliminating the biological functions (i.e., water quality, hydrology, and fish 
and wildlife habitat) from the affected portion of the wetland.  Additionally, crossing 
wetlands with roads, without adequate provision for cross-drainage, can lead to flooding on 
the upslope side and drainage changes on the downslope side of crossings (Stoeckeler, 
1967; Boelter and Close, 1974).  Road and landing construction and use can deliver 
sediment to wetlands, diminish water quality and lead to the filling of wetland sites.  
Nutrient pathways within wetlands can also be affected. 


Avoidance of wetlands during road and landing layout is a primary method for eliminating 
direct impacts to wetlands associated with road and landing establishment.  Where 
wetlands can not be avoided, a method of offsetting impacts from road construction 
includes the implementation of wetland replacement mitigation measures.  Mitigation 
ratios may vary depending upon the type, size, and health of an effected wetland site.  
Additionally, best management practices implemented during road and landing 
construction and use can minimize associated impacts to wetland sites.  Road management 
options under the alternatives are outlined in Chapter 2 and Appendix F.  


Wetland Classification System 
Wetland ecosystems in the United States occur under a wide range of climatic, geologic, 
geomorphic, and hydrologic conditions.  This diversity of conditions makes the task of 
assessing wetland functions difficult, because not all wetlands perform functions in the 
same manner, or to the same degree.  Therefore, to simplify the assessment process, it is 
useful to classify wetlands into groups that function similarly.  Classification narrows the 
focus of attention to: (1) the functions a particular type of wetland is most likely to 
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perform, and (2) the characteristics of the ecosystem and landscape that control these 
functions.  Classification provides a faster and more accurate assessment procedure, 
thereby providing land managers a better tool for identifying and protecting wetlands, or 
mitigating for lost wetlands or wetland functions (water quality, hydrology, and fish and 
wildlife habitat).   


Current DNR wetland classification and mapping is based on the National Wetland 
Inventory (NWI) maps, which uses the Cowardin classification system (Cowardin et al., 
1979).  Wetlands are mapped and classified based on size, vegetative structure, and 
hydrology.  A shortcoming of this classification system is that it does not identify 
functional values of wetland sites.  In contrast, hydrogeomorphic classifications group 
wetlands on the basis of three fundamental characteristics:  geomorphic setting, water 
source, and hydrodynamics.  At the highest level of the classification, wetlands fall into 
one of five basic hydrogeomorphic classes including; depressional, slope-flat, riverine, 
fringe, and extensive peatland.  


A hydrogeomorphic classification can be applied at a regional level to narrow the focus 
even further.  The regions identified by Omernik (1987), Bailey (1994), or Bailey et al. 
(1994) are based on climatic, geologic, physiographic, and other criteria and provide a 
convenient starting point for applying the classification within a region.  Any number of 
regional hydrogeomorphic wetland subclasses can be identified based on landscape scale 
factors such as geomorphic setting, water source, soil type, and vegetation.  The number of 
regional subclasses identified depends on the diversity of conditions in a region and 
assessment objectives.  


A description of wetland mapping and classification provisions under the alternatives can 
be found in Chapter 2 and Appendix G. 


3.5.3.2 Evaluation of Alternatives  
Timber Harvest 
FORESTED WETLANDS 
Under all the alternatives, forested wetlands may be harvested with some restrictions 
(Table 3.5-2).  Harvest of forested areas on or adjacent to wetland sites would have the 
greatest short-term impacts on these resources by changing species composition, reducing 
stand density and shading, altering disturbance regimes, altering successional rates and 
pathways, altering hydrologic regimes, increasing undesirable vegetation, and altering 
nutrient/chemical cycles (Castelle et al., 1992; Harris and Marshall, 1963; Darrnell, 1976).  
The greatest restrictions (protection) for forested wetlands occur under Alternative 3 since 
a minimum of 70 percent canopy closure along with understory vegetation, snags, and non-
merchantable timber must be retained.  This harvest restriction associated with Alternative 
3 would lessen impacts to wetlands, particularly hydrologic alterations and impacts on fish 
and wildlife habitat.  Under Alternative 1 and 2 a level of protection is afforded to forested 
wetlands associated with nonforested wetlands sites.  Harvest of forested wetlands which 
are surrounded by open water and emergent wetlands must be conducted in accordance 
with a plan, approved in writing by the department.  Additionally, under Alternative 2, 
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forested seeps and springs with an obvious connection to Type N perennial streams are 
protected.  Also under Alternative 2, a wetlands working group would be established to 
conduct research and, through the adaptive management process, provide 
recommendations directed at improving protection of forested wetlands.  The adaptive 
management process in Alternative 2 and the functional classification method in 
Alternative 3 would decrease the likelihood of an adverse effect on stream flows because 
these methods can be used to understand the hydroperiod of different wetland types or 
complexes prior to developing harvest plans. 


WMZs and RMZs established under the alternatives provide varying levels of incidental 
protection to forested wetlands sites.  Reduced management may occur in these buffers to 
varying degrees (see Table 3.4-2 and Section 3.4 Riparian Section), however, impacts to 
hydrologic, water quality, and fish and wildlife functions of incidentally protected 
wetlands would likely be reduced.  The greatest degree of incidental protection would 
occur under Alternative 3 where 52 percent of forested wetlands would be protected under 
established WMZs and RMZs followed by Alternative 2 (27 percent) and Alternative 1 (20 
percent) (Table 3.5-3).  The high degree of incidental wetland protection provided under 
the alternatives is mainly due to protection provided to riparian associated wetlands 
through the establishment or RMZs.  Incidental protection would also occur to non-
forested wetland sites; however, because these sites are non-forested, no management 
activity in these areas is anticipated. 


NON-FORESTED WETLANDS  
Under all alternatives, non-forested wetlands are provided varying levels of protection 
through the application of WMZs.  Wetland type and size determine the widths of WMZs 
and their application (Table 3.5-2).  The greatest level of protection to wetland sites occurs 
under Alternative 3 due to greater widths of established WMZs, and application of a WMZ 
for Type B wetlands between 0.25 and 0.5 acre (Table 3.5-2).  Under this alternative, all 
Type A nonforested wetlands greater than 0.25 acre would receive a minimum average 
WMZ of 200 feet, and all Type B wetlands greater than 0.25 acre would receive a 
minimum average buffer of 100 feet. 


Alternatives 1 and 2 provide similar levels of protection to non-forested wetland sites 
(Table 3.5-2 and Section 3.5.2.2).  


Table 3.5-3. Percent of Forested Wetlands in Sample Sections Incidentally 
Protected through the Establishment of WMZs and RMZs 


Percent of Wetlands 
Protected by WMZs Only


Percent of Wetlands 
Protected by RMZs Only 


Percent of Wetlands 
Protected by  


Both WMZs and RMZs 


Total 
Incidental 
Protection 


Alternative and 
Wetland Type 


East 
Side 


West 
Side  


State 
Wide 


East 
Side 


West 
Side  


State 
Wide 


East 
Side 


West 
Side  


State 
Wide 


State  
Wide 


Alternative 1 15% 5% 6% 6% 14% 13% 1% 1% 1% 20% 


Alternative 2 12% 4% 6% 12% 21% 20% 4% 1% 2% 27% 


Alternative 3 13% 9% 10% 27% 35% 34% 20% 7% 8% 52% 


 


The greatest level 
of protection to 
non-forested 
wetlands occurs 
under Alternative 3, 
when compared  to 
Alternatives 1 and 
2, due to greater 
widths of 
established WMZs. 


Forested wetlands 
receive incidental 
protections under 
the alternatives 
through the 
establishment of 
WMZs and RMZs, 
in proportion to the 
widths of these 
zones under the 
alternatives. 


Alternative 3 
provides the 
greatest protection 
to forested 
wetlands, when 
compared to 
Alternatives 1 and 
2, since a minimum 
of 70% canopy 
closure must be 
retained after 
harvest. 
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As stated earlier, although site-specific characteristics of wetland sites dictate buffer need 
requirements, in general, a protective buffer width of 100 feet or greater has been found to  
provide protection to wetland sites from hydrologic and water quality impacts including 
sedimentation and temperature alteration, and water table fluctuations.  Larger buffers may 
be required to provide protection to habitat for fish and wildlife species associated with 
wetland sites.  Therefore, using this rational, Alternative 3 would provide the greatest level 
of protection by providing buffers of 100 feet or greater to areas of Type A and B 
wetlands.  Additionally, unlike Alternative 1 and 2, Alternative 3 provides a WMZ for 
Type B wetlands between 0.25 and 0.5 acre (Tables 3.5-2).  Alternative 1 and 2 would 
provide less protection to the non-forested wetland sites due to reduced buffer widths and 
WMZ applications.   


It must also be noted that management may occur within established WMZs under all the 
alternatives.  Management activities within these buffers can reduce the functional value of 
the WMZs.  Additionally, timber harvest may indirectly impact wetlands through increased 
sedimentation from upslope timber harvest activities and potential reduction of shading 
from removal of adjacent trees.  These disturbances can disrupt nutrient pathways within 
these wetland sites causing short-term indirect effects on water quality, vegetation 
composition, and fish and wildlife.  Additionally, harvest of adjacent areas could initially 
increase water tables in harvested areas due to reduced transpiration from tree removal.  
However, if the WMZ is revegetated quickly, impacts may be reduced.  Consequently, 
long-term effects are expected to be minor.  Additionally, some areas of the WMZs are 
provided incidental protection by the establishment of RMZs.  Prescriptions within RMZs 
are dependent upon water types and other site conditions.  For this section, the area (acres) 
of RMZs that overlap onto WMZ under the alternatives were evaluated, however, the 
individual prescriptions within the RMZs were not identified.  Under Alternative 3 
approximately 43 percent of wetland buffers occur with established RMZs and, therefore, 
would be provided incidental protection (Table 3.5-4).  Under Alternative 2, approximately 
27 percent and under Alternative 1 approximately 15 percent would occur within RMZs.  
These WMZs are expected to receive fewer disturbances due to their inclusion in RMZs 
although the level of incidental protection in these areas will be dependent upon the 
specific prescriptions of the RMZs and location of the WMZs in relation to the RMZs (core 
zone, inner zone, or outer zone of the RMZ). 


Table 3.5-4.  Percent of WMZs in Sample Sections on Forested Lands Incidentally  
 Protected through the Establishment of RMZs Under the Alternatives 


Alternative Percent of WMZ within RMZ 
Alternative 1 15% 
Alternative 2 27% 
Alternative 3 43% 
 


Road Management 
As stated earlier, road construction and use may have the greatest direct impact on wetland 
sites by permanently removing portions of the affected wetland from the landscape.  


WMZs are provided 
incidental 
protection under all 
alternatives through 
the establishment 
of RMZs. 
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Further, roads that cross wetlands without adequate provision for cross-drainage can lead 
to hydrologic changes (Stoeckeler, 1967; Boelter and Close, 1974).  Additionally, 
sedimentation from road construction and use has been found to indirectly impact wetland 
ecosystems (Stoeckeler, 1967; Boelter and Close, 1974).  To offset impacts to wetland sites 
from these actions, BMPs and wetland replacement mitigation is proposed under the 
alternatives. 


Under Alternative 1 wetlands would be avoided during road and landing planning and 
construction.  If wetlands could not be avoided, impacts would be reduced by minimizing 
subgrade width and spoil areas.  Applications which propose to fill or drain more than 0.5 
acre of an individual wetland (Class IV-special) would require an accurate wetland 
delineation and replacement of the lost wetland functions.  This would be accomplished by 
replacing the lost wetland functions by enhancement of existing wetlands or creation of 
new wetlands, generally with an acre for acre basis and of the same type and in the same 
general location.   


Alternative 2 and 3 contain the most stringent protection/mitigation measures by 
implementing a policy of no net loss in wetland functions following road and landing 
construction.  Under these alternatives, roads cannot be constructed in bogs or fens or in 
wetlands if there would be a substantial loss or damage to wetland functions or acreage.  
Additionally, accurate wetland delineation must be performed if a road or landing 
construction fills or drains more than one-tenth of an acre of a wetland, which would better 
quantify wetland impacts than Alternative 1.  Filling or draining more than 0.5 acre of a 
wetland is classified as a Class IV-special action and requires a replacement by substitution 
or enhancement of the lost wetland functions, generally with a two-for-one basis of the 
same type and in the same general location.  Additionally, sediment deposition to wetland 
sites would likely be reduced (compared to Alternative 1) during road and landing 
construction and use due to the implication of new BMPs (see Appendix F, Forest Roads).  


Classification System and Wetland Mapping 
As described earlier, the current wetland classification and mapping system (Alternative 1) 
used by the DNR for application with the FPRs is based on the NWI system.  This wetland 
classification system does not identify functions of wetland types within the affected 
landscape, and therefore, is a less effective tool for evaluating wetland impacts or 
developing protection or mitigation measures.  


Under Alternative 3, a new wetland classification system, likely hydrogeomorphic, is to be 
adopted.  A hydrogeomorphic system could provide additional protection to wetland areas 
by identifying functions of wetland types within the landscape, thereby providing a 
mechanism for implementing applicable protection measures.  This system could provide a 
tool for comparing project alternatives and pre- and post- project conditions for 
determining impacts.  Additionally, it could compare mitigation success to provide 
guidance for avoiding and minimizing project impacts, and to determine mitigation 
requirements.  


When compared to 
Alternative 1, 
Alternatives 2 and 
3 provide the most 
stringent protection/ 
mitigation  
measures by 
implementing a 
policy of no net loss 
in wetland functions 
following road and 
landing 
construction. 
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Under Alternative 2, a similar wetland mapping and classification system is proposed in 
accordance with procedures and other provisions of the Adaptive Management program 
(see Appendix I).  Applications of the procedures and provisions of the Adaptive 
Management program are subject to funding and priorities.  Under Adaptive Management, 
a wetlands working group would be convened to further define functions of forested 
wetlands, revise the current wetland classification system based on wetland functions, 
evaluate the regeneration and recovery capacity of forested wetlands, evaluate current 
WMZs, perform research on wetland functions, recommend what functions of forested 
wetlands need to be provided, and determine wetland size and functions that trigger any 
needed mitigation sequence.  Under Alternative 2, landowners would be required to 
perform additional wetland mapping procedures (Chapter 2 and Appendix G:  Wetlands).  
The DNR would incorporate the mapped wetlands into a GIS layer.  This increased 
mapping effort would enhance the ability to apply wetland protection measures outlined in 
the FPRs. 


Summary of Alternatives 
Overall, Alternative 3 was found to have the greatest level of protection for wetland 
resources, due to WMZ and RMZ widths and the level of forested wetland protection.  For 
road and landing construction, Alternatives 2 and 3 provide greater protection to wetlands 
than Alternative 1 by implementing a policy of no net loss of wetland functions, outlining 
higher replacement mitigation ratios for wetlands (of 0.5 acre in size) that are filled or 
drained, and avoiding roads and landings in bogs and fens.  Additionally, Alternatives 2 
and 3 require accurate delineation of wetlands where impacts to wetlands would be 0.1 
acre or more. These alternatives would also reduce potential sedimentation of wetland sites 
through the application of new BMPs.  Alternative 3 mandates the adoption of a new 
classification system that would incorporate the evaluation of wetland functions, thus 
providing a better tool for evaluating wetland impacts and designing wetland protection 
and mitigation measures.  Alternative 2 also incorporates this measure under Adaptive 
Management;  however, development of this classification system and other research 
proposed under this alternative is continent upon funding and priority evaluation.  
Alternative 2 was found to provide greater protection than Alternative 1 because it 
mandates the mapping of select wetland types and incorporates these into a DNR GIS 
database that would provide data for wetland evaluation and protection measure 
development.  


To some extent, wetland functions (i.e., hydrology, water quality, and fish and wildlife 
habitat) are likely to be reduced under all the alternatives since forested wetlands may be 
harvested; however, wetland impacts under Alternative 3 are expected to be less due to the 
70 percent canopy retention in forested wetlands.  Non-forested wetlands receiving a buffer 
of less than 100 feet may be impacted by adjacent timber harvest.  However, these 
functions would likely be reduced for the short-term if the wetland sites or buffers become 
revegetated.  All of the alternatives contain provisions for mitigation for wetland loss due 
to road and landing construction.  However, “no net loss” of wetlands or wetland functions 
due to road or landing construction is anticipated to occur only under Alternatives 2 and 3. 


Under Alternatives 
2 and 3, new 
wetland 
classification 
systems 
incorporating 
wetland functions 
would be 
developed. 
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3.6.1 Introduction 
Water quality is measured by many parameters.  The physical properties and chemical 
constituents of water serve as the primary means for monitoring and evaluating water 
quality.  Forest practices have the greatest potential effect on the following water 
parameters:  1) stream water temperature; 2) sediment-related water quality parameters 
such as turbidity; and 3) pesticides/herbicides.  The Forest Practices Rules must comply 
with the Clean Water Act to meet state water quality standards for surface waters and 
groundwater.  Moreover, they must provide for adequate water quality protection for fish 
and wildlife habitat.  The impacts of forest practices to water are also described in Section 
3.2 (Sediment) and Section 3.3 (Hydrology).  This section briefly describes the issue of 
water quality, and the current water quality status of lands subject to FPRs.  It closes with 
cross-references to other sections that evaluate the potential water-related environmental 
consequences of the alternatives.   
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3.6.2 Affected Environment 
3.6.2.1 Surface Water 
Wet Pacific weather systems combined with the rain shadow effect produced by the 
Cascade Mountains, produce heavy rains on the western slopes of the Cascades and drier 
conditions east of the Cascades.  As a result, a myriad of surface water conditions occur in 
Washington state.  Literally all forested lands in Washington have distinct surface water 
features, ranging from small, intermittent streams to the very large Columbia and Snake 
rivers.  Most of these rivers and streams support complex aquatic ecosystems, including 
stocks of endangered Pacific salmon and numerous other aquatic communities.  Many of 
the major rivers and streams on the west side of the Cascades and the east side of the 
Olympics drain into Puget Sound, a complex and valuable marine resource to Washington 
state.  


3.6.2.2 Groundwater 
Groundwater depths, volumes, uses, and vulnerability to contamination vary considerably 
across Washington state.  Groundwater provides drinking water for 60 to 70 percent of the 
population throughout the state.  In large areas east of the Cascade mountain range, 80 to 
100 percent of available drinking water is obtained from groundwater resources.  In 
addition, some areas of the state, including most of Island and San Juan counties, rely 
solely on groundwater sources for potable water.  As a whole, over 95 percent of 
Washington’s public water supply systems use groundwater as their primary water source 
(U.S. EPA, 1999).  


As noted above, certain areas of Washington state acquire 100 percent of their potable 
water from groundwater sources (sole-source aquifers).  Arid areas east of the Cascades as 
well as islands in the Puget Sound region are particularly dependent on sole-source 
aquifers.  State and federal programs and regulations that address groundwater quality and 
nitrate contamination (e.g., the Safe Drinking Water Act) mandate the routine monitoring 
of public supply wells to protect groundwater quality.  The FPRs do not directly address 
protection of sole-source aquifers, however, the widespread use of forest chemicals in 
Washington state is a concern to sole-source aquifer users. 


Groundwater is also often connected directly or indirectly to rivers, streams, lakes, and 
other surface water bodies, with the exchange of water occurring between these resources.  
In some areas of the state, groundwater contributes significantly to the base-flow of 
streams and summer-flow to lakes.  Depending on the geologic and hydrologic conditions 
of the aquifer, contaminated groundwater may discharge to surface areas within one day, or 
may take as long as a thousand years or more (U.S. EPA, 1986).  In addition, surface 
waters can contribute to groundwater recharge.  Impacts on groundwater, therefore, also 
can lead to impacts on surface waters (and vice versa) as well as to aquatic organisms. 


3.6.2.3 Water Quality Parameters for Surface Waters 
Temperature 
Stream temperature is influenced by many factors including latitude, altitude, season, time 
of day, flow, channel width and depth, groundwater flow, stream shading from topography 
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or vegetation, and coastal fog (MacDonald et al., 1991).  Temperature plays an integral 
role in the biological productivity of streams.  Aquatic life is the beneficial use of the water 
that is most sensitive to water temperatures.  Salmonids and some amphibians appear to be 
the most sensitive to water temperatures.  Thus, they are used as indicator species 
regarding water temperature and water quality.  Salmonid temperature requirements can 
vary by species and lifestage (Bjornn and Reiser, 1991; Hicks, 2000).  However, in 
general, juvenile salmon and trout are susceptible to sublethal adverse effects when the 
average stream temperature is above about 59°F (Hicks, 2000).  Bull trout may be 
susceptible when average temperatures are greater than about 50°F.  The upper lethal 
temperature for salmonids common in the Pacific Northwest ranges from 73 to 79°F 
(Bjornn and Reiser, 1991).  The preferred range for most salmon and trout is 54 to 57°F 
(Bjornn and Reiser, 1991). 


Stream water temperature is regulated by heat exchange between the stream water and the 
aerial and subsurface conditions.  Heat energy is transferred to and from streams by direct 
solar radiation (short wave), long-wave radiation, convective mixing with air, evaporation, 
conduction with the stream bed, and advective mixing with inflow from groundwater or 
tributary streams (Beschta et al., 1987; Sullivan et al., 1990).  Streams exhibit a natural 
warming trend as water flows from headwaters to the sea (Sullivan et al., 1990).  However, 
changes in environmental conditions along a reach can modify temperatures beyond the 
normal trend.  In small- to intermediate-size streams of forested regions, incoming solar 
radiation represents the dominant form of energy input to streams during the summer, with 
convection, conduction, evaporation, and advection playing relatively minor roles (Brown, 
1980; Beschta et al., 1987; Sullivan et al., 1990).  In larger streams, the effects of riparian 
shading and advective mixing diminish and evaporative heat-loss processes increase.  In 
small streams, groundwater discharge may also be important where it provides a large 
percentage of the overall discharge, particularly in the summer months during low flows. 


Brosofske et al. (1997) suggested that groundwater and stream temperatures could increase 
due to heating of upslope soils in clearcuts.  In their study, stream temperatures were 
correlated with shallow (4 inches) upslope soil temperatures. However, the Brosofske et al. 
(1997) study was focused on microclimate gradients in riparian zones rather than water 
heating and watershed hydrology; no measurements of interflow (horizontal movements of 
water above the water table) and groundwater temperatures were taken.  St. Hilaire et al. 
(2000) incorporated interflow in their mechanistic stream-heating model. Their unverified 
modeling predictions suggested that less than a 0.4°C increase would occur during a 
tropical storm if 50 percent of the watershed were harvested.  Overall, the magnitude of 
effects of upslope clearcuts on stream temperatures, if any, is uncertain.  


Sediment 
Two of the most common water quality parameters measured and monitored for sediment 
are suspended sediment and turbidity.  Both are related to sediment delivery and transport 
in hydrologic systems.  Streams that exceed water quality objectives for sediment would 
have high suspended-sediment delivery rates and/or turbidity.  Suspended sediment is the 
portion of the sediment load suspended in the water column.  The grain size of suspended 
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sediment is usually less than one mm in diameter (clays and silts) (Sullivan et al., 1987).  
Turbidity refers to the amount of light scattered or absorbed by a fluid and is measured in 
nephelometric turbidity units (NTU).  In streams, turbidity is usually a result of suspended 
particles of silts and clay, but also organic matter, colored organic compounds, plankton, 
and microorganisms.   


Biological effects of increased turbidity may include a decrease in primary productivity of 
algae and periphyton due to the decrease in light penetration (see Section 3.8).  Declines in 
primary productivity can adversely affect the productivity of higher trophic levels such as 
macroinvertebrates and fish (Gregory et al., 1987).  Siltation and turbidity have also been 
shown to affect fish adversely at every stage in their life cycle (Iwamoto et al., 1978); 
spawning and incubation habitats are most directly affected (Spence et al., 1996).  
Deposited sediments tend to have a greater impact on fish than suspended sediment.  


Pesticides  
Pesticides used in forest management include a wide variety of chemicals introduced to the 
forest environment with the intent of controlling or halting the proliferation of nuisance 
organisms.  Pesticides are commonly grouped according to one of three target organisms:  
plants (herbicides), insects (insecticides), and fungi (fungicides).  In general, pesticide 
application rates on forested lands are fairly infrequent, with roughly one to two 
applications every 40 to 60 years (Ecology 1993).  The effects of individual pesticides 
usually are determined by the active ingredients.  In addition, prior to application, most 
pesticides are combined with a surfactant (i.e., a surface-active agent) or other adjuvant 
(i.e., a pharmacological agent added to increase or aid the pesticide’s effect) to control and 
improve the desired effect.  Although these additives typically present lesser threats to the 
environment than the active ingredients in the pesticides, their impacts can be significant, 
and in some cases the impacts are greater than those associated with the active ingredients.   


Pesticides used in the forest environment can become water contaminants if they are 
transported to surface waters or groundwater.  Transportation to surface waters would most 
likely occur through wind drift; however, heavy rains can result in pesticide transport in 
stormwater runoff or through contaminated soil erosion.  Pesticides can also be directly 
applied to surface waters by overspray and spills.  Groundwater contamination can occur 
through contaminated surface water recharge and through the direct transport of pesticides 
from the soil surface by rainwater.   Most pesticides that have been detected in streams and 
groundwater are present at very low concentrations, usually well below regulatory drinking 
water criteria (USGS, 1996a,b,c, 1997b).  However, some pesticides have been detected at 
concentrations that exceed the more restrictive guidelines for the protection of aquatic life 
(freshwater chronic criteria) or health advisories for drinking water (USGS, 1996c; 
Ecology, 1993).  Although studies focused specifically on forestry applications have found 
violations of applicable water quality standards resulting from chemical applications, these 
violations usually resulted from the lack of spray buffers or from applications over dry or 
ephemeral streams (Neary and Michael, 1996; Ecology, 1993).  Finally, although low 
levels of pesticide contamination in surface water and groundwater have been found 
throughout Washington state, the source of the contamination (e.g., forest applications, 
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agriculture, urban activity) is difficult to identify and cannot be linked directly to forest 
applications, unless no other possible sources exist.  


3.6.2.4 Regulatory Background 
The Forest Practices Rules must comply with the Clean Water Act to meet state water 
quality standards for surface waters and groundwater (Table 3.6-1).  Water quality 
standards are set to provide for the protection of beneficial uses such as public water  


Table 3.6-1.  Washington State Water Quality Standards for the Major 
Non-Chemical Parameters of Concern1/ 


Water Quality 
Parameter 


Washington State Standard 
(Class AA, Excellent) 


Washington State Standard  
(Class A, Good) 


Temperature Shall not exceed 16.0oC due to human 
activities.  When natural conditions 
exceed 16oC, no temperature increase 
greater than 0.3oC is allowed.  
Incremental temperature changes from 
nonpoint source activities shall not 
exceed 2.8oC. 


Shall not exceed 18.0oC due to human 
activities. 
When natural conditions exceed 18oC, no 
temperature increase greater than 0.3oC is 
allowed.  Incremental temperature changes 
from nonpoint source activities shall not 
exceed 2.8oC. 


Sediment In regard to forest practices, 
implementation of approved BMPs will 
meet narrative water quality criteria 
such as support characteristic water 
uses, aesthetic values, etc.  


Same as AA. 


Turbidity2/ Shall not exceed 5 NTU (nephelometric 
turbidity units) over background when 
the background level is 50 NTU or less, 
nor increase more than 10% of 
background when the background level 
is 50 NTU or more. 


Shall not exceed 5 NTU over background 
when the background level is 50 NTU or 
less, nor increase more than 10% of 
background when the background level is 50 
NTU or more. 


1/  New water quality standards have been proposed and are currently in a draft status.  The new standards 
for temperature would be lower and more specific to fish populations (DOE, 2001). 


2/   Nephelometric turbidity units are the measurement units of turbidity using a nephelometer (light 
reflected by particles in suspension at a right angle to the original source).  


 


supplies, aquatic habitat, and recreation.  The Forest Practices Act of 1974 authorizes the 
adoption of regulations establishing water quality standards for forest practices.  Forest 
practices rules pertaining to water quality protection were co-adopted by the Forest 
Practices Board and the Department of Ecology.  All other forest practices regulations are 
adopted by the Forest Practices Board. 


ESHB 2091 changes Ecology's role in order to decrease duplication in state government. 
Ecology no longer has to go through the process of co-adopting water quality related 
Forest Practices Board rules.  The Ecology representative on the Forest Practices Board 
now simply has to concur with the rules prior to adoption by the Forest Practices Board. 
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3.6.2.5 Existing Water Quality 
Currently, Washington has 643 water bodies—lakes, streams and estuaries—that have been 
identified as impaired, of the 1,099 for which data have been collected.  The 643 water 
bodies represent only about two percent of all the waters in Washington (Washington 
Department of Ecology, 1998).  The water bodies measured were generally those that have 
a history of pollution.  It is possible that other unmeasured water bodies also exceed water 
quality standards at some time.  In 1996, the Department of Ecology listed 611 water 
bodies.  The number of water bodies on the 1998 list increased by 32 over the 611 on the 
1996 list.  


The primary water quality problem on forest lands throughout the state is temperature 
which also happens to be the most prominent water quality problem for the state’s water 
bodies.  There is no readily available information on the number of impaired water bodies 
on forest lands throughout the state.  Elevated water temperature generally occurs in areas 
where timber harvest or development has removed trees, taking away shade, which is 
necessary to keep the water temperature low and healthy for fish.  Other problems include 
erosion from road building, construction, and agriculture, which increases sediment in 
streams.  


3.6.3 Environmental Effects 
3.6.3.1 Evaluation Criteria 
Water Temperature 
Many factors can influence stream temperature such as shade, air temperature, and 
groundwater inflow.  Forest practices can reduce canopy cover near streams.  The 
evaluation criteria for stream water temperature is the protection of stream-side shade to 
maintain ambient stream temperature.  As discussed in Section 3.4.3.1., a no-harvest buffer 
width of 0.75 of a site-potential tree will be used as the criterion to evaluate the 
effectiveness of riparian management zones to maintain shade, and thus stream water 
temperature for streams greater than 5 feet in width (Spence et al., 1996).  For streams less 
than 5 feet in width, the evaluation criterion will include the protection of hyporheic zones 
(i.e., areas where groundwater enters a stream), seeps, and sensitive sites in combination 
with maintenance of a 50-foot no-harvest RMZ that provides full shade protection of small 
streams (Broderson, 1973). 


Sediment 
Timber harvest activities such as road building and timber yarding may increase sediment 
input into streams (see Section 3.2, Sediment, for detailed discussion).  Fine sediment can 
impair municipal and agricultural use of water, affect bed material size, and alter the 
quantity and quality of habitat for fish and benthic invertebrates.  The evaluation criterion 
for sediment-related water quality parameters is the overall reduction in sediment delivery 
to streams from management activities.  These include reduction in chronic erosion sources 
such as surface erosion and episodic sediment such as landslides from BMPs for timber 
harvest, road construction, road use, road maintenance, and road abandonment.  
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Pesticides 
Pesticides have the potential to contaminate surface waters and groundwater depending on 
the amount of pesticides applied, the application technique, and the environmental 
conditions under which they are applied (e.g., ambient wind speed, soil runoff potential, 
storm frequency; Ecology 1993; Neary and Michael 1996).  The evaluation criteria for 
pesticide applications focus on how well the Forest Practices Rules protect water resources 
from contamination resulting from pesticide applications (e.g., spray drift, runoff, erosion, 
seepage to groundwater).  In addition, the evaluation criteria take into account how well 
the alternatives protect riparian plants from damage caused by pesticide applications.  
Finally, the criteria also consider the potential impacts on fish and aquatic wildlife 
resulting from contamination of water resources. 


3.6.3.2 Effects on Water Temperature 
Alternative 1 
Under the current rules, Type 1, 2, and 3 waters would receive some type of shade 
protection regardless of RMZ width.  As part of the RMZ, a shade requirement in the forest 
practices rules must be maintained before any harvest activity can occur within the RMZ.  
The shade rule is based upon elevation of the stream and the water quality classification of 
the stream (A or AA; see discussion above).  The shade rule reflects the fact that lower-
elevation streams require more shade and higher elevations require less shade.  The shade 
rules are meant to achieve state water quality standards, which include a small temperature 
increase.  The shade rules decrease the allowable amount of trees that can be removed from 
RMZs by requiring specified levels of canopy closure over streams at different elevations.  
RMZ widths at lower elevations tend to be larger to meet the requirements of the shade 
rule. 


On the westside, the minimum RMZ width of 25 feet on Type 2 and 3 waters (Type 1 
waters have much wider buffers due to SMZs) does not meet the 0.75 SPTH required for 
complete protection for any site class (Figure 3.4-3).  For each stream type, RMZ buffer 
widths can vary between the minimum and maximum values, depending on the extent of 
wetland vegetation or the width needed for shade (based on elevation in regard to meeting 
water quality standards).  For Type 4 and 5 waters, RMZs are not required under certain 
conditions and, in this case, would not exceed 25 feet.  Therefore, RMZs for Type 4 and 5 
streams do not meet the 0.75 SPTH required for complete protection.  This is important 
because Type 4 and Type 5 waters comprise approximately 80 percent of the drainage 
network (see Appendix C). 


On the eastside, most RMZ widths along Type 1, 2, and 3 streams do not meet the 0.75 
SPTH requirement.  The few exceptions are primarily where maximum RMZs are applied 
to low site classes.  However, minimum RMZ widths of 30 feet do not meet the 0.75 SPTH 
required for complete protection for any site class (Figure 3.4-3).  Similar to the westside, 
the RMZ buffer width can vary between the minimum and maximum values, depending on 
the extent of wetland vegetation or the width needed for shade.   


Alternative 1 would 
result in a low to 
moderate risk of 
stream temperature 
increases along 
Type 1, 2, and 3 
waters and a high 
risk along Type 4 
and 5 waters.   
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For Types 4 and 5 waters, RMZs are not required except for site-specific conditions and in 
this case would not exceed 25 feet.  The lack of RMZs on Type 4 streams does not meet 
the 50-foot RMZ criterion for full shade protection.  However, shade is provided to these 
streams from understory and slash.  Caldwell et al. (1991) documented temperature 
increases in harvested Type 4 waters of 2oC to 8oC on several westside streams.  Although 
in many cases the water quality temperature criteria were met, the increases observed were 
still violations of the 2.8oC increase allowed for nonpoint source activities.  However, 
where a harvested Type 4 stream flows into a Type 3 stream, the temperature increases in 
the Type 4 stream were negligible approximately 150 meters downstream of the confluence 
(Caldwell et al., 1991).  In addition, Zwienecki and Newton (1999) found that streams 
returned to normal temperatures within 500 feet after accounting for a stream’s natural 
downstream warming trend.  Furthermore, there is no protection of seeps and hyporheic 
zones for Type 4 waters.  In conclusion, there is a high risk of temperature increases along 
harvested Type 4 waters, particularly in lower elevation watersheds less than 1,640 feet in 
elevation.  


The shade provided by RMZs under Alternative 1 is further compromised by the reduction 
in canopy from allowable harvest within the RMZ, because the shade rule only protects a 
portion of the trees that provide overhead canopy directly above the stream.  Alternative 1 
does not meet the protection requirements for maintaining stream temperature along Type 
1, 2, and 3 waters, resulting in a low to moderate risk of stream temperature increases.  
Type 4 and 5 waters are at high risk of stream temperature increase, because there are no 
buffers along Type 4 and 5 streams. 


Alternative 2 
WESTSIDE 
Under Alternative 2, the stream typing would increase the protection of shading provided 
to the entire drainage network, because more streams would receive some type of buffer; 
approximately 66 percent of the Type 4 streams that become Type F streams would receive 
some buffer to provide shade compared to Alternative 1.  Under Alternative 2, the nominal 
RMZ widths for Type S and F streams exceed the criteria to provide complete shade, using 
both 100-year and 250-year SPTHs (Table 3.4-1), but some level of harvest would be 
allowed within the inner and outer zones.  


At least 50 percent of the distance along Type Np streams would receive a 50-foot no-
harvest buffer.  Seeps and sensitive areas, such as hyporheic zones, would also receive 
protection from forest practices with 50-foot no-harvest buffers.  In the areas where two 
Type Np streams meet (at initiation points), a 56-foot radius no-harvest buffers would  


also be established.  In addition, where an Np stream meets a Type F or Type S stream, a 
50-foot no-harvest buffer would be required for the first 500 feet upstream of the 
confluence with the Type F or S stream.  These buffers should maintain stream water 
temperatures in Np streams.  However, there may be a low to moderate risk of temperature 
increases at the mouth of Np streams containing reaches with no buffers.  However, any 
potential increases in stream temperatures is expected to  be attenuated downstream within 
500 feet, when the water flows through shaded no-harvest RMZs.   


Alternative 2 would 
result in low risk of 
reduced stream  
shade along Type S 
and F streams.  
There would be 
moderate to high risk 
of reduced stream 
shade along Type N 
streams, which would 
likely affect 
temperature in these 
streams.  The effect 
of temperature 
increases in nonfish-
bearing streams on 
downstream fish 
streams is uncertain 
and could be 
important in 
watersheds with a 
high degree of past 
harvest or already 
elevated stream 
temperature. 
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Type NS streams would not likely be adversely affected because these streams tend to be 
dry during the warmest summer months when the beneficial uses of the waters are most 
vulnerable to warming.  However, Type Ns streams that may have water present during this 
time may not have adequate shade from overstory trees to maintain stream temperature 
because there would be no buffers required along these streams.  Shrubs and debris in the 
streams may provide adequate shade; but, because of this uncertainty, there is a high risk of 
water temperature increases in Type NS streams with flowing water during the summer 
months. 


There are no data from the scientific literature that conclusively demonstrates that the 
combination of a no-harvest zone with a selective harvest zone out to 0.75 SPTH will 
provide complete shade protection.  In general, the no-harvest portions of RMZs and the 
implementation of the shade rule would provide a higher level of protection and increase 
shade in areas where applied.  Overall, the RMZ effectiveness to provide shade to Type S 
and F streams within this alternative is high (see Section 3.4, Riparian Habitats, for a more 
detailed discussion).  RMZs along Type S and F waters are adequate to maintain shade; 
however, potential increases in water temperature may occur along Type Ns and Np 
streams.  The potential cumulative effects of temperature increases in Type Np streams 
delivering to Type S and F streams is uncertain, but could be important in watersheds with 
a high degree of past harvest or a history of elevated temperatures.  This is a priority 
research topic under Alternative 2’s adaptive management program. 


EASTSIDE 
Under Alternative 2, RMZ buffer widths exceed the width recommended in the literature 
for shade for Type S and F streams (Figure 3.4-3).  Along Type S and F streams the 30-
foot no-harvest zone adjacent to the stream bank (or CMZ) combined with the inner zone’s 
selective harvest prescription (out to 0.75 SPTH) should protect most if not all of the 
RMZs capacity to shade the stream (see Section 3.4, Riparian Habitats, for a more detailed 
discussion).  In addition, the shade rule and bull trout overlay would require more trees to 
remain in the inner zone, primarily at lower elevation sites.  The protection of shade would 
maintain stream water temperatures. 


For Type NP streams, sensitive sites would be buffered with either a partial cut buffer for 
the partial cut strategy or 50 no-harvest buffer for the clearcut strategy.  The 50-foot partial 
cut strategy RMZ does not provide complete protection of shade.  However, these buffers 
should protect hyporheic zones and seeps and provide sufficient shade with understory 
vegetation to protect stream water temperatures.  For the clearcut strategy, the 50 feet of 
no-harvest protection would only be provided on one-third of the Np stream.  There is a low 
to moderate risk of temperature increases for segments of unbuffered Np streams.  
However, stream temperatures that may increase would be reduced downstream when the 
water flows through an RMZ.  In addition, sensitive sites are also protected from harvest 
which protect groundwater seeps and hyporheic zones.  Ns streams would not likely be 
adversely affected, because these streams tend to be dry during the warmest summer 
months when the beneficial uses of the waters are most vulnerable to warming.  However, 
Type Ns streams that may have water present during this time may not have adequate shade 
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from overstory trees to maintain stream temperature because there are no buffers required 
along these streams.  Shrubs and debris in the streams may provide adequate shade; but, 
because of uncertainty, there is a moderate to high risk of water temperature increases in Ns 


streams with flowing water during the summer months. 


Alternative 3 
Overall, for all streams on both the eastside and westside, most if not all shade is protected 
(Figures 3.4-7 and 3.4-8).  In general, the expansive no-harvest RMZs provide a higher 
level of protection eliminating risk of shade reduction.  Alternative 3 provides the most 
protection of shade when compared to all other alternatives for all streams.  Stream water 
temperatures would be maintained. 


3.6.3.3 Effects on Sediment 
Alternative 1 
Under Alternative 1, the current FPRs provide prescriptive based BMPs that have been 
approved by Department of Ecology.  However, as many studies (see Section 3.2, 
Sediment) have shown, the implementation of BMPs does not always reduce water quality-
related impact from sediments (see Rashin et al., 1999).  As discussed in Section 3.2 and 
Appendix E (Forest Roads), the rules under Alternative 1 may decrease sediment as BMPs 
are implemented, but the cumulative effects of the BMPs and the paucity of road 
maintenance plans present a high risk of sediment delivery to streams. 


Alternative 2 
Under Alternative 2, the cumulative effect of the implementation of RMAPs, BMPs, and 
specific road management, use, maintenance, and construction guidelines in the Board 
Road Manual, RMZs and ELZs on all perennial and intermittent streams, and greater 
environmental review of practices on potentially unstable slopes, should substantially 
reduce sediment delivery to streams compared to Alternative 1.  The effect in sediment 
reduction will occur over time as the RMAPs are implemented and completed by 2015.  In 
addition, a greater percentage of the landscape will not experience future ground 
disturbance because of no-harvest or ELZ protections.   


Until the completion of the RMAPs, road related generated sediment from surface erosion 
and mass wasting will continue at lower rates than Alternative 1.  In conclusion, sediment 
reduction will occur over time, with the greatest reduction occurring by 2015 or later. 


Alternative 3 
Under Alternative 3, the reduction in sediment will be greater overall and occur in a shorter 
timeframe.  The shorter timeframe for implementation of RMAPs by 2010, the no-net-
increase in roads, and the more rapid maintenance and abandonment of orphan roads will 
reduce sediment delivery to streams to a greater degree than Alternative 2.  


3.6.3.4 Effects of Pesticides 
The effects of forest chemicals are discussed from a water source perspective:  surface 
waters, groundwater, and sole-source aquifer.  The following paragraphs focus on the 
differences among the three alternatives pertinent to the issues of forest pesticide use and 


Alternative 1 would 
result in a high risk of 
sediment-related 
impacts to streams. 


Alternative 2 would 
result in a moderate 
risk of sediment 
delivery in the short 
term (next 15 years) 
and a low to moderate 
risk of sediment 
delivery to streams in 
the long term; this 
conclusion has a 
moderate degree of 
uncertainty. 


Alternative 3 would 
result in a moderate 
risk of sediment 
delivery in the short 
term (next 10 years) 
and a low risk of 
sediment delivery to 
streams in the long 
term; this conclusion 
has a moderate degree 
of uncertainty. 
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application, with particular emphasis on forest pesticide impacts on water resources 
(surface waters, groundwater, and sole-source aquifers).   


In addition, it is important to note that several other laws and regulations, aside from the 
forest practices rules, apply to the conduct of forest practices (WAC 222-50).  In particular, 
all alternatives are subject to WAC 222-16-070 (pesticide uses with the potential for a 
substantial impact on the environment), which requires all aerial applications to first go 
through a site-specific evaluation to obtain approval for all aerial applications.  This 
preliminary process addresses the available information on the toxicity of the specific 
pesticide and the potential impacts of the proposed applications.  The regulations imposed 
by this preliminary analysis are highly situation specific.  In the most extreme 
circumstances, the required “key for the evaluation of site-specific use of aerially applied 
chemicals” (WAC 222-16-070) may identify the application as “Class IV-special” which in 
turn, would trigger additional environmental precautions and documentation (WAC 22-16-
50).  The important consideration is that the forest practices rules are not the single means 
of environmental protection for pesticide applications.  Thus, the analysis presented in this 
EIS focuses on an evaluation of each alternative with the purpose of making comparisons 
among the three alternatives and is not intended to include a discussion of all applicable 
forest chemical regulations. 


Alternative 1 
SURFACE WATER IMPACTS 
The allowance of hand application of pesticides within the RMZ should not result in 
overspray of pesticides to the degree that the pesticides would directly enter surface waters.  
However, application of highly persistent pesticides, or pesticides with high mobility, 
could result in measurable surface water contamination through localized erosion or storm 
runoff.  The overall impact would be situation- and chemical-specific, depending on the 
specific chemical properties as well as the timing, duration, and extent of contamination.  
In general, because of the slow surface and subsurface runoff from forested lands and the 
relatively infrequent pesticide applications, most pesticide applications in the RMZ are not 
expected to result in significant impacts on water quality.   


The 50-foot buffer required for aerial applications on all Type 1, 2, and 3 waters and 
flowing portions of Type 4 and 5 waters does not provide sufficient protection against the 
risk of pesticides entering surface waters.  Wind conditions favoring atmospheric drift 
toward a given surface water could result in a direct application of pesticides to the surface 
water.  Alternative 1 does not include any special provisions or modifications for pesticide 
application based on weather conditions or equipment (e.g., wind speed, application height, 
nozzle type, or droplet size).  Variations in wind conditions, droplet size, air shear (a 
function of nozzle angle and air speed), nozzle height, and boom length all have a 
significant influence on pesticide spray drift (SDTF 1997a; Ecology 1993).  By not 
accounting for these variations, Alternative 1 presents a risk of surface water 
contamination caused by spray drift, adverse weather, or inappropriate equipment selection 
and use.  Although the entry of pesticides into surface waters does not necessarily result in 
significant impacts (e.g., very low levels of pesticide contamination may not even be 


Alternative 1 would 
result in a risk of 
surface water 
contamination 
resulting from adverse 
weather conditions, 
runoff or erosion of 
highly mobile or 
persistent pesticides 
applied near surface 
waters, and/or 
inappropriate 
equipment use and 
selection. 
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measurable), Ecology (1993) found a 50-foot buffer to be partially effective to ineffective 
at meeting applicable water quality standards, Forest Practices Rule requirements, and 
certain product label restrictions.   


In addition, the application of pesticides to dry portions of Type 4 and 5 waters and other 
ponds and sloughs could result in high in-stream concentrations if future runoff returns 
flow to the dry streams (Ecology 1993).  Research has shown instances where applications 
over dry channels resulted in very high in-stream concentrations of chemicals.  The results 
were generally temporary but significant enough to cause adverse impacts on water quality 
and aquatic organisms (Neary and Michael 1996; Ecology 1993).  Because none of the 
alternatives provide any greater protection of dry streambeds, the impacts would be the 
same under all alternatives. 


When applying pesticides using power equipment from the ground, the 25-foot buffer 
required for all typed waters (excluding dry Type 4 and 5 waters) and all Type A and B 
wetlands should adequately protect surface waters from receiving significant pesticide 
overspray.  However, as with the hand and aerial applications, the 25-foot buffer does not 
provide a high level of protection from highly mobile or highly persistent pesticides that 
may be transported to the surface waters through erosion or storm runoff.  On the other 
hand, the slow runoff from forested lands, relatively infrequent application of pesticides, 
and generally low toxicity of most pesticides are likely to limit surface water 
contamination.  Hand application of pesticides within the wetland management zone 
should not result in significant impacts to surface waters, provided that those pesticides are 
only applied to specific targets and the required application rates are not exceeded.  The 
200-foot buffer required for applications around residences (unless the application is 
acceptable to the resident or land owner) designed to limit contamination of residential 
land in general, should also provide incidental protection of any surface waters near 
residences.  This assumes that applications that are allowed by the land owners would still 
be subject to the applicable buffers for any surface waters on the property.  On the other 
hand, the smaller 100-foot buffer incorporated to protect agricultural land from 
contamination could result in spray drift of pesticides to the agricultural land that in turn 
could allow the transport of forest pesticides to surface waters.  Given the considerable 
level of pesticide applications on agricultural land in general (e.g., by the land owners for 
agricultural uses), the potential contribution from spray drift of forest applications is 
expected to be small and is not considered a significant threat to surface water 
contamination. 


Any leaks, drips, and spills of pesticides could contaminate forest soils.  The potential 
impacts of an accidental spill are highly dependent on the effectiveness of the required 
containment and cleanup procedures.  If effective safety and cleanup measures are not 
implemented and contaminated soils erode, the contaminants could be passed to 
downstream waters.   


Finally, possible impacts on surface waters could occur through contaminated groundwater 
flow to surface waters.  The extent of these impacts is difficult to predict but depends on 
the degree of contamination of the groundwater, the volume of water exchanged, the length 
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of time between contamination of groundwater and contact with surface water, and the 
persistence and mobility of the pesticide in question.  


Overall, pesticide applications under Alternative 1 present a risk of surface water 
contamination and may result in impacts on surface waters.  For further details on the water 
quality impacts associated with forest pesticide applications, see Appendix J, Forest 
Chemicals. 


GROUNDWATER IMPACTS 
Alternative 1 includes provisions to limit groundwater contamination resulting from forest 
pesticide applications.  Groundwater protection is provided under WAC 222-16-070 
(pesticide uses with the potential for a substantial impact on the environment), where the 
Forest Practice Rules require an evaluation of site-specific use of aerially applied 
pesticides.  However, localized groundwater impacts could also occur through 
contaminated surface water recharge to groundwater.  The extent of these impacts is 
difficult to predict but depends on the degree of contamination of the surface water, the 
volume of water exchanged, and the mobility and persistence of the chemical contaminant.   


The likelihood that a given pesticide would impact a groundwater aquifer depends in part 
on geologic and hydrologic conditions that vary considerably across the state.  Local 
conditions determine how rapidly groundwater moves, whether it is connected directly or 
indirectly to surface waters and how groundwater withdrawals affect surface waters, the 
depth of the water below the soil surface, and how effectively soils attenuate or filter out 
chemical contaminants (U.S. EPA, 1986).  This complex interaction between soil and 
water makes it difficult to predict the likelihood and extent of groundwater contamination. 


Because Alternative 1 provides provisions for groundwater protection, statewide 
application of forest pesticides should not result in significant impacts on groundwater 
quality.  However, groundwater impacts could occur in localized areas with particularly 
vulnerable aquifers and in areas where highly persistent and mobile pesticides are applied.  
Likewise, the continual application of forest pesticides to forested lands may contribute to 
cumulative effects on groundwater quality, the net effects of which are area- or site-
specific and somewhat unpredictable.  Additional details on the potential impacts to 
groundwater quality are discussed in Appendix J. 


The widespread use of pesticides could lead to groundwater contamination in sole-source 
aquifers unless adequate protective measures are taken.  Alternative 1 does not include any 
specific provisions for the protection of sole-source aquifers, but does provide for the 
protection of groundwater having a high susceptibility for contamination.  In general, 
Alternative 1 is not expected to result in significant impacts on sole-source aquifers.  To 
date, there are no data that indicate that the existing forest pesticide applications 
(Alternative 1) have resulted in significant impacts to sole-source aquifers, therefore, no 
significant impacts are expected to occur if the same rules continue to apply.  Continuing 
application of forest pesticides, however, could contribute to cumulative impacts associated 
with contamination of sole-source aquifers.  Appendix J contains additional details on the 
potential for sole-source aquifer contamination. 


Because all 
alternatives are 
subject to specific 
provisions for the 
protection of 
groundwater having a 
high susceptibility for 
contamination (WAC 
222-16-070), 
statewide application 
of forest pesticides 
should not result in 
significant impacts on 
groundwater quality. 
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Alternative 2  
SURFACE WATER IMPACTS 
Alternative 2 is similar to Alternative 1 but contains additional requirements targeting the 
protection of water resources.  Alternative 2 includes the implementation of BMPs 
designed to “eliminate the direct entry of pesticides to water (defined as the entry of 
medium to large droplets), while minimizing off-target drift” (WDNR, 1999).  By 
recommending variable buffer widths for aerial applications depending on water type, 
environmental conditions, and the method of application, Alternative 2 would result in a 
lower risk of water quality impacts compared to Alternative 1.  Specifically, by adjusting 
the buffer widths to suit wind conditions, nozzle types, and application heights, Alternative 
2 would reduce the pesticide drift into surface waters compared to Alternative 1 
(Washington Department of Ecology, 1993).  Buffer widths specified for Alternative 2 also 
are correlated with the critical management or habitat zones identified for each water type.  
Therefore, Alternative 2 also would minimize impacts within the RMZs identified for each 
water type.  Moreover, Alternative 2 recommends using the maximum applicable buffer 
width in situations where the recommended buffer width and recommended offset from the 
critical surface water zones are different.   


Alternative 2 restrictions on ground applications of pesticides with power or hand 
equipment provide for greater protection of Type S or F waters compared to Alternative 1.  
Specifically, ground application with power equipment is not permitted within the core and 
inner zones of Type S and F waters, and hand applications are not allowed within the core 
zones of Type S or F waters (unless prescribed to meet specific localized requirements).  In 
addition, operators must maintain a 25-foot “no application” buffer strip around Type A or 
B wetlands and on all sides of all other surface waters, resulting in a greater reduction in 
the potential for surface water contamination.  These increased buffer widths afforded by 
Alternative 2 would result in less drift and erosive transport of pesticides than under 
Alternative 1. 


Overall, the increased attention given to the required buffer widths under Alternative 2 
would reduce the risk of surface water impacts compared to Alternative 1.  However, 
because Alternative 2 still allows for pesticide application over dry segments of some 
watercourses, some contamination of surface waters is possible if flow returns to the creek 
soon after the application.  Likewise, even with the increased buffer width for most surface 
waters, Alternative 2 could allow low levels of pesticides to reach surface waters, either 
directly or through stormwater runoff, soil erosion, and sediment transport.  Nevertheless, 
the net impacts would be less than those expected under Alternative 1. 


GROUNDWATER IMPACTS 
Groundwater impacts associated with Alternative 2 are expected to be similar but slightly 
less than under Alternative 1.  Direct impacts on groundwater from pesticide leaching to 
groundwater aquifers would occur at the same rate under Alternative 2 as with 
Alternative 1.  However, because the increased buffer widths required under Alternative 2 
would result in fewer surface water impacts, the likelihood that contaminated surface water 


Additional requirements 
targeting the protection 
of surface water 
resources under 
Alternative 2, would 
result in a reduced risk 
of impacts on surface 
water and groundwater 
(through a reduction in 
exchange with 
contaminated surface 
water). 
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would reach and contaminate groundwater (via water exchange with a susceptible aquifer) 
is also reduced.   


Alternative 2 is expected to result in similar but slightly lower impacts on sole-source 
aquifers compared to Alternative 1.  The increased buffer widths required for pesticide 
applications under Alternative 2 would result in slightly less impact on surface waters 
resulting in a reduction in the potential for the interaction of contaminated surface water 
with sole-source aquifers.  Overall, however, the impacts are expected to be nearly 
identical to those described for Alternative 1 (i.e., no significant impacts). 


Alternative 3  
SURFACE WATER IMPACTS 
Alternative 3 is nearly identical to Alternative 2, with the exception of three main 
additions.  Under Alternative 3, plants with cultural value would be protected from forest 
pesticides, hand application of forest pesticides would be prohibited within 50 feet of all 
typed waters, and forest pesticide applications needed to restore RMZ functions would 
require an alternative plan.  Therefore, surface water impacts from pesticide applications 
under Alternative 3 are expected to be slightly less than under Alternative 2 and 
considerably less than under Alternative 1. 


The increased buffer required for hand applications near surface waters under Alternative 3 
would greatly reduce the amount of pesticides that reach surface waters directly via spray 
drift compared to Alternative 1, and only slightly reduce the potential for contamination 
compared to Alternative 2.  The recommended 50-foot buffer for hand applications is 
greater than that required under both Alternatives 1 and 2, with the exception of the core 
zone buffer on westside Type S and F streams required under Alternative 2 (westside core 
zone is 50 feet).  However, as with Alternatives 1 and 2, low levels of pesticides may reach 
surface waters through storm runoff, soil erosion, and sediment transport.  In addition, 
alternative plans required for forest pesticide applications when restoring RMZs under 
Alternative 3 are expected to reduce the amount of pesticides that enter surface waters. 


GROUNDWATER IMPACTS 
The potential groundwater impacts resulting from pesticide application under Alternative 3 
are expected to be nearly identical to the impacts associated with Alternatives 1 and 2.  The 
only difference is that the minor reduction in the potential for pesticide drift to surface 
waters under Alternative 3 could result in a slight decrease in the level of pesticides 
reaching groundwater compared to Alternatives 1 and 2 (through a reduction in the 
exchange with potentially contaminated surface waters, as discussed above).   


Alternative 3 is expected to result in similar but slightly lower impacts on sole-source 
aquifers compared to Alternatives 1 and 2.  The increased buffer widths required for 
pesticide applications under Alternative 3 may result in slightly less sole-source aquifer 
contamination, through a reduction in the potential for contaminated surface water to 
interact with and adversely impact groundwater.  Overall, the potential impacts to sole-
source aquifers are expected to be nearly identical under all alternatives. 


Increased buffer widths 
required for hand 
applications near 
surface waters under 
Alternative 3 would 
result in a reduced risk 
of contamination of 
surface waters 
compared with 
Alternative 1, and a 
slightly reduced risk of 
contamination 
compared with 
Alternative 2. 
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3.7.1 Introduction 
Fish are an important natural resource that has both biological and economic significance 
in the State of Washington.  In particular, Pacific salmon and trout are indicators of a 
properly functioning aquatic ecosystem because they require cool, clean water, complex 
channel structures and substrates, and low levels of silt (Bjornn and Reiser, 1991).  In 
addition, Pacific salmon and trout have fostered economically important commercial and 
sport fishing industries.  Many residents of the state consider the presence and ability to 
harvest salmon and trout an important component to a “northwest lifestyle” that makes 
Washington state a desirable place to live. 


This section discusses the affected environment for selected species of salmon and trout in 
Washington and the expected environmental effects from implementing the Alternatives 
described in Chapter 2.  The fish species selected as the focus of the discussion include 
chinook salmon (Oncorhynchus tshawytscha), sockeye salmon (O. nerka), coho salmon (O. 
kisutch), chum salmon (O. keta), steelhead (O. mykiss), coastal cutthroat trout (O. clarki 
clarki), and bull trout (Salvelinus confluentus).  The rationale for selecting these species 
will be more fully explained in Chapter 3.7.2 (Affected Environment). 


The Affected Environment section will also describe important components of the aquatic 
environment that Pacific salmon and trout require and that forest practices may have a 
significant effect.  These components include water quality, water quantity, channel 
conditions, LWD, channel morphology, and fish passage.  Many important factors that 
effect the sustainability of Pacific salmon and trout populations will not be discussed in 
detail or may not be mentioned because they are not influenced by forest practices. 
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The Effects Analysis (Chapter 3.7.3) relies heavily on discussions presented earlier in this 
document and within a number of appendices.  These discussions and appendices are: 


• Sediment (Section 3.2) 
• Hydrology (Section 3.3) 
• Water Quality (Section 3.6) 
• Riparian Habitats (Section 3.4) 
• Water Type Modeling (Appendix C) 
• Riparian Analyses (Appendix D) 
• Slope Stability Analysis (Appendix E) 
• Forest Roads Evaluation (Appendix F) 
• Watershed Analysis (Appendix H) 
• Adaptive Management (Appendix I)  
• Forest Chemicals (Appendix J). 


In essence, the fish effects analysis in Section 3.7.3 synthesizes the appropriate 
components of the above analyses as they reflect upon the components of the aquatic 
environment described in the Affected Environment (Section 3.7.2) and the major issues 
developed during the scoping process.  These issues are: 


• Water quality 
• Fish passage 
• Fish habitat elements 
• Channel conditions and dynamics 
• Hydrology 
• Watershed condition relative to roads. 


A more complete discussion of the issues and the criteria used to evaluate the alternatives 
is provided in Section 3.0 (Environmental Effects).   


3.7.2 Affected Environment  
Below is a discussion of the affected environment for selected salmon and trout species on 
state and private lands within the state of Washington regulated by Forest Practices Rules.  
This discussion includes a short description of the species selected as indicators for the 
effects analysis and the rationale for their selection from all the fish species present in the 
state.  The discussion also contains a review of their distribution and status within the 10 
regions described in Chapter 2.  Finally, this section contains a review of important 
components of the aquatic ecosystem upon which salmon and trout rely for sustaining 
healthy, well-dispersed populations. 


More than 70 species of freshwater fish are present in the more than 30,000 miles of fish-
bearing streams within Washington (Wydoski and Whitney, 1979).  One or more fish 
species are often found in perennial streams with gradients less than 20 percent (Fransen et 







 
 


 


 


Fish Final EIS 


 


Chapter 3 


3-120


 


al., 1997).  Occasionally, fish are found in streams with steeper gradients, but these 
circumstances are rare.  Although fish may not be found in extremely steep streams, land-
use practices can affect fish-bearing waters by transportation through the stream network.  
Consequently, the affected environment for fish includes both fish-bearing and nonfish-
bearing streams. 


SEPA requires that all significant effects must be addressed in an EIS.  Two of the four 
goals of the Forest Practices Board for the Washington Statewide Salmon Recovery 
Strategy (FPB, 1999) have special reference to fish.  One of the goals is to provide 
compliance with the ESA for aquatic and riparian-dependant species on all lands subject to 
the Forest Practices Act.  A second goal is to restore and maintain riparian habitat on these 
forestlands to support a harvestable supply of fish.  The analysis for fish will target fish 
species (“priority species”) that have commercial and/or sport harvest value, are candidate 
or listed species under ESA, and are known to be sensitive to forest practices.   


Notably, NMFS has not listed any Pacific salmon or trout species as threatened or 
endangered throughout their entire range and many populations are considered healthy or 
at least stable.  Rather, NMFS has listed salmon and trout based upon distinct populations 
that are “substantially reproductively isolated” and “represent an important component in 
the evolutionary legacy of the species” (Waples, 1991).  NMFS has termed these 
populations “Evolutionarily Significant Units” or ESUs.  In an analogous fashion, the 
USFWS has chosen to use the term “Distinct Population Segments” or DPSs for freshwater 
fish species under their regulatory authority. 


Beginning in 1991 with the listing of Snake River sockeye salmon by NMFS, the ESA has 
increasingly affected the way government agencies and public and private landowners 
conduct business in or near the streams and rivers found in the state.  The rate of new 
listings has escalated in recent years such that all of the Pacific salmon species, with the 
exception of pink salmon, have been listed as threatened or endangered within one or more 
areas of Washington (Table 3.7-1).  In addition to the Pacific salmon and trout listed by 
NMFS, the FWS has listed bull trout throughout its range in the contiguous United States.  
Consequently, there are few areas within Washington State that do not have at least one 
listed fish species (Figures 3.7-1 through 3.7-3). 


3.7.2.1 Life History of Priority Species 
A basic understanding of the life history and habitat requirements of Pacific salmon and 
trout is important for recognizing the type and level of effects that may result from a land 
use activity such as timber harvest.  The life history characteristics can vary significantly in 
different locations depending on climate, food supply, stream flow, and other factors (Flosi 
and Reynolds, 1994). 
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Table 3.7-1. ESA-listed Anadromous and Candidate Freshwater Fish Species 
Found in Washington State 


Species 
Scientific 
Name Population1/ 


ESA 
Status 


Publication 
Date 


Federal 
Register 
Citation 


Hood Canal Summer–run Threatened March 1999 Chum 
Salmon 


Oncorhynchus 
keta Columbia R. Threatened March 1999 


64 FR 14508  


Puget Sound—Straight of 
Georgia 


Candidate July 1995 
Coho 
Salmon O. kisutch 


Lower Columbia 
River/SW Washington 


Candidate July 1995 
60 FR 38011 


Snake R. Endangered November 1991 56 FR 58619 Sockeye 
Salmon O. nerka 


Ozette Lake Threatened March 1999 64 FR 14528 
Snake R.—Fall-run Threatened April 1992 
Snake R. Spring/Summer-
run 


Threatened April 1992 57 FR 14653 


Puget Sound Threatened March 1999 
Lower Columbia R. Threatened March 1999 
Upper Willamette R. Threatened March 1999 


Chinook 
Salmon 


O. 
tshawytscha 


Upper Columbia R. 
Spring-run 


Endangered March 1999 


64 FR 14308 


Upper Columbia R. Endangered August 1997 
Snake R. Threatened August 1997 


62 FR 43937 


Lower Columbia R. Threatened March 1998 63 FR 13347 
Upper Willamette Threatened March 1999 


Steelhead O. mykiss 


Middle Columbia R. Threatened March 1999 
64 FR 14517 


SW 
Washington/Columbia R. 


Threatened April 1999 64 FR 16397 


Puget Sound Not 
Warranted 


April 1999 64 FR 16397 
Sea-run 
Cutthroat 
Trout 


O. clarki clarki 


Olympic Peninsula Not 
Warranted 


April 1999 64 FR 16397 


Columbia River Threatened June 1998 63 FR 31647 
Bull Trout Salvelinus 


confluentus Coastal - Puget Sound Threatened November 1999 64 FR 58909 
1/ Populations of Pacific salmon are designated as Evolutionarily Significant Units by NMFS.  The USFWS 


designates population segments as Distinct Population Segments. 
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Figure 3.7-1. Distribution and ESA Status of Chinook and Chum Salmon within 
Washington State.   
(Source: Streamnet Version 99.1; NMFS 1999.   
Evolutionarily Significant Units GIS Data Layer.  
http://www.nwr.noaa.gov/1salmon/Salmesa/mapsuits.htm) 
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Figure 3.7-2. Distribution and ESA Status of Coho and Sockeye Salmon within 
Washington State.  
(Source: Streamnet Version 99.1; NMFS 1999.  Evolutionarily Significant Units GIS 
Data Layer.  http://www.nwr.noaa.gov/1salmon/Salmesa/mapsuits.htm) 
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Figure 3.7-3. Distribution and ESA Status of Steelhead and Bull Trout (listed as 
Threatened throughout their Range) within Washington State.   
(Source: Streamnet Version 99.1; NMFS 1999.  Evolutionarily Significant Units GIS 
Data Layer.  http://www.nwr.noaa.gov/1salmon/Salmesa/mapsuits.htm for Bull 
Trout-Washington DNR) 
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The life cycle of Pacific salmon and trout can be divided into seven distinct phases or 
lifestages:  upstream migration, spawning, egg incubation, fry emergence, juvenile rearing, 
smolt outmigration, and marine rearing.  Two important common denominators in the life 
history of Pacific salmon and trout is they all construct redds (nests) in gravel beds for 
spawning and they all include life history forms that exhibit anadromy.  In other words, 
spawning occurs in freshwater, followed by migration to the ocean for feeding and 
maturation, and finally fish return to their natal sites for completion of the life cycle.  Five 
of the species (O. nerka, O. mykiss, O. clarki, and S. confluentus) have life history forms 
that do not express the marine phase and live their entire lives in freshwater.  The life cycle 
of Pacific salmon and trout can be considered a series of migrations operating at different 
spatial and temporal scales.  The first migration occurs over a few centimeters of gravel 
that must be crossed by fry within a few hours while the final homing migration may span 
several thousands of kilometers and many weeks of travel.  Within this relatively simple 
strategy of anadromy, several species demonstrate extremely complex variations in length 
of freshwater rearing, use of lake systems, run timing, degree of anadromy, and age 
structure.  These variations, in conjunction with geographically separate spawning 
populations, have led to the stock concept of salmon management (Larkin, 1972).  Indeed, 
it is the demonstration of unique behavioral patterns, physical characteristics, and 
ultimately genetic makeup that has made it possible to list any salmon stocks within the 
framework of the Endangered Species Act (Nehlsen et al., 1991; Waples, 1991). 


One commonly recognized variation in life history traits for Pacific salmon and steelhead 
is run timing.  The seasonal stock distinctions are based upon the date individual stocks of 
maturing adults enter freshwater.  For example, chinook salmon are often divided into 
“spring,” “summer,” and “fall” runs while steelhead stocks are divided into “winter” and 
“summer” runs.  Sockeye and chum salmon usually do not have multiple distinct runs and 
the seasonal descriptor is often omitted (but not always).  Most pink and chum salmon in 
the Puget Sound Region enter freshwater during the fall while sockeye salmon runs peak in 
early July.  


Additional stock and species-specific variability is demonstrated in the duration of 
freshwater rearing and the type of habitat that is utilized.  Spring chinook salmon, coho 
salmon, and steelhead juveniles typically spend one or two years rearing in streams prior to 
outmigration.  Similarly, sockeye salmon usually spend a year rearing in a lake prior to 
outmigration.  In contrast, fall chinook and chum salmon outmigrate to the ocean as fry.  
Chum salmon usually complete their outmigration shortly after emergence (Wydoski and 
Whitney, 1979), while fall chinook may have a protracted outmigration period that occurs 
throughout the summer (Dawley et al., 1986).  While most summer/fall chinook outmigrate 
during their first year, a small proportion overwinter in freshwater and then migrate as 
yearlings the following spring.  


Bull trout and coastal cutthroat trout also express high variability in migratory behavior 
and habitat use.  They have four different migratory forms:  anadromous, adfluvial, fluvial, 
and resident.  Adfluvial stocks rear in lake systems, but migrate to tributary streams for 
spawning.  Fluvial stocks rear entirely in larger streams or rivers, but have significant 
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migrations between headwater spawning and rearing areas.  In contrast, resident stocks 
demonstrate little migratory behavior. 


During the period of freshwater rearing, Pacific salmon and trout have life-stage and 
species-specific habitat requirements for spawning and rearing.  Important components to 
spawning habitat include substrate size, water depth, and water velocity (Bjornn and 
Reiser, 1991).  In general, the larger species utilize larger substrates and deeper and faster 
water (1.3-10.2 cm, >24 cm depth, 32-109 cm/s velocity; Bjornn and Reiser, 1991).  Tail-
outs to pools (the downstream end where the pool changes to a riffle) that meet criteria for 
these features are generally considered optimal spawning areas because stream morphology 
maximizes the passage of oxygenated water through redds.  However, runs and riffles are 
also utilized during spawning.  During spawning, females guard spawning territories and 
fight with other females for the best locations.  In contrast, male salmon and trout fight 
with other males to earn the right to spawn with a female.  Females dig redds by turning 
sideways to the stream bottom then rapidly flexing their tails.  The digging results in a pit 
into which the eggs and milt are laid.  The females dig a series of egg pits moving from 
downstream to upstream, consequently gravels removed during digging cover the eggs and 
pit downstream.  Redd building is important for three principle reasons (Chapman, 1988): 
1) redds provide physical protection to eggs during periods when they are extremely 
fragile; 2) redd digging removes a portion of the fines and sands deleterious to egg 
survival; and 3) redd construction and morphology enhances the passage of water through 
the egg pits. 


Following emergence from the redd, salmon and trout fry typically utilize shallow and 
slow moving areas of a stream.  Optimal depths and velocities increase as the fish grow, 
but preferred areas are usually associated with some form of cover, usually pools with 
LWD or boulders.  Differences among the species are apparent in the degree of flexibility 
for utilizing riffles, runs, and other habitat features.  Stream dwelling juvenile salmonids 
are typically territorial and exhibit a dominance hierarchy among individuals and species.  
Drifting insect larvae and benthic macroinvertebrates account for the majority of food 
items eaten by juvenile salmon and trout within streams.  In contrast to the typical stream 
dweller, sockeye fry migrate to a lake shortly after emergence where shallow nearshore (or 
littoral) areas are preferred habitat.  As sockeye fry grow, they begin to move offshore and 
have a characteristic diurnal vertical migration timed for utilization of zooplankton food 
sources. 


Riparian areas have distinctive resource values and characteristics that are critical to 
salmonid production.  Riparian vegetation is important for maintaining streambank and 
floodplain integrity.  The vegetation slows water velocity on the floodplain and roots 
inhibit erosion along stream and riverbanks, which reduces sediment deposition in streams.  
Riparian vegetation also helps to provide shade, leaf and needle litter important to aquatic 
food chains, and LWD.  Clearing or harvesting trees near streambanks removes riparian 
vegetation and can affect sediment delivery, fish habitat and reproduction, and stream 
productivity. 
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In general, the marine phase of salmonid life history is not understood as well as the 
freshwater phase.  Only recently have ocean environmental conditions been considered an 
important factor in the management of salmon resources (Bisbal and McConnaha, 1999).  
Historically, the ocean was assumed an unlimited resource for salmon production, but this 
assumption is now being widely questioned.  Forest practices have little to no direct effect 
on this important lifestage of anadromous salmonids. 


The following sections provide a life history for each of the priority species considered in 
this EIS. 


Chinook Salmon   
Chinook salmon are the largest of the salmon with weights sometimes exceeding 88 
pounds.  Their size makes them one of the most valuable of the salmon, giving them the 
moniker “King” salmon.  They also have one of the most complicated life history patterns.  
Their large size results in part from their relatively long lives.  Chinook salmon may live 
up to 8 years, although most stocks return predominately as 3, 4, or 5-year olds to spawn in 
larger streams and rivers.  A small, but significant portion of most chinook stocks returns 
precociously after spending 1 year in the ocean.  These individuals are usually males and 
commonly called “jacks.”  Some immature chinook salmon (sometimes referred to as 
“blackmouth”) from the Puget Sound region remain within the sound throughout their 
marine rearing phase.  Most chinook from Washington State rear along the continental 
shelves bordering Washington, British Columbia and Southeastern Alaska.  


As discussed earlier, chinook salmon are referred to as spring, summer, or fall stocks 
depending upon the time of return to freshwater.  However, all chinook salmon spawn in 
the late summer or early fall.  Freshwater rearing strategies are often different among the 
three stock types.  Spring chinook salmon are often called “river-type” while summer and 
fall stocks may be called “ocean-type.”  River-type stocks usually spend an entire year in 
freshwater prior to smoltification and out-migration.  In contrast, ocean-type stocks begin 
to migrate to the ocean during their first year of life. 


Coho Salmon 
Coho salmon are medium-sized, reaching weights up to 10 pounds or more, but more 
commonly weighing 4 to 7 pounds.  Coho salmon are also commonly known as silver 
salmon.  Coho salmon primarily spawn at age 3 (never 4), but also have a small proportion 
that return precociously as 2-year-old jacks.  Coho salmon usually spend their first year 
rearing in rivers and streams prior to smoltification and outmigration.  During their marine 
phase, coho salmon from the Pacific Northwest rear primarily on the continental shelf off 
Washington and British Columbia. 


Sockeye Salmon 
Sockeye salmon are a medium-sized fish averaging about 5 to 6 pounds.  They are also 
known as red salmon because of their firm red flesh, and the red spawning colors that 
become apparent after maturing adults enter fresh water.  Sockeye salmon are unique 
among the Pacific salmon for requiring lakes during their freshwater rearing phase.  Most 
sockeye salmon undergo smoltification during their second year and migrate to the ocean.  
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Most sockeye salmon return to spawn after 2 or 3 years of rearing in the ocean, but a small 
proportion return as jacks.  Two sockeye salmon populations have been listed by NMFS 
under the Endangered Species Act.  Snake River sockeye have been listed as endangered, 
and the Ozette Lake population on the Olympic Peninsula have been listed as threatened.  
The Snake River population spawn in Idaho.  Consequently, Washington State is primarily 
concerned with maintaining properly functioning migratory habitat for this population. 


Chum Salmon 
Chum salmon are relatively large, reaching an average size of nine pounds after spending 
4 or more years rearing during their marine phase (Wydoski and Whitney, 1979).  Chum 
salmon are commonly called dog salmon because Native Americans often utilized this 
species to feed sled dogs in Alaska and Canada.  Chum salmon fry migrate to estuarine and 
marine waters shortly after emergence and migrate long distances.  One tagged individual 
was known to migrate over 3,000 miles within 6 months (Scott and Crossman, 1973).  
Spawning areas utilized by chum salmon are usually in the lower reaches of larger river 
and streams. 


Steelhead 
Steelhead trout have a freshwater rearing period of 1 to 3 years before smoltification and 
outmigration while the alternative form, rainbow trout, spend their entire lives in 
freshwater.  The marine phase for steelhead lasts an additional 2 to 4 years.  Most steelhead 
are 4 years old when they return to their natal stream for spawning and weigh between 5 
and 10 pounds (Wydoski and Whitney, 1979).  Steelhead may spawn more than once.  
However, fewer than 15 percent of a spawning population are usually repeat spawners.  
Rainbow trout are usually much smaller than their anadromous counterpart, but under 
some conditions can reach lengths of 20 inches or more.  In general, rainbow trout do not 
appear to be at the same level of risk as steelhead and other species in the family.  
However, some subspecies, such as redband trout (O. mykiss gairdneri) which are found in 
some areas east of the Cascade Crest are a species of concern on lands managed by the 
Forest Service. 


Coastal Cutthroat Trout 
The West Coast sea-run cutthroat trout is currently listed as threatened in the southwest 
Washington and Columbia River DPSs.  The coastal sea-run cutthroat trout is 1 of 13 
subspecies of cutthroat trout indigenous to North America.  Of the 13 subspecies, only the 
coastal sea-run cutthroat trout is anadromous.  Throughout its range, the coastal cutthroat 
trout also exhibits a stream resident form and adfluvial form. 


The life history of the coastal cutthroat is one of the most complex and flexible of any 
Pacific salmonid (Wydoski and Whitney, 1979; Johnson et al., 1994).  Cutthroat trout in 
the region exhibit resident, fluvial, adfluvial, and anadromous life histories.  Little is 
known about the life histories and the relative proportion of each life history in this 
population.  Coastal cutthroat trout spawn in the smallest headwater streams and tributaries 
used by any salmonid species, and the young usually remain in these streams about a year 
before moving down into larger streams (Palmisano et al., 1993).  They live in these larger 
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streams for another 2 to 5 years (usually 3) before migrating to the Pacific Ocean (Wydoski 
and Whitney, 1979; Johnson et al., 1994).  Some stocks, primarily those with limited or no 
possibility of return migration from the ocean, remain as residents of small headwater 
tributaries, or migrate only into rivers or lakes (Scott and Crossman, 1973; Johnson et al., 
1994).  Sea-run cutthroats do not migrate to the open ocean; rather, they stay in estuarine 
habitats near the mouths of their natal streams for 5 to 8 months of the year (Palmisano et 
al., 1993; Johnson et al., 1994).  Upstream migration to freshwater feeding/spawning areas 
occurs from late June through March; re-entry timing is consistent from year to year within 
streams, but varies widely between streams (Johnson et al., 1994).  Spawning generally 
occurs between December and May in the tails of pools located in streams with low 
gradient and low flows or in shallow riffles (Wydoski and Whitney, 1979; Johnson et al., 
1994). 


Bull Trout 
Bull trout in the Puget Sound Region and Columbia River are currently listed as a 
threatened species by USFWS under ESA.  Historically, bull trout and its conspecific, 
Dolly Varden trout, were considered the same species.  The names were commonly used to 
distinguish anadromous coastal stocks from resident stocks.  During the early 1990s, 
genetic and meristic (counts of physical characters) analyses demonstrated that the species 
were distinct from each other.  From a practical aspect, however, the two species are 
indistinguishable in the field, even for experienced professional fisheries biologists.  
Furthermore, life history traits and habitat requirements appear to overlap considerably 
between the two species. 


Similar to cutthroat trout, bull trout have a flexible life history that includes resident, 
fluvial, adfluvial, and anadromous forms.  Bull trout populations in the Columbia River 
system generally do not exhibit anadromy.  Anadromous bull trout, which are found in the 
Puget Sound Region and coastal regions, initially rear in freshwater for 2 to 3 years.  Large 
oceanic migrations do not occur.  Instead, anadromous bull trout migrate to estuarine and 
nearshore areas in the spring then migrate up-river during the fall to over-winter in 
freshwater. 


Bull trout appear to be one of the more sensitive salmonids to degraded habitat conditions, 
primarily due to having fairly restrictive requirements.  In freshwater, adult bull trout 
prefer very cool water temperatures for rearing (less than 55°F) and spawning (less than 
50°F; Oregon DEQ, 1995).  In addition, this species prefers a stream morphology that is 
complex, including large amounts of LWD and boulders, which contribute to large, deep 
pools with complicated water velocity patterns and cover.  Bull trout and Dolly Varden 
trout also appear to be more sensitive to the effects of fines on the survival of incubating 
eggs than other salmonids. 


3.7.2.2 The Aquatic Ecosystem 
Key physical components of the aquatic ecosystem include channel morphology 
(floodplains, streambanks, channel structure), water quality, and water quantity.  Habitat 
complexity is created and maintained by rocks, sediment, large wood, and favorable water 
quantity and quality.  Upland and riparian areas influence aquatic ecosystems by supplying 
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sediment, woody debris, and water.  Disturbance processes such as landslides and floods 
are important mechanisms for delivery of wood and bedload to streams. 


Natural channels are complex and contain a mixture of habitats differing in depth, velocity, 
and cover (Bisson et al., 1987).  They are formed during storm events that have associated 
flows which mobilize sediment in the channel bed (Murphy, 1995).  The hydrologic regime 
of a watershed, combined with its geology, hillslope characteristics, and riparian vegetation 
determines the nature of stream channel morphology (e.g., number and spacing of pools 
and width-to-depth ratio) (Beschta et al., 1995; Sullivan et al., 1987).  Therefore, activities 
in these areas would be expected to affect the shape and form of the stream channel.  For 
example, substantial increases in volume and frequency of peak flows can cause streambed 
scour and bank erosion.  A large sediment supply may cause aggradation (i.e., filling and 
raising the streambed level by sediment deposition) and widening of the stream channel, 
pool filling, and a reduction in gravel quality (Madej, 1982).  Upslope activities (e.g., 
timber harvest, land clearing, and road development) can change channel morphology by 
altering the amount of sediment or water contributed to the streams.  This, in turn, can 
disrupt the balance of sediment input and removal in a stream (Sullivan et al., 1987). 


Stream habitat conditions in Washington are affected by a wide range of factors including 
geophysical changes (e.g., volcanic eruptions, earthquakes and associated uplifting), 
extremes of flow (e.g., flooding and low flow), existing geological conditions (e.g., 
erodible soils), and land-use practices (e.g., timber harvest, grazing, urban development, 
road construction and operation, and gravel mining).  The effects of these combined factors 
result in the existing stream habitat conditions. 


Streams that lack a balance between pools and riffles are often less productive than streams 
that have more complex structure.  Pools are used as holding and resting areas for adult 
fish prior to spawning, deep water cover for protection, and cool water refugia during low 
flow summer months.  Riffles are important for reoxygenation of water, habitat for food 
organisms such as aquatic macroinvertebrates, and as rearing areas for fish (Gregory and 
Bisson, 1997).  Intensive timber harvest has been reported to decrease pool depth, surface 
area, and the general diversity of pool character (Ralph et al., 1994).  Possible mechanisms 
include decreased occurrence of LWD (which can help form and stabilize pools) and filling 
of remaining pools with bed material. 


A range of optimum pool-to-riffle ratios for a properly functioning system has been 
described in the literature (NMFS, 1996; FWS, 1998).  Applying any values within this 
range to field conditions would require considering site-specific characteristics such as 
existing LWD, stream gradient, bank characteristics, sediment load, bed material (e.g., 
bedrock and boulders), and other watershed factors such as hydrologic conditions 
(Murphy, 1995). 


The following describes components to the aquatic ecosystem that are influenced by forest 
practices.  These include coarse sediment, fine sediment, hydrology, LWD, leaf/needle 
litter recruitment, floodplains and off-channel features, water temperature, forest chemicals 
(contaminants), and fish passage.  
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Coarse Sediment 
A certain amount of bedload material is necessary to provide substrate for cover and 
spawning habitat for fish.  For example, anadromous salmon typically use gravels ranging 
from 0.5 to 4 inches (12.7 to 101.6 mm), whereas steelhead and resident trout may use 
smaller substrates ranging from 0.25 to 4 inches (6.4 to 101.6 mm; Bjornn and Reiser, 
1991).  Increased levels of coarse sediment bedload above background levels can, 
however, lead to stream bank instability, pool filling, and changes in the water transport 
capacity of the channel (Spence et al., 1996).  The larger the sediment size, the higher the 
flow that is required to mobilize the sediment.  Consequently, the recovery periods for 
streams with severe coarse sediment aggradation could range from decades to 100 years or 
more.  The major factors influencing the excessive delivery of sediment to a stream include 
the intensity and location of stream bank erosion, mass-wasting events, and road and 
culvert failures. 


Fine Sediment 
Adequate dissolved oxygen (DO) levels are important for supporting fish, invertebrates, 
and other aquatic life.  Salmonids are particularly sensitive to reduced DO (DEQ, 1995).  
Intergravel DO has been recognized as crucial to the survival of salmonid embryos.  
Intergravel DO depends on several interrelated factors such as water temperature, surface-
water concentrations, percentage of fine sediment and gravel in pores, and the oxygen 
demand of the eggs.  Management-induced depletion of DO in stream water can occur 
from harvest activities, such as excessive amounts of logging debris left in a stream that 
can result in decreased DO (MacDonald et al., 1991).  Critical levels of DO also depend on 
the velocity of the water passing the eggs, as less oxygen is needed at higher velocities 
(DEQ, 1995).  Forest management activities can exacerbate any intergravel DO problems 
through increases in fine sediment which reduce intergravel water velocity (Bjornn and 
Reiser, 1991; Ringler and Hall, 1975; Moring, 1975). 


Fine sediment (0.004 to 0.033 inch or 0.1 to 0.84 mm in diameter) can reduce stream 
habitat quality, restrict sunlight penetration, and fill pores between the gravel, thus 
preventing the flow of oxygen-rich water to fish eggs that may be deposited in the gravel.  
In laboratory studies, a substrate containing 20 percent fines was found to reduce 
emergence success of young salmon and trout by 30 to 40 percent (Phillips et al., 1975; 
MacDonald et al., 1991).  According to study results and summaries from Peterson et al. 
(1992) and Chapman (1988), a properly functioning aquatic habitat would have substrates 
that contain less than 11 to 16 percent particles within the fine sediment category. 


Fine sediments and larger particles (up to about 0.27 inch [6.84 mm] or sand-sized 
fractions) can also smother fish eggs and developing young in the gravel.  In addition, they 
may also clog pores or breathing surfaces of aquatic insects, physically smother them, or 
decrease available habitat (Spence et al., 1996; Nuttall and Bielby, 1973; Bjornn et al., 
1974; Cederholm et al., 1978; Rand and Petrocelli, 1985).  Important factors influencing 
the excessive delivery of fine sediment to a stream include the presence of adequate 
streamside vegetation to filter fine sediment derived from hillslopes and road surface 
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erosion (see Sections 3.2 and 3.5).  Also, fine sediment is usually present with coarse 
sediment delivery processes described above. 


Biological effects of increased turbidity may include a decrease in primary productivity of 
algae and periphyton due to the decrease in light penetration.  Declines in primary 
productivity can adversely affect the productivity of higher trophic levels such as 
macroinvertebrates and fish (Gregory et al., 1987).  Turbidity can also interfere with 
feeding behavior or cause gill damage in fish (Hicks et al., 1991), but may provide some 
positive benefits.  For example, it can provide cover from predators (Gregory and Levings, 
1998). 


Hydrology 
The amount of water provided to aquatic ecosystems at critical times is important for 
sustaining fish and other aquatic species.  Many fish have become adapted to natural flow 
cycles for feeding, spawning, migration, and survival needs.  The timing, magnitude, and 
duration of peak and low flows must be sufficient to create and maintain riparian and 
aquatic habitat.  Flows can be influenced by management activities such as timber harvest 
and roads (see Section 3.3).  In general, low- or base-level stream flows that occur during 
the late summer often limit habitat for rearing juvenile salmon and trout.  They can also 
negatively affect migration and access to habitat and food resources, as well as disrupting 
spawning behavior.  Such conditions can occur naturally during this period due to lack of 
precipitation.  However, low flows can be exacerbated by water withdrawals, silting 
(which can decrease pool depth), and stream widening resulting from unstable banks. 


High winter flows and floods that scour the streambed can be detrimental to eggs or young 
fish that may be incubating in the stream gravels.  Both extreme high and low flow 
conditions may occur in different regions of the state.  Rain-on-snow events are a common 
reason for flooding and streambed scour on the west of the Cascade Mountains.  In 
contrast, the eastern side of the state lies in the rainshadow of the Cascade Mountains.  
Consequently, extreme low flows and high water temperatures can be detrimental during 
the summertime. 


Large Woody Debris 
LWD includes trees and tree pieces greater than 4 inches in diameter and 6 feet long 
(Keller and Swanson, 1979; Bilby and Ward, 1989).  LWD is one of the most important 
components of high quality fish habitat (Marcus et al., 1990).  LWD provides food and 
building materials for many aquatic life forms and is important for stream nutrient cycling, 
macroinvertebrate productivity, and cover for juvenile and adult fish (Marcus et al., 1990).  
LWD is the primary channel-forming element in some channel types and affects many 
aspects of channel morphology including stream roughness, sediment storage, water 
retention, energy dissipation, and fish habitat (Marcus et al., 1990; Lisle, 1986; Swanson et 
al., 1987; Martin, et al., 1998).  Pools formed by stable accumulations of LWD provide 
important habitat for rearing salmonids, particularly in winter (Heifetz et al., 1986; Murphy 
et al., 1986).  The value of LWD in providing aquatic habitat depends on stream size, tree 
species, and numerous other factors (see Section 3.5). 
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Field studies in old-growth, Douglas-fir forest streams in coastal Oregon and Washington 
have shown that the number of woody debris pieces varies by channel width and size of 
debris under undisturbed conditions.  For example, studies by Bilby and Ward (1989) and 
Forest Practices Board (1995) show that the number of LWD pieces decreased with 
increasing width of a stream; however, the average diameter, length, and volume of LWD 
increased.  The type of wood is an important factor (see the Riparian Function Section).  
For example, coniferous wood (e.g., Douglas-fir or cedar) is more resistant to decay than 
deciduous wood (e.g., alder).  Therefore, coniferous wood has a greater longevity in a 
stream (Cummins et al., 1994, as quoted in Spence et al., 1996). 


Historical forest management practices often included splash dams and stream cleaning 
efforts (Maser and Sedell, 1994).  During the last century, splash dams were built to aid in 
floating and transporting harvested trees to the mill.  From the 1950s through the 1970s, 
removal of LWD from streams was based on the belief that it was detrimental to salmon 
migration.  Both of these practices contributed to major changes in the amount of cover 
habitat available and often changed stream habitats to a single, cobble-bed channel lacking 
pools and LWD or to bedrock channels lacking gravel, woody debris, and other channel 
features (Murphy, 1995; Maser and Sedell, 1994).  This decrease in LWD corresponds to a 
reduction in salmonid use (House and Boehne, 1987).  Due to the time required for 
streamside trees to grow and mature to potential LWD, there may be a considerable lag 
period (e.g., greater than about 50 years and up to 300 years) before additional LWD is 
contributed to a cleared stream (Gregory and Bisson, 1997). 


In general, information on LWD must be viewed from the perspective of the timber harvest 
activity in the area, historic floods that have removed or redistributed LWD, and the 
activities that were performed to actively remove LWD (see the Riparian Function 
Section).  Potential LWD recruitment from existing mature or old-growth riparian zones 
would be anticipated to be higher than younger or recently clearcut areas (see the Riparian 
Function Section).  There may be no potential for LWD recruitment in currently open areas 
such as prairies and grasslands, which may not develop into forested areas in the 
foreseeable future. 


LWD enhancement has become a more common method for improving stream reaches 
lacking wood.  The methods for placing LWD are fairly advanced (ODF and ODFW 
1995).  LWD placement would provide short-term benefits to stream systems providing a 
more complex habitat structure, nutrient input, and substrate for invertebrate colonization, 
all of which would benefit fish habitat.  These benefits may improve current conditions in 
many areas until the natural riparian corridor can regenerate and provide consistent inputs 
of LWD.   


The Aquatic Food Chain 
The base of the aquatic food chain is derived from the combination of dissolved chemical 
nutrients and detrital materials.  The chemical constituents such as nitrogen (usually in the 
form of nitrates and nitrites), phosphorus, and carbon can be derived from the breakdown 
of detritus and through leaching and runoff from surrounding soils (Gregory et al., 1987).  
Many bacterial and macroinvertebrate species rely directly on detrital material from leaf 
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and needle litter, branches, and stems from the surrounding riparian zone vegetation.  Some 
estimates indicate that leaf and needle recruitment may provide up to 60 percent of the total 
energy input to stream communities (Richardson, 1992).  Other macroinvertebrate species 
rely on aquatic algae that primarily use dissolved chemical nutrients and require solar 
radiation.  In streams containing spawning habitat for Pacific salmon, significant influxes 
of nutrients from the marine environment occur during the decomposition of carcasses 
(Bilby et al., 1996). 


The abundance and diversity of macroinvertebrate food sources to salmonids is dependent 
upon the primary algae and detrital food sources.  Forest harvest activities affect the food 
chain by changing the relative macroinvertebrate production between herbivores and 
detritivores (Gregory et al., 1987).  The magnitude and duration of the change is dependent 
upon a variety of factors including stream size, gradient, location (headwater versus 
mainstem) and the type of riparian vegetation and management prescriptions.  Gregory et 
al. (1987) suggest that tree harvest in riparian areas initially lead to higher production of 
fewer invertebrate species and that recovery of the macroinvertebrate community occurs 
over periods similar to recovery of riparian zones.  Bilby and Bisson (1992) observed 
higher summer production of coho fry in streams in a watershed with extensive clearcuts 
relative to a nearby, undisturbed watershed with an old-growth riparian stand. However, no 
differences in coho production were present during fall censuses and the higher summer 
fish production was attributed to higher algae production (Bilby and Bisson (1992). Bilby 
and Bisson (1992) and Spence et al. (1996) have noted that other changes in habitat 
features (e.g., numbers of pools) required by yearling and adult fish could likely offset any 
increases in sub-yearling production. Gregory et al. (1987) argued that short-term higher 
fish productivity might occur downstream of timber harvest units in some areas, but at the 
expense of long-term stability in the overall abundance and diversity of the aquatic 
community.    


Floodplains and Off-channel Habitat 
Floodplains and off-channel areas are an important component of aquatic habitat that 
include side channels, backwater alcoves, ponds, and wetlands.  They provide important 
habitat seasonally to particular life stages as well as input of organic matter and LWD.  
Seasonally flooded channels and ponds are particularly important for rearing coho salmon 
and other fish species during winter months.  Large floodplains can also function as filters 
for subsurface flows and maintenance of water quality (Gregory and Bisson, 1997).  Some 
backwater alcoves and ponds result from groundwater seeps and may have shade levels 
higher than the main channel.  These areas provide cool water refugia during high 
summertime temperatures.  Major floodplains in the planning area generally are located in 
the lowest reaches of major rivers.  Beavers can play a significant role in the development 
of ponds and wetlands important as habitat for salmon and trout, particularly for juvenile 
coho salmon (Cederholm et al., 2001). 
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Water Temperature 
Water temperature plays an integral role in the biological productivity of streams.  Water 
temperature fluctuations and their relationship to DO can affect all aspects of salmon and 
trout life histories in fresh water including 


• incubation and egg survival in stream gravel; 
• emergence, feeding, and growth of fry and juvenile fish; 
• outmigration of young fish; 
• adult migration, holding and resting; and 
• prespawning and spawning activities. 


A rise in temperature increases the metabolic rate of aquatic species.  Consequently, more 
energy is required, even during periods of low activity.  In addition, DO decreases as water 
temperature increases, potentially increasing stress on fish.  Water temperatures in the 
range of 70°F (about 21°C) or greater can cause death in cold-water species such as salmon 
and trout within hours or days (Oregon DEQ, 1995).  In general, water temperatures of 
53.2 to 58.2°F (11.8 to 14.6°C) have been found to provide a properly functioning 
condition for juvenile salmon and trout.  However, bull trout require much lower 
temperatures during spawning (4-10°C) and egg incubation (1-6°C) (Oregon DEQ 1995). 


Increases in water temperature in forest streams can often be traced to reduction of shade-
producing riparian vegetation along fish-bearing and tributary streams that supply water to 
other fish-bearing streams.  However, streams also naturally tend to become warmer as 
water flows from headwaters to the sea (Sullivan et al. 1990, Zwieniecki and Newton 
1999).  This warming occurs as water equilibrates to local environmental conditions 
including air temperature, which in turn is highly correlated with elevation.  In addition, 
water temperatures can be affected by stream widening, sedimentation/stream depth, 
microclimate, groundwater, and other upstream inputs (see Section 3.6). Long-term 
sublethal temperature effects can be detrimental to the overall health of a population as 
well as short-term acute effects of warmwater temperatures on cold-water aquatic species.  
Heat stress may accumulate such that increased exposure for juvenile fish in an 
environment in which growth is reduced or the inability to meet increased metabolic 
(energy) demands increases their susceptibility to disease (Oregon DEQ, 1995). 


More shade or complete shading does not always maximize aquatic productivity.  The 
availability of instream algae can be a limiting factor in some streams.  Algae and other 
sources of vegetable matter are at the lowest level of the food chain and important to higher 
trophic level production such as fish.  Nutrients (e.g., nitrogen and phosphorus) are key 
factors along with light that result in algae production.  High levels of shade can result in 
low levels of algae production even if adequate nutrient sources are present (Gregory et al., 
1984).  Under unmanaged conditions, forested lands generally have low light and low 
primary productivity in low order streams with high canopy cover.  In contrast, primary 
productivity in wide high order streams is generally unaffected by riparian management 
because adequate light penetration occurs even under mature riparian conditions (Gregory 
et al., 1984). 
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Forest Chemicals 
Water quality contaminants (e.g., petroleum products, chemicals, sewage, and heavy 
metals) can severely impair aquatic ecosystems either by sublethal (e.g., reduced growth) 
or lethal effects (e.g., fish kills).  The water quality contaminants considered here are 
pesticides used to prevent tree diseases and deter pest plant species that compete with trees 
for nutrients, space, and light. 


Fish Passage 
Upstream migration of adult salmon, steelhead, and trout to spawning areas or 
redistribution of rearing fish to potential habitat in upstream areas can be impeded or 
blocked by a number of different mechanisms.  These mechanisms can include the 
following: 


• Water Temperature—Elevated water temperatures (e.g., greater than 68°F [20°C] or 
60°F [15.6°C] for fall chinook salmon and coho salmon, respectively) are known to 
stop the migration of fish (Bjornn and Reiser, 1979). 


• DO—At least 5 mg/l of DO is recommended to provide oxygen needs for migrating 
fish (Bjornn and Reiser, 1979).  Decreased oxygen can occur as a result of high water 
temperatures and oxygen consumption created by decay of organic debris, chemicals, 
and respiration. 


• Turbidity—High levels of sediment (e.g., 4,000 mg/l) have been reported (Bjornn and 
Reiser, 1979) as ceasing upstream migration. 


• Physical Barriers—High waterfalls or cascades that are beyond the jumping or physical 
capabilities of fish, can prevent upstream migration.  Similarly, excessive water 
velocities that result in conditions that are beyond the physical capabilities of a given 
fish species can also restrict or prevent upstream migration.  The maximum velocity 
beyond which coho and chinook salmon cannot successfully move upstream is about 8 
feet per second (2.44 meters per second) (Bjornn and Reiser, 1979). 


• Man-made Barriers—Man-made barriers include features such as dams and stream 
crossings (usually culverts, but sometimes bridges as well). 


Stream crossings by forest roads are the most common passage barrier influenced by Forest 
Practices Rules.  A hydraulic project approval (HPA) is needed for the construction of 
stream crossings which are regulated by WDFW under the Hydraulic Code (WAC 220-
110-070).  Shallow water depths from conditions such as low flow can impede or prevent 
passage (e.g., upstream migration of chinook or coho salmon is not generally successful at 
depths less than about 0.8 foot (0.24 meter) or 0.6 foot (0.18 meter), respectively (Bjornn 
and Reiser, 1979).  Such conditions can occur during low flow periods where riffles 
between pools can become completely dry or lack sufficient depth for passage.  Barriers 
such as culverts used at stream crossings can prevent passage due to high water velocities, 
restricted depths, excessive elevation for successful entry, size and length, and other 
factors.  Similarly, debris jams can prevent or delay upstream passage (Bjornn and Reiser, 
1979). 
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3.7.2.3 Regions of the State 
For the purposes of this analysis, the state has been divided into the following ten regions.  
These regions are mapped in Figure 3.7-4. 


• Puget Sound; 
• Islands; 
• Olympic Coast; 
• Southwest; 
• Lower Columbia; 
• Mid-Columbia; 
• Columbia Basin; 
• Upper Columbia below Grand Coulee Dam; 
• Upper Columbia above Grand Coulee Dam; and 
• Snake River. 


The distribution of the priority species and state or commercial forestlands is very different 
within each of the regions.  In addition, the number and type of factors that influence the 
current conditions of the aquatic system and status of the priority species in each of the 
regions are very different.  NMFS sometimes refers to general factors affecting listed 
salmonid species as “the 4-Hs.”  These are habitat, hatcheries, hydropower, and harvest.  
Forest Practices Rules are generally considered to affect only the habitat part of the 
complex issues.  In addition, other land-use practices such as agriculture and urbanization 
can also have a significant effect on habitat. 


Two of the regions, Islands and the Columbia Basin, will not weigh heavily in the analysis 
for fisheries because only a relatively small number of streams exist in forested portions of  
these regions or they contain low numbers of priority species.  The following is a short 
synopsis of the remaining eight regions in regards to the priority species present and the 
components of the 4-Hs affecting their ESA status.  Tables 3.7-2 and 3.7-3 show the 
distribution of fish-bearing and nonfish-bearing streams among different forest ownership 
and non-forested categories.  The relative distribution of fish and nonfish-bearing streams 
can be important from the perspective of sediment production and delivery.  High gradient, 
nonfish-bearing streams are generally source and transport reaches for sediment and low  


Figure 3.7-4. Ten Regions of Washington Used for Analysis in this EIS  
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Table 3.7-2. Estimated Distribution of Fish-bearing1/ Stream Miles among Forested 
Ownership and Nonforested Categories in Washington State 


Percent of Fish-bearing Stream miles within Region 


Region 
Private 


Forested 
State 


Forested 
Federal 


Forested 
Other2/ 


Forested 
Non-


Forested 


Total Fish-
bearing 


Stream Miles


Puget Sound 43.0 8.7 8.7 4.3 34.7 9,843 
Islands 29.9 2.6 1.3 0.0 66.2 444 
Olympic Coast 40.9 22.7 9.1 9.1 18.2 2,831 
Southwest 71.4 9.5 0.0 0.0 19.0 5,420 
Lower Columbia 61.5 7.6 7.6 0.0 23.0 3,524 
Middle Columbia 36.4 9.1 18.2 9.1 27.3 1,874 
Snake 33.0 0.0 16.7 0.0 50.0 342 
Columbia Basin 0.0 0.0 0.0 0.0 100.0 10 
Upper Columbia 
Downstream of 
Grand Coulee 


20.0 0.0 20 0.0 60.0 1,316 


Upper Columbia 
Upstream of Grand 
Coulee 


30.8 0.0 15.4 15.4 38.5 3,694 


1/ Stream Types 1 to 3. 
2/ Other includes city, county, tribal, and unknown ownership. 
 


Table 3.7-3. Estimated Distribution of Nonfish-bearing1/ Stream Miles among 
Forested Ownership and Nonforested Categories in Washington State 


Percent of Nonfish-bearing Stream miles within Region 


Region 
Private 


Forested
State 


Forested 
Federal 


Forested 
Other2/ 


Forested 
Non-


Forested


Total Nonfish-
bearing 


Stream Miles 
Puget Sound 36.4 11.7 40.3 2.6 10.3 32,953 
Islands 73.9 4.3 0.0 0.0 17.4 133 
Olympic Coast 25.6 23.0 38.5 10.2 2.6 10,038 
Southwest 79.7 11.4 3.8 0.0 3.8 20,390 
Lower Columbia 56.3 11.4 27.6 0.0 3.4 23,584 
Middle Columbia 30.3 11.2 36.0 13.5 10.1 15,162 
Snake 20.2 2.1 42.6 0.0 33.0 5,355 
Columbia Basin 0.0 0.0 0.0 0.0 0.0 0 
Upper Columbia 
Downstream of 
Grand Coulee 


16.8 7.4 64.2 4.2 6.3 25,008 


Upper Columbia 
Upstream of 
Grand Coulee 


32.1 5.7 28.7 25.3 8.0 24,718 


1/ Stream Types 4, 5, and 9 (westside only). 
2/ Other includes city, county, tribal, and unknown ownership. 
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gradient, fish-bearing streams are areas of sediment accumulation.  The information 
provides some insights on which regions might be most affected by changes in FPRs.  It 
also provides an indication of the type of management approach might be prevalent on fish 
versus nonfish-bearing waters of the state.  For example, in regions on the west side (Puget 
Sound, Olympic Coast, Southwest, and Lower Columbia) streams within federal 
Ownership are managed based upon the Aquatic Conservation Strategy outlined in the 
Northwest Forest Plan.  The tables (3.7-2 and 3.7-3) suggest that federal management on 
the west side has a larger influence on nonfish-bearing streams than fish-bearing streams.  
They also suggest that forest practices rules on private forested lands have a relatively 
large influence on management strategies along fish-bearing streams. 


Puget Sound 
This region includes all of Puget Sound south of the Canadian border, exclusive of the San 
Juan Islands (the Islands Region).  This region also includes rivers and streams along the 
Straights of Juan de Fuca from Puget Sound to the Elwha River (inclusive).  Puget Sound 
has the lowest overall stream density of the westside regions with a density of 3.2 mi/mi2.  
All of the priority species are present in the Puget Sound Region (Figures 1 to 3).  
Chinook, and bull trout are listed as threatened in the region plus a summer run of chum 
salmon that are found in the Hood Canal portion of the region.  Coho salmon is a candidate 
species.  Each of the 4-Hs has been cited as contributing to the listing of one or more of the 
species (see Table 3.7-1 for Federal Register citations).  Notably, the two major 
hydroelectric dams on the Elwha River have blocked large portions of spawning habitat 
from access and are under consideration for breaching.  Many of the lowland areas of the 
region are highly urbanized.  This region is the most heavily populated region of the state.  
About 52 percent of the fish-bearing and 48 percent of the nonfish-bearing streams occur 
on private and state forestlands (Tables 3.7-2 and 3.7-3).  In contrast, Federal management 
strategies occur on about 9 percent of the fish-bearing and 40 percent of the nonfish-
bearing streams.  A substantial portion of this region with state and private forestlands is 
currently managed under HCPs.  All state lands within the range of the northern spotted 
owl have been operating under a DNR HCP since 1997.  This includes all of the Puget 
Sound region. 


Olympic Coast 
The Olympic Coast region includes coastal rivers and streams from the north of and 
including the Copalis River to the west of, but not including, the Elwha River.  Overall 
stream density is relatively high in the region with 4.7 mi/mi2.  All of the priority species 
are present in the Olympic Coast Region.  Bull trout are listed as threatened throughout the 
region and the Ozette Lake population of sockeye salmon is listed as threatened.  Coho 
salmon is a candidate species.  Of the 4-Hs, habitat appears to be the highest priority factor 
for bull trout.  State and private forestlands include 63 percent of the fish-bearing streams 
and 57 percent of the nonfish-bearing streams.  Federal management is also significant 
with 9 percent of the fish-bearing and 39 percent of nonfish-bearing streams.  No 
significant hydroelectric facilities are present in the region and no hatcheries are stocking 
bull or sockeye salmon.  However, small diversion dams for agricultural purposes are 
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present in some watersheds.  For the purposes of this EIS, only private commercial 
forestlands are considered because state lands are currently managed under an HCP. 


Southwest 
The Southwest Region includes coastal rivers and streams north of the Columbia River to 
the Grays Harbor drainage.  This region has the highest overall stream density in the state 
(7.2 mi/mi2).  All of the priority species are present in this region except sockeye salmon.  
Bull trout and cutthroat trout are listed in the region, but coho salmon is a candidate 
species.  Streams in the region are substantially influenced by FPRs because 81 percent of 
fish-bearing and 91 percent of nonfish-bearing streams are on state or private forestlands.  
Federal management strategies have only a minor influence on streams in the region with 
no fish-bearing and 3.8 percent of nonfish-bearing streams on federal ownership.  Similar 
to the Olympic Coast Region, habitat degradation appears to be the leading factor 
influencing listing of species in the region.  State lands in the region are covered by an 
HCP. 


Lower Columbia River 
The Lower Columbia Region includes the Columbia River and rivers and streams that 
drain from Washington into the Columbia River from its mouth to streams west of 
(but exclusive of) Rock Creek.  This region also has a very high stream density (5.6 
mi/mi2).  All of the priority species are present in this region.  Sockeye do not spawn or 
rear in the region, but use the mainstem Columbia River as a migration corridor.  Chinook 
salmon, chum salmon, steelhead, and sea-run cutthroat trout are listed as threatened in the 
region and found downstream of Mossyrock Dam and Merwin Dam on the Cowlitz River 
and Lewis River, respectively.  Bull trout are listed as threatened throughout the region 
where they are present.  Coho salmon is a candidate species.  State and private forestlands 
include 68 percent of the region’s fish-bearing streams and 67 percent of the nonfish-
bearing streams.  Federal ownership includes about 8 percent of the fish-bearing and 28 
percent of the nonfish-bearing streams.  Each of the 4-Hs has been cited as contributing to 
the listing of one or more of the species (Table 3.7-1).  State lands in the region are 
covered by an HCP. 


Middle Columbia River 
This region includes rivers and streams that drain from Washington State to the Columbia 
River from Rock Creek through the Yakima River, not including the Snake and Walla 
Walla Rivers which is considered separately in their own region.  Overall, stream density 
(1.7 mi/mi2) is relatively low in the region, reflecting the relatively arid conditions in the 
eastern and southern parts of the region.  All of the priority species are present in this 
region, except chum and sea-run cutthroat trout.  Sockeye do not spawn or rear in the 
region, but use the mainstem Columbia River as a migration corridor.  Chinook and chum 
salmon are listed in the westernmost portions of this region as part of the lower Columbia 
River ESU, and steelhead are listed as threatened throughout the region except for the 
White Salmon River.  Bull trout are present in many parts of the region, but their 
distribution has been fragmented by dams, degraded water quality and other factors.  State 
and private forestlands include about 46 percent of the region’s fish-bearing streams and 44 
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percent of the nonfish-bearing streams.  Federal management strategies also have a 
significant influence on forested lands with about 18 percent of the fish-bearing and 36 
percent of nonfish-bearing streams on federal ownership.  Each of the 4-Hs has been cited 
as contributing to the listing of one or more of the species (see Table 3.7-1 for Federal 
Register citations). 


Snake River 
This region includes all portions of the Snake River and its tributaries that lie within 
Washington State.  The region also includes the Walla Walla River drainage.  The Snake 
River region is relatively arid and has a low stream density of 1.2 mi/mi2.  In addition, the 
region has a relatively low proportion of fish-bearing streams (about 6 percent, 342 miles).  
Chinook salmon, sockeye salmon, steelhead and bull trout are present in the region.  
However, sockeye salmon do not spawn or rear in the region but use the mainstem Snake 
River as a migration corridor.  Sockeye spawning and rearing occur within Idaho.  
Chinook, steelhead, and bull trout are listed as threatened within the region.  Chinook 
salmon and steelhead are not found upstream of a natural barrier on the Palouse River.  In 
addition, chinook salmon are not listed within the Walla Walla drainage.  About 33 percent 
of the fish-bearing streams and 20 percent of the nonfish-bearing streams are located on 
private forested lands.  Few state lands are in the region.  Federal management includes 
about 17 percent of fish-bearing streams and 43 percent of nonfish-bearing streams.  Each 
of the 4-Hs has been cited as contributing to the listing of one or more of the species (see 
Table 3.7-1 for Federal Register citations).  Relative to other regions, the Snake River 
region is relatively arid and does not include large amounts of commercial forestlands.  
Consequently, this region accounted for only 4 of the 188 sample sections used in the 
analysis. 


Upper Columbia River downstream of Grand Coulee Dam 
This region includes the mainstem of the Columbia River and its tributaries to Grand 
Coulee Dam.  The region has a moderate stream density of 3.2 mi/mi2.  The major 
tributaries include the Wenatchee River, Methow River, Okanogan River, and Lake Chelan 
and its tributaries.  The priority species found in the region include chinook salmon, 
sockeye salmon, steelhead, and bull trout.  Chinook (endangered), steelhead (threatened), 
and bull trout (threatened) are listed within the region.  Private forestlands include about 20 
percent of the fish-bearing streams in the region and about 17 percent of the nonfish-
bearing.  Federal management is also very important in the region with 20 percent of the 
fish-bearing and 64 percent of the nonfish-bearing streams located on federal ownership.  
Each of the 4-Hs has been cited as contributing to the listing of one or more of the species 
(see Table 3.7-1 for Federal Register citations).  


Upper Columbia River upstream of Grand Coulee Dam 
This region includes all of the Columbia River mainstem and its tributaries upstream of 
Grand Coulee Dam within Washington.  Major tributaries include the Sanpoil River, 
Spokane River, Kettle River, and Colville River.  Stream density in region is relatively low 
with 2.8 mi/mi2.  Grand Coulee Dam is a complete barrier to anadromous fish.  
Consequently, the only priority species present in this region is bull trout which are listed 
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as threatened.  Hydroelectric and irrigation dams which have fragmented bull trout 
distribution plus habitat degradation have been cited as major factors leading to the listing 
in this region (Federal Register 63 No. 111).  Private forestlands include about 31 percent 
of the fish-bearing streams and 32 percent of the nonfish-bearing streams.  Relatively few 
state lands are present in the region which include about 6 percent of the nonfish-bearing 
and no fish-bearing streams.  Federal management has a an important influence in the 
region with 15 percent of the fish-bearing and 29 percent of nonfish-bearing streams within 
federal ownership. 


3.7.3 Environmental Effects  
The forest practices rules are designed to protect public resources to an acceptable level 
while maintaining an economically viable commercial forest industry.  Defining what 
constitutes “an acceptable level” is public policy that results from both scientific inquiry 
and public discourse.  However, the Forest Practices Board goals related to fish suggest 
that acceptability is the level that results in compliance to the ESA, and in the restoration 
and maintenance of riparian habitat needed to support a harvestable supply of fish. 


Criteria for determining potential effects of the alternatives on priority fish species and 
aquatic habitat were based on two broad-scale perspectives: 


• Management approaches under each alternative in riparian and upslope areas 
• Habitat needs and biological requirements of priority fish species 


The aquatic habitat in the planning area is extensive and complex.  Current freshwater 
habitat conditions in many areas do not fully meet requirements for priority fish species.  
For example, at certain times of the year (e.g., during late summer), water temperatures in 
some streams exceed favorable levels for priority species.  This is often associated with 
lack of streamside vegetation to provide shading.  Such shading can reduce the water 
temperature, but can also be influenced by other factors such as weather conditions, air 
temperatures, elevations, and groundwater inflow.   


In a broad sense, management approaches under each alternative are expected to affect 
aquatic habitat conditions in a similar manner.  However, the magnitude of the effects may 
be different depending upon site-specific conditions.  For example, conditions in some 
areas may be at or near levels that would support healthy populations of priority fish 
species and a change in management approach might not change that condition.  This is 
particularly true for regions of the state that do not have significant state or commercial 
forestlands or lack the priority species for reasons unrelated to forest practices.  In contrast, 
conditions in water quality limited streams may be less able to fully support populations of 
any priority fish species, and management changes could have a significant effect.   


It is difficult to predict aquatic habitat conditions under a specific alternative, particularly if 
those predictions are for an extended period that could include significant changes in FPRs 
resulting from adaptive management (Appendix I).  The reason for this difficulty is the 
complex and dynamic nature of the aquatic system and the surrounding terrestrial 
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environment (flooding, earthquakes, fire, and other major events that affect aquatic and 
streamside habitat). 


Trends in aquatic habitat changes also involve a time consideration.  For example, priority 
fish species have a relatively short life cycle (up to six years).  In areas where habitat is 
degraded, habitat restoration would only begin to become effective after a longer period 
(greater than 10 years).  Therefore, several life cycles of priority fish species may 
encounter less than desirable habitat conditions before any management measures become 
effective.  However, a reduction in any factor that limits aquatic habitat in the planning 
area during the short term should establish a trend toward more favorable conditions for 
maintaining or recovering priority fish species.   


When predictions cannot be precisely made, as is the situation when applying any of the 
alternatives to the planning area, monitoring is often required to determine if a trend 
toward favorable or target conditions is occurring and the strength of that trend.  For 
example, monitoring of water temperature at various locations over a number of years 
would provide the information needed to determine if a trend toward lower temperatures 
(e.g., in late summer) could be correlated with increasing re-growth of streamside 
vegetation. 


Evaluation of the environmental consequences on aquatic resources focused on the strength 
of the trends that the management conditions would have in achieving target conditions 
under each alternative.  A strong trend in changes leading to attainment of target conditions 
would indicate that maintaining or restoring priority fish populations is more probable than 
under weaker trends.  Even with conditions meeting requirements for a properly 
functioning aquatic system, however, there is no certainty that current populations will be 
maintained or recover. 


It is impossible to precisely predict specific salmon population numbers for any particular 
alternative.  It is also impossible to precisely predict other factors (e.g., ocean conditions, 
predation, disease, harvest, or competition) that may affect these populations.  Therefore, 
the environmental assessment of potential effects has been focused on habitat 
requirements.  If habitat is properly functioning, then other factors need to be assessed to 
determine why chinook salmon and other salmonid species are either depressed or at risk 
of extinction. 


To achieve a properly functioning aquatic system and to safeguard priority fish species or 
populations, unlimited or complete protection across a landscape is not needed to maintain 
habitat conditions at an acceptable level.  There is a point beyond which, for example, the 
width of an RMZ would not provide any significant additional levels of protection.  For 
instance, stream buffers greater than about 100 feet with 80 percent canopy closure would 
not provide additional shade to reduce stream temperature (see Section 3.5).  Less than full 
protection can achieve target conditions because it is the full range of management 
prescriptions (including for slopes and roads) and the totality of riparian function that must 
be considered in aggregate.  In addition, forest practices often occur within a mosaic of 
other land use practices with different levels of protection.  For example, private or state 
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timber lands can be adjacent to National Forest lands that are managed to meet different 
goals.  Timber harvest activities on National Forest lands on the west side of the state 
follow guidelines in the President’s Forest Plan.  Prescriptions that provide substantial 
LWD and detritus input, shading, coarse and fine sediment control, and streambank 
stability, for example, can set a trend toward achieving target conditions and a properly 
functioning aquatic system.  


Because the threshold of significance for fish and aquatic habitat considers the effects of an 
aggregate of management prescriptions in each alternative, this section relies on the 
conclusions of several other sections.  For example, the amount of LWD that is recruited to 
a stream is determined by RMZ width and the number of trees prescribed to remain in it 
(see Section 3.5).  Similarly, potential changes in erosion and sediment from upslope areas 
or from roads also directly affect aquatic habitat conditions (see Sections 3.2 and 3.5).  
Evaluation criteria for measuring effects from riparian and upslope management are 
identified below in Section 3.7.3.1.  


The following section (Section 3.7.3.2) evaluates these individual criteria and aggregates 
their overall effects on the aquatic system to determine if an individual alternative provides 
the likelihood of achieving target conditions (i.e., properly functioning aquatic system) and 
does not threaten individual priority fish species or fish populations.  The concluding 
section (Section 3.7.3.7 Synthesis) attempts to place lands regulated under FPRs in 
perspective with other practices that affect Pacific salmon and trout viability. 


3.7.3.1 Issues and Evaluation Criteria 
Issues relevant to fish resources were identified during the scoping process described in 
Chapter 1.  The issues were categorized according to NMFS matrix of pathways and 
indicators of a properly functioning aquatic ecosystem (NMFS, 1996).  The issue 
categories evaluated here include the following: 


• Coarse sediment 
• Fine sediment 
• Hydrology  
• Large woody debris 
• Leaf and needle litter 
• Floodplains and off-channel features 
• Water temperature 
• Forest chemicals 
• Fish passage 


One or more measures and evaluation criteria were identified for each of the issues and is 
used to compare and contrast the likely effects of implementing each of the alternatives.  
As described earlier, the measures used in this section are drawn primarily from other 
sections of this document.  The goal of this chapter is to synthesize and examine these 
measures and others as they relate to the priority fish species and a properly functioning 
aquatic ecosystem.  The following is a brief description of the issues and their measures 
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and criteria.  Most of the descriptions will refer the reader to previous sections where more 
complete descriptions have been provided.  


Coarse Sediment 
Coarse sediment affects the amount of spawning habitat, pool filling, bank stability, and 
stream hydrology.  The three alternatives address coarse sediment delivery to streams from 
forest practices by protecting streams from accelerated coarse sediment production from 
mass wasting and reducing coarse sediment production from road and culvert failures. 


The effects of the alternatives on coarse sediment production from mass wasting and roads 
were evaluated in the Sediment and Channel Conditions Section (Section 3.2.3).  Mass 
wasting was evaluated by comparing the proportion of area within the RMZs and upslope 
areas that contain moderate to high hazard areas.  Coarse sediment production from roads 
was analyzed by qualitative evaluation of road management practices under the three 
alternatives. 


Fine Sediment 
High levels of fine sediment in streams can be detrimental to the survival of eggs and fry 
incubating in redds.  Sources of fine sediment can include hillslope erosion, surface erosion 
from roads, unstable stream banks, mass wasting, and culvert failure.  Vegetation in RMZs 
provide filtering of fine sediments from upslope areas and stability to stream banks.  The 
effect of the alternatives on hillslope erosion and bank stability was evaluated in the 
Sediment and Channel Dynamics Section (Section 3.2.3).  Hillslope erosion was evaluated 
by comparing the percent of riparian vegetation that is protected under the different 
management prescriptions for the different stream types and regions using the EBAI.  The 
bank stability evaluation was based upon the percentage of the riparian area important for 
stream bank stability that is protected by different management prescriptions. 


Improperly constructed and maintained forest roads can also be an important source of fine 
sediments.  Furthermore, stream crossings can be the location of direct delivery of fine 
sediments into streams.  Numerous factors can affect the production and delivery of fine 
sediment from roads including the number of road miles, the construction materials, road 
drainage structures, the level of use and maintenance, and the number of stream crossings.  
The Road Analysis Appendix provides a more complete description of these and other 
factors and assesses the risk of sediment delivery from roads among the three alternatives. 


Hydrology 
The amount of timber harvest in a watershed and the forest road density can affect the 
hydrologic regime of a stream.  Particularly in rain-on-snow regions, immature forest 
stands and high levels of road density can result in higher frequency and higher magnitude 
of peak flow events.  This issue was evaluated for the alternatives in Section 3.3 
(Hydrology) by considering the effect of the alternatives on the percentage of a watershed 
to be harvested and on limiting road densities. 
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Large Woody Debris 
LWD is one of the most important components of high quality Pacific salmon and trout 
habitat affecting nutrients, food, cover, and channel morphology.  The effects of the 
alternatives on LWD recruitment have been evaluated previously in the Riparian Habitat 
Section (Section 3.4) using the EBAI as comparative tool for alternative RMZ management 
prescriptions. 


Leaf/Needle Litter Recruitment 
Leaf and needle litter is an important nutrient source for forested streams and can be 
affected by harvest within or near riparian zones (Bilby and Bisson, 1992).  The effects of 
the alternatives on leaf and needle litter recruitment have been evaluated previously in the 
Riparian Habitat Section (Section 3.5) using 0.5 SPTH as a criteria for protecting most leaf 
and needle litter inputs to streams.  


Floodplains and Off-channel Areas 
Floodplains and off-channel areas are an important component of aquatic habitat that 
include side channels, backwater alcoves, ponds, and wetlands.  The effects of the 
alternatives on floodplain and off-channel areas were evaluated in the Sediment Section 
based upon a qualitative analysis of the different prescriptive features of the alternatives 
(Section 3.2.3). 


Water Temperature 
As described in Section 3.7.2.2, Pacific salmon and trout require cool, clean water to 
thrive.  Stream shading is an important component to regulating stream temperatures.  The 
effect of the alternatives on shade levels has been evaluated in the Riparian Habitat Section 
(Section 3.4.3.2) by comparing the percent of riparian vegetation that is protected under the 
different management prescriptions for the different stream types and regions. 


Forest Chemicals 
Fish production and water quality can also be affected by the presence of pesticides used to 
control undesirable plants, insects, and fungi.  Pesticide use is an important management 
tool for speeding reforestation by reducing competition and disease.  Pesticide use under 
the three alternatives is described and evaluated in Appendix J (Forest Chemicals).  For 
evaluation of this component to water quality, minimum buffer widths along surface water 
bodies were used as the comparative measure among the alternatives. 


Fish Passage 
One of the important ways that forest practices affect the ability of fish utilize all of the 
available habitat is through barriers at stream crossings by roads.  Historical road building 
under much less conservative rules than currently practiced has sometimes led to habitat 
loss without documenting historical fish utilization.  Consequently, the current known 
distribution of fish is generally recognized to be much smaller than historically existed.  
Criteria for the construction of stream crossing structures are currently based, in part, on 
whether a stream is fish-bearing (WAC 222-24-040).  For example, culverts must be a 
minimum diameter of 24 inches for streams with anadromous fish and a minimum diameter 
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of 18 inches for streams with resident game fish.  Therefore, the assumptions made in 
determining a fish-bearing stream are critical for the construction of new stream crossings 
and for evaluating whether existing stream crossings meet FPRs. 


The evaluation of the potential effects of the alternatives on fish passage will be based 
primarily upon how the rules will change stream typing assumptions and the effect this will 
have on new stream crossing construction and compliance of existing structures.  The 
measure to be utilized will be proportion of stream miles that are considered to fish-bearing 
versus nonfish-bearing.  In addition, a qualitative comparison will be made on the 
alternative programs for decommissioning roads, road maintenance, and replacement of 
problem culverts. 


3.7.3.2 Alternatives Analysis 
This section presents a synthesis of the results of the alternative evaluations for each issue 
as they relate to the fish resource.  Tables 3.7-4 and 3.7-5 summarizes the outcome of the 
evaluations determined within this and other sections of this EIS. 


Coarse Sediment 
Coarse sediment loading levels to streams results primarily from three sources:  mass 
wasting events, road failures, and stream bank instability.  Mass wasting and road failures 
can deliver large, but infrequent inputs of coarse and fine sediment to streams.  In contrast, 
stream bank instability can be a chronic problem resulting from changes in riparian root-
strength and/or hydrology.  In one sense, stream bank instability does not provide any new 
sediment to the stream.  However, it does change the amount of sediment that is mobile 
and its distribution along the channel.  Mass wasting is a natural phenomenon that occurs 
in watersheds without any major land-use activities.  Both mass wasting (including debris 
flows) and stream bank stability are natural channel processes and can be an important 
source of coarse sediment and LWD to streams.  However, forest practices have been 
implicated in increasing the natural frequency of mass wasting events and the amount of 
stream bank instability.  The two major factors that contribute to increased mass wasting 
and decreased bank stability are timber harvest and roads.  Timber harvest on high hazard 
slopes can increase the risk of mass wasting events by removal of tree root strength that 
helps maintain soil cohesion.  Forest roads can increase mass wasting risk by placing roads 
on high hazard landforms, concentrating water drainage in high hazard areas, and  


Table 3.7-4. Estimated Level of Risk Associated with Issues Related to the Fish 
Resource in Westside Streams 


Alternative 2 
Issue Alternative 1 Option 1 Option 2 Alternative 3 


EIS 
Section


Coarse Sediment Moderate Low to 
Moderate  


Low to 
Moderate  


Low to 
Moderate  


3.2 


Fine Sediment High Moderate Moderate Low to 
Moderate  


3.2 


Hydrology Moderate Moderate Moderate Low 3.3 
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Large Woody Debris High Low to 
Moderate  


Low to 
Moderate  


Low to 
Very Low 


3.4 


Leaf/Needle Recruitment High Moderate Moderate Very Low  3.4 
Floodplains and Off-Channel 
Areas 


High Low Low Low 3.7 


Water Temperature Moderate Low to 
Moderate 


Low Very Low 3.5 


Forest Chemicals Moderate Low  Low  Low 3.6 
Fish Passage High Low Low Low 3.6 
 


Table 3.7-5.  Estimated Level of Risk Associated with Issues Related to the Fish 
Resource in Eastside Streams 


Issue Alternative 1 Alternative 2 Alternative 3 
EIS 


Section 
Coarse Sediment Moderate Low to 


Moderate  
 


Low to 
Moderate  
 


3.2 


Fine Sediment High Moderate Low to 
Moderate  
 


3.2 


Hydrology Moderate Moderate Low 3.3 
Large Woody Debris High Moderate to 


High 
Low to Very 
Low 


3.4 


Leaf/Needle Recruitment High Moderate Very Low 3.4 
Floodplains and Off-Channel Areas High Low Low 3.7 
Water Temperature Moderate Low to 


Moderate  
 


Very Low 3.6 


Forest Chemicals Moderate Low  
 


Low 3.6 


Fish Passage High Low Low 3.7 
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culvert failures.  Road-related mass wasting often has higher negative effects to streams 
because initiation points can occur at stream crossings. 


ALTERNATIVE 1 
Under Alternative 1, the current rate of harvest-related and road-related mass wasting 
events are expected to continue and risk from mass wasting is considered to be moderate 
(Section 3.2 Sediment).  New roads crossing unstable slopes require Class IV special 
permits, but no standardized method is currently in use for identifying unstable slopes.  
Currently, to the extent possible, unstable slopes are identified in watershed analysis and 
forest practices applications.  Existing roads would only be upgraded following watershed 
analysis or forest practices applications.  Rarely used roads greater than 10 years old and 
orphaned roads would continue to be at high risk of failure in some areas.  Streambank 
stability is also likely to be periodically reduced along all westside and eastside streams 
subject to adjacent harvest.  Fish-bearing streams (Types 1 to 3) will have some protection 
provided by RMZs, but selective harvest within the RMZs would result in less than full 
protection.  In addition, Type 4 and 5 waters would have no protection resulting from 
RMZs.  Depending on tree species, loss of root strength by root die-back and decline of 
streambank stability after timber harvest can take as long as 5 years while restoration of 
stability from new tree and vegetation growth may take more than 12 years.  Overall, the 
risk to streams from excessive coarse sediment delivery is considered moderate. 


ALTERNATIVES 2 AND 3 
Relative to Alternative 1, Alternatives 2 and 3 would receive greater protection from 
harvest-related mass wasting because a more-refined and uniform high hazard screening 
method would be implemented.  Greater success in identifying high hazard slopes should 
result in more Class IV-special applications, greater scrutiny, and implementation of more 
restrictive harvest prescriptions for these areas.  Alternative 3 has higher protection to 
streams from harvest-related mass wasting events compared to Alternative 2 because it 
includes wider no-harvest buffers on all streams.  Overall, Alternatives 2 and 3 are rated as 
having moderate and low levels of risk for harvest-related mass wasting, respectively. 


Under Alternatives 2 and 3, significant improvements would occur in the planning and 
implementation of new roads (see Appendix F).  Relative to Alternative 1, more new roads 
planned for potentially unstable slopes (based upon new DNR hazard maps) would require 
a Class IV- special application that would result in greater scrutiny.  Alternatives 2 and 3 
also require the preparation of RMAPs.  The RMAPs would require inventories of roads 
and work plans for improvements of identified problems.  Alternatives 2 and 3 also require 
road upgrades to new standards within 10 to 15 years (Alternative 3 and 2, respectively).  
Alternative 3 also requires a cap at current road densities.  Relative to roads, Alternatives 2 
and 3 are considered to have low to moderate risk of adverse effects.  It is probable that 
some coarse sediment delivery to streams from forest roads would occur regardless of 
management activities (exclusive of decommissioning all moderate to high risk roads); 
however, the frequency and magnitude of events should be substantially reduced. 


Under both harvest prescription options, Alternative 2 provides substantial streambank 
protection compared to Alternative 1, but does not provide full protection.  Changes in the 


Under Alternative 1, 
harvest and road-
related mass 
wasting events 
would continue to 
adversely affect fish 
habitat in local 
areas.   


Coarse sediment, 
resulting from new 
forest practices 
would result in a 
low to moderate 
risk of effects on 
fish habitat under 
Alternative 2.  
However, existing 
roads would 
continue to produce 
moderate effects in 
the short term, with 
a reduction in the 
effect over time and 
a low risk under 
Alternative 3. 
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stream typing system (see Fish Passage below) and the presence of no-harvest core zones 
substantially increases the number of Type F and S stream miles that receive a relatively 
high level of protection.  However, up to 50 percent of Type NP stream reaches and all 
Type NS reaches would receive no protection from harvest, but would have equipment 
limitation zones.  Consequently, there would be a moderate risk that coarse sediment 
would be delivered from Type N to Type F and S streams. 


Alternative 3 provides complete bank stability protection for nearly all streams.  The RMZ 
widths proposed under this alternative are at least 70 percent of the one-half site-potential 
tree height and exceed this criterion under most situations.  In addition, the RMZs include a 
no-harvest prescription.  Consequently, Alternative 3 is rated as having  a low risk of bank 
instability while Alternative 2 is rated as low to moderate risk and Alternative 1 is rated as 
high risk. 


COARSE SEDIMENT:  CONCLUSION 
Alternative 1 has a high risk of coarse sediment delivery.  Alternatives 2 and 3 would both 
have low to moderate levels of risk.  Alternative 3 is considered to provide slightly lower 
risk than Alternative 2 because it includes wider no-harvest buffers, an accelerated 
schedule for implementing RMAPs, and no net increase in road densities.  Both 
Alternatives 2 and 3 would potentially have lower risk in the long-term through the 
implementation of the monitoring and adaptive management plan.  Higher levels of 
protection would result in less stream bed aggradation resulting from forest practices and a 
reduction in the risk of habitat degradation from pool filling and modified channel 
capacity. 


Fine Sediment  
Fine sediment loading to streams effects the quality and quantity of spawning and rearing 
habitat by filling in the spaces between gravels and cobbles and by filling pools.  Similar to 
coarse sediment loading, fine sediment production is related to both timber harvest and 
road management practices.  Vegetation in riparian zones is important for filtering and 
retaining fine sediment eroding from hillslope areas.  Similar to coarse sediment, some fine 
sediment is delivered to streams during infrequent mass wasting events and road failures.  
In addition, roads can be a chronic source of fines from surface erosion, and harvest 
activities can contribute to increases in hillslope erosion.  The EBAI for sediment was 
calculated for the proposed management prescriptions under the three alternatives (see 
Appendix C, Riparian Habitat Appendix).  In addition, the maximum EBAI for a no 
harvest condition was also calculated for comparison. 
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ALTERNATIVE 1 
Under Alternative 1, the EBAI for sediment was calculated as about 64 percent of the 
maximum EBAI (full protection).  The difference between the level of protection for 
eastside and westside stands was less than 1 percent.  Consequently, Alternative 1 is 
considered to provide high risk of hillslope erosion. 


Under Alternative 1, the current approach to road management is based primarily upon the 
implementation of best management practices (BMPs) that have been approved by the 
Department of Ecology and described under the Forest Practices Rules and the Forest 
Practices Board Manual.  In addition, many of the rules include discretionary language by 
encouraging, but not requiring, certain activities.  Unfortunately, a recent study on the 
effectiveness of BMPs for new road construction found that many practices were 
ineffective even when implemented according to standards and guidelines (Rashin et al., 
1999, see Appendix F).  Other activities such as preparation of a road maintenance and 
abandonment plan or additional maintenance or culverts only occur when asked for by the 
DNR.  However, there are no descriptions of specific triggers that would prompt the DNR 
to require these activities.  Under current FPRs there appears to be little incentive for 
landowners to abandon (i.e., close and remediate) roads.  Consequently, many roads 
remain in an inactive status with minimal maintenance requirements because abandonment 
requires activities such as stream crossing removal.  Roads built before 1974 and unused 
since 1974 have been termed “orphan” roads.  The current FPRs have no policies directed 
towards management of orphan roads.  Alternative 1 is considered to have high risk for the 
delivery of fine sediment from roads to streams. 


ALTERNATIVES 2 AND 3 
The EBAI suggests that Alternative 2 would provide about 80 percent protection relative to 
no harvest in the RMZ.  The EBAI suggests that Alternative 3 would provide a level of 
protection that is 100 percent of the maximum EBAI.  The EBAI for sedimentation 
suggests that Alternative 3 would provide the maximum level of sediment filtering while 
Alternative 2 would provide a relatively high level of protection.  Both Alternatives 2 and 
3 would provide substantially more sediment filtering protection than Alternative 1.   


Road maintenance and abandonment plans are not required under current regulations 
unless requested by DNR and their contents are not specified.  Furthermore, there are no 
specific requirements for road maintenance or provisions for orphaned roads (not used 
since 1974).  Alternatives 2 and 3 significantly improve the current regulations by 
requiring landowners with greater than 500 acres of forestland to prepare road maintenance 
and abandonment plans within five years if watershed analysis has not been completed.  
Alternatives 2 and 3 differ in that upgrades identified in the plans must be completed 
within 15 years for Alternative 2 and within 10 years for Alternative 3.  The schedule for 
correcting problem orphan roads is also different among Alternatives 2 and 3.  Under 
Alternative 2, activities on problem orphan roads will not begin for 5 years after all large 
landowner RMAPs have been submitted.  In contrast, Alternative 3 requires that activities 
to fix problem orphan roads occur on the same schedule as other roads.  In addition to 
scheduling differences, Alternative 3 requires a no net increase in road density within an 


Alternative 1 would 
result in high risk of 
adverse effects on 
fish habitat in many 
areas from fine 
sediment delivery 
to streams. 


Alternative 2 would 
result in low to 
moderate risk and 
Alternative 3 would 
result in low risk of 
adverse effects on 
fish habitat from 
fine sediment 
delivery to streams. 
There is a high 
degree of 
uncertainty 
regarding the 
effectiveness of 
protections along 
Type N streams 
with Alternative 2. 







 
 


 


 


Fish Final EIS 


 


Chapter 3 


3-152


 


ownership or watershed and occurs concurrently with implementation of RMAPs.  Small 
landowners (less than 500 acres) are also required to prepare RMAPs, but are not required 
to submit them until their first Forest Practice Application.   


An important component to RMAP preparation is review.  Under Alternatives 2 and 3, 
RMAPs will be open to review by WDFW, Tribal entities, and the Washington State 
Department of Ecology.  However, the authority to require changes to an RMAP will be 
held solely by DNR.  Similar to other components to the Forest and Fish Plan, adaptive 
management is key to ensuring that positive results occur.  Monitoring will be important to 
ensure that revised road BMPs in the Board Manual are implemented and effective.  
Ineffective BMPs will require strengthening.  Alternative 3 provides a small, but 
significant, added level of protection over Alternative 2 by capping road densities at 
current levels. 


Many watersheds are currently at road densities considered too high for a properly 
functioning aquatic ecosystem (less than 2 mi/mi2, NMFS, 1996; less than 1 mi/mi2, 
USFWS, 1998).  However, road density criteria should be viewed with caution because the 
functional relationship between road density and effects to the aquatic ecosystem can vary 
among different watersheds depending upon watershed characteristics (soil, climate, and 
topography) and characteristics of the road system (age, usage, and level of maintenance).  
Nevertheless, road density can be a useful descriptor to enhance understanding the overall 
level of disturbance to a watershed.  Notably, road density is only one of nineteen physical 
indicators recommended by NMFS and USFWS to assess a properly functioning aquatic 
ecosystem, including several that evaluate road effects more directly (e.g., sediment and 
channel condition).  


Of the three alternatives, Alternative 3 provides the lowest risk to streams from the 
delivery of fine sediment from roads due to the “no net increase” clause and accelerated 
improvement schedule.  However, it is followed closely by Alternative 2.  It is unlikely 
that road surface erosion and delivery to streams can be eliminated under any of the 
alternatives.  In part, this results from the highly developed forest road network that 
currently exists and the lack of requirements to reduce the network.  Alternatives 2 and 3 
can provide significant improvements, primarily through the requirement that roads meet 
upgraded road standards within 10 (Alternative 3) or 15 (Alternative 2) years.  
Furthermore, the requirement for road maintenance and abandonment plans would improve 
ongoing road conditions. 


FINE SEDIMENT:  CONCLUSION 
Considering both harvest-related and road-related management prescriptions including 
mass wasting and road failure from above, Alternative 1 is considered to be at high risk  for 
the delivery of fine sediment to streams.  Alternative 2 is considered to be at a  moderate 
level of risk to streams, primarily because of the requirements for RMAPs and road 
upgrades.  Alternative 3 is considered to be low risk because no-harvest buffers are more 
extensive, RMAP implementation is accelerated, and because it includes a “no net 
increase” clause for road density.  Similar to the coarse sediment discussion, 
implementation of the monitoring and adaptive management plan would potentially 
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provide higher levels of protection for Alternatives 2 and 3.  Although Alternatives 2 and 3 
would provide substantial improvements over Alternative 1, none of the alternatives would 
be expected to eliminate all risk of fine sediment deposition from forest practices. 


Hydrology 
Forest roads and timber harvest can affect the hydrologic regime of a stream.  High levels 
of road density and immature forest stands, particularly in rain-on-snow regions, can result 
in a higher frequency and higher magnitude of peak flow events.  Roads influence stream 
hydrology by routing water collected on the road surface. The primary negative effect of 
peak flows to salmonids occurs while eggs incubate in redds, but other effects include 
accelerated bank erosion and changes in channel morphology.  Peak flows can result in 
scour that disturbs the highly sensitive eggs and causes increased mortality. 


Under Alternative 1, the risk of effects on peak flow events is reduced in areas that have 
watershed analysis.  The DNR is required by state law to conduct watershed analysis 
within all non-agricultural watersheds of the state with more than 1,000 acres of forested 
land and less than 80 percent federal ownership.  A watershed analysis can be prepared 
voluntarily by a private landowner.  Under Alternative 1, watershed analysis provides 
landowners with increased certainty about the prescriptions that would be required on their 
lands and aided in the planning of their management.  Alternative 1 is considered to have a 
moderate level of risk because watershed analysis would provide more restrictive 
prescriptions in westside watersheds where risk of peak-flow events is high.  However, 
many watershed analyses have remained incomplete because negotiations during the 
prescriptive phase have stalled (M. Hunter, WDFW, personal communication, February 
2001).  Consequently, the effectiveness of watershed analysis in providing added 
protections has declined in recent years. 


Alternative 2 would have a slightly higher risk of effects on peak flows in the near-term, 
relative to Alternative 1, because fewer watershed analyses are likely to be performed by 
private landowners.  Under Alternative 2, the prescriptive phase of watershed analysis for 
riparian zones would be deleted and the certainty of prescriptive measures would be 
contained within the new riparian strategies implemented by changes in the Forest 
Practices Rules.  In addition, watershed analysis under Alternatives 2 and 3 would have 
more modules that would make them more costly to conduct.  Consequently, many of the 
benefits of watershed analysis would likely be delayed until the DNR conducted the 
analyses and incorporated the results during their review of FPAs.  The level of risk from 
peak flows provided under Alternative 2 is considered slightly higher than Alternative 1, 
but still moderate. 


In the long-term, Alternative 3 would provide the lowest risk from peak flows relative to 
Alternatives 1 and 2 because it includes rules restricting the amount of hydrologically 
immature stands that could be present within the rain-on-snow zone and watershed analysis 
would incorporate a new eastside hydrology module.  The differences in the alternatives 
relative to potential effects on peak flows are more apparent in westside watersheds than 
eastside watersheds because rain-on-snow zones are more prevalent on the west side. 


Alternatives 1 and 
2 would result in 
moderate risk of 
effects on peak 
flows.  Alternative 2 
would have slightly 
less protection 
because fewer 
watershed 
analyses would be 
performed, but 
would have more 
protection because 
it addresses road 
drainage more 
effectively. 


Alternative 3 would 
result in low risk of 
effects on peak flows 
because it addresses 
cumulative 
watershed harvest in 
the ROS zone. 
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Road-related effects on peak flow in forested watersheds are relatively minor compared to 
harvest-related effects.  Consequently, Alternatives 2 and 3 are considered to have similar 
road prescriptions that would provide only slight improvements relative to Alternative 1 
for addressing peak flow issues.  Improvements to the road system resulting from RMAPs 
should provide some added protection; however, neither Alternative 2 nor Alternative 3 
requires reductions in road density over current levels.  Alternative 3 does provide a cap on 
road density. 


HYDROLOGY:  CONCLUSION 
Overall, Alternatives 1 and 2 are considered to have moderate risk to streams from peak 
flow events on the west side and moderate protection on the east side, but Alternative 1 
provides slightly less risk as a result of regulatory incentives for the implementation of 
watershed analysis by private landowners.  Alternative 3 is considered to be low risk 
because it would limit the size of clearcuts in the rain-on-snow zone. 


Large Woody Debris 
Instream LWD is considered by many to be the highest priority habitat component lacking 
in most streams categorized as “not properly functioning.”  Large woody debris levels have 
declined for a number of reasons including splash dams, logjam removal programs, 
removal at dam trashracks, removal for firewood, and low recruitment from forest 
practices.  This portion of the assessment evaluates the level of protection and 
enhancement the alternatives provide for instream LWD using the EBAI described in the 
Riparian Habitat Section and Appendix D.  As a reference point the analysis assumed that a 
no-harvest buffer width that was one site potential tree height would provide full 
protection.  Consequently, all EBAI values for the alternatives were relative to the full 
protection EBAI value (i.e., 0.0 is no protection, 1.0 is full protection).  EBAI analyses 
were conducted based upon both a 100-year SPTH and 250-year SPTH assumption (see 
Section 3.4). 


ALTERNATIVE 1 
Under Alternative 1, current FPRs would continue to regulate RMZ widths.  Westside 
RMZ widths range from 25 feet to 100 feet for fish-bearing streams (Types 1 to 3) 
depending upon the stream type and width.  Similarly, in eastside forests, RMZ widths 
range from 30 feet to 300 feet for fish-bearing waters depending upon the harvest 
prescription (partial versus even-aged) in the adjacent harvest unit.  RMZs are not required 
along nonfish-bearing streams (Types 4 and 5), except occasionally along the lower 1,000 
feet of Type 4 waters to protect public water resources.  In addition to the RMZ widths, the 
FPRs provide guidance on the number of leave trees required within the RMZs. 


The EBAI suggests that Type 1 to 3 streams in eastern Washington would receive about 27 
percent of full protection that would be available from a no-harvest buffer under the 100-
year SPTH assumption and about 20 percent of full protection under the 250-year SPTH 
assumption. All streams combined would receive about 14 to 19 percent of full protection 
(Tables 3.7-6 and 3.7-7).  Consequently, Alternative 1 is considered to be at high risk of 
having inadequate LWD recruitment potential.  In western Washington, protection levels 
would be higher.  Type 1 to 3 streams would have about 48 percent of full protection while 


Alternative 1 would 
likely contribute to 
continued 
degradation of fish 
habitat due to 
inadequate 
recruitment of LWD 
on both eastside 
and westside 
forests.   
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all streams combined would have about 26 percent of full protection under a 100-year 
SPTH assumption.  Type 1 to 3 streams would have about 38 percent of full protection 
while all streams would have about 21 percent of full protection under a 250-year SPTH 
(Tables 3.7-6 and 3.7-7). Relative to the other alternatives, Alternative 1 has the highest 
level of risk of reduced LWD recruitment potential to streams. 


ALTERNATIVE 2 
Under Alternative 2, the stream typing system would change and new rules for RMZ 
widths and harvest prescriptions would be implemented.  Total RMZ widths for fish-
bearing streams would range from 90 feet to 200 feet on the west side and 75 feet to 130 
feet on east side depending upon the site class (see Chapter 2).  Unlike Alternative 1, 
nonfish-bearing streams (Type N) would have RMZs over at least 50 percent of their 
length and would provide protection for sensitive areas.  As described earlier, RMZs along 
fish-bearing streams would incorporate three smaller zones, a no harvest core zone, an 
inner zone, and an outer zone.  On the west side, landowners have two harvest prescription 
options for inner zones which exceed basal area stand requirements, Option 1 which allows 
thinning in the inner zone to accelerate riparian tree growth, or Option 2 which requires 
any tree harvest in the inner zone to occur at its outer edge.  On the east side, harvest 
prescriptions are dependent upon the habitat type and the basal area of the stand in the 
inner zone.  On both sides of the Cascades, outer zones have leave tree requirements that 
may be dispersed or clumped. 


Table 3.7-6. Percentage of Full Protection for LWD Recruitment to Streams under 
a 100-year SPTH Assumption Based upon the EBAI Analysis 


Alternative 2 
Region/Stream Type Alternative 1 Option 1 Option 2 Alternative 3 
West side—Fish-bearing 48 96 94 99 
West side—All streams 26 52 52 96 
East side—Fish-bearing 27 731 --- 100 
East side—All streams 19 431 --- 99 
1. Does not include additional potential protection within the bull trout overlay 
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Table 3.7-7. Percentage of Full Protection for LWD Recruitment to Streams under 
a 250-year SPTH Assumption Based upon the EBAI Analysis 


Alternative 2 
Region/Stream Type Alternative 1 Option 1 Option 2 Alternative 3 
West side—Fish-bearing 38 85 81 95 
West side—All streams 21 46 44 90 
East side—Fish-bearing 20 541 --- 95 
East side—All streams 14 301 --- 90 
1. Does not include additional potential protection within the bull trout overlay 


The EBAI indicates that Alternative 2 would provide considerably more protection than 
Alternative 1 under both the 100-year and 250-year SPTH assumptions.  On the west side, 
Option 2 provides a high level of protection to Type S and F streams (81 to 94 percent of 
full protection (Tables 3.7-6 and 3.7-7) but for all streams, the level of protection would be 
much lower (about 44 to 52 percent of full protection).  The lower level of protection 
indicated for all streams results from prescriptions on Type N streams which produce LWD 
that have a lower value for fish habitat creation.  This is because trees from the smaller 
nonfish-bearing streams must be transported downstream during flood or debris flow 
events to become functional for the creation of fish habitat.  In some areas, this can be a 
significant influx of wood.  In coastal Oregon, 11 to 49 percent of the LWD in 2nd and 3rd 
order streams was derived from debris flows (Gresswell and May, 2000). However, the 
scientific literature does not provide clear guidance that buffers on Type N streams under 
Alternative 2 are sufficient for providing LWD to fish-bearing streams.  See Section 3.4 
(Riparian Habitat) for additional discussion of these prescriptions. 


Landowners on the west side that implemented Option 1 would provide about 85 percent 
(250-year SPTH) to 96 percent (100-year SPTH) of the assumed full protection level for 
Type S and F streams and about 46 to 52 percent protection for all streams.  On the east 
side, the EBAI of Type S and F streams would be about 54 percent (250-year SPTH) to 73 
percent (100-year SPTH) of the assumed full protection level.  Overall, this suggests that 
under Alternative 2, most streams on the west side currently deprived of wood should 
eventually return to at least a moderate level of function.  Depending upon site specific 
conditions and the Option chosen by the landowner, LWD function could be even higher. 


On the east side, Alternative 2 provides substantial improvements over Alternative 1, but it 
provides a lower proportion of full LWD recruitment relative to the west side, and the 
range between the 100-year and 250-year SPTH assumptions is wider.  The precise level of 
LWD required is unknown and different for different species (Bisson et al., 1987).  
Consequently, the level of uncertainty that eastside streams may be under-protected is 
higher and the risk level is estimated to range from moderate (100-year SPTH) to high 
(250-year SPTH). 


One aspect of LWD recruitment that the EBAI does not reflect is the growth rate and future 
size of trees in the RMZ following implementation of a harvest prescription (see the 


It is uncertain 
whether Alternative 2 
provides adequate 
protection for LWD 
recruitment from non 
fish-bearing streams 
to fish-bearing 
streams. 


Alternative 2  
would produce a 
moderate risk of 
diminished LWD 
recruitment to fish-
bearing streams 
on the eastside; it 
is uncertain how 
strongly 
diminished LWD 
recruitment in non-
fish-bearing 
streams affects 
downstream fish 
habitats. 
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Riparian Habitat Section).  The tree growth model in the Riparian Aquatic Integration 
Simulator (RAIS; see Appendix D) indicated that thinning increases the rate of growth for 
remaining trees.  Larger streams require larger pieces of LWD to function adequately.  
Consequently, for larger streams and rivers, the EBAI would underestimate the protection 
available under Option 1.  In situations where the RMZ stand is characterized by 
numerous, but smaller trees, Option 1 would more rapidly result in a future condition of 
fewer larger trees that have a higher potential to be functional once recruited to the stream.  
However, the RAIS model suggests stand ages that include trees of functional wood size 
range from 80 to 150 years depending upon stream size and site class.  Consequently, the 
benefits from thinning become available in the long-term.  


In addition to future stand conditions, the EBAI does not reflect instream wood placement 
strategies that can be implemented when existing stream adjacent roads result in the 
inability to meet basal stand requirements.  Under these situations, a landowner may design 
a LWD placement plan in cooperation with the WDFW.  Optionally, the LWD placement 
plan can include removing up to 10 trees per acre in the outer zone as incentives for 
landowners to implement the plan.  Specifications of the required information in a LWD 
plan are currently under development. 


Alternative 2 includes an option for hardwood conversion to conifers within inner zones 
that meet specific requirements (see Section 3.4.3.2).  The hardwood conversion rule is 
intended to improve inner zone riparian areas over the long-term in areas that cannot meet 
basal stand requirements because of over-stocking by hardwood trees.  These areas must 
also have evidence that conifers historically dominated the site.  The rule provides for 
harvest of no more than 10 percent of the conifers 8 to 20 inches dbh and none larger.  In 
terms of LWD, the hardwood conversion rule is considered a long-term benefit to these 
riparian areas.  Alternative 3 also includes a hardwood conversion option. 


Similar to Alternative 1, downstream movement of LWD can be restricted at culverts. 
However, Alternatives 2 and 3 include the preparation of Road Maintenance and 
Abandonment Plans (RMAPs).  These plans include a change in culvert size requirement 
from the ability to pass water from a 50-year flood to a 100-year flood.  All new culverts, 
and culverts that currently degrade resources will be required to meet the new rule.  Larger 
culverts will have the ability to pass larger pieces of wood as well as floodwaters.  
However, culverts will not be able to pass all wood and some may build-up on the 
upstream side of a culvert.  To the extent practicable without significant soil disturbance, 
RMAPs are required to include measures for moving built-up LWD from above to below 
culverts during standard road maintenance.  Consequently, both Alternatives 2 and 3 have 
less risk than Alternative 1 for limiting LWD redistribution.     


ALTERNATIVE 3 
Alternative 3 is considered to have a low to very low level of risk of reduced LWD 
recruitment.  Under Alternative 3, all streams would receive 95 to 96 percent of full 
protection under the 250-year and 100-year SPTH assumptions, respectively, from the 70 
to 200-foot no-harvest RMZs proposed. Notably, heavily stocked stands with small trees 
near large streams will have less opportunity for thinning to accelerate stand growth and 
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average tree size.  Under Alternative 3, thinning can only be done to convert hardwood-
dominated stands to conifers and to accelerate development of 200-yr stand characteristics.  
However, these prescriptions would require SEPA review and cut trees could not be 
removed and sold unless monitoring determined that the prescriptions were effective.  
These requirements would provide little incentive for landowners to pursue these options. 


Significantly, Alternative 3 provides no incentives or mechanisms for implementing 
instream wood placement strategies.  Consequently, streams that have the potential for 
instream LWD placement under Alternative 2 will require more time for recovery.  For 
LWD-poor streams surrounded by early- to mid-seral stage riparian stands, recovery could 
require 40 or more years on the west side and 60 or more years on the east side. 


LARGE WOODY DEBRIS:  CONCLUSION 
Overall, LWD levels would be expected to gradually increase under Alternatives 2 and 3.  
Without any RMZ management, Alternative 3 is likely to provide the highest level of long-
term protection and is considered to have the lowest level of risk of the alternatives.  On 
the west side, Alternative 2 is considered to have a low to moderate level of risk for 
inadequate recruitment potential for functional LWD that can contribute to fish habitat in 
the long-term and provides incentives for landowners to commit to instream LWD 
enhancement plans and accelerate recovery of over-stocked riparian zones through 
thinning.  The moderate level of risk is particularly relevant for streams with high levels of 
LWD recruitment from Type N streams.  On the east side, Alternative 2 is considered to 
have a moderate to high level of risk for inadequate LWD recruitment potential.  The call 
for the east side is based primarily upon the EBAI results which suggest that east side has 
between 54 and 73 percent of full protection along Type S and F streams, depending upon 
the SPTH assumption, but also considers that some additional reduction is likely from 
stream parallel roads.   Alternative 1 would provide the lowest level of protection for LWD 
recruitment to streams and would likely contribute to continued degradation of fish habitat 
and is considered high risk. 


All alternatives would have some level of risk related to blockage of LWD at culverts. 
However, Alternatives 2 and 3 include RMAPs and culvert upgrade requirements that 
reduce this risk.  Blockages at culverts can potentially result in fish passage problems and 
culvert failure.  


The RMZ prescriptions for all of the alternatives have a greater effect on instream 
conditions in the mid- to long-term (west side: 20 to 60 years; east side: 50 to 100 years) 
relative to the short-term (west side: less than 20 years; east side:  less than 50 years).  
Currently, most stands (65 percent on west side; 54 percent on east side; Riparian Habitat 
Section) along fish-bearing streams are in early seral stage.  Assuming that these conditions 
are representative of nearby upslope stands, new rules many not be applied for many years 
along most streams because timber stands will be too young to harvest economically.  In 
addition, the rate of natural recruitment of functional LWD will initially be low and then 
increase as riparian stands mature.  The recovery of natural LWD recruitment process from 
the current condition will take from decades to centuries (Bilby and Ward 1989). 


Alternative 3  would 
provide low risk of 
diminished LWD 
recruitment along 
eastside and 
westside fish-
bearing and non- 
fish-bearing 
streams. 
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Only Alternative 2 provides incentives for instream LWD placement.  LWD placement 
would provide short term benefits to stream systems by providing a more complex habitat 
structure, nutrient input, and substrate for invertebrate colonization, all of which would 
benefit fish habitat.  These benefits may improve current conditions until the natural 
riparian corridor can regenerate and provide consistent inputs of LWD.  Many Washington 
streams currently have low levels of instream LWD and adjacent riparian stands are early- 
to mid-seral.  Thus, LWD placement may be the only way to achieve adequate instream 
LWD levels over the next 30 or more years.   


The development of methods for placing large woody debris is fairly advanced (ODF and 
ODFW 1995), and there would be no significant negative effects to fish from the 
placement strategies outlined in the Forest Practices Board Manual.  The incentive program 
exists in Alternative 2 for landowners to place wood in stream channels in exchange for 
removal of additional trees from the outer zone, which have a relatively low probability of 
naturally recruiting to streams.  The relative improvement of current conditions in fish 
habitat would outweigh the potential risk of loss of LWD from the outer zone over time.  
The relative addition of wood from the outer zone to the stream channel is a very small 
percentage and would not provide the same benefits of direct placement of wood within the 
channel. The major risk of LWD placement is to the transportation infrastructure, including 
bridges and dams, in the event that structures move from their planned locations. 


All of the alternatives allow yarding corridors across RMZs.  Yarding corridors provide 
landowners flexibility in accessing and harvesting suitable timber when a road, stream- 
crossing, or helicopter yarding would otherwise be required.   Requirements for leaving or 
removing trees cut for yarding corridors would be different under the three alternatives, but 
these differences in down wood left in the RMZs would be more important for wildlife 
habitat than aquatic species.  Yarding across fish-bearing streams requires a Hydraulic 
Project Approval (HPA) from WDFW.  HPAs provide a regulatory mechanism for 
requiring mitigation for the yarding corridor and an opportunity for LWD enhancement. 


All of the alternatives have a small reduction in LWD potential relative to natural 
conditions that results from existing stream crossings and stream parallel roads. 
Alternatives 2 and 3 also include the small landowner exemption that increases the level of 
risk related to LWD potential in areas with high numbers of small landowners that 
implement forest practices.  Small landowners qualified for the exemption are estimated to 
own 15 to 20 percent of the private lands in the state and an even small percentage of the 
total land base (including state and federal lands).  See Section 3.4.3.2 for a more detailed 
discussion of these effects. Existing roads in RMZs and rule exemptions provide a small 
increase in overall risk of reduced LWD potential relative to natural conditions, but does 
not substantially change the relative risk among the three alternatives. 


All of the alternatives are expected to have increased levels of blowdown along the edges 
of clearcut units (See Section 3.4.3.2).  Blowdown levels should decrease after about five 
years following harvest unless windstorms are exceptionally mild during that period.  
Streams with low levels of LWD may benefit in the short-term from increased blowdown 
rates, but this would also reduce the standing stock of trees available for future recruitment.  


Active wood-
placement 
strategies are 
important for 
meeting near-term 
LWD needs in 
many fishbearing 
streams.  In fact, 
streams with low 
existing levels of 
LWD and early- to 
mid-seral riparian 
stands, may require 
active placement in 
order to meet 
adequate LWD 
levels over the near 
term (the next 30 or 
more years). 
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Streams with narrower buffers would likely have a higher proportion of fallen trees that 
also become instream LWD because the unit edge is closer to the stream.  


Leaf and Needle Recruitment 
The level of risk for reduced leaf and needle recruitment to streams is somewhat analogous 
to the protection of LWD recruitment, including additional risk related to blowdown, 
yarding corridors, stream crossings and stream parallel roads, and the small landowner 
exemption.  However, small headwater streams, including seasonal streams that usually 
flow when leaf litter is at its highest level, have a greater influence on leaf and needle litter 
recruitment to fish-bearing streams than to LWD recruitment because leaf and needle litter 
is more easily transported in smaller streams.  Furthermore, between 25 and 77 percent of 
stream miles on forested land are smaller nonfish-bearing streams (Type N or Type 4 and 
5).  Consequently, the level of protection provided by the alternatives for leaf and needle 
recruitment would be lower than for LWD.  Alternative 1 is expected to provide low 
protection to streams for leaf and needle recruitment and is considered high risk, 
Alternative 2 is expected to have a moderate level of risk, and Alternative 3 is considered 
to be very low risk.  Leaf and needle recruitment potential are at slightly higher risk under 
Alternatives 1 and 2 in the Lower Columbia and southwest regions because 63 and 77 
percent of forested streams are smaller nonfish-bearing streams located on state or private 
ownership affected by Forest Practices Rules. 


Floodplains and Off-channel Areas 
As described earlier, off-channel areas include side channels, backwater alcoves, ponds, 
and wetlands attached at least seasonally to flowing waters.  Off-channel areas can be 
important habitat seasonally or to particular life stages.  Off-channel areas may have 
shallow, low velocity water that is important during fry rearing periods.  These areas can 
also provide protection from high water velocities during flood flows.  Some backwater 
alcoves and ponds result from groundwater seeps and may have shade levels higher than 
the main channel.  These areas provide cool-water refugia during high summertime 
temperatures. 


Off channel habitat occurs most often in low gradient (less than 4 percent) reaches, but 
occasionally occur in streams with gradients up to 8 percent.  These areas are also in the 
most active parts of the channel.  New off-channel habitats are naturally created within the 
CMZ which is the area that the stream and any side channels could potentially occupy 
under existing climatic conditions (Pollock and Kennard, 1998).  This section assesses the 
level of protection the alternatives afford off-channel habitat through protection of the 
CMZ. 


Alternative 1 provides very little protection to the CMZ.  Widths of riparian buffers are 
based entirely on the current location of the active channel.  Consequently, any new off-
channel habitat that develops after RMZ harvest prescriptions were implemented would 
potentially have reduced riparian protections.  For example, if a new side channel were to 
develop 25 feet from a Type 2 stream with an average buffer width of 50 feet.  The RMZ 
width to that side channel would effectively be reduced to 25 feet.  


Alternative 1 would 
provide high risk, 
Alternative 2 would 
provide moderate 
risk, and Alternative 
3 would provide 
very low risk of 
diminished leaf and 
needle litter 
recruitment 
potential. 


Alternative 1 would 
provide high risk to 
floodplains and off-
channel habitats.  
Alternatives 2 and 
3 would protect 
CMZs in addition to 
riparian buffers.  
Alternative 3 would 
also protect beaver 
habitat zones 
(BHZs). 
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Under Alternatives 2 and 3, RMZs are measured from the edge of the CMZ (if present) or 
the bankfull water’s edge.  In addition, Alternative 3 RMZs also provide protection for 
existing beaver ponds or potential beaver habitat.  The presence of beaver ponds can be 
particularly important to coho salmon production (Cederholm et al. 2001).  Consequently, 
existing and potential off-channel habitat has high levels of protection under both 
Alternatives 2 and 3, but is slightly higher for Alternative 3 because of the added 
protection for beaver habitat. 


Water Temperature 
Maintenance of natural water temperature regimes is important for all of the listed 
salmonid species.  As described earlier, changes in water temperatures can have both lethal 
and sub-lethal effects that can affect the species long-term fitness.  Of the seven species 
considered in this document, bull trout tend to be the most sensitive to water temperature 
increases and have the lowest temperature requirements. 


All of the alternatives have some risk of reduced shade and increased water temperatures 
related to blowdown, yarding corridors, existing stream crossings, and existing stream 
parallel roads.  Alternatives 2 and 3 also include some added risk related to the small 
landowner rule exemption described in Chapter 2.  These effects are described in more 
detail in Section 3.4.3.2.  This added risk from roads and yarding corridors is expected to 
be relatively small, but difficult to quantify.  The added risk from the small landowner rule 
exemption is dependent the density of small landowners in a watershed and the rate at 
which they implement forest practices.  Overall, these added risks do not substantially 
change the relative risk among the three alternatives.  


ALTERNATIVE 1 
Under Alternative 1, RMZ widths for the east side and west side do not generally meet the 
0.75 SPTH shade criterion for Type 1, 2, or 3 streams under either the 100-year or 250-
year SPTH assumptions.  Alternative 1 includes a shade rule that describes minimum shade 
requirements by elevation and water quality class (see Section 3.6), but implementation of 
the rule under Alternative 1 is restricted to the maximum RMZ width.  Type 4 and 5 
streams do not receive any protection except under limited circumstances and RMZs are 
much smaller than needed for full shade protection.  Adverse water temperature effects are 
generally more common in eastside watersheds because the climate is warmer and forest 
types are generally more open compared to the west side.  Overall, Alternative 1 is 
considered to be at high risk of not meeting salmonid temperature requirements on the east 
side and at moderate risk on the west side (Tables 3.7-3 and 3.7-4). 


ALTERNATIVE 2 
For Alternative 2, RMZs for Type S and F streams are wider relative to Alternative 1 and 
include both no-harvest and selective harvest zones.  Under some site class situations (e.g., 
Option 2 with site class III, IV, or V), the no-harvest portions of the RMZs would provide 
complete shade, and consequently water temperature protection under the 100-year SPTH 
assumption.  Under some situations, Option 1 could provide slightly less protection than 
Option 2 because thinning in the inner zone could remove some shade-producing trees 
closer to the stream.  However, under Alternative 2, RMZs must maintain minimum 
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to high risk of 
effects on fish 
bearing stream 
temperatures. 
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canopy closure under the shade rules included in Alternative 1, regardless of the riparian 
management option chosen by the landowner.  Relative to Alternative 1, Alternative 2 
improves the shade rule by removing the restriction for the maximum width under which 
the rule would be implemented.  Alternative 2 also provides additional protection for 
eastside streams within the bull trout distribution by protecting all trees that provide shade 
to the stream within 75 feet of the channel.  Both the shade rule and the bull trout overlay 
determine shade based upon canopy closure measured with a spherical densiometer which 
effectively measures most, but not all of the tree shading of direct beam sunlight.  In 
addition, the shade rule protects trees that currently provide shade, but does not take into 
account the future growth of trees that might eventually provide shade.  Consequently, 
there is some uncertainty about the extent to which these rules would result in higher levels 
of protection, given the silvicultural prescriptions to be implemented in the core and inner 
zones. Overall, the risk levels under Alternative 2 for water temperature are considered low 
for Type S and F westside streams, low to moderate for eastside streams within the bull 
trout distribution, and moderate elsewhere. 


The bull trout overlay is not available on the west side, even though bull trout are present 
in many westside watersheds.  Under Option 1, the largest trees, which likely have the 
greatest potential to provide shade, would be left in the inner zone.  Under Option 2, the 
lack of the bull trout overlay has no effect because no-harvest buffers would be 80 to 100 
feet wide depending upon stream width which are wider than the 75 feet width considered 
by the bull trout overlay.   Overall, the effect of not implementing the bull trout overlay on 
the west side is expected to be small. 


On both the east and the west sides, protection of seeps and springs that provide very cold 
water is important for bull trout, which have lower temperature requirements compared to 
other salmonids.  Sensitive sites (headwall seeps, side-slope seeps, and alluvial fans) are 
provided 50-foot no-harvest buffers under Alternative 2 that will provide some thermal 
protection.  In addition, the DOE is considering revisions to Washington State temperature 
standards (see Section 3.11).  These revisions are likely to include species- and lifestage-
specific standards to be applied to stream reaches where they are present or expected to be 
present.  Specific standards are likely to be implemented for bull trout.  The adaptive 
management program of Alternative 2 is expected to adjust prescriptions, if necessary, to 
meet new temperature standards when they are implemented.   
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Alternative 2 provides RMZs for at least 50 percent of the length of Type Np stream 
reaches, including groundwater seeps and hyporheic zones that would provide cool water. 
However, no RMZs are required on Type Np streams for small landowners. Partial 
protection to narrow Type NP streams unprotected by buffers can be provided within about 
10 years of harvest from the growth of overhanging shrubs and young trees.  Some 
increases in water temperature within Type Np streams are expected following adjacent 
timber harvests.  Nevertheless, there is still high uncertainty regarding the influence Type 
N streams on downstream temperatures in Type S and F streams.  Type Ns streams do not 
receive any protection, but this should generally not effect fish because these streams 
usually do not contain water during hot summer weather. 


Overall, Alternative 2 is ranked as having low to moderate risk of not providing adequate 
water temperature protection on the east side and on the west side.  Moderate risk is more 
likely on the west side in areas where Option 1 is implemented and in lower elevation 
basins (<1,640 feet) where the possibility of adverse water temperatures is more likely.  
Moderate risk is more likely on the east side in areas outside of the bull trout overlay. 


One area of moderate uncertainty is the effect of nearby clearcuts on air temperatures 
surrounding streams, even in the presence of shady buffers.  Significant increases in air 
temperatures could lead to negative effects to water temperatures. Another area of 
uncertainty is the affects of nearby clearcuts on groundwater temperature.  Evidence for 
this effect is not available, but an effect has been hypothesized by Brosofske et al. (1997). 
Under Alternative 2, research conducted as part of adaptive management could reduce the 
level of uncertainty for these two issues. 


ALTERNATIVE 3 
Alternative 3 includes no-harvest RMZs for all streams.  With the exception of streams 
greater than 30 percent gradient, the widths of the RMZs are expected to provide full shade 
protection relative to the 0.75 SPTH criterion.  Consequently, Alternative 3 is ranked as 
having very high protection to provide shade for both eastside and westside watersheds.  
Alternative 3 also has some uncertainty concerning the effects of upslope clearcuts on 
stream temperature under shady conditions.  However, since RMZs are wider under 
Alternative 3, the level of risk is low. 


Forest Chemicals 
The application of pesticides commonly occurs on commercial forestlands to decrease 
disease from fungal and insect pests and to decrease competition by undesirable vegetation 
(see Appendix H, Forest Chemicals).  Of these three forest chemicals, herbicides are the 
most commonly used.  Application techniques include hand, machine, and aerial spraying.  
Improper application of pesticides that results in delivery to fish-bearing streams can result 
in direct acute losses of fish and chronic reductions in fitness through disease, stress, or 
reduced feeding (Appendix H).  


Alternative 2  would 
provide low to 
moderate risk of 
effects on fish 
bearing stream 
temperatures; 
however, there is a 
high degree of 
uncertainty 
regarding the effect 
of no RMZs on 
many Type N 
streams on 
downstream fish 
streams. 
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Under Alternative 1, flowing streams and other areas with surface water have a 25-foot or 
50-foot buffer that excludes machine or aerial spraying, respectively.  However, no buffers 
are required for hand spraying.  Under Alternatives 2 and 3, buffers for aerial application 
will include the inner zones for fish-bearing waters plus an additional buffer (up to 325 
feet) and offset (up to 50 feet) dictated by wind conditions and application height.  Type N 
streams with flowing water will have buffers ranging from 50 to 100 feet depending upon 
wind conditions and application height.  However, Alternative 2 would allow spraying 
directly on seasonal streams without surface water.  Consequently, persistent chemicals 
could be delivered to fish-bearing stream when flowing waters return.  In addition to 
buffers, Alternative 3 requires that all plants with cultural value be protected from 
pesticides and that no pesticides be used within 50 feet of all typed streams, including hand 
spraying. 


In comparing the alternatives, it should be recognized that evidence of acute or chronic 
negative effects of forest pesticide use to fish under current FPRs (Alternative 1) is 
generally lacking.  However, it is also clear that many of the commonly used pesticides 
have severe effects under laboratory conditions and if improperly used, applied during 
adverse conditions, or otherwise are allowed to enter fish-bearing waters at toxic 
concentrations, these effects could be realized in the environment.  Consequently, the use 
of many pesticides in some areas requires a Class IV-special permit (WAC 222-16-070) 
under all alternatives. 


Based primarily upon required buffer widths, Alternative 1 is considered to have low to 
moderate risk from negative effects to fish while Alternatives 2 and 3 are expected to have 
low risk.  Some uncertainty is present under Alternative 2 because implementation of 
buffer widths relies entirely on the skill and professional judgment of the pilot applying the 
pesticide.  Implementation of the buffers requires that pilots accurately judge wind speed, 
wind direction relative to the stream, and distance from the stream.  In addition, direct 
spraying is allowed on Type Ns streams and persistent pesticides could eventually be 
transported to fish-bearing waters.  Alternative 3 would have very high protection because 
all spraying is eliminated within 50 feet of all streams.  The requirement under Alternative 
3 that plants with cultural value be protected is problematic for implementation of the 
prescription.  It is unclear which plants are considered to have cultural value and how they 
will be identified and protected in the field.  Consequently, it is possible that for areas 
where extensive field surveys would be required to protect plants of cultural value, aerial 
pesticide spraying could be eliminated as a practical application technique. 


Fish Passage 
Concerns for fish passage on commercial forestlands usually refer to passage through 
culverts at stream crossings.  Historically, concerns were also raised about large log jams 
which led to stream cleaning programs in some western states (Maser and Sedell, 1994).  
However, the concerns over passage at log jams were later found to be unrealistic and 
stream cleaning programs were actually detrimental in many areas.  Reduced fish passage 
or complete blockages at culverts are usually the result of undersized culverts or culverts 


Alternative 1 would 
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applications. 
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with water velocities too high for their length, sub-optimal placement relative to stream 
grade and aspect, and lack of downstream holding pools (Hicks et al., 1991). 


Salmon and trout have a powerful instinctual desire to move upstream during spawning 
migrations which leads them to pass seemingly insurmountable obstacles such as 
waterfalls.  However, biological and physical limitations can restrict their movements.  
These limitations include burst swimming speed and duration, leaping ability, and water 
velocities and depth.  Factors that effect burst swimming speeds and duration include fish 
size and condition.  Larger fish can swim faster and fish approaching senescence have 
reduced capacity or require longer rest periods between bursts.  Leaping ability is a 
combination of swimming speed and the availability of suitably sized pools from which to 
leap.  Optimally sized pools allow the fish to reach maximum speed at the proper angle to 
make the leap.  Swimming speeds and water velocities determine the length of pipe 
through which a fish can successfully maneuver. 


Culverts become barriers when their physical characteristics exceed the capacity of fish 
biology.  Barriers can occur to both juveniles moving upstream and downstream and adults 
primarily moving upstream.  Common problems include perched outlets with unsuitable 
leaping pools, culverts that become dry during summer months, culverts that are too long, 
culverts with high gradients resulting in high water velocities, and culverts with inadequate 
resting places.  In addition, undersized or poorly constructed culverts that blowout during 
peak flows can become obstacles until fixed. 


Little difference in the protection of fish passage is apparent among the three alternatives 
for the construction of new roads.  Under Alternative 2 and 3, changes in stream crossing 
standards specific to anadromous fish passage (WAC 222-24-040 Paragraph 3) are deleted 
from the rules and standards are deferred to WDFW as part of a HPA as defined in the 
Hydraulics Code (WAC 220-110).  HPAs are also required under Alternative 1.  
Consequently, the alternatives are essentially equivalent. 


Substantial differences are present among the alternatives for identifying and modifying or 
replacing existing culverts that are passage barriers.  As mentioned earlier, criteria for the 
construction of stream crossing structures under current regulations are currently based, in 
part, on whether a stream is fish-bearing (WAC 222-24-040).  For example, culverts must 
be a minimum diameter of 24 inches for streams with anadromous fish and a minimum 
diameter of 18 inches for streams with resident game fish.  Therefore, the assumptions 
made in determining a fish-bearing stream are critical for evaluating whether existing 
stream crossings meet FPRs.   


The current DNR classification system has five categories: 


• Type 1—All waters inventoried as “shorelines of the State”; highly productive fish-
bearing waters 


• Type 2—Highly productive fish-bearing waters not designated as Type 1 streams 
• Type 3—Fish-bearing waters with substantial populations 
• Type 4—Perennial streams without substantial fish populations 


Little difference in 
fish passage 
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• Type 5—Nonfish-bearing intermittent streams 


Numerous additional criteria based upon channel width, gradient, flow, size of 
impoundment (if present), and level of domestic use are utilized to categorize a stream 
(WAC 222-16-030).  Recent checking of this classification system has shown that many 
fish-bearing waters were mistyped as nonfish-bearing waters.  Therefore, under Alternative 
1, some passage problems could occur as a result of stream typing errors. 


Under Alternative 1, the current stream typing criteria would continue because there would 
be no systematic upgrade of culverts with fish passage problems.  Some culverts would be 
identified and fixed as part of watershed analysis, but watershed analysis is voluntary for 
private landowners.  Consequently, problem culverts could remain as passage barriers until 
a forest practices application was received for a nearby harvest or the state identified the 
problem through a state-sponsored watershed analysis.  Based upon the forest practices 
application or watershed analysis, the DNR could then require improvements to or 
replacement of problem culverts.  Alternatives 2 and 3 both would require new stream 
typing systems that would increase the number of streams typed as fish-bearing and would 
expedite correction of fish passage problems. 


Under Alternative 2 a new stream typing system would be implemented for state and 
commercial forestlands (see Appendix C).  The new system will include: 


• Type S:  All waters inventoried as “shorelines of the State”; 
• Type F:  Waters not classified as Type S, which contain fish habitat; and 
• Type N:  Waters not classified as Type S or F, which do not contain fish habitat and 


are either perennial streams (Type Np) or intermittent (Type Ns) 


Determination of default Type F waters lacking ground-truthing will occur using a model, 
currently under development, that is likely to include stream gradient, drainage size, and 
other factors.  Type F waters are likely to include all streams currently categorized as Type 
2 and Type 3, plus a portion of Type 4 streams.  Consequently, the number of stream miles 
assumed to be fish-bearing will expand considerably under Alternative 2 compared to 
Alternative 1.  Notably, Type F waters do not require fish presence, but do require fish 
habitat that could be used if fish were present.  Errors in stream types from the model can 
be corrected based upon field observations. 


Alternative 3 would also implement a new stream typing system based upon geomorphic 
characteristics: 


• Type 1:  <20 percent gradient; all fish-bearing streams and other channels are 
considered important for fish. 


• Type 2:  20 to 30 percent gradient; channels are considered important for coarse 
sediment storage and as sources of LWD. 


• Type 3:  >30 percent gradient; channels are considered prone to channelized landslides 
and as sources of LWD. 
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Under Alternative 2, landowners would be required to upgrade road networks to current 
standards within 15 years and a road maintenance and abandonment plan must be prepared 
within 5 years.  Alternative 3 also includes road plans, but upgrades would be required 
within 10 years.  Included in the revised Forest and Fish Emergency Rules Board Manual 
(FPB, 2000) are flow condition criteria for a given culvert length and fish species, and 
specific requirements for prioritizing roadwork based upon fish passage.  Passage criteria 
in the Emergency Rules for fish through culverts appear adequate for most species and life 
stages when compared to criteria reported by Powers and Orsborn (1984).  However, water 
velocity criteria for trout are 50 to 100 percent higher than criteria reported in Powers and 
Orsborn (1984).  Consequently, passage protection may not be adequate under all 
circumstances for trout.   


Based upon the sample sections, the eastside state and commercial forestlands include 9.7 
percent of culverts on fish-bearing streams (Types 1 to 3) under Alternative 1 while the 
west side has 12.5 percent fish-bearing streams (Table 3.7-8).  Based upon proposed 
changes in stream typing systems, Alternative 2 (Types F and S) would have 27.6 percent 
and 17.9 percent of culverts identified as being on fish-bearing streams for the east side 
and west side, respectively.  The proportions for Alternative 2 and 3 are similar because 
not all streams less than 20 percent gradient were assumed to be fish-bearing, only Type F 
and S. Under Alternatives 2 and 3, higher scrutiny and potential upgrades for fish passage 
would occur on 5.4 percent more streams on the west side and 17.9 percent on the east 
side.  In combination, the new plans, passage criteria, and stream-typing systems should 
result in substantial improvements in fish passage within the next 10 to 15 years for 
Alternatives 3 and 2, respectively, with the largest amount of restoration occurring in east 
side forests. 


Table 3.7-8. Percentage of Stream Crossings on Fish-bearing and Nonfish-
bearing Streams by Alternative 


Westside  Eastside 
Alternative Fish-bearing Nonfish-bearing Fish-bearing Nonfish-bearing 
1 12.5 90.3 9.7 87.4 
2 17.9 82.1 27.6 72.4 
3 17.9 82.1 27.6 72.4 
Fish-bearing includes Stream Types 1, 2, and 3 for Alternative 1 and Types F and S for Alternatives 2 and 3. 
 


Neither Alternative 2 or 3 require upgrades to all culverts.  Upgrades will be required 
based upon the effect of a culvert on public resources.  If no negative effects are present 
from a culvert, then the culvert will not require replacement until the end of its life. 


FISH PASSAGE:  CONCLUSION 
Based upon the discussion above, Alternative 1 is considered to have a high level of risk 
for fish passage.  Under Alternative 1 substantial amounts of spawning and rearing habitat 
will continue to be underutilized by listed salmonids.  Both Alternatives 2 and 3 provide 
substantially more protection than Alternative 1 and are considered to have low risk, with 
the possible exception of trout under some high-flow circumstances.  Notably, changes in 
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the stream typing system under both Alternatives 2 and 3 would result in more streams 
being typed as fish-bearing.  Alternative 3 provides slightly more protection than 
Alternative 2 because it accelerates the schedule for implementing RMAPs and requires a 
cap on road densities.  Flow condition criteria, in culverts, for trout are higher than 
reported in some of the scientific literature.  Additional research is recommended to 
determine if criteria used in the Emergency Rules are adequate for the protection of trout 
passage. 


3.7.3.3 Synthesis 
This section is designed to provide a regional perspective of the alternatives, and a 
discussion on how they might affect the status of priority fish species found in the regions.  
Numerous factors, including forest practices, affect the abundance and distribution of 
Pacific salmon and trout.  Other factors such as urbanization, agriculture, fish harvest, 
hatchery management practices, ocean conditions, and dams for hydroelectricity, flood 
abatement, irrigation, and drinking water all contribute in varying strengths to the current 
status of listed fish species.  NMFS suggest in their listing documents (see Table 3.7-1) that 
human-influenced changes in all of these factors (except perhaps ocean conditions) will be 
required to progress towards a regional recovery of these species.  Depending upon the 
watershed, each of the factors will have more or less influence on the recovery of any listed 
species in that watershed.  Consequently, in any individual watershed, Forest Practices 
Rules may be either major or minor influences on the salmonids in that watershed.  
Relative to other factors influencing their status, Forest Practices Rules have a large effect 
on bull trout because populations are found predominantly in forested areas upstream of 
major hydroelectric dams and in agricultural and urbanized areas.  Most bull trout 
populations are not anadromous.  Marine conditions, therefore, have little to no influence 
on populations (other than potentially affecting regional climate).  


The analysis in this section is based upon the assumption that factors unrelated to forest 
practices may prevent attainment of robust, harvestable populations of salmonids even if 
the prescriptions in the EIS alternatives were 100 percent effective, and the first two goals 
under the purpose and need were met.  Under the first goal, private timber companies can 
comply with ESA by avoiding take, or obtaining protection under Section 10 or Section 
4(d) of ESA.  ESA does not require private parties to recover listed species.  Goal 2 is to 
restore and maintain riparian habitat on nonfederal forest lands to support a harvestable 
supply of fish.  It is possible to meet this goal even if other factors prevent salmonids from 
utilizing this habitat.  Some salmonid populations could be extirpated in the future because 
of non-forest practice-related factors.  This assumption is necessary because integration of 
all the various factors and their range of possible future outcomes is highly speculative and 
would require a level of detail and site specificity far beyond the scope of this analysis. 


The analysis area covers about 39 percent (9,483 square miles) of lands on the west side 
and about 15 percent (6,287 square miles) of lands on the east side of Washington state.  
This is a significant amount of land for both regions of the state.  Areas with larger 
amounts of forestland and timber harvest activities should roughly have proportionally 
larger potential effects on listed salmon and trout because of FPRs.  However, this simple 
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relationship is complicated by mixed ownership and mixed management objectives in most 
parts of the state.  As indicated earlier, few lands or priority fish are affected by FPRs in 
the Islands and Columbia Basin regions because these regions have few fish-bearing 
streams or are mostly non-forested.  Consequently, it is unlikely that FPRs will have any 
effect on the recovery of any listed species in these two regions. 


Within all regions, implementation of Alternative 1 would likely continue habitat 
degradation in some forested regions and contribute to any further declines in listed species 
living in these areas.  In contrast, Alternative 2 is considered to have moderate to high 
protection, and Alternative 3 is considered to have high to very high protection.  One major 
improvement under Alternatives 2 and 3 is that CMZs are provided more protection 
because RMZs begin at the edge of CMZs rather than from the ordinary high water mark 
boundary as practiced under Alternative 1.  Alternatives 2 and 3 both include monitoring 
and adaptive management, albeit in slightly different forms (see Appendix I).  
Consequently, both of these alternatives could be equitable and include high levels of 
protection in the long-term, based upon future changes in prescriptions. 


Alternative 3 would implement the widest no-harvest buffers, includes an accelerated 
schedule for RMAPs, and provides a cap on road densities.  Consequently, it has the 
highest level of long-term protection of the three Alternatives.  However, in contrast to 
Alternative 2, Alternative 3 does not provide incentives to landowners to accelerate the 
recovery of some streams through active LWD placement strategies or thinning of over-
stocked riparian stands.  These strategies are allowable under Alternative 3 provided the 
landowner obtains a Class IV−special permit or hydraulic project approval, but there is 
little to no economic incentive to implement these strategies. 


All of the alternatives will include watershed analysis.  Alternatives 2 and 3 improves upon 
current watershed analysis methods by adding modules for cultural resources and stream 
restoration activities, and makes improvements in the hydrology and water quality 
modules.  Alternative 3 would also include a module for monitoring watershed conditions 
and prescription effectiveness.  A major difference is that Alternative 2 would delete the 
prescriptive phase of the riparian analysis while the phase would continue under 
Alternative 3.  Under Alternative 2, the prescriptive phase would not be needed, based 
upon the assumption that standard rules would be effective for preventing cumulative 
effects.  This is a moderate to high-risk assumption because prescriptions under Alternative 
2 do not include a watershed-level perspective.  Under Alternative 2, effectiveness 
monitoring under adaptive management program and focused in representative watersheds 
is assumed to result in a better understanding of the effects of forest practices on salmonids 
and their habitat.  The adaptive management program is also assumed to implement any 
needed changes in prescriptions to maintain adequate levels of protection.  Failure of these 
assumptions would be detrimental to the recovery of listed species even if individual forest 
prescriptions appear adequate.  If standard rules provide all the necessary certainty to 
landowners concerning activities on their lands, the benefits of voluntary watershed 
analysis may not outweigh the costs to private landowners.  Because prescriptions are 
generally equivalent or more conservative under Alternative 3, the likelihood of voluntary 
completion of watershed analysis by landowners is probably about the same under 
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Alternative 3 as Alternative 2.  Nevertheless, watershed analysis will eventually be 
completed for all watersheds, but will likely require a longer period for completion.  
Watershed analysis, when implemented, will continue to be important for obtaining and 
organizing baseline information needed for monitoring. 


Changes in FPRs under Alternatives 2 and 3 will have the greatest influence on the long-
term recovery of the species rather than the short-term.  Improvements in road management 
practices and road upgrades should be apparent first, particularly related to fine sediment 
which influences the survival of incubating salmon and trout eggs, and fish passage 
through culverts.  A reduction in the frequency and magnitude of mass wasting events that 
deliver coarse sediment to streams should become apparent.  However, some streams may 
require many years (20 to 100 years or more) to adjust to historical deposits of coarse 
sediment.  Similarly, LWD recruitment is a long-term process.  Moderate levels of 
recovery may require 80 years or more in areas with early-seral stage riparian stands.  
Some stands will require longer periods to obtain key pieces without some form of 
management such as thinning or removal of hardwoods.  Consequently, in severely 
degraded forested areas, it is unlikely that fish habitat conditions will improve substantially 
in the near term (less than 20 to 40 years) without enhancement. 


Puget Sound  
Chinook salmon and bull trout are listed as threatened in the region plus a summer run of 
chum salmon that is found in Hood Canal.  Coho salmon is a candidate species.  Each of 
the 4-Hs has been cited as contributing to the listing of one or more of the species.  Many 
of the lowland areas of the region are highly urbanized.  This region is the most heavily 
populated region of the state with 386 square miles (about 3 percent) of the land 
categorized as urban growth areas.  FPRs regulate commercial timber activities on about 34 
percent (4,464 square miles) of the lands in the region while the federal government 
manages about 34 percent (4,418 square miles) and the DNR manages about 8 percent (997 
square miles) under their HCP.  All of the major river systems in the region have 
hydroelectric and/or drinking water dams and reservoirs.  Overall, the improvements to 
FPRs under Alternatives 2 and 3 could have a significant effect on the recovery of the 
listed species.  However, because non-forest related activities also have a large effect on 
these species, it is unlikely that changes in FPRs, by themselves, would lead to the 
recovery of these species.  Changes in FPRs would likely have the largest effect on bull 
trout because they are predominantly found in forested areas and are influenced less by 
marine factors, harvest, hatcheries and urbanization. 


Olympic Coast 
All of the priority species are present in the Olympic Coast Region (Figures 1 to 3).  Bull 
trout are listed as threatened throughout the region and the Ozette Lake population of 
sockeye salmon is listed as threatened.  Coho salmon is a candidate species. Of the 4-Hs, 
habitat appears to be the highest priority factor for bull trout.  The hydroelectric facilities 
present in the region are not considered a major issue in general, although one or more 
dams may be important in specific basins. No hatcheries are stocking bull or sockeye 
salmon in the region.  FPRs regulate commercial timber activities on about 26 percent (705 
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square miles) of the lands in the region.  An additional 38 percent (1,032 square miles) of 
the land is managed by the Federal Government (mostly National Forest and National Park 
in higher elevations) and 17 percent (464 square miles) are managed under the DNR’s 
Habitat Conservation Plan.  Consequently, the improvements to FPRs under Alternatives 2 
and 3 could have a significant effect on the recovery of the listed or potentially listed 
species, particularly bull trout, but other protection and recovery programs in the region 
would also have a large influence.  The distribution of listed sockeye salmon is restricted 
and NMFS status review cited several major non-forestry related factors including non-
native introductions, ocean conditions, and harvest affecting their status.  Nevertheless, 
Nehlsen et al. (1991) also indicated forest practices in the 1940s and 50s may have 
contributed to their decline.  Consequently, improvements in FPRs could have a positive 
effect on their recovery. 


Southwest 
All of the priority species are present in this region except sockeye salmon.  Only bull trout 
and sea-run cutthroat trout are listed in the region, but coho salmon is a candidate species.  
Similar to the Olympic Coast Region, habitat degradation appears to be the leading factor 
influencing listing of species in the region.  A few hydroelectric projects are present in the 
region, but they are not considered a major issue and no hatcheries are stocking bull trout.  
FPRs regulate commercial timber activities on about 70 percent (2,493 square miles) of the 
lands in the region.  The state manages an additional 11 percent (374 square miles) of the 
land under their HCP.  Federal forestlands include about 203 square miles or 6 percent of 
the land.  Consequently, the improvements to FPRs under Alternatives 2 and 3 are likely to 
have a significant effect on the recovery of the listed or potentially listed species with only 
a moderate level of influence from other land-use practices. 


Lower Columbia River 
All of the priority species are present in this region.  Sockeye do not spawn or rear in the 
region, but use the mainstem Columbia River as a migration corridor.  Chinook salmon, 
chum salmon, and steelhead are listed, and present downstream of Mossyrock Dam and 
Merwin Dam on the Cowlitz River and Lewis River, respectively plus other tributaries and 
the mainstem Columbia River.  Bull trout are listed as threatened throughout the region 
where they are present and sea-run cutthroat trout are also listed as threatened.  Coho 
salmon is a candidate species.  Each of the 4-Hs has been cited as contributing to the listing 
of one or more of the species.  FPRs regulate commercial timber activities on about 45 
percent (2,179 square miles) of the land in the region.  The DNR manages an additional 9 
percent (433 square miles) of land under their HCP.  About 32 percent (1,562 square miles 
are under Federal management.  Consequently, the improvements to FPRs under 
Alternatives 2 and 3 could have a significant effect on the recovery of the listed or 
potentially listed species, but improvements in other factors are probably needed as well. 


Middle Columbia River  
All of the priority species are present in this region, except chum and sea-run cutthroat 
trout.  Sockeye do not spawn or rear in the region, but use the mainstem Columbia River as 
a migration corridor.  Chinook and chum salmon are listed in the westernmost potions of 
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this region as part of the lower Columbia River ESU, and steelhead are listed as threatened 
throughout the region except for the White Salmon River.  Bull trout are listed as 
threatened throughout the region.  Each of the 4-Hs has been cited as contributing to the 
listing of one or more of the species.  FPRs regulate state and private commercial timber 
activities on about 13 percent (1,360 square miles) of the lands in the region.  The Federal 
government manages slightly more land (18 percent, 1,810 square miles).  Agriculture is an 
important land-use within the region, particularly within the Yakima Valley and irrigation 
diversions have been cited as a major concern in the region.  Several major dams are also 
present in the region for hydroelectricity (Bonneville, The Dalles, John Day) and irrigation 
(Cle Elum, Kachees, Keechelus, Rosa) Consequently, the improvements to FPRs under 
Alternatives 2 and 3 could have a moderate overall effect on the recovery of the listed or 
potentially listed species.  Changes in FPRs would likely be a major factor in the recovery 
of bull trout in the region because they are predominately found in forested areas and are 
influenced less by marine factors, dams, commercial harvest, hatcheries and urbanization.  
Improvements in FPRs would also be significant for the recovery of chinook salmon and 
steelhead, however improvements in other land-use practices will also likely be required 
for successful recovery. 


Snake River 
Chinook salmon, sockeye salmon, steelhead and bull trout are present in the region.  
However, sockeye salmon do not spawn or rear in the region but use the mainstem Snake 
River as a migration corridor.  Chinook, steelhead, and bull trout are listed as threatened 
within the region.  Each of the 4-Hs has been cited as contributing to the listing of one or 
more of the species.  However, the region is relatively arid and only about 5 percent (346 
square miles) of the lands are regulated by FPRs.  Federal management occurs on about 7 
percent of the land (491 square miles).  The state manages a very small amount of 
forestland (about 32 square miles) in the region.  Nearly 88 percent (5,941 square miles) of 
the land in this region is unforested.  A significant portion of the fish habitat upstream of 
this region in Idaho is unavailable to listed anadromous species because of impassable 
dams (Dworshak, Hells Canyon Complex).  Four other major hydroelectric dams (Ice 
Harbor, Lower Monumental, Little Goose, and Lower Granite) are present along the lower 
Snake River and are considered by many to be a major influence on the status of chinook 
salmon, sockeye, and steelhead in the region.  Consequently, any improvements in FPRs 
under Alternatives 2 and 3 would only be a very minor contribution towards the overall 
recovery of listed species in the region.  However, within those areas that do have forest 
practices, improvements to FPRs should provide benefits to species that live in those areas. 


Upper Columbia River downstream of Grand Coulee Dam  
The priority species found in the region include chinook salmon, sockeye salmon, 
steelhead, and bull trout.  Chinook (endangered), steelhead (threatened), and bull trout 
(threatened) are listed within the region.  Each of the 4-Hs has been cited as contributing to 
the listing of one or more of the species.  FPRs regulate commercial timber activities on 
about 6 percent (655 square miles) of the lands in the region while Federal management 
occurs over about 39 percent of the lands (4,073 square miles).  State forestlands occur 
over about 5 percent of the lands (469 square miles).  About 47 percent (4,865 square 
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miles) of the lands are unforested in the region.  The region also includes a number of dams 
for hydroelectricity (Rocky Reach, Wanapum, Priest Rapids, Rock Island, Wells, Chief 
Joseph, and Lake Chelan).  Consequently, the improvements to FPRs under Alternatives 2 
and 3 could have a low to moderate overall effect on the recovery of the listed species, and 
other factors will be important for their recovery.  However, the effect of improved FPRs 
could be significant within the watersheds with commercial and state forestlands.  Changes 
in FPRs would likely have the largest effect on bull trout because they are predominately 
found in forested areas and are influenced less by marine factors, harvest, hatcheries and 
urbanization. 


Upper Columbia River upstream of Grand Coulee Dam 
The only priority species present in this region is bull trout, which are listed as threatened.  
Hydroelectric and irrigation dams that have fragmented bull trout distribution plus habitat 
degradation has been cited as major factors leading to the listing in this region.  FPRs 
regulate commercial timber activities on about 25 percent (2,685 square miles) of the lands 
in the region.  State forests are present on about 4 percent (440 square miles) of land and 
Federal management occurs on about 21 percent (2,241 square miles).  Consequently, the 
improvements to FPRs under Alternatives 2 and 3 could have a significant effect on the 
recovery of bull trout in the region. 
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3.8 WILDLIFE 
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3.8.1 Introduction 
The goal of the wildlife section is to describe the biology of and analyze the impacts of the 
three proposed alternatives on six selected amphibian species that are considered sensitive 
to forest practices, as well as other riparian-dependent species that may be significantly 
affected by the proposed changes to the Washington FPR.  The six amphibian species are 
the Van Dyke’s salamander (Plethodon vandykei), the Dunn’s salamander (Plethodon 
dunni), the Columbia torrent salamander (Rhyacotriton kezeri), the Cascade torrent 
salamander (Rhyacotriton cascadae), the Olympic torrent salamander (Rhyacotriton 
olympicus), and the tailed frog (Ascaphus truei).  They were selected because: 1) they are 
closely associated with aquatic and riparian habitats; 2) they have been shown to be 
sensitive to timber harvest; and 3) they lack significant federal protection in some portion 
of their range (either through status or occurrence on federal lands).  Some other aquatic or 
riparian-associated species with special status are generally addressed.  These species 
include the red-legged frog, Oregon spotted frog, western pond turtle, harlequin duck, great 
blue heron, beaver, muskrat, mink, and otter.  Although most of Washington’s terrestrial 
vertebrate species use riparian habitats for essential life activities (Knutson and Naef, 
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1997), analysis of the alternatives emphasizes those species with special status most likely 
to be affected.   


Quantitative analyses presented in the environmental effects section based primarily on 
analyses presented in Sections 3.5 (Riparian Habitat) and 3.6 (Wetlands), as well as on 
Appendices C (Riparian Habitat) and F (Wetlands).  These analyses will be used to 
compare the two proposed alternatives with the current FPRs using three different 
evaluation criteria: (1) how well the alternatives would protect the quality and quantity of 
riparian habitat as measured by a variety of forest microhabitat variables important to the  
target species (e.g., microclimate, downed wood, and sedimentation); (2) how well the 
alternatives would protect unique habitats known to be priority habitat for amphibians 
(e.g., stream junctions); and (3) how well the alternatives would protect habitat of other 
riparian-dependent species (i.e., beaver).   


3.8.2 Affected Environment 
3.8.2.1 Importance of Riparian Habitats to Wildlife 
Riparian areas are among the most important wildlife habitats in Washington.  
Approximately 85 percent of Washington’s terrestrial vertebrate species use riparian 
habitat for essential life activities (Knutson and Naef, 1997; Thomas et al., 1979; Brown et 
al., 1985).  O’Connell et al. (1993) and Oakley et al. (1985) provide extensive reviews of 
the literature on wildlife use of riparian areas.  This section highlights some significant 
contributions of several attributes of riparian habitat that are of particular importance to 
amphibians and other riparian-dependent species.  These include complex vegetation 
structure, snags and downed woody debris, edge effect, and connectivity. 


Complex Vegetation Structure 
Riparian zones are noted for their structural complexity.  They often are characterized by a 
variety of vegetation layers, including herbaceous, shrub, sapling, tree, and overstory 
layers (Oakley et al., 1985).  This floristic diversity is encouraged by the frequent 
disturbance in most riparian areas, particularly along larger streams, due to flood events, 
mass wasting events, fire, windthrow, etc (Wissmar et al., 1994; Agee, 1994).  A high 
degree of vegetative structures in a riparian zone provides abundant sites for breeding, 
roosting, foraging, and hiding for numerous species.  In particular, riparian vegetation 
structure has been shown to be very important to breeding songbirds (Sanders and Edge, 
1998; Knopf, 1985; Martin, 1988; Hagar, 1999).  Doyle (1990) and McComb et al. (1993) 
reported that structural diversity of riparian vegetation was important to small mammals.  
However, narrow riparian zones along small streams often do not provide structural 
diversity enhancement beyond that provided by adjacent upland areas. 


Snags and Downed Woody Debris 
Snags and downed woody debris serve very important biological functions for a wide 
variety of species.  Many birds and small mammals use cavities in snags for nesting and 
resting.  Brown (1985) estimates that over 100 species of wildlife use snags, with 
approximately 53 of them being cavity-dependent.  These species include woodpeckers, 
cavity-nesting ducks, owls, bats, and most mustelids.  Marten and fisher use cavities in live 
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and dead trees as nest sites (Ruggiero et al., 1994).  Snags and downed woody debris 
provide other important habitat functions, including foraging, roosting, and perching.  
Wildlife will use a wide variety of trees in different stages of decay, including trees with 
heart rot, hollow trees, broomed trees, completely dead snags, and downed logs of all 
decay classes (Bull et al., 1997).  For instance, Bull et al. (1992) found that pileated 
woodpeckers in the Blue Mountains of Oregon selectively roosted in live and dead grand 
firs that were extensively decayed by Indian paint fungus.  In the same region, downed 
logs provide important habitat for forest-dwelling ants, which are a primary prey of 
pileated woodpeckers (Torgersen and Bull, 1995).  Similarly, density of cavity-nesting 
birds in other regions has been positively correlated with the density of large snags 
(Raphael, 1980; Madsen, 1985).  Marten use large downed logs for predator avoidance, 
thermal protection, and natal dens (Buskirk and Ruggiero, 1994).   


Timber harvesting has been shown to reduce the density of snags in the landscape and this 
has been correlated with reduced abundance of cavity-nesting species (Dickson et al., 
1983; Brown et al., 1985; O’Connell et al., 1993).  Retention of riparian buffer strips has 
the potential to maintain greater densities of snags and downed logs in the landscape.  
Environmental conditions in riparian and wetland areas can contribute to the production of 
snags and downed logs.  Undercut slopes, soil saturation, ponding, high water, and other 
types of soil disturbance that are common in riparian areas can all contribute to the 
weakening of trees and subsequent production of snags or deformities.  Furthermore, 
riparian buffer strips that border clearcuts are very vulnerable to windthrow.  One study of 
40 buffers on small streams in northwest Washington found that an average of 33 percent 
of all trees in the buffers were affected by windthrow (Grizzel and Wolff, 1998).  This 
windthrow increased the large in-stream woody debris counts in this study by 52 percent 
compared to counts at the time of harvest (1 to 3 years earlier).  This study concluded that 
windthrow may be the most important mechanism for LWD recruitment to stream 
channels.  However, these authors caution that much of this LWD is suspended over 
narrow, confined channels and does not contribute to sediment retention (Grizzel and 
Wolff, 1998).  Partially submerged snags in wetlands, particularly beaver ponds, are 
important habitat for species such as cavity-nesting ducks, tree swallows, woodpeckers, 
and osprey (Knutson and Naef, 1997).   


Windthrow is not the only mechanism that can reduce the amount of snags in a riparian 
zone.  Some snags in a given riparian zone will have to be removed prior to and during 
adjacent timber harvest activities to meet state safety regulations.  According to chapter 
296-54 of the WAC, any tree that presents a hazard to workers because of some observable 
natural or manmade defect is labeled a “danger tree” and must be removed.  Although no 
data is available to quantify the effect of this regulation on the amount of snags in riparian 
areas, Alternative 2 does include several restrictions and requirements that would protect 
snags and other wildlife trees.  These include: (1) any trees in the core or inner zone in 
Western Washington damaged by yarding must be left; (2) at least 5 wildlife trees per acre 
must left in RMZs on westside 20-acre exempt parcels; (3) all wildlife trees must remain in 
RMZs on eastside 20-acre exempt parcels; and (4) the minimum trees per acre 
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requirements for westside RMZs would be expected to be high enough that a component of 
dead snags is insured. 


Edge Effect 
The edge effect is a term used to describe the potentially positive and negative effects 
associated with the ecotone between two different habitat types.  These effects can include 
increased exposure to predation, increased prey availability, increased vegetative structural 
complexity, and increased exposure to light and heat.  It is generally used in reference to 
the ecotone between recently harvested areas and older forests, but it can also be applied to 
the ecotone between riparian areas and upland habitats.  Riparian areas, due to their usually 
long and sinuous shape, are dominated by edge habitat.  Edge habitat is characterized by 
the presence of species representative of both the riparian zone and the adjacent habitat.  
The diverse vegetation and complex structure that characterizes the edge of riparian zones 
makes this area attractive and beneficial to many species, particularly generalist species 
(Knutson and Naef, 1997; Wilcove et al., 1986).  These species benefit from the myriad of 
different nesting and perching substrates as well as multiple vegetation layers (e.g., grass, 
herb, shrub, tree) and usually more abundant food sources such as berries or insects 
(Knutson and Naef, 1997).  Species richness is thus often greater in edge habitat (Fraver, 
1994).  On the other hand, some studies have demonstrated the negative effects of edge 
habitat on species that are adapted to the conditions of forest away from the edge (i.e., 
interior habitat).  Increased edge habitat can increase exposure to predators such as crows 
and ravens, brown-headed cowbirds, and raccoons.  A literature review by Paton (1994) 
suggested that predation and parasitism rates are often significantly greater within 164 feet 
of an edge.  Nelson and Hamer (1995) found that successful marbled murrelet nests were 
located significantly farther from edges (> 180 feet) than unsuccessful nests.  The effects of 
predation have been shown to extend up to 2,000 feet into a stand (Wilcove et al., 1986).   


Numerous studies have demonstrated or suggested widths for riparian buffers to maintain 
the diversity of interior forest species.  Several studies have shown that riparian buffer 
strips up to 230 feet wide maintain some, but not all, of the species diversity of the interior 
forest bird guild (Hagar, 1999; Kinley and Newhouse, 1997).  Even wider zones (>1,500 
feet) were suggested by Kilgo et al. (1997) to maintain all the species associated with 
undisturbed bottomland hardwood forests in South Carolina.  Most riparian buffers would 
be too narrow to support populations of many species, particularly larger mammals such as 
marten or fisher (Ruggiero et al., 1994).  However, for some species that are more 
dependent on the aquatic and riparian habitats, such as beaver, mink, and river otter, 
riparian buffer strips may be able to maintain enough habitat to support all their habitat 
requirements.  Beavers do most of their foraging and dam construction within 700 feet of 
the water’s edge (Allen, 1983).  Similarly, river otter and mink spend most of their time in 
close proximity to moving water (O’Connell et al., 1993).  Other species, such as black 
bear, often occur in riparian areas due to abundance of food and prey items, but are not 
limited to those areas for reproduction (O’Connell et al., 1993).   
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Connectivity 
Riparian areas can provide important habitat linkages in the landscape.  Many different 
species have been documented using riparian areas for travel and dispersal (Lovejoy et al., 
1986; Brown et al., 1985; Gibbs, 1998; Harris, 1984).  Although very few species are 
limited to riparian corridors for movement, many mobile species such as marten, fisher, 
cougar, deer, and birds will utilize riparian corridors.  Beier (1993) documented cougars in 
the Santa Ana Mountains of southern California using relatively narrow riparian corridors 
for movement.  Machtans et al. (1996) found that forest birds would utilize habitat 
corridors more often than clearcuts.  The potential value of riparian corridors increases in a 
fragmented landscape as they become the only safe way for some species to cross 
unsuitable habitat, which is the case for the cougars in the Beier (1993) study.   


3.8.2.2 Target Amphibian Species 
In this section the six target amphibian species are discussed.  The discussions include a 
general description of each species and its status in Washington, the distribution of the 
species by region, a description of the habitat preferences and relationships with forest 
management. 


Van Dyke’s Salamander 
The Van Dyke’s salamander is a plethodontid salamander endemic to Washington.  Van 
Dyke’s salamanders are known from three areas of Washington: the Olympic Mountains, 
the southern Cascades (including populations in southeastern Thurston County), and the 
Willapa Hills (Leonard et al., 1993).  Populations of this species are generally small and 
fragmented compared to other Pacific Northwest woodland salamanders (Nordstrom and 
Milner, 1997; Wilson et al., 1995; Brodie, 1970).  Most of the recorded locations for this 
species come from the wetter, western slopes of these areas (Dvornich et al., 1997).  The 
Van Dyke’s salamander is a Washington State Candidate species for listing, is considered 
an “at-risk” species by the Washington State GAP Analysis Project (Cassidy et al., 1997), 
and is a Survey and Manage species under the Northwest Forest Plan (USDA and USDI, 
1994).  Two out of three regions where this species occurs are dominated by federal 
ownership (Olympic National Park and Wilderness Area, Mount Saint Helens National 
Monument, Gifford Pinchot National Forest), and the third is dominated by private 
commercial forest lands (southwest Washington).   


This species has been said to be more strongly associated with aquatic and riparian 
environments than most other plethodontids, with the possible exception of the Dunn’s 
salamander (Leonard et al., 1993).  However, relatively few studies have been done to 
characterize the habitat limitations of the Van Dyke’s salamander (Jones, 1989; Wilson et 
al., 1995).  Van Dyke’s salamanders have been found inhabiting seeps, streams, and north-
facing slopes with rocky substrates in forested areas from sea level to 3,600 feet (Leonard 
et al., 1993; Nordstrom and Milner, 1997).  They have also been found associated with 
large downed woody debris in riparian and upland areas removed from any rocky 
substrates (Wilson et al., 1995).  These sites were usually in areas of high precipitation 
along the Washington Coast (Wilson et al., 1995).  Wilson et al. (1995) found that the 
distribution of this species in Washington was limited by precipitation, unconsolidated 
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geologic deposits, and temperature.  Areas where Van Dyke’s salamander populations have 
been found, in almost every case, have precipitation greater than 59 inches annually, do not 
have unconsolidated sediments, and have a soil temperature above 43 degrees F (Wilson et 
al., 1995).   


Some studies have suggested that the distribution of Van Dyke’s salamander has been 
limited by clearcutting (Wilson et al., 1995; Corn and Bury, 1989).  Wilson et al. (1995) 
suggests that rapid logging of the lowland forest separating the three concentrations of the 
Van Dyke’s salamander may have contributed to their isolation.  It is logical that where 
this species is more dependent on downed woody debris it would be more susceptible to 
negative impacts from logging.  Furthermore, logging can compact rocky substrates where 
this species may be seeking shelter.  Another reason this species is particularly sensitive to 
timber management is because it is often found associated with headwaters and nonfish-
bearing streams, which currently receive relatively little protection (i.e., riparian buffers) 
from harvest.  At least one study has shown that riparian buffers can encourage persistence 
of amphibians following timber harvest (West and O’Connell, 1998).  However, exactly 
how disturbance types, timber harvest prescriptions, or potential RMZ prescriptions may 
affect persistence of Van Dyke’s salamanders in the landscape is unknown.   


Dunn’s Salamander  
The Dunn’s salamander is one of our largest plethodontid salamanders.  It can reach 6 
inches in total length (Leonard et al., 1993; Nussbaum et al., 1983).  Dunn’s salamanders 
are known to occur from northwestern California to extreme southwestern Washington 
(Nussbaum et al., 1983; Leonard et al., 1993).  In Washington, they only occur in the 
Willapa Hills, which is the northernmost limit of their range (Leonard et al., 1993).  Most 
of the record locations for this species come from Pacific, Lewis, Wahkiakum, and Cowlitz 
counties (Dvornich et al., 1997).  The Dunn’s salamander is a Washington State Candidate 
species, is considered an “at-risk” species by the Washington State GAP Analysis Project 
(Cassidy et al., 1997).  Most of the range of this species in southwest Washington is 
dominated by private commercial timberlands.   


Dunn’s salamanders have been found inhabiting wet, rocky substrates that are heavily 
shaded, including seeps, streams, wet talus slopes, and stream edges in forested areas from 
sea level to 3,300 feet (Leonard et al., 1993; Nordstrom and Milner, 1997).  Corn and Bury 
(1991) found a significant association between the abundance of Dunn’s salamanders in 
the Oregon Coast Range and the percent cover of rock.  They also found that Dunn’s 
salamanders occurred more often on steep slopes, where exposed talus was present, and in 
stands at higher latitudes (Corn and Bury, 1991).  Dunn’s salamanders are not considered 
aquatic, but rather riparian associates (Corkran and Thoms, 1996; Gomez and Anthony, 
1996).  Results of Bury et al. (1991) support this conclusion.  Approximately 90 percent of 
Dunn’s salamanders observed in their study were found in stream bank habitat as opposed 
to riffle or pool habitat.   


Timber management has been identified as a human activity that can disturb habitat for 
Dunn’s salamanders (Nordstrom and Milner, 1997).  Timber harvest can remove canopy 
cover that maintains microclimatic conditions favored by this species, including cool 
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substrate temperatures and high relative humidity (Nordstrom and Milner, 1997; Ledwith, 
1996; Chen et al., 1993, 1995).  Timber harvest can also disturb the rocky substrate that is 
preferred habitat of Dunn’s salamanders.  Another reason this species is particularly 
sensitive to timber management is because it is often found associated with headwaters and 
nonfish-bearing streams, which currently receive relatively little protection (i.e., riparian 
buffers) from harvest.  At least one study has shown that riparian buffers can encourage 
persistence of amphibians following timber harvest (West and O’Connell, 1998).  
Furthermore, several studies have demonstrated a direct relationship between buffer width 
and the maintenance of cool microclimate and high humidity (Ledwith, 1996; Brown and 
Krygier, 1970).   


Olympic Torrent Salamander 
The Olympic torrent salamander is the original species from which four species of torrent 
salamander were split by Good and Wake (1992).  Three of these four torrent salamanders 
occur in Washington; the Olympic, Cascade, and Columbia torrent salamanders.  All 
torrent salamanders are stream-adapted larval salamanders (larvae have gills and four legs) 
characterized by very short gills, depressed body, and a low short caudal fin (Nussbaum et 
al., 1983).  Olympic torrent salamanders are known to occur only on the Olympic 
Peninsula of Washington (Nussbaum et al., 1983; Leonard et al., 1993).  Most recorded 
locations for this species come from Clallam, Jefferson, and Mason counties (Dvornich et 
al., 1997).  The Olympic torrent salamander is considered an “at-risk” species by the 
Washington State GAP Analysis Project (Cassidy et al., 1997).  Most of the range of this 
species is dominated by federal land ownership (mainly Olympic National Park and 
Wilderness Area).   


Habitat requirements for torrent salamanders are thought to be similar to the other three 
species.  Therefore, this discussion makes reference to studies on all four species across 
their range.  Generally, torrent salamanders are very closely associated with cold, clear 
streams, seeps, or waterfalls (Leonard et al., 1993).  They are often found in the splash 
zone of rapidly flowing, steep gradient streams or in saturated moss or talus nearby (< 1m), 
hiding under cover objects (Blaustein et al., 1995; Bury et al., 1991).  Several studies have 
observed a strong association between the abundance of torrent salamanders and the 
presence of old-growth forests (Corn and Bury, 1991; Corn and Bury, 1989; Welsh and 
Lind, 1991).  These studies suggest that the cause of this association is that old-growth 
forest help maintain suitable cool water temperatures that torrent salamanders require for 
survival.  Welsh and Lind (1996) reported that suitable water temperatures for torrent 
salamanders are usually between 6.0 and 15.0 degrees Celsius.  This association with old-
growth forests may be secondary to other factors such as slope, aspect, and geologic 
formation in some areas, particularly moist coastal environments such as northwestern 
California (Diller and Wallace, 1996; Welsh and Lind, 1996). 


Timber harvest can remove canopy cover that maintains microhabitat conditions favored 
by this species, including cool substrate temperatures and high relative humidity 
(Nordstrom, 1997; Ledwith, 1996; Chen et al., 1993, 1995).  Timber harvest and associated 
road construction activities have also been documented to increase the risk of debris 
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torrents, causing scouring and increasing the presence of fine sediments in headwaters and 
high-gradient streams (Morrison, 1975; Swanston and Swanson, 1976).  The presence of 
fine sediments has been shown to severely reduce instream habitat quality by filling 
interstitial spaces critical to salamanders for movement and larval development (Corn and 
Bury, 1989; Diller and Wallace, 1996).  However, another study has suggested that 
deposition of the finest sediments, which are mainly composed of organic matter, are 
important to these salamanders for food (Welsh and Lind, 1996).  Notably, most of the 
studies that demonstrate negative effects of sedimentation are from the ranges of the 
southern species, not the Olympic torrent salamander.  Streams in the range of the southern 
torrent salamander (northwestern California and southwestern Oregon) are prone to carry 
heavier sediment loads than streams in the Olympics and Washington Cascades due to the 
presence of unconsolidated marine sediments, heavier rainfall, and warmer climate.  Thus, 
the northern torrent salamanders may experience fewer sedimentation problems than the 
southern species. 


Even more so than Van Dyke’s or Dunn’s salamander, the torrent salamander is associated 
with headwater streams, seeps, and springs (Nordstrom, 1997; Welsh and Lind, 1996; 
Diller and Wallace, 1996).  This means that they receive even less benefit or protection 
from the current FPRs.  However, most of the range of this species in Washington is in 
federal ownership. 


Cascade Torrent Salamander 
The Cascade torrent salamander is the most variable species of torrent salamander.  
Cascade torrent salamanders are distributed in the Cascade Mountains of Washington and 
Oregon from just north of Mount Saint Helens, Washington to northeastern Lane County, 
Oregon (Leonard et al., 1993).  The valley of the Cowlitz River separates its range from 
that of the Olympic torrent salamander.  Most recorded locations for this species in 
Washington come from Skamania, Cowlitz, and Clark counties (Dvornich et al., 1997).  
The Cascade torrent salamander is a state Candidate species in Washington and is 
considered an “at-risk” species by the Washington State GAP Analysis Project (Cassidy et 
al., 1997).  Federal land ownership (Gifford Pinchot National Forest and Mount Saint 
Helens National Monument) dominates much of the range of this species.   


Habitat requirements and effects of timber management on the Cascade torrent salamander 
are similar to those of the Olympic torrent salamander (see above).   


Columbia Torrent Salamander 
The Columbia torrent salamander is distributed in the Coast Ranges of Washington and 
Oregon from the Willapa Hills/Long Island area of Washington to the Grand Ronde River 
Valley in Oregon (Leonard et al., 1993).  The valley of the Chehalis River separates its 
range from that of the Olympic torrent salamander.  Most recorded locations for this 
species in Washington come from Pacific, Lewis and Wahkiakum counties (Dvornich et 
al., 1997).  The Columbia torrent salamander is a state Candidate species in Washington 
and is considered an “at-risk” species by the Washington State GAP Analysis Project 
(Cassidy et al., 1997).  Most of the range of this species in Washington is dominated by 
private commercial timberlands.   
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Habitat requirements and effects of timber management on the Columbia torrent 
salamander are similar to those of the Olympic torrent salamander (see above).  In 
particular, a recent study by Grialou and others (2000) found that Columbia torrent 
salamanders were absent from clearcuts in southwestern Washington within several 
years after harvest.   


Tailed Frog 
The tailed frog is a widely distributed frog endemic to the Pacific Northwest.  It is the only 
member of the genus Ascaphus, one of the two extant genera in the world’s most primitive 
frog family (Welsh et al., 1993).  Tailed frogs are found in the Olympic, Cascade, Blue, 
Wallowa, and Siskiyou mountains of Washington and Oregon, as well as the Oregon Coast 
Range and northwestern California (Leonard et al., 1993; Blaustein et al., 1995).  They 
have been found from sea level to approximately 7,000 feet in elevation (Leonard et al., 
1993).  In Washington, tailed frogs have also been reported from the Willapa Hills and 
Capitol State Forest (Dvornich et al., 1997).  The tailed frog is considered an “at-risk” 
species by the Washington State GAP Analysis Project (Cassidy et al., 1997) due to its 
strong association with cold, clear mountain streams.  Due to its wide distribution, the 
range of the tailed frog includes a wide variety of land ownerships throughout the 
mountainous regions of the state.   


The tailed frog is considered more strongly associated with cold, permanent, fast-flowing 
streams than any other anuran (Nussbaum et al., 1983; Welsh et al., 1993).  Tailed frogs 
are highly adapted for life in fast-flowing headwater streams.  These adaptations include 
internal fertilization of females, reduced lungs, hardened fingertips, and lack of 
vocalizations (Leonard et al., 1993; Welsh et al., 1993).  Larvae are entirely aquatic, 
requiring between one year (in lowland areas) and four years (in high elevation areas) to 
reach metamorphosis (Leonard et al., 1993; Welsh et al., 1993).  Tailed frogs have also 
been shown to be strongly associated with old-growth forests (Blaustein et al., 1995; Welsh 
et al., 1993; Corn and Bury, 1991; Aubry and Hall, 1991; Corn and Bury, 1989; Welsh and 
Lind, 1988).  These older forests are usually more structurally complex, containing a multi-
layered canopy and an abundance of downed woody debris.  This structural complexity 
may contribute a stable streamside environment with the microhabitat characteristics that 
are required by tailed frogs.  Tailed frogs have the narrowest range of temperature 
requirements of any frog native to Washington.  Their eggs require water temperatures 
between 5 degrees and 18.5 degrees Celsius (Brown, 1975).  Tailed frogs have also been 
shown to be sensitive to sedimentation, which may negatively impact important food 
sources such as nonfilamentous algae (Welsh and Ollivier, 1998).  The tailed frogs narrow 
habitat requirements suggest that they are more vulnerable than other frogs to population 
declines following habitat disturbance.  This conclusion is supported by studies in 
northwestern California (Welsh et al., 1993) and Washington (Aubry and Hall, 1991) and 
Oregon (Bull and Carter, 1996).   


Timber harvest has the potential to diminish the quality of tailed frog habitat by increasing 
sedimentation in streams, removing canopy cover important for maintaining stream 
temperatures, removing downed woody debris, and compacting riparian substrates 
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(Leonard et al., 1993; Blaustein et al., 1995).  Corn and Bury (1989) and Dupuis and 
Steventon (1999) found that logging had significant negative effects on densities of tailed 
frogs.  The latter study also found that buffered creeks in their study area (in British 
Columbia), on average, had higher densities of tailed frogs than logged creeks.  This study 
also suspected that increased sediment input from logging played a larger part in their 
results than did increased stream temperature.  Several studies have also suggested that 
riparian buffer strips may be able to protect the streamside microhabitat variables required 
by tailed frogs even if the surrounding habitat is not maintained as old-growth (Bull and 
Carter, 1996; Corn and Bury, 1989).   


3.8.2.3 Other Riparian-Dependent Species 
This section presents a general description of the other wildlife species in Washington, 
including rare, threatened, and endangered species, that would be most affected by the 
alternatives.  Table 3.8-1 lists all of these riparian-associated species that have some special 
status within the state.  This list is not intended to be a complete list of all species native to 
Washington that use riparian areas; instead, it is a list of sensitive species or species with 
some sort of state or federal status that would potentially be significantly impacted by the 
proposed alternatives.   


Seventy-nine percent of Washington amphibian species use streams, ponds, and temporary 
waters for mating, egg deposition, and larval development (Nussbaum et al., 1983).  
Because of their limited range, limited mobility, and sensitivity to water temperature and 
quality, amphibians are particularly sensitive to alterations of riparian and aquatic habitat 
(Nussbaum et al., 1983).  Several of the amphibian species with special status in 
Washington, such as the Oregon spotted frog, have limited distributions and thus may be 
more at risk from disturbance than other species (Knutson and Naef, 1997).   


One reptile species with special status, the western pond turtle, uses aquatic and riparian 
habitats for most of its life requisites (Hays et al., 1999).  Large woody debris is 
particularly important for cover and basking sites for this species (Knutson and Naef, 
1997).   
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Table 3.8-1. Washington Special Status and High Profile Species with Strong Riparian Associations  


Common Name Scientific Name Status1/ Distribution2/ 
Use of Riparian 


Areas3/ 


Amphibians     
Columbia torrent salamander Rhyacotriton kezeri SC, FSC 5 6 Stream/Creek - b, f 
Cascade torrent salamander Rhyacotriton cascadae SC 5 6 Stream/Creek - b, f 
Dunn's salamander Plethodon dunni SC 5 6 Stream/Creek - b, f 
Van Dyke's salamander Plethodon vandykei SC, FSC 5 6 Stream/Creek - b, f 
Red-legged frog Rana aurora FSC 4 5 6 Lake/Pond/Slough - b, f 
Cascades frog Rana cascadae FSC 2 3 4 5 6 Lake/Pond/Stream - b, f 
Northern leopard frog Rana pipiens SC 1 2 3   5   Lake/Pond - b, f 
Oregon spotted frog Rana pretiosa SE, FC 5 6 Lake/Pond - b, f 
Columbia spotted frog Rana luteiventris SC, FSC 1 2 3 4     Lake/Pond - b, f 
Western toad Bufo boreas SC 1 2 3 4 5 6 Lake/Pond - b, f 
Olympic torrent salamander Rhyacotriton olympicus  6 Stream/Creek – b, f 
Tailed frog Ascaphus truei  1 2 3 4 5 6 Stream/Creek – b, f 
Reptiles     
Western pond turtle Clemmys marmorata SE, FSC 4 5 6 Lake/Slough/Stream - f 
Sharptail snake Contia tenuis SC 2 3   5 6 Wetlands - b, f 
Birds     
Common loon Gavia immer SC 1 2 3 4 5 6 Lake - b, f 
Aleutian Canada goose Branta canadensis 


leucopareia 
ST, FT 5 6 Lake - b, f 


Harlequin duck Histrionicus histrionicus FSC 1 2 3 4 5 6 River/Stream - b, f 
Bald eagle Haliaeetus leucocephalus ST, FT 1 2 3 4 5 6 River/Lake - f 
Sandhill crane Grus canadensis SE 1 2 3 4 5 6 Wetlands - b, f 
Yellow-billed cuckoo Coccyzus americanus SC 1 2   4     Stream/Slough - b, f 
Willow flycatcher Empidonax traillii FSC 1 2 3 4 5 6 Stream/Pond - b, f 
Pileated woodpecker Dryocopus pileatus SC 1 2 3 4 5 6 River/Stream – b, f 
Great blue heron Ardea herodias P 1 2 3 4 5 6 Stream/Wetlands – b, f 
Wood duck Aix sponsa P 1 2 3 4 5 6 River/Stream – b, f 
Mammals     
Shaw Island Townsend's vole Microtus townsendii pugeti FC 4     Stream/Lake/Pond - b, f 
Columbian white-tailed deer Odocoileus virginianus 


leucurus 
SE, FE 5   Stream/Slough – b, f 


Mink Mustela vison P 1 2 3 4 5 6 River/Stream – b, f 
Beaver Castor canadensis HP 1 2 3 4 5 6 Stream/Creek – b, f 
Muskrat Ondatra zibethicus HP 1 2 3 4 5 6 Stream/Wetlands – b, f 
River Otter Lutra canadensis HP 1 2 3 4 5 6 River/Stream – b, f 
1/ SE = State Endangered; ST = State Threatened; SC = State Candidate; FE = Federal Endangered; FT = Federal Threatened;  


FC = Federal Candidate; FSC = Federal Species of Concern; P = Priority species with WDFW, but not listed; HP = high profile/high 
public interest. 


2/ Numbers indicate WDFW Regions:  1 = Eastern; 2 = North Central; 3 = South Central; 4 = North Puget Sound; 5 = Southwest; 6 = 
South Puget Sound and Coastal. 


3/ Indicates type of riparian area used, and type of use (b = breeding; f = foraging), based on Brown, 1985. 
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Several groups of birds are closely associated with riparian areas.  These include many 
neotropical migrants, cavity-nesting birds (i.e., woodpeckers and waterfowl), waterfowl, 
and raptors (mainly the bald eagle and osprey).  The complexity of riparian vegetation, as 
described earlier (see Section 2.1.1), provide breeding, foraging, and cover habitat for 
many of these species (Knutson and Naef, 1997). 


A wide variety of mammals are closely associated with riparian areas.  At least five 
endemic small mammals are considered obligate inhabitants of streamside areas: water 
shrew, marsh shrew, muskrat, beaver, and water vole (O’Connell et al., 1993).  The habitat 
characteristics of riparian areas, including presence of water, abundance of food, moist 
microclimate, and edge habitat support the life requisites of these species and a wide 
variety of other mammal species, including river otter, mink, raccoon, black bear, fisher 
marten, mule deer, and elk (Knutson and Naef, 1997).  Timber harvest has the potential to 
reduce (and in some cases increase) the populations of these species by affecting cover, 
decreasing or increasing the prey base or food sources, and affecting breeding areas. 


3.8.3 Environmental Effects 
3.8.3.1 Evaluation Criteria 
This section describes the three evaluation criteria that were chosen to evaluate how the 
proposed alternatives would impact wildlife resource.  They are: (1) the degree of 
protection afforded to various microhabitat variables, such as humidity and air temperature, 
sedimentation, and downed wood, that are important to the six target species by each 
alternative, (2) the degree of protection afforded to various unique habitat types that are 
important to the target amphibian species, and (3) the degree of protection afforded to 
various habitat types important to the other riparian-associated wildlife species identified in 
Table 3.8-1.  These evaluation criteria are described in more detail below.   


Microhabitat Variables Important to the Target Amphibian Species 
There are several components of the microenvironment of riparian areas that influence the 
suitability of that habitat for amphibians.  They include  microclimate, downed wood, and 
sedimentation.   


Some of the important microclimatic parameters of riparian areas include solar radiation, 
soil temperature, soil moisture, air temperature, wind velocity, and air moisture or 
humidity.  These microclimatic parameters are generally different in riparian than upland 
areas.  Riparian areas are usually lower in the landscape, are closer to water, and tend to 
have more complex vegetation structure.  These characteristics contribute to a cooler, 
moister microenvironment for amphibians.  Timber harvest activities can disrupt this 
microclimatic gradient between upland and riparian areas (see Section 3.5 - Riparian 
Functions, Microclimate for more information).  For instance, timber harvest can expose a 
riparian area to increased solar radiation, thus potentially increasing the ambient air and 
water temperatures in that area and reducing the relative humidity and soil moisture.  
Brosofske et al. (1997) found that no-harvest riparian buffers between 148 feet and 984 
feet in width were needed to maintain unaltered microclimatic gradients near streams.  
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Based on this study, many standard buffer widths currently in use may not fully protect 
riparian microclimate.   


Timber management activities can change the quantity and size of sediment that is 
delivered to a stream.  This can lead to stream channel instability, pool filling by coarse 
sediment, or introduction of fine sediment to spawning gravels.  Increased sedimentation in 
headwater streams has been shown to negatively impact some amphibian species by filling 
interstitial spaces in the stream substrate that are important for movement and larval 
development (Corn and Bury, 1989; Diller and Wallace, 1996).  Riparian buffer strips in 
Washington have been shown to be effective in filtering overland sediment, with strips of 
no-harvest buffers of at least 30 feet identified as effective in some cases  (Rashin et al., 
1999).   


Downed wood is an important microhabitat feature for amphibians.  Bury et al. (1991a) 
found that terrestrial salamander abundance was associated with the presence of coarse 
woody debris.  Ensatina and western redback salamander abundance was positively 
correlated with amounts of coarse woody debris in western Washington forest (Aubry et 
al., 1988; Aubry and Hall, 1991).  Coarse woody debris provides moist sites where 
amphibians can seek shelter from predators, forage on the soil surface while still 
maintaining body moisture, and breed.  Nordstrom and Milner (1997) recommend that a 
minimum of 5 uncharred hard logs at least 12 inches in diameter and 23 feet long per acre, 
as well as all soft logs the same size, should be retained to provide suitable coarse woody 
debris for Dunn’s and Van Dyke’s salamanders.  Large woody debris in streams also 
provides cover for amphibians, as well as erosion control and substrate for egg deposition 
(see Section 3.5 - Riparian Functions, LWD Recruitment, for more discussion of LWD).   


All of these components are evaluated according to how adequately the proposed 
alternatives provide riparian buffers and other suitable regulations to maintain them.  For 
management of amphibians, WDFW recommends buffer widths between 35 and 100 feet 
to retain appropriate shade on streams, widths between 100 and 180 feet to maintain woody 
debris recruitment, and widths up to 300 feet to control sedimentation (Larsen, 1997).  As 
described in Section 3.5.3.1 (Riparian Function Criteria), the results of Brosofske et al. 
(1997), Dong et al. (1998), and Chen (1991) indicate that a minimum of 147 feet is 
considered necessary to maintain most microclimatic gradients, buffer widths greater than 
230 feet for air temperature are required, and buffers of up to 787 feet are required for 
protection of humidity.  Ledwith (1996) demonstrated that buffer widths of at least 100 feet 
between clearcuts and streams in northern California significantly reduce air temperature 
and increase relative humidity.  Other studies have reported that 100-foot wide buffers 
between clearcuts and streams are sufficient to retain adequate shade on streams to 
maintain suitable stream temperatures for amphibians (Brown and Krygier, 1970; Brazier 
and Brown, 1973; Steinblums et al., 1984).  Retaining buffer strips of at least 100 feet can 
help maintain woody debris recruitment (Bottom et al., 1983; Harmon et al., 1986; 
VanSickle and Gregory, 1990).   


FEMAT (1993) recommends a buffer width of 170 feet in western Washington (which is 
equal to one site potential tree height) to provide complete protection for sediment 
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filtration.  This width was chosen because: (1) it meets the requirements of buffer widths 
recommended in the literature (Johnson and Ryba, 1992); and (2) it is consistent with the 
width chosen for the EBAI model (see Appendix D – Riparian Habitat).  This is the 
distance that was assumed to be the baseline target for this analysis of that aspect of 
amphibian microhabitat requirements.  Target widths for other microclimatic parameters 
are chosen from Brosotske and others (1993) and Chen (1991) (see above).  Target 
guidelines for downed wood are difficult to determine.  Amphibian species such as western 
red-backed salamander and ensatina are more closely associated with downed woody 
debris than are the target amphibian species.  Nonetheless, at least one study recommends 
course woody debris retention in the range of 100-300 cubic meters per hectare to provide 
adequate cover for terrestrial salamanders (Butts and McComb, 2000).   


Unique Habitats Important to the Target Amphibian Species 
Many unique habitats in the landscape provide refugia for the target amphibian species.  
These include stream junctions, talus, downed woody debris, seeps, and springs.  These 
unique habitats were chosen as evaluation criteria because (1) some of them are addressed 
separately in the proposed alternatives and (2) some of the target amphibian species are 
more closely associated with unique habitats than the background riparian zone.  These 
components are evaluated according to how much and how well they are protected under 
the proposed alternatives.  In addition to the unique habitats listed above, protection of 
wetlands was also chosen as an evaluation criterion for the effects of the alternatives.  
Although none of the six target amphibian species is directly associated with wetland 
habitats, wetland buffers and other protection measures can provide indirect protection for 
nearby unique habitats that may support populations of these species. 


Other Riparian-Associated Species 
The third criterion that was chosen for evaluating the potential impacts of the proposed 
alternatives on wildlife was the potential effects on other riparian-associated species in 
Washington.  This criterion was limited primarily to species with special status (see Table 
3.8-1).  This criterion was chosen because so many species, other than the target amphibian 
species, use riparian areas for some portion of their life cycle.  This criterion is evaluated 
qualitatively with regard to how well the protections proposed in Alternative 2 and 3 
compare to existing FPRs.   


3.8.3.2 Analysis of Alternatives 
Microhabitat Variables and Target Amphibians  
The first evaluation criterion was the potential protection afforded to microhabitat 
variables, including microclimatic variables, sedimentation, and downed wood, by the 
proposed alternatives.   


ALTERNATIVE 1 
Under Alternative 1 the current FPRs would be maintained.  Current FPRs protect 
microhabitat variables only indirectly through various riparian prescriptions.  The primary 
prescription that is currently directly applicable to the maintenance of suitable microhabitat 
conditions for amphibians is the stream-shade requirement, which provides enough shade 
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on Type 1, 2 or 3 streams to maintain stream temperatures at either 16 and 18 degrees 
Celsius, depending on the classification of the stream and the elevation of the site (Forest 
Practices Board Manual M-5).  In general, riparian buffers on Type 1 and 2 streams are 
between 25 and 100 feet wide, buffers on Type 3 streams are between 25 and 50 feet wide, 
while Type 4 and 5 streams generally have no protected buffer requirements (see Section 
3.5).   


Based on recommended riparian widths, the RMZs provided for Alternative 1 for Type 1-3 
waters, which range between 25 and 100 feet, do not maintain complete microclimatic 
conditions, downed woody debris recruitment, and sediment filtration.  RMZs are not 
currently required on Type 4 and 5 streams, except under special circumstances; therefore 
maintenance of the microhabitat variables important to amphibians will not occur on these 
headwater streams.  These conclusions are supported by the results of the EBAI analysis 
(see Section 3.4 and Appendix D), which concludes that Alternative 1 produces an EBAI 
for LWD of less than 30 percent of the recommended EBAI for complete protection of 
LWD recruitment potential for both fish-bearing and nonfish-bearing streams in both 
eastern and western Washington.  Because the buffer requirements for LWD recruitment 
are more stringent than buffer requirements for protection of other riparian functions (i.e.  - 
downed wood), the EBAI can also be used to compare relative protection for those 
parameters as well (see Appendix D).  The EBAI for sediment filtration under Alternative 
1 is 62 percent of the recommended EBAI for complete protection.  This result is explained 
primarily by the lack of riparian protection, and thus sediment filtration, along Type 4 and 
5 streams.  Rashin et al. (1999) demonstrated that BMPs were ineffective without RMZs on 
Type 4 and 5 streams.  Sullivan et al. (1990) demonstrated that current FPRs result in 
significant increases in air temperature in riparian areas.   


There are some practices in the current FPRs that can mitigate for some of the lack of 
maintenance of these parameters and limit the effects of timber harvest on microhabitat, 
particularly some that apply to sediment delivery.  These include: (1) clearcuts can be a 
maximum of 240 acres; (2) yarding in RMZs must minimize damage to vegetation; (3) 
sidecast along skid trails is limited to above the 50-year floodplain; (4) no more than 30 
percent volume removal every 10 years within 200 feet of a designated shoreline (usually 
Type 1 waters); (5) riparian leave tree requirements are greater when stream substrate is 
gravel or cobble; and (6) hardwood to conifer ratios must be maintained.   


ALTERNATIVE 2 
Alternative 2 would be expected to improve the microclimate along streams by requiring a 
variety of more restrictive buffers compared to Alternative 1.  These include a minimum 
no-harvest zone of 50 feet (i.e., the core zone), and selective harvest zones (with two 
options) up to a total of 200 feet beyond the bankfull width or CMZ of all Type S and F 
streams on the westside (depending on site class), and a minimum no-harvest zone of 30 
feet and selective harvest zones up to a total of 130 feet beyond the bankfull width or CMZ 
of all Type S and F streams on the eastside.  Furthermore, and perhaps more importantly 
for amphibians, Alternative 2 provides a variety of protective measures for Type N 
streams, which are primarily the streams that are Type 4 and 5 streams under Alternative 1.  


Alternative 1 would 
result in high risk 
for most amphibian 
habitat variables 
along Type 1-3 
streams and very 
high risk along 
Type 4 and 5 
streams. 
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These additional prescriptions include: (1) a 30-foot equipment limitation zone on all 
perennial and intermittent Type N streams; (2) a 50-foot no-harvest buffer applied on either 
side of all perennial Type N streams for the length of the stream up to 500 feet upstream of 
its intersection with a Type S or F stream; and (3) a 56-foot radius buffer patch 
surrounding the intersection of two or more perennial Type N streams.  In addition to these 
prescriptions, a variety of protective buffers must be used by landowners to protect 
sensitive sites.  These include: (1) no harvest within 50 feet of a soil zone perennially 
saturated from a headwall or side-slope seep and (2) no harvest within 50 feet of side-slope 
spring.  Overall, at least 50 percent of the total length of Type Np waters would receive 50-
foot buffers.   


As described in Section 3.4 (Riparian Habitat), both options of Alternative 2 would 
provide improved LWD recruitment, particularly for fish-bearing streams.  Under 
Alternative 2, the EBAI for sediment filtration (see Figure 3.2-2) is approximately 80 
percent of the maximum protection for sediment filtration (see Section 3.2.3.2).  Notably, 
the proposed arrangement of expanded linear buffers combined with nodes to protect 
sensitive areas of headwater streams under Alternative 2 is similar to the standardized 
buffer approach recommended by the WDFW to protect riparian features and functions 
important to torrent salamanders, Dunn’s salamander, and Van Dyke’s salamander (Larsen, 
1997).   


In contrast to Alternative 1, total buffer widths for site classes I and II approach or exceed 
the minimum buffer widths recommended for microclimatic parameters, at least on Type S 
and F streams.  However, the no-harvest zones are not wide enough to allow microclimatic 
conditions to reach unharvested levels in the inner and outer zones.  Protection of 
microclimate parameters along Type N streams would likely make it easier to maintain 
suitable amphibian habitat in Type S and F streams.  Corn and Bury (1989) found that 
uncut timber upstream from logged stands promoted amphibian diversity in those areas.  
However, full maintenance of suitable microclimatic conditions along Type N streams may 
not be achieved, since these streams would be protected with a 50-foot no-cut buffer at 
most, which is much smaller than the 147-foot buffer recommended by the literature for 
complete protection.   


Microclimatic conditions would be maintained through 100-foot wide no-harvest buffers 
that are proposed for Type S and F streams greater than 10 feet wide under Option 2.  
Option 2 under Alternative 2 leaves substantially more trees per acre in the inner and outer 
zones than Option 1.  Although the proposed buffers would likely protect in-stream 
microclimatic conditions on site class I and II, Type S and F streams (which would benefit 
the highly aquatic torrent salamanders), microclimatic conditions in the terrestrial 
environment would approach upland levels as the outer edge of the buffers are approached.  
This means that the buffer itself would not maintain ideal conditions.  Semlitsch (1997) 
recommends a buffer zone of over 500 feet in width as more ecologically realistic to 
protect important terrestrial habitat.  Similarly, Dodd and Cade (1997) argue that 
regulatory buffers should consider the many types of amphibian migratory patterns in 
upland habitats in order to preserve habitat critical to all stages of the amphibians’ life 
cycle.   


Alternative 2 would 
result in moderate 
risk of effects on 
amphibian 
microhabitat 
variables, 
especially along 
Type S and F 
streams in areas 
with high site 
classes, although 
proposed buffer 
widths would still 
be below optimum.  
Microhabitat 
variables would be 
well below optimum 
along nonfish-
bearing streams 
with buffers and all 
habitat variables 
would lack 
protection along 
nonfish-bearing 
streams without 
buffers. 
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Alternative 2 recommends the following downed wood guidelines associated with salvage 
logging in RMZs in western Washington:  


Logs with a  
Solid Core < 1 Foot Diameter 


1-2 Foot 
Diameter 


> 2 Foot 
Diameter 


 
Total 


Number of 
logs/acre 


85 83 26 194 


 
These guidelines may be translated to a downed wood retention range of between 
approximately 122 and 407 cubic meters per hectare assuming the following: (1) median 
diameters for each category above are .5, 1.5, and 2.5 feet; (2) logs are either 6 feet or 20 
feet long.  These amounts cover the entire range recommended in the literature.  Therefore, 
the minimum amount of downed wood required to be left outside the core zone of RMZs in 
western Washington is adequate for amphibians.  This parameter would be expected to 
have relatively minor effects on the highly aquatic torrent salamanders, and more 
significant effects on the other more terrestrial salamanders and frogs.   


Overall, compared to Alternative 1, the changes to FPRs proposed under Alternative 2 
would be expected to maintain suitable microclimatic, downed wood, and sediment 
delivery conditions for highly aquatic amphibians along site class I and II, Type S and F 
streams.  This alternative would also significantly improve these same microhabitat 
conditions along other Type S and F streams, as well as along Type N streams.  This 
improvement is due in part to the water typing changes proposed in Alternative 2.  These 
changes include changing many streams that are currently classified as Type 4 streams to 
Type F streams, based on their gradient (see Appendix C).  Microhabitat conditions in 
these higher site class streams and in the terrestrial habitat of the buffers would not be 
maintained at optimum levels for the target amphibian species.  This would require wider 
buffers on Type N streams and buffering greater lengths of these streams than are currently 
proposed under Alternative 2.  Although the design of this alternative (and the WDFW 
recommendations) would result in substantially better protection for both individual 
amphibians and amphibian populations compared to Alternative 1, the proposed buffers 
would not provide the optimum amount of protection. 


ALTERNATIVE 3 
Alternative 3 proposes similar riparian buffers on all streams on both the eastside and 
westside.  The minimum buffer width is based on stream gradient.  Streams with 0 to 20 
percent gradient receive a 200-foot minimum width, 20 to 30 percent receive 100 feet, and 
greater than 30 percent receive 70 feet.  Thinning would be allowed within these buffers, 
but only for the purpose of improving riparian function and after the landowner went 
through the appropriate SEPA procedures.  Additional buffers are provided for BHZs and 
CDZs.  CDZs are the areas within 30 feet of the lateral extent of an expected channelized 
landslide.   


According to EBAI analyses, Alternative 3 would provide over 90 percent of the 
recommended protection for LWD recruitment and sediment filtration on all streams (see 
Section 3.5 and Appendix C).  This result is logical since the proposed buffers on streams 
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less than 20 percent gradient exceed the 170-foot buffer width requirement for sediment 
delivery and all Type N streams are consistently protected to some degree.  Alternative 3 
would protect approximately five times more acreage in affected lands with buffers 
compared with Alternative 2.  Alternative 3 would also provide wide enough buffers on 
low-gradient streams to create some terrestrial habitat with microclimatic conditions 
suitable for amphibians, unlike either Alternative 1 or Alternative 2.  For example, a 200-
foot buffer would be wide enough to provide temperature and moisture conditions 
approximately 30 feet beyond the banks of the streams that would be suitable for the target 
amphibian species.  This aspect of Alternative 3 is particularly important for the more 
terrestrial amphibians, such as the tailed frog and Van Dyke’s salamander.  Furthermore, 
Alternative 3 would provide additional buffers for beaver habitat.  Since this buffer can 
apply on almost any small basin, low-gradient stream in the state, many streams could 
potentially have additional buffers added to them due to this provision of Alternative 3.   


Based on the expanded primary buffers and additional buffers, Alternative 3 would be 
expected to provide the most positive benefits to amphibians through protection of 
sediment delivery, downed wood, and microclimate.  However, it would be expected that 
some variables, such as air temperature and humidity, would still not be completely 
protected under the rules proposed for Alternative 3.   


Unique Habitats and Target Amphibians 
Scientists have identified several unique habitat features in the landscape that are of 
particular importance to the successful maintenance of healthy amphibian populations.  
These include stream junctions, Type N streams (under Alternatives 2 and 3), talus, and 
other refugia.  This section analyzes the potential protection provided for these features by 
the proposed alternatives.  Some of these features (e.g., stream junctions, Type N streams) 
are often associated with wetlands.  Measures designed to protect wetland habitats can thus 
provide indirect protection to unique habitats that support the target amphibians.  
Therefore, this section also analyzes the wetland protection measures of the proposed 
alternatives. 


ALTERNATIVE 1 
Headwater streams, seeps, springs, and talus receive little or no direct protection under 
current FPRs.  Protection of these unique habitats is largely indirect, occurring only to the 
extent that these habitats are associated with wetlands. 


Current FPRs delineate Type A and B wetlands.  Type A wetlands are non-forested 
wetlands with open water.  Type B wetlands are non-forested wetlands lacking open water.  
The third category is forested wetlands.  Current FPRs do not provide protection for 
wetlands smaller than 0.25 acre.  The average buffer currently provided for any wetland is 
100 feet.  This buffer is provided only on Type A wetlands larger than 5 acres in size.  
Smaller Type A wetlands and Type B wetlands larger than 5 acres receive a 50-foot 
average buffer.  Type B wetlands between 0.5 and 5 acres have an average buffer of 25 
feet.  Type B wetlands between 0.25 and 0.5 acres receive no buffer.   


Alternative 3 would 
result in low risk of 
effects on 
amphibian 
microhabitat 
variables, 
especially along 
lower gradient 
streams, although 
proposed buffer 
widths would still 
be below optimum 
for some variables.  
Along high gradient 
streams 
microhabitat 
variables would be 
well below 
optimum, but all 
would have some 
protection. 
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These buffers are much smaller than those recommended in the literature.  Semlitsch 
(1997) recommended buffers of over 500 feet around wetlands based on studies of pond-
breeding salamanders in numerous studies from the Midwest and East.  This large buffer 
was meant to encompass the terrestrial movements of 95 percent of the populations 
studied.  Some of the more terrestrial of the target amphibian species, such as the tailed 
frog, Dunn’s salamander, and Van Dyke’s salamander, can spend considerable amounts of 
time in upland areas adjacent to riparian areas, usually within 150 – 300 feet from the 
stream (Gomez and Anthony, 1996).  Thus, current RMZs do not protect all habitat used 
by these amphibians in their daily movements.   


ALTERNATIVE 2 
Measures proposed under Alternative 2 would provide more protection to unique habitats 
than Alternative 1.  The increased RMZs along Type S and F streams would increase the 
amount of protection for streamside unique habitats.  Furthermore, and perhaps more 
importantly for amphibians, Alternative 2 would provide a variety of protective measures 
for Type N streams.  Under existing FPRs, most such streams are classified as Type 4 or 5 
and receive little or no protection.  The torrent salamanders in particular, would benefit 
from protection of rock and cobble in the splash zone of Type N streams.  These protective 
measures are described above for Alternative 2 under the “Microhabitat Variables and 
Target Amphibians” subsection.  The lack of protection for isolated refugia such as talus 
would still allow some negative impacts to the more terrestrial amphibians (e.g., Dunn’s 
and Van Dyke’s salamanders, and tailed frogs) from future timber harvest. 


Wetland buffers under Alternative 2 would not be significantly different from Alternative 
1.  However, increased RMZs would protect additional acres of wetlands in the affected 
lands (see Tables 3.5-3 and 3.5-4). 


ALTERNATIVE 3 
Alternative 3 provides the highest potential benefits for amphibians based on its proposed 
protection for refugia.  It provides the widest potential buffers on riparian areas, ranging 
from 70-foot buffers on steep gradient (>30%) streams to 200-foot buffers on low gradient 
(<20%) streams.  It also proposes the largest buffers on wetlands, including 200-foot 
buffers on Type A wetlands greater than 5 acres, 100-foot buffers on Type B wetlands, and 
snag and canopy retention standards on non-forested wetlands.  These buffers are proposed 
as managed buffers, which means that they are intended to allow thinning where it is 
beneficial to the proper functioning of the riparian or wetland area (see Chapter 2).   


These proposed buffers would provide protection to most of the important refugia used by 
torrent salamanders in the landscape, such as the splash zone of Type N streams.  It would 
also provide enough buffer on isolated wetlands (200 feet for Type A) to protect much of 
daily movements of salamanders and tailed frogs living in that environment.  Despite these 
improvements, Alternative 3 would still not provide buffers wide enough to maintain all of 
the habitat requirements of amphibians using the refugia (Dodd and Cade, 1998; Semlitsch, 
1998).   


Alternative 1 would 
provide high risk of 
impacts to refugia 
and unique habitats 
for target 
amphibians. 


Alternative 3 would 
provide low risk of 
impacts to refugia 
and unique habitats 
for target 
amphibians. 


Alternative 2 would 
provide low to 
moderate risk of 
impacts to refugia 
and unique habitats 
for target 
amphibians. 
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Other Riparian Species 
The third criterion is the potential protection from the proposed alternatives for other 
riparian- associated wildlife species.   


ALTERNATIVE 1 
Current FPRs provide a variety of protections to wildlife species, particularly for species 
that are state or federally listed as threatened and endangered.  These critical habitat 
prescriptions are listed in Section WAC 222-16-080 of the existing FPRs.  Table 3.8-1 lists 
wildlife species in Washington that have some special status (e.g., state or federal listed, 
species of concern, or high profile species) and are considered strongly associated with 
riparian areas for breeding and/or foraging.  This table is not meant to be inclusive of all 
wildlife species in Washington that are associated with riparian areas.  As discussed earlier, 
over 85 percent of Washington’s native fauna use riparian areas for some portion of their 
life cycles.  Instead, Table 3.8-1 is limited to species with some special status.  
Nonetheless, this table provides a general indication of the wide variety of species that 
could be affected by the proposed alternatives.   


Alternative 1 would do nothing to benefit these other riparian-associated species beyond 
existing FPRs.  Some of the species, such as the Oregon spotted frog, western pond turtle, 
and Columbian white-tailed deer have extremely limited distributions.  While this makes 
them very vulnerable to extinction, it is unlikely that private forest practices are going to 
impact these species significantly because site-specific management plans are in place for 
most of the extant populations (McAllister and Leonard, 1997; Larsen, 1997).  Some of the 
more widely distributed species, including Cascades frog and the red-legged frog, use 
aquatic and riparian habitats for breeding, but are usually found in more upland habitats for 
the rest of their life cycle.  Current riparian buffers are most likely inadequate for some of 
these other amphibian and reptile species.  Western pond turtles may require buffers well 
over 1,000 feet in width to accommodate their upland breeding habitat (Holland, 1994).  
The northern leopard frog is distributed mainly in the shrub-steppe vegetation zone of 
southeastern Washington, so it would not be significantly affected by existing or proposed 
FPRs (McAllister et al., 1999).  Finally, many of these species are likely to occur in small, 
temporary wetlands, many of which are not currently protected if they are less than 0.5-
acre in size.  Cascades frogs can be very abundant in small, isolated high elevation 
wetlands (Larsen, 1997).  As recommended by Dodd and Cade (1998), buffers of over 600 
feet may be necessary to adequately protect all the habitat required for the migratory 
patterns of amphibians in these small wetlands.   


As for many of the bird species listed in Table 3.8-1, current RMZ prescriptions do not 
attempt to protect all of the habitat requirements of these species.  The bald eagle receives 
specific protections for its critical habitat requirements due to its federal threatened status.  
These special provisions protect large buffers around known nest sites.  As for the other 
avian species, Alternative 1 would do little to minimize negative impacts to these species 
from human activities.  For instance, 100-foot buffers along streams occupied by nesting 
harlequin ducks are recommended because that is the necessary distance to recruit large 
woody debris for loafing (Larsen, 1997).  Even larger buffers (164 feet) have been 


Alternative 1 would 
provide high risk of 
impacts on other 
riparian species. 
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recommended to protect suitable nesting habitat (Cassirer and Groves, 1990).  Buffers up 
to 600 feet wide have been recommended for cavity-nesting ducks and pileated 
woodpeckers (Larsen, 1997).   


Similar to the birds mentioned above, the mammals listed on Table 3.8-1 require very large 
buffers.  Some studies have recommended riparian buffers of 100m (328 feet) to protect 
the area of optimum foraging and cover habitat for mink and beaver (Melquist et al., 1981; 
Allen, 1983; Knutson and Naef, 1997).   


ALTERNATIVE 2 
Compared to existing conditions, Alternative 2 would be expected to improve habitat for 
other riparian-associated species in Washington in four mains ways : 1) Alternative 2 
would substantially increase the acreage of riparian habitat protected by no-harvest buffers 
(see Figures 3.4-7 and 3.4-8); 2) it would increase the amount of riparian habitat protected 
by selective harvest buffers and equipment limitation zones (see Figures 3.4-7 and 3.4-8); 
3) it would provide protection for riparian habitat along headwater (Type N) streams, 
which generally receive no buffers under Alternative 1; and 4) it would provide improved 
wetland protection due to better mapping techniques and protection of seeps and springs 
connected to Type N streams (see Section 3.5, Wetlands).  These measures would have 
benefits for riparian-associated species, but the extent of the benefits is unknown.   


ALTERNATIVE 3 
Compared to existing conditions, Alternative 3 would have the most positive benefits for 
other riparian-associated species in Washington.  Similar to Alternative 2,  they would 
benefit in four main ways : (1) Alternative 3 would substantially increase the acreage of 
riparian habitat protected by no-harvest buffers (see Figures 3.4-7 and 3.4-8); 2) it would 
provide protection for riparian habitat along streams with gradients greater than 30 percent, 
which generally received no buffers under Alternative 1; and 3) it would provide improved 
wetland protection due to improved mapping techniques and protection of seeps and 
springs connected to Type N streams (see Section 3.4, Wetlands).  These proposed 
measures would have benefits for riparian-associated species, but the extent of the benefits 
is unknown.  Nevertheless, Alternative 3 would provide the most protection and potential 
habitat improvement for other riparian-associated species of any of the alternatives. 


Alternative 2 would 
provide low to 
moderate risk of 
impacts on other 
riparian species. 


Alternative 3 would 
provide low risk of 
impacts on other 
riparian species. 
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3.9.1 Introduction 
Fire has been an integral part of the forest environment for thousands of years.  The 
likelihood of a fire initiation and the extent and severity of the resulting fire are affected by 
the vegetation and other fuel on the site.  This section discusses the frequency of fire in the 
forests of Washington, the common causes of those fires, and the effects on future fires 
likely to result from each of the alternatives. 


3.9.2 Affected Environment 
Forest fires have occurred in the area that now makes up the state of Washington for 
millions of years.  The most common natural cause of these fires is lightning.  Areas east of 
the Cascade Crest average 10 to 15 thunderstorms per year while areas west of the Crest 
average 5 per year.  Most of the forested areas of Washington experience between 1 and 6 
lightning fires per 100,000 acres each year.  However, lightning fires are more common in 
some areas in Okanogan, Ferry, and Chelan Counties (Agee, 1993).  When conditions are 
dry and fuel is abundant, these lightning fires can burn large areas.  One lightning fire in 
Chelan County, the1994 Tyee Fire, burned over 140,000 acres and cost millions of dollars 
to suppress.   


In the cool, moist climate of western Washington, climatic conditions, fuel accumulation, 
and lightning ignition combine to result in extensive stand-replacement fires on an average 
of once every 230 years (though this varies from as often as every 150 years in drier areas 
to several hundred years in wetter areas).  These fires were generally intense; often 50 to 
100 years would pass before these burns became fully restocked with native conifers 
(Franklin et al., 1981).  On the eastside, Ponderosa pine forests historically have had 
extensive fires every 15 years on average, mixed conifer forests an average of every 50 
years, and the moister, high elevation forests experience fire only about once every 500 
years (Agee, 1993).  Often the more frequent fires on the eastside represented understory 
burns that maintained the canopy, or at least a portion of the canopy. 


Lightning fires, which usually start as the result of lightning strikes in large trees or snags, 
account for approximately 37 percent of the forest fires in Washington.  Less than 1 
percent are caused by spontaneous combustion or other natural causes (Agee, 1993).  The 
remaining fires are caused by humans, and are due to campfire escapes, industrial activity, 
other accidents, or are intentionally set. 
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Fire suppression efforts over the past century have had a substantial effect on existing 
vegetation in many areas of the state, particularly on the east side.  Fuel levels are high in 
many parts of eastern Washington, because the frequent understory fires that once burned 
these areas and kept fuel levels in check have been aggressively suppressed. As a result, 
fires are now often more intense and difficult to suppress. 


3.9.3 Environmental Effects 
By maintaining standing trees and snags in RMZs, surrounded by dead fuel on the ground 
as the result of logging operations, all alternatives contribute to the risk of a wildfire 
occurring.  The extent of the risk is likely to be greater in those alternatives that leave more 
standing trees and snags and more down woody debris.  These can act as lightning rods and 
increase the likelihood of a fire start, as well as enhance its spread after it has started.  The 
risk is likely to be greater in areas where fire is more common due to climatic and 
topographic factors.  In other words, a fire is more likely to begin in a wide riparian buffer 
in a ponderosa pine forest on a south-facing slope in Chelan County than in a narrow 
buffer in a western hemlock forest on a north-facing slope in Whatcom County. 


Once a fire begins, its rate of spread, and the difficulty that fire fighters will have 
controlling it, are related to the amount and type of fuel and to weather and topographic 
conditions.  Weather and topographic conditions would not be effected by the proposed 
alternatives, but fuels would be affected.  Alternatives that leave more wood on the ground 
(large woody debris), especially in conjunction with standing trees and snags, are more 
likely to support fire spread than alternatives that leave less.  Dead limbs and logs on the 
ground, especially large logs, increase the intensity of the fire.  Heavier fuel on the ground 
means a hotter fire that burns for a longer period of time.  This volatilizes nitrogen, a 
nutrient often deficient in forest soils, and can cause greater soil damage, resulting in 
increased soil erosion (Biswell, 1989).  It can also lead to an increase of herbaceous 
vegetation and shrubs that compete with tree seedlings (Saveland and Bunting, 1988).  
Standing snags and large logs on the ground can also increase the fires spread by 
‘spotting’, throwing burning embers large distances.  Alternatives that leave more fuel are 
likely to have a greater risk than alternatives that leave less.  Again, the risk is greater in 
dryer areas than in wetter ones. 


Intense or stand replacement fires are considered to have negative effects on riparian 
functions and aquatic systems because of elimination of shade, potential for increased 
erosion and sediment inputs, and other factors.  Therefore, optimum conditions are 
considered to be those that will maintain riparian functions while minimizing the potential 
for intense, stand-replacement fires.  


3.9.3.1 Alternative 1 
Present conditions would continue.  No buffers would be left on Type 4 and 5 streams and 
relatively few leave trees and snags would be left in buffers on Type 1, 2, and 3 streams.  
Approximately two large logs would be left per acre.  From 25 to 100 or more leave trees 
would be left on each side per 1,000 linear feet in RMZs between 25 and 100 feet wide.  
Some leave-trees would likely blow down, increasing the amount of large woody debris. 
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The risk of a fire occurring, its rate of spread and intensity would not change compared 
with current conditions.  The risk of intensive, stand replacement fires in the managed 
riparian zones would be relatively low. 


3.9.3.2 Alternative 2 
A no-harvest buffer, ranging from 50 feet to 100 feet on each side of fish-bearing streams 
would be left on the westside and 30 feet wide on each side of streams on the eastside. 
These buffers may contain snags as well as live trees.  Trees would also be left in the inner 
and outer zones of the RMZs on fish-bearing streams as well.  Alternative 2 also has 
minimum requirements on the east side for down wood to be left behind in the inner and 
outer zones after harvest.  It has additional requirements for down wood in cases where 
salvage logging inside the inner or outer zone is permitted, for both the east side and west 
side.  In addition, some trees would likely blow down, especially in the outer portions of 
the RMZ, adding to the amount of large down wood.  The thinning regime that is 
prescribed for the eastside is designed to mimic pre-settlement conditions (i.e., the period 
before fire was intensively suppressed) over a 50-year period.  However, the amount of 
down wood being left under this alternative on the eastside is considerably higher than 
under Alternative 1 and may be well above the levels that existed under pre-settlement 
conditions.   


Compared to Alternative 1, the increased amount of standing and down wood on the 
eastside would increase the risk of fire initiation and increase the likelihood that any fire 
that does start will burn hotter and for a longer time.  The size of the fire would also likely 
be greater than under Alternative 1.  However, the narrower no-cut buffers and the thinning 
regime within the inner and outer zones would help maintain eastside stands more like 
stands under a natural fire regime.  On the cooler, moister westside, little increased risk is 
expected. 


3.9.3.3 Alternative 3 
A no-harvest buffer from 70 to 170 feet wide on both sides of streams would be left on the 
westside and from 30 to 100 feet on the eastside.  These wider buffers would contain more 
trees and snags than either of the other alternatives and all existing down woody debris 
would be retained.  In addition, some trees are likely to blow down, especially in the outer 
portions of the buffer, adding to the amount of large woody debris.  The increased amount 
of standing and down wood is likely to increase the likelihood of a fire starting and 
increase the likelihood that the fire will burn hotter and for a longer time, than under 
Alternative 1 or under Alternative 2.  The size and intensity of the fire are also likely to be 
greater than under those alternatives, especially compared to Alternative 1.  The potential 
for intense, stand replacement fires would be highest under this alternative and would 
increase over time because of the lack of thinning or understory burning within the riparian 
zone, which would reduce fuels. 
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With Alternative 1, 
risk of fire initiation 
and spread would 
be similar to current 
conditions.  The 
risk of intense, 
stand replacement 
fires would be 
relatively low. 


With Alternative 3, 
the risk of fire 
initiation and 
spread would be 
moderately higher 
than under 
Alternative 1, and 
slightly higher than 
under Alternative 2. 
The potential for 
intense, stand-
replacement fires 
would be highest 
and would increase 
over time under this 
alternative. 


With Alternative 2, 
the risk of fire 
initiation and 
spread would be 
slightly higher than 
under Alternative 1. 
The risk of intense, 
stand replacement 
fires would be 
higher than for 
Alternative 1, but 
still relatively low. 
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3.10.1 Introduction 
Cultural resources are archaeological and historic sites and artifacts and traditional 
religious, ceremonial and social uses and activities of affected Indian tribes 
(WAC 222-16-010) (see Glossary for other related definitions).  Affected Indian tribes are 
federally recognized tribes that request in writing from DNR, information on forest 
practices applications and notification filed on specific areas.  Cultural resources are 
important to our understanding of culture, history, heritage, and relationships to the land.  
One measure of significance for cultural resources is listing or eligibility for listing on the 
National Register of Historic Places.  


DNR and the Washington forest practices rules aim to protect cultural resources from 
impacts of timber harvesting and related activities on private and state lands.  The 
Washington Office of Archaeology and Historic Preservation (OAHP) is the state’s link in 
the National Historic Preservation Program, and works closely with federal and state 
agencies, tribal nations, local governments, businesses, and individuals to meet both 
federal and state responsibilities for cultural resource protection.  OAHP maintains the 
Washington State Inventory of Cultural Resources. 


3.10.2 Affected Environment 
A discussion of the prehistory, history, and ethnography for the entire state of Washington 
is necessarily broad and simplified.  Site-specific prehistoric, historic, and ethnographic 
overviews may be developed for specific forest practices.  


Evidence for prehistoric human occupation of Washington state extends back at least 
12,000 years, and is found at sites throughout the state.  General trends in prehistoric 
settlement and subsistence have been constructed from these sites.  From 12,000 to 8,000 
years ago, the climate throughout Washington was much cooler and wetter than it is 
presently.  Occupants of this area during this period had a subsistence strategy that was 
based primarily on hunting of large mammals, and collection of fish, shellfish, plants, and 
other resources.  The climate shifted and a warmer and drier period ensued, eventually 
reaching conditions similar to the present about 4,500 years ago.  Subsistence and 
settlement patterns adapted to the changes in climate and resource availability.  By 3,000 
years ago, and up to the time of European contact (the historic or ethnographic period), the 
area was characterized by large semi-permanent winter villages, seasonal forays to the 
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uplands and occupation of seasonal camps, fully developed food processing and storage 
technologies, and complex trade and travel networks from the Pacific Coast to the 
Columbia Plateau.  


Ethnographic records paint a picture of the lifestyles of people who occupied Washington 
before Europeans arrived.  Physical barriers, such as mountain ranges and rivers, defined 
tribal territories and resulted in unique adaptations to varied environmental conditions.  
However, the social organization of Indian groups was probably considerably more 
complex and fluid than indicated by present-day tribal designations.  While some of the 
recognized tribes in Washington are similar to their aboriginal composition, others are 
confederations of bands and tribes created in the mid-19th century in conjunction with the 
making of treaties with the U.S. Government, or in the 20th century for government 
administration.  Ethnographic records indicate that Indian groups came together at certain 
times of the year to hunt, fish, and gather specific types of resources or participate in social 
and ceremonial gatherings, and then dispersed.  Exogamy, marriage outside of the kinship 
group, was practiced widely, creating complex social networks with kin ties beyond the 
village, and facilitating trade and travel.  


Western Washington was a relatively lush world, with abundant riverine and marine 
resources.  Among the western Washington Indians, salmon was a major source of food 
and the focus of ceremonial and social life.  Wood was used to construct canoes and 
houses, including large communal longhouses, and cedar bark and other plants were used 
to make clothing, baskets, and other objects.  The seasonal subsistence pattern for many of 
these groups involved gathering at villages in the lower river valleys during the winter and 
moving in dispersed groups to take advantage of seasonally available upland animal and 
plant resources during the rest of the year.  The most basic social unit was the extended 
family, which stayed together during seasonal migrations to resource procurement areas.  A 
unique feature of some coastal Indian cultures was the potlatch, a grand feast at which the 
host earned prestige and political power by giving away their possessions to the guests.   


Eastern Washington was characterized by a more arid climate and more sparsely scattered 
resources.  People living on the Columbia Plateau also relied upon salmon as a major food 
source, supplementing this with rabbit, deer, and elk, as well as roots, berries, and nuts, and 
following a seasonal subsistence cycle.  The basic social unit of the Plateau Indians was the 
highly mobile band, which was well adapted to hunting, fishing, and gathering  more 
widely dispersed resources.  Shelters were built from poles and animal skins or woven 
mats, or pithouses were dug partially below ground.  Caves and natural rock shelters also 
provided protection from the elements.  Sweathouses played an important part in Plateau 
culture and were used in purification rituals.  Europeans introduced the horse in the late 
1700s, profoundly altering the economic and social organization of these groups by 
facilitating travel and trade over much greater distances. 


Arrival of Europeans, beginning in the late 18th century, significantly disrupted the health, 
social organization, and culture of the Indians who occupied the area as well as the natural 
resources of the area.  The earliest European explorations of Washington were by fur 
trappers and traders.  The Hudson’s Bay Company, other trading companies, and the U.S. 
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Government established forts throughout Washington (hostilities between Europeans and 
Indians peaked in the1850s and 1860s with the so-called Indian Wars).  In the mid-1800s, 
the U.S. Government made a number of treaties with the Washington Indians.  In the 
treaties, Indians ceded title to their lands in exchange for certain reserved rights and 
protections, and opened the land to settlement.  The federal government also sponsored 
several expeditions to explore transportation routes between eastern and western 
Washington.  In 1887, the completion of the transcontinental Northern Pacific Railroad 
through the Cascades opened the new State of Washington for trade to the east.  Timber 
companies, ranchers, and farmers now had a faster, cheaper way of getting their products 
to markets in the east.  Work on the railroads attracted large numbers of Europeans and 
Asians, and the booming logging, milling, and agricultural industries attracted thousands 
more.  Discoveries of gold and coal in the Cascades in the mid to late-1800s and additional 
gold and silver finds to the east in Idaho territory contributed to the growth in the economy 
and population of Washington.  Large-scale irrigation, reservoir, and hydroelectric projects 
were developed, particularly east of the Cascades, beginning around the turn of the 20th 
century. 


Settlement and development have altered or destroyed numerous cultural resources of 
Washington (including cultural resources on forest lands).  Passage of cultural resource 
protection laws has led to improved identification and management of these resources in 
recent years.  Although the locations of many sites with archaeological or historic value are 
now known, many sites are unknown and are still sometimes altered or destroyed by 
actions associated with development or resource extraction. 


3.10.3 Environmental Effects 
3.10.3.1 Alternative 1 
Although there is no requirement to conduct systematic cultural resource surveys on forest 
lands under the existing forest practices rules associated with Alternative 1, these rules do 
protect previously recorded cultural resources in several ways.  A Class IV-Special or 
Class III application must be filed with DNR for forest practices on lands containing 
cultural resources.  DNR notifies affected Indian tribes of all applications of concern to the 
tribes, including those involving cultural resources identified by the tribes.  DNR provides 
OAHP with copies of all applications and notifications for forest practices to be conducted 
on lands known to contain historic or archaeological resources.  In addition, DNR may 
consult with OAHP (and tribes) on the significance of cultural resources within a project 
area. Affected Indian tribes may forward plans for protection of cultural resources to the 
OAHP, but OAHP is not generally called into meetings with landowners. 


A Class IV–Special application for forest practices must be filed with DNR for forest 
practices on lands containing archaeological or historic sites registered with OAHP, or 
containing sites with evidence of Native American cairns, graves, or glyptic records, as 
provided for in chapters 27.44 and 27.53 RCW. The DNR consults with affected Indian 
tribes to help identify such sites.  Class IV-Special applications must include an 
environmental checklist in compliance with SEPA.  DNR may require additional 
information or a detailed environmental statement.  Under SEPA authority, DNR can then 


Under Alternative 1, 
protection of 
cultural resources is 
afforded through 
the forest practices 
application process; 
little incidental 
protection of 
undiscovered 
resources is 
provided in RMZs 
and WMZs. 
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deny the Class IV-special application, accept the application unconditionally, or condition 
the application with mitigation measures to protect cultural resources. 


According to the FPRs, a Class III application must be filed with DNR for forest practices 
on lands containing cultural resources which are listed on or are eligible for listing on the 
National Register of Historic Places, or have been identified to the DNR as being of 
interest to an affected Indian tribe.  In practice, however, National Register-eligible or –
listed sites are automatically registered with OAHP;  therefore, the presence of such sites 
automatically triggers a Class IV-Special application, rather than a Class III. 


Under a Class III application, the landowner meets with the affected tribes with the 
objective of agreeing on a plan for protecting the archaeological and cultural values of the 
resource. If the landowner and affected Indian tribes come to an agreement, then the 
landowner may voluntarily add the mitigation measures to the application for cultural 
resources protection.  In this case, then the DNR will enforce the terms of the permit.  If an 
agreement regarding mitigation measures is not reached, or if there is no landowner, the 
provisions protecting cultural resources under 27.44 and 27.53 RCW still apply, but the 
DNR has no authority to enforce these provisions. 


Protection identified for riparian areas, wetlands, and unstable slopes under Alternative 1 
also provides incidental protection to undiscovered historic and archaeological sites by 
limiting or excluding forest practices in these areas.  The amount of protection to these 
areas is addressed in Section 3.4. 


3.10.3.2 Alternative 2 
Alternative 2 would include the same regulatory protections for cultural resources that are 
provided under Alternative 1, and would provide additional protection.  Alternative 2 
would add a cultural resource module to the state watershed analysis process, to take effect 
within 2 years, which would make it more likely that cultural resources would be identified 
and considered in watershed analysis and planning.  DNR would ultimately be responsible 
for conducting the analysis of watersheds, but individual landowners may opt to conduct 
their own analyses to speed the environmental review process.   


In addition, Alternative 2 would require much larger RMZs and more protection of land 
with unstable slopes compared to Alternative 1 (see Figures 3.4-7 and 3.4-8).  This could 
provide additional incidental protection to certain types of undiscovered cultural resources 
(e.g., archaeological sites) along streams.  Most of the larger RMZs are located along Type 
S and F streams and rivers (large and medium-sized streams and rivers that contain salmon 
and other fish populations). Protection of wetlands and adjacent areas would be at a level 
similar to that provided under Alternative 1.  


Under Alternative 2, 
protection of cultural 
resources is 
afforded through the 
forest practices 
application process. 
In addition, a 
cultural resource 
module is added to 
watershed analysis 
and substantial 
incidental protection 
of undiscovered 
resources is 
provided in RMZs 
and WMZs. 
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3.10.3.3 Alternative 3 
Alternative 3 would include the same regulatory protections for cultural resources provided 
under Alternatives 1 and 2, but the buffer widths in RMZs would be larger than those 
provided under Alternative 2, and Alternative 3 has the potential, therefore, to provide 
greater incidental protection to undiscovered cultural resources over a larger area along 
streams (see Figures 3.4-7 and 3.4-8).  Like Alternative 2, Alternative 3 would incorporate 
a cultural resource module in watershed analysis planning.  Alternative 3 also provides for 
the protection of culturally significant plants from pesticide applications, an additional 
protection that is not included under Alternatives 1 or 2. 


Under Alternative 3, 
cultural resource 
protection would be 
virtually the same 
as under Alternative 
2, except for  
greater incidental 
protection due to  
wider RMZs and 
WMZs and specific 
protection of 
culturally important 
plants in the riparian 
zones during 
pesticide 
applications. 
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The cumulative impacts of the rule proposal and the alternatives are addressed in the 
previous sections in terms of how application of the rule changes would cumulatively 
effect the different resource areas subject to forest practices rules.  This section also 
addresses the cumulative effect of rule changes on a watershed scale and also considers the 
cumulative effect on a broader landscape scale, when added to management on non-federal 
forest land covered by HCPs, federal forest land, watershed planning, and other state and 
federal programs. 


3.11.1 Watershed Cumulative Effects 
Cumulative effects are defined in the forest practices rules as “the changes to the 
environment caused by the interaction of natural ecosystem processes with the effects of 
two or more forest practices” (WAC 222-16-010).  Multiple forest practices include all 
possible combinations of forest practices including those occurring on the same site over 
time, or widely dispersed within the forest, occurring simultaneously or in a sequential 
manner (Geppert et al. 1984).  The alternatives each address cumulative effects within a 
watershed, but to different degrees. 


3.11.1.1 Alternative 1 
Under Alternative 1, the forest practices rules in general (WAC 222) address cumulative 
effects by establishing minimum standards for all forest practices.  In addition, cumulative 
watershed effects are addressed directly by a number of specific rules (see WAC 222-12-
046).  The primary specific rule that address cumulative effects is watershed analysis.  A 
number of other rules including those dealing with Class IV-Special applications, road 
maintenance and abandonment plans, harvest unit size, green-up, and separation 
requirements, further restrictions on the size of clear-cuts in rain-on-snow zones, and 
adaptive management, also address it. 


Ideally, watershed analysis (chapter 222-22 WAC) would be an effective way of evaluating 
cumulative effects and modifying forest practices in watersheds where it has been 
conducted.  However, a small minority of watersheds have been analyzed  to date (see 


Under Alternative 
1, cumulative 
effects would be 
addressed in 
watersheds that 
undergo watershed 
analysis.  However, 
cumulative impacts 
would occur in 
other watersheds, 
especially those 
with high levels of 
past harvest or 
other disturbances. 
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Appendix H).  In addition, many watershed analyses started have not been completed 
because negotiations during the prescription phase have stalled, primarily over riparian 
issues (M. Hunter, WDFW, personal communication, January 19, 2001).  On occasion, 
prescriptions have also varied widely, even for adjacent watersheds with similar situations 
(M. Hunter, WDFW, personal communication, January 19, 2001).  Much of this variability 
has resulted from the negotiating abilities of the parties preparing the prescriptions (M. 
Hunter, WDFW, personal communication, January 19, 2001).  Other deficiencies in 
watershed analysis, as implemented in the past, have been outlined in Collins and Pess, 
1997a and 1997b).  Overall, watershed analysis has been an effective tool for 
understanding watershed conditions and their relationship with forest practices, but has 
been less effective at implementing prescriptions designed to prevent cumulative effects.   


Forest practices which have a potential for substantial impact on the environment are 
classified as Class IV-Special or Class IV-General by WAC 222-16-050 and receive an 
evaluation as to whether or not a detailed environmental statement under SEPA must be 
prepared.  Thus, cumulative effects are considered through the SEPA process, when the 
individual forest practices that triggered SEPA have potential for substantial impact. 


Cumulative effects are also addressed when the Department of Natural Resources requires 
a road maintenance and abandonment plan for a drainage or road system where damage to 
public resources is occurring or has potential to occur (WAC 222-24-050).  They are also 
addressed by harvest unit size and separation requirements that restrict the size of clear-
cuts and the harvesting of units adjacent to young stands (WAC 222-30-025).  Restrictions 
can also be placed on the size of clear-cuts in the significant rain-on-snow zone, if the 
Department determines that, based on local evidence, peak flows have resulted in damage 
to public resources (WAC 222-22-100).  


Adaptive management (WAC 222-08-035 and 222-12-045) is a process that also addresses 
cumulative effects.  However, the adaptive management process under Alternative 1 is 
relatively informal and does not address cumulative effects on a watershed basis, except 
over the long term.  Watershed analysis has historically been, and would continue to be, 
one of the primary sources of feedback on the effectiveness of forest practices rules for use 
in adaptive management, under Alternative 1.  


As noted in previous sections, the standards established by the current forest practices rules 
(Alternative 1) are generally insufficient to avoid resource impacts, particularly when 
evaluated in a cumulative sense with other forest practices.  An exception to this is when 
watershed analysis is implemented and is used to modify and implement effective 
prescriptions and other practices that address cumulative effects.  However, watershed 
analysis is voluntary and has only been implemented on a minority of watersheds to date. 


3.11.1.2 Alternative 2 
Under Alternative 2, the forest practices rules in general address cumulative effects by 
establishing minimum standards for all forest practices. A number of additional rules also 
address cumulative effects including:  those dealing with Class IV-special applications, 
road maintenance and abandonment plans, harvest unit size and separation requirements, 
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further restrictions on the size of clear-cuts in rain-on-snow zones, and adaptive 
management. 


Watershed analysis could still be used to assess cumulative effects.  However, 
implementation is voluntary for landowners and riparian prescriptions designed for the 
conditions observed in the watershed would no longer be a required product (See 
Appendix H).  In addition, the mass wasting module and surface erosion prescriptive phase 
would be phased out when the unstable slope hazard map and road maintenance and 
abandonment plans become available. Cultural resources and restoration modules will be 
developed and added to the watershed analysis methodology.  Consequently, the cost of 
conducting the assessment phase would increase, but most benefits to a private landowner 
from the prescriptive phase would be lost.  Therefore, it appears that watershed analysis 
would be conducted less frequently in the future under Alternative 2 because of reduced 
incentive and higher costs to private landowners. 


Forest practices which have a potential for substantial impact on the environment would 
continue to be classified as Class IV-Special or Class IV-General and receive an evaluation 
as to whether or not a detailed environmental statement under SEPA must be prepared. In 
Alternative 2, the SEPA process is more defined by guidelines to ensure a comprehensive 
review of potential effects of proposed forest practices. A variety of forest practices may 
trigger a Class IV-Special application including (among others, see chapter 222-16 WAC): 


• Certain types of pesticide use including use within a Type A or B wetland; 
• Timber harvest, or construction of roads, landings, gravel pits, rock quarries, or spoil 


disposal areas: 
♦ on potentially unstable slopes or landforms; 


♦ in high avalanche hazard areas if no watershed analysis has been conducted; or 


♦ in archaeological or historic sites. 


Thus, cumulative effects are considered through the SEPA process, when the individual 
forest practices that triggered SEPA have potential for substantial impact. 


Cumulative effects are also addressed because of the requirement under this alternative for 
road maintenance and abandonment plans and their implementation by 2015.  These plans 
should address the cumulative impacts within a watershed associated with roads over the 
next 15 years.  Cumulative effects would continue to be addressed by harvest unit size and 
separation requirements that restrict the size of clear-cuts and the harvesting of units 
adjacent to young stands.  Restrictions could also still be placed on the size of clear-cuts in 
the significant rain-on-snow zone, if the Department determines that, based on local 
evidence, peak flows have resulted in damage to public resources.  


Over the long term, the adaptive management process under Alternative 2 would result in 
cumulative effects being more fully addressed.  The program includes effectiveness 
monitoring for prescriptions that is expected to be focused in representative watersheds 
throughout the state (M. Hunter, WDFW, personal communication, January 19, 2001).  


Under Alternative 2, 
cumulative effects 
would be addressed 
in watersheds that 
undergo watershed 
analysis, but only to 
a limited degree 
since riparian and 
other prescriptions 
would not be 
modified and fewer 
watershed analyses 
would be 
conducted.  It is not 
clear that the rules 
under Alternative 2 
are sufficiently 
protective to 
prevent cumulative 
effects in 
watersheds 
containing high 
levels of past 
harvest or other 
disturbances. 
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This process is formal, includes review by an independent scientific committee, and a 
mechanism for resolving disputes when stakeholders cannot reach consensus. The adaptive 
management program is expected to be productive over the long term. 


As noted in previous sections, the standards established by the rules of Alternative 2  
generally have a low to moderate level of risk for not adequately avoiding resource 
impacts; however, there is a high degree of uncertainty associated with the effectiveness of 
certain rules.  This uncertainty is generally related to the lack of RMZ buffers on many 
Type Np and all Type Ns streams.  The uncertainty relates to issues regarding effects on 
sediment delivery to fish streams, LWD and leaf/needle litter recruitment from non-fish to 
fish streams, and the effects of shade reduction and microclimate changes on non-fish 
stream temperatures and their ultimate effect on fish stream temperatures.  In addition, 
there is some concern over the sufficiency of eastside RMZs on Type S and F waters for 
providing LWD.  These are areas that deserve emphasis with adaptive management.  
However, adaptive management is a relatively long-term process and the issues identified 
are of concern in the short term in watersheds that have experienced a high degree of past 
timber harvest, contain significantly degraded fish habitat, or contain temperature or 
sediment-impaired streams.  The lack of any consistently applied rules under Alternative 2 
for assessing current watershed condition increases the level of resource risk relative to 
these uncertain issues. 


3.11.1.3 Alternative 3 
As for Alternatives 1 and 2, Alternative 3 would address cumulative effects by establishing 
minimum standards for all forest practices.  In addition, cumulative watershed effects are 
addressed directly by watershed analysis.  A number of specific rules, including those 
addressed by Alternative 2, also address cumulative effects.  Two additional cumulative 
effects measures would also be included:  no net increase in road density and restrictions 
on cumulative harvest in rain-on-snow zones. 


Forest practices would continue to be conditioned through the forest practices application 
process (with Class IV-special applications), through restrictions on harvest unit size, 
through watershed analysis (although it would likely be implemented with less frequency 
than at present and without the riparian module), and through adaptive management (over 
the long term).  Cumulative effects would also be addressed because of the requirement 
under this alternative for road maintenance and abandonment plans and their 
implementation by 2010.  These plans should address the cumulative impacts within a 
watershed associated with roads over the next 10 years.  In addition, road-related 
cumulative effects would also be reduced by the restriction on increasing road densities.  
Finally, restrictions on the cumulative harvest within the rain-on-snow zone of a watershed 
would be implemented.  


The standards established by the rules of Alternative 3 are generally more protective than 
those under either Alternative 1 or 2.  In most cases, they are sufficiently protective to 
substantially reduce the uncertainty associated with risk to aquatic resources that is 
associated with some aspects of Alternative 2.  However, in the short term, watersheds that 
have experienced a high degree of past timber harvest, contain significantly degraded fish 


Alternative 3 would 
also address 
cumulative effects 
to a limited degree 
through watershed 
analysis and 
through additional 
rules related to 
cumulative harvest 
in ROS zones and 
road densities.  
Also, the riparian 
rules would be 
substantially more 
protective than 
under Alternatives 
1 or 2. 


There is uncertainty 
regarding the 
effects of the lack of 
RMZ buffers on 
many Type N 
streams under 
Alternative 2.  This 
uncertainty is 
increased in 
watersheds with a 
high level of recent 
past harvest, 
because cumulative 
effects may not be 
addressed. 
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habitat, or contain temperature or sediment-impaired streams, may still need additional 
protection.  Without a consistent general assessment of current watershed condition prior to 
conducting forest practices in these watersheds and implementation of additional protection 
measures where needed, the level of resource risk is increased. 


3.11.2 Landscape-level Cumulative Effects 
The changes to forest practice rules that are proposed under Alternatives 2 and 3 have been 
developed through more than 10 years of TFW discussions and research.  These changes 
are just one aspect of far-reaching regulatory, policy, and land-use management changes 
that are occurring in Washington as a response to ESA listings for Pacific Salmon and 
trout, CWA listings for water quality impaired streams, and a general understanding that 
current forest practice rules (Alternative 1) are inadequate to protect aquatic and riparian 
resources.  Plans are being developed at all levels of government throughout Washington 
to maintain and recover populations of the listed species, improve water quality, and 
address water quantity issues.  


3.11.2.1 Habitat Conservation Plans 
ESA Section 10 provides for Incidental Take Permits and Habitat Conservation Plans that 
provide regulatory protection from the ESA Take Prohibition (Section 9) for a period of 
usually 30 to 50 years, but sometimes more.  Incidental take occurs when it results during 
otherwise lawful practices.  The HCPs outline mechanisms for conserving and monitoring 
listed species and mitigating for their losses. Incidental Take Permits quantify an 
acceptable amount of take that will not jeopardize the existence of the listed species and 
permit-holders are not at risk of Section 9 violations so long as take remains below the 
permit levels.  Many HCPs have been prepared in the Pacific Northwest region by 
government and private entities since implementation of the ESA.  Most of the HCPs 
prepared in Washington address issues concerning multiple listed wildlife and/or aquatic 
species. Some of the HCPs and their issues that have been completed or are in progress in 
Washington include: 


• Mid-Columbia Public Utility Districts - Hydroelectric; 
• Washington State DNR – Forestlands; 
• Plum Creek I-90 HCP and Native Fish HCP – Forestlands; 
• Murray Pacific HCP –  Forestlands 
• City of Seattle Cedar River – Forestlands and Drinking Water Supply; 
• International Paper (formerly Champion Pacific Timberlands) - Forestlands; 
• City of Tacoma – Forestlands and Hydroelectric; 
• Longview Fibre - Forestlands; 
• Rayonier - Forestlands; 
• Crown Pacific - Forestlands; 
• Port Blakely - Forestlands; 
• West Fork Timber Co. (formerly Murray Pacific) - Forestlands; 


HCPs outline 
mechanisms for 
conserving and 
monitoring listed 
species and 
mitigating for their 
losses incidental to 
otherwise lawful 
practices. 
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• Simpson Timber Company - Forestlands; 
• Lewis County Programmatic – Non-Industrial Tree Farms; 
• King County - Wastewater Treatment; and 
• Foster Creek Conservation District – Ranching and Agriculture. 


The WDFW is considering an HCP for Hydraulic Project Approvals, but other options are 
also being considered for meeting ESA requirements. Many of the HCPs that have been 
implemented in forested areas have larger riparian buffers and other conservation measures 
for listed species than existing forest practices rules.  For instance, the DNR HCP requires 
the state to use a riparian conservation strategy on all of its ownership which has as one of 
its goals to protect the breeding, foraging, and resting habitats of the Dunn’s salamander, 
Van Dyke’s salamander, and tailed frog through the application of minimum 100-foot wide 
buffers on Type 1, 2, 3, and 4 streams. This strategy is enhanced in the Olympic 
Experimental Forest Planning Unit, which borders the western edge of Olympic National 
Forest.  Many of the HCPs for private forestlands require watershed analysis, habitat 
reserves, or a number of other special features that benefit aquatic and riparian systems. 


3.11.2.2 The Northwest Forest Plan 
Implementation of the Northwest Forest Plan (NFP) has particular relevance to alternatives 
evaluated in this EIS because state and private forestlands are often adjacent to, or exist as 
inholdings within Federal ownership.  In addition, Federal ownership affected by the 
Forest Plan includes up to about one-third of the land base of the EIS regions in the 
western half of Washington.  The NFP has management strategies designed specifically for 
aquatic and riparian species. 


Protection of aquatic and riparian species under the NFP is part of the Aquatic 
Conservation Strategy (ACS) and Survey and Manage Protocols (USDA et al., 1994).  
Components of the ACS include Riparian Reserves, protection of Key Watersheds, 
Watershed Analysis, and Watershed Restoration.  Riparian Reserves on federal lands 
within the range of the Northern Spotted Owl are a minimum of 100 feet (seasonal streams) 
to 300 feet (fish-bearing streams) in width on either side of a stream.  Consequently, 
streams on most federal lands within Washington have more protection for aquatic and 
riparian-associated wildlife than any of the alternatives considered in this EIS. Notably, a 
majority of federal lands are located along the Cascade Crest and northern Olympic 
Peninsula.  Consequently, on a broad-scale federal lands include a higher proportion of low 
order, nonfish-bearing streams compared to state and private forest lands.  Survey and 
Manage protocols require individuals applying to conduct activity on federal lands to 
survey for a wide variety of wildlife species, including many amphibians, and subsequently 
manage for those species if they are discovered in the vicinity of a proposed project. 


The current size of stream buffers on federal lands should not be construed to mean that 
streams on federal lands are currently in better condition than streams on private lands.  In 
fact, historic forest practices, including harvest of riparian trees, on federal lands have also 
contributed significantly to stream conditions that have affected the status and listing of 
Pacific salmon and trout in the region.  However, as the ACS is implemented in the long-
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term, stream protection strategies on federal lands will complement the strategies 
considered under Alternatives 2 and 3, particularly in watersheds with substantial amounts 
of federal and private mixed ownership. Under Alternative 1, maintenance of properly 
functioning streams and recovery of degraded streams may not be possible in forested 
watersheds with high proportions of private ownership. 


3.11.2.3 Watershed Planning 
Watershed planning is an option that state, local, and tribal governments may pursue as a 
result of the Watershed Planning Act (House Bill 2514).  The goals of the plans are to 
assess the status of water resources, and to address water quantity issues including 
mechanisms for accommodating competing water resource needs.  In addition, the plans 
may address water quality, habitat, or proposals for setting or revising instream flows.  
Although plans are optional, they must meet requirements outlined in HB 2514 to obtain 
state funding.  The plans can include a single or multiple watershed resource inventory area 
(WRIA).  Watershed Plans have been initiated for more than half of the WRIAs.  None of 
the plans have been completed.  Most of the plans in development will include all of the 
optional components, but this is not universal. 


3.11.2.4 Other State and Federal Programs 
Numerous other federal management activities and policies will also influence the overall 
success of recovering listed species.  These include: 


• Management of the Federal Columbia River Hydroelectric System (Corps of 
Engineers, Bureau of Reclamation, Bonneville Power Administration, and the 
Northwest Power Planning Council); 


• Implementation of the Pacific Salmon Treaty; 
• Implementation of the Northwest Forest Plan (NFP, US Forest Service and Bureau of 


Land Management); 
• National Parks and Wilderness Areas; 
• Re-licensing of private hydroelectric facilities (Federal Energy Regulatory Commission); 
• Water quality enforcement (Environmental Protection Agency); and 
• Permitting of flood control, wetland development, and dredging projects (Corps of 


Engineers). 


Under Section 7 of the ESA, all activities that require direct federal management activities 
or obtain federal funding that might affect listed species require consultation with the 
NMFS or FWS. These activities usually require a Biological Assessment by the consulting 
agency and a Biological Opinion by NMFS or FWS if the activity will have an adverse 
effect. 


Water quality programs by the Environmental Protection Agency and Washington’s 
Department of Ecology will complement new forest practice rules.  Over 600 water bodies 
of the state do not meet water quality standards and are listed as Clean Water Act Section 
303(d) water quality impaired streams.  These agencies have a Memorandum of 
Understanding concerning implementation of the state’s Total Maximum Daily Load 
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(TMDL) program for addressing non-point source stressors to water quality.  Prescriptions 
implemented on private forestlands under this program will complement water quality 
protections present in FPRs. 


Governor Locke and the Joint Natural Resources Cabinet have developed a plan called the 
“Statewide Strategy to Recover Salmon”  (Washington State JNRC, 1999). Improvements 
to forest practices rules is just one component to the plan’s 13 basic elements.  The other 
12 components include the following: 


• Agricultural practices 
• Urban stormwater issues 
• Land-use practices 
• Hydropower 
• Commercial and recreational fish harvest 
• Hatcheries 
• Water quantity 
• Water quality 
• Enforcement of existing laws 
• Education 
• Monitoring 
• Integration of stream corridor guidelines 


The primary agencies and organizations the Governor has targeted for implementing the 
plan include the following (WDFW, 1999): 


• Department of Fish and Wildlife 
• Department of Ecology 
• Department of Natural Resources 
• Department of Agriculture 
• Conservation Commission 
• Timber, Fish, and Wildlife 
• Department of Community, Trade, and Economic Development 
• Tribal Governments 
• City and County Government and Agencies 


It is important to understand that all of the elements of the Governor’s Salmon Plan, the 
local and county plans, and many of the various habitat conservation plans are still in 
development.  It is reasonable to believe that many these programs will be implemented 
within the next one to five years.  However, it is unclear what precisely will be included in 
all of the different programs.  Consequently, it is not possible to accurately describe details 
of all of the cumulative effects that may result from the alternatives evaluated in this EIS 
and other programs. 
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One of the more complete components is the Wild Salmonid Policy developed by the 
WDFW and Western Washington Treaty Tribes in 1997.  However, the Wild Salmonid 
Policy (WSP) is designed as a living document that will be updated as the available science 
improves.  Under the WSP, numerous policies related to salmonid habitat, aquaculture, 
harvest, and other issues were developed to guide existing and future management.  
Included in the policy were riparian management prescriptions for forested areas that were 
specifically described as interim until they were replaced by prescriptions agreed to under 
the Forest and Fish Report. 


In part, it is the intent that the development of the different strategic elements in the 
Governor’s Salmon Plan will result in regulations, permit processes, and other formalized 
programs that will be reviewed, approved by the NMFS and/or FWS, and then included as 
part of their ESA Section 4(d) rules.  The 4(d) rules allow the Services (NMFS and FWS) 
to implement limitations to take prohibitions under Section 9 of the ESA.  “Take” includes 
killing or injuring listed species, and harm or harassment due to habitat destruction or other 
activities.  The 4(d) rules describe which kinds of activities, when implemented according 
to approved guidelines, will not result in take of the listed species.  Under the 4(d) rules 
recently published by the NMFS (65 FR 42422, , 65 FR 170,and 64 FR 73479), the Forests 
and Fish Report was specifically cited as an example of forest practices rule changes that 
would limit take prohibitions.  In other words, as long as forest practices rules were 
implemented under prescriptions at least as protective as strategies described in the Forests 
and Fish Report, then forest practices activities could continue without fear of violating the 
ESA.  The USFWS has not adopted a 4(d) rule for bull trout or sea-run cutthroat trout, 
however, the Forest and Fish Report includes assurances that such a rule for bull trout 
would be adopted by July 1, 2001. 


3.11.2.5 Conclusion 
In combination, the various programs and plans described above, reflect a significant wide-
spread effort and financial commitment to improve water quality, put listed species on a 
positive trend towards recovery, and provide substantial protection for other aquatic and 
riparian-associated species. For the most part, the strategies and programs are 
complementary and reflect different land management goals and activities that are needed 
to maintain economic viability in the region and meet legal and environmental 
responsibilities under the ESA and CWA.  From the perspective of cumulative effects, 
Alternative 1 is unlikely to meet the level of protection needed for the forest practices 
industry to play its part in the recovery process.  In contrast, both Alternatives 2 and 3 
provide significant additional protection that complements other activities in the region.  
Alternative 3 has more certainty for achieving adequate protection to resources in the 
short-term because the proposed prescriptions are more conservative than Alternative 2..  
Specific adjustments could be made to Alternative 2 that would increase short-term 
certainty, particularly with regard to cumulative watershed measures (see Section 3.11.1.2).  
Both Alternatives 2 and 3 incorporate adaptive management in their approach, which is a 
cornerstone to nearly all of the plans, policies, and programs mentioned above. 
Consequently, in the long-term both alternatives should result in adequate protection levels 
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that would result in improvements in water quality, the opportunity for recovery of listed 
species, and improved habitat for aquatic/riparian fish and wildlife. 
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APPENDIX D 


 


RIPARIAN HABITAT ANALYSES 
 
 


1. Introduction 
In forested watersheds throughout the Pacific Northwest, the protection of riparian areas is 
considered critical to the long-term health of aquatic ecosystems (FEMAT, 1993; Cederholm, 1994; 
Murphy, 1995).  The protection of riparian areas is usually implemented by restricting management 
activities within an area adjacent to water bodies referred to as the riparian management zone or 
RMZ.  Management within the RMZ usually involves the delineation of the RMZ (or several zones 
within the RMZ) and the development of restrictions on management activities within the RMZ (or 
its zones).  The three alternatives under consideration in the Forest and Fish Report EIS represent 
different strategies for protecting riparian areas using different RMZ prescriptions and widths.  In 
order to compare these alternatives quantitatively in the EIS, they were modeled both spatially, 
using the sample sections described in Appendix A, and at specific locations over time, using 
representative stands for different locales within the state.  This appendix describes the modeling 
approaches used for the quantitative comparisons.  A total of three separate analyses are described in 
the following sections.  These include: 1) quantifying RMZ areas protected under each alternative; 
2) applying the Large Woody Debris (LWD) Equivalent Buffer Area Index (EBAI) to each 
alternative; and 3) applying the Sediment EBAI to each alternative.  Included in each analysis is an 
introduction, the rationale for the analysis, the assumptions made for the analysis, and the results of 
the analysis.  For some of the analyses (e.g., the LWD EBAI) there are multiple steps with separate 
assumptions; these are described for each step.  


2. Quantification of RMZ Areas 
2.1 Introduction 
Chapter 2 of this EIS provides a detailed description of how the RMZs are delineated and protected 
under each alternative.  This section describes how the RMZ zones for each alternative were 
modeled spatially across the landscape so that an estimate of the amount of area protected within 
each zone, could be calculated.  The spatial modeling was conducted using the sample sections 
described in Appendix A.   


As outlined in Appendix B (Water Typing), each alternative proposes to use different water  typing 
systems.  The RMZ rules for each alternative vary by water type.  Under Alternatives 1 and 2, RMZ 
width is based on channel width, as well as water type.  Modeling the effects of the different RMZ 
rules required making assumptions about: (1) the channel width associated with each water type; (2) 
the situations where the shade rule would be implemented; and (3) what types of forest practices 
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occur adjacent to the RMZ.  Differences in harvest prescriptions within the RMZs are assessed 
qualitatively.  The sections below describe each assumption, as well as the rationale for making it. 


As a general caveat: we emphasize that in many cases these are generalized assumptions for 
modeling purposes only.  We acknowledge that many site-specific factors could result in more or 
less protection of each sample section under the different alternatives.  However, since the goal of 
this analysis is to provide an objective, quantifiable and reproducible comparison of the alternatives 
across Washington State (as opposed to an exact prediction of the effects on each sample section), 
these assumptions are necessary and appropriate.  


Modeling RMZ areas involved a number of tasks and steps, in addition to making a number of 
assumptions.  Task 1 was defining stream widths, and Tasks 2, 3, and 4 involved defining RMZ 
areas protected under Alternatives 1, 2, and 3. 


2.2 Task 1 - Defining Stream Widths 


2.2.1 Rationale 
Because RMZ widths for some alternatives are dependent upon stream widths as well as water 
typing, it was necessary to assign a representative stream width to each stream type in order to 
compare the total area protected by RMZs under each alternative.   


2.2.2 Assumptions 
To establish a “representative” (average) bankfull width by stream type, stratified by east and west 
side, the following assumptions were made: 


• Ordinary high water mark (OHWM) (FPB, 1998) is considered equal to bankfull width (Rosgen, 
1996).   


• Type 1 streams were divided into two categories: 


• Type 1a streams include the type 1 streams that are mapped as double-lines in the DNR 
Hydrography layer.  Based on review of the double line streams in our sample section we 
determined double line streams were greater than 75 feet wide. 


• Type 1b streams include all other Type 1 streams in the DNR hydrography layer that are 
represented as single lines.  The TFW report 1988-90 Cumulative Report-data appendix (WDW 
1991)  was used to define the average width of these type 1b streams.  This document collected 
stream width data across Washington State and calculated the average stream width by stream 
type stratified by east and west side.   


• Type 2 streams include all streams designated as Type 2 streams in the DNR hydrography layer.  
The TFW report 1988-90 Cumulative Report-data appendix (WDW 1991) was used to define 
the average stream width of type 2 streams stratified by east side and west side of the state.   


• Type 3 streams include all streams designated as Type 3 streams in the DNR hydrography layer.  
The TFW report 1988-90 Cumulative Report-data appendix (WDW 1991) was used to define 
the average stream width of type 3 streams stratified by east side and west side of the state.   
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• Type 4 streams include all streams designated as Type 4 streams in the DNR hydrography layer.  
It was assumed that bankfull width for all Types 4 streams are 5 feet or less.  The TFW report 
1988-90 Cumulative Report-data appendix (WDW 1991) did not calculate average bankfull 
widths for Type 4 streams.  For modeling purposes it was decided to use the maximum width 
rather than the average since there was no data available to provide guidance on the average 
width of Type 4 streams.   


• Type 5 streams include all streams designated as Type 5 streams in the DNR hydrography layer.  
It was assumed that bankfull width for Type 5 streams are 2 feet or less.  The TFW report 1988-
90 Cumulative Report-data appendix (WDW 1991) did not calculate average bankfull widths for 
Type 5 streams.  For modeling purposes it was decided to use the maximum width rather than 
the average since there was no data available to provide guidance on the average width for Type 
5 streams. 


Table 1 presents the average bankfull widths used for modeling RMZ areas for alternative analyses 
that required a defined stream width.   


Table 1.  Bankfull Widths by Stream Type and Region Used for Modeling RMZ Areas 
Bankfull Width (feet) 


Region Type 1a Type 1b Type 2 Type 3 Type 4 Type 5 
East side  >75  ft 45 25 12 <5 <2 
West side > 75  ft 44 31 15 <5 <2 


 


2.3 Task 2 - Modeling RMZ Areas Protected Under Alternative 1 
There are many factors that influence RMZ widths under Alternative 1 that could not be readily 
applied using our generalized GIS-based analysis of sample sections (e.g., differentiating between 
cobble streams and bedrock streams, whether the shade rule is implemented resulting in maximum 
buffer widths and potentially more restrictive leave tree requirements, etc.). The assumptions that 
are defined below for the westside and eastside RMZs were peer reviewed by DNR foresters that 
enforce these rules out in the field (Personal communication Joe Blazek-DNR eastside forester, Sue 
Casey-DNR westside forester, October, 1999).  It is recognized that these are generalized 
assumptions for modeling purposes and that many site-specific factors may result in more or less 
protection than applied in this exercise.  However, the following assumptions were made to quantify 
acres of RMZs under Alternative 1. 


2.3.1 Assumptions 


• The shade rule of the Forest Practices Board Manual Section 1 must be applied to all RMZs if 
harvest is to occur within the maximum RMZ. 


• The shade rule is based upon the premise that higher elevation streams naturally have cooler 
waters and thus need less of a canopy to maintain temperature because elevation is the primary 
controller of temperature at higher elevations; canopy becomes a greater issue at middle and 
lower elevations.   


• The figures for the 16 degree C water temperature curve for canopy cover in the Forest Practices 
Board Manual Section 1 for both the east and west side (WAC 222-30-040(2) were used to 
select the threshold where the shade rule would be implemented based on the percent canopy 
requirement.  
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• Because the shade rule curve is based on elevations (streams at higher elevations tend to be 
cooler), for modeling purposes the percent shade needed to meet the water quality standards was 
broken into three divisions which are described in the next three bullets.  


• The elevation at 20 percent shade (greater than 3,000 feet on the west side and 4,000 feet on the 
east side) would be modeled with the minimum RMZ; it was assumed that the minimum leave 
tree requirement within the minimum RMZ would provide the 20 percent canopy that is 
considered acceptable under the shade rule for both the east side and west side.  This assumption 
was confirmed by DNR foresters Joe Blazek and Sue Casey (personal communication, October, 
1999). 


• At lower elevations, a greater percentage of canopy is needed to meet the shade rule. It was 
assumed that the maximum RMZ is needed to meet the 80 percent canopy requirement.  The 
elevations necessary to meet the 80 percent canopy requirement are 750 feet and below on the 
west side and 2,750 feet and below on the east side.  In most cases, the RMZ is not harvested, 
but in other cases some trees may be removed.  It was decided that for lower elevation sites to 
meet the shade rule, the maximum RMZ would be modeled but with some type of selective 
harvest .  Therefore, to account for several variations in low elevation RMZ determination and 
harvest, it was assumed that within the maximum RMZ, more trees must be left than the 
minimum leave tree requirement within the maximum RMZ to meet the 80 percent canopy and 
therefore were quantified by GIS as “Increased Leave Tree” (see Figure 1a).  This assumption 
was considered plausible by the DNR foresters.  


• At mid-elevations, canopy levels of 20 to 80 percent could be obtained with the minimum leave 
tree requirement from RMZ widths that are in the mid-range of the minimum and maximum 
RMZs. Therefore, at middle elevations, (between 20 and 80 percent canopy), it was assumed 
that the RMZ would need to be extended to 40 ft. to meet the shade requirement, but minimum 
leave tree requirements would be implemented, for both east side and west side areas.  The 
40-foot RMZ is an average between the 25-foot minimum RMZ and 75-foot maximum RMZ for 
Type 1 and 2 streams on the west side and between the 30 ft and 50 foot minimum and 
maximum RMZ on the east side for partial-cut harvest (which was assumed for quantification 
by GIS).  All Type 1a streams (double line streams in the hydrography) on the west side greater 
than a 75-foot width tend to be at lower elevations and would be modeled with the maximum 
RMZs (100 feet on the west side).  On the east side, unlike the west side, when implementing 
RMZ prescriptions, there is no differentiation based on stream width and, therefore, Type 1 
double-line streams (see Table 3) were treated as Type 1 single line streams when quantifying 
RMZ areas. 


Tables 2 and 3 show the RMZs widths and types of harvest that were used to model Alternative 1 
for west side and east side sample sections, respectively. 


2.4 Task  3 - Modeling RMZ Areas Protected Under Alternative 2 
Alternative 2 incorporates many factors that influence RMZ widths and that can not be directly 
modeled without taking a number of steps and making a number of assumptions.  Therefore, the 
following steps were taken and assumptions were made to quantify acres of RMZs under 
Alternative 2. 
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Figure 1.  Total Riparian Area Protection for Westside Waters by Alternative and Harvest Prescription 
(Note:  Histograms have been standardized by estimating total acreage in each protection category and then 
converting it back to the average RMZ width required to cover that acreage.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 


Figure 1a.  Fish-bearing (S & F) Waters


Alt 1  Alt 2 Option 1 Alt 2 Option 2 Alt 3


CMZ (Alt 2, Alt 3) Core Zone/No Harvest (Alt 2, Alt 3)
Inner Zone (Alt 2) Outer Zone (Alt 2)
Minimum Leave Tree (Alt 1) Increased Leave Tree (Alt 1)
Shoreline MZ (Alts 1, 2, and 3)


1/, 3/


200' width5/


100' width5/


4/


Figure 1b.  Non fish-bearing perennial (Np) 
waters


Alt 1 Alt 2  Alt  3


No Harvest (Alt 2, Alt 3) ELZ (Alt 2)


100' width5/


50' width5/


 


Figure 1c.  Non fish-bearing seasonal (Ns) 
waters


Alt 1 Alt 2  Alt 3


No Harvest (Alt 3) ELZ (Alt 2)


200' width5/


100' width5/


1/ For Alt 2, this does not include implementing the shade rule.  Also, all harvest across the landscape will be a mix of 
Option 1 and Option 2, rather than consisting entirely of either option; each option was modeled separately to 
capture the differences between the two options. 


2/ For Alt 2 Option 1, 17% of the inner zone overlaps with the SMZ and 13% overlaps with the outer zone. 
3/ For Alt 2 Option 2, 16% of the inner zone overlaps with the SMZ and 15% overlaps with the outer zone. 
4/    Although most fish-bearing streams under Alternative 3 receive a 200-foot RMZ, some stream miles were greater 


than 20% gradient, and therefore received a RMZ less than 200 feet.  This accounts for the failure of the Alt 3 RMZ 
acreage to meet the 200-foot buffer standard in this figure. 


5/  Standardized 50', 100' and 200' buffers were applied to all stream miles, to facilitate comparison among alternatives.
6/ A large proportion of nonfish-bearing seasonal streams were 0-20% gradient under Alternative 3 and therefore 


receive a 200-foot RMZ.  This accounts for Alt 3 RMZ acreage exceeding the 100-foot buffer standard in this figure.


6/ 
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Table 2.  Westside RMZ Widths and Harvest Types Used to Model RMZ Areas for Alternative 1 
Water Type Elevation Classes (ft) RMZ Width (ft) Type of Harvest 


Type 1a < 3,0001/ 100 Increased leave tree requirement 
Types 1b and 2 > 3,000 25 Minimum leave tree requirement 
 750 – 3,000 40 Minimum leave tree requirement 
 < 750 75 Increased leave tree requirement 
Type 3 > 3,000 25 Minimum leave tree requirement 
 750 – 3,000 40 Minimum leave tree requirement 
 < 750 50 Increased leave tree requirement 
Types 42/ and 5 All None Clearcut 


1/  No Type 1a streams were located above the 3,000 foot elevation. 
2/  Type 4 streams may have a 25-foot buffer based on DNR discretion, this was not quantified since it is dependent on site-specific 


conditions that are not detectable at the landscape level. 


 
 
Table 3.  Eastside RMZ Widths and Harvest Types Used to Model RMZ Areas for Alternative 1 


Water Type Elevation Classes (ft) RMZ Width (ft) Type of Harvest 
Types 1a, 1b, 2, & 3 > 4000 30 Minimum leave tree requirement 
 2750 – 4000 40 Minimum leave tree requirement 
 < 2750 50 Increased leave tree requirement 
Types 4 and 5 All None Selective harvest 


 
 


2.4.1 Step 1 
To quantify RMZs by width and harvest prescriptions under Alternative 2, Types S, F, Np, and Ns 


streams were separated by east and west side following the east and west side boundaries defined in 
the Forest and Fish Report (which follow the cascade crest).  


2.4.2 Step 2 
The topography, hydrography, and other information was reviewed by a hydrologist for every 
sample section and channel migration zones (CMZs) were defined for Type 1 and Type 2 streams 
that displayed meander patterns or that were known to be large streams in flat regions of the state.  
The Alternative 2 definitions were used to delineate the CMZ, and are included in Table 4, below.  
On the larger streams with large meanders, the meander belt width was used as the CMZ.  On 
unconfined streams in flat regions, a CMZ was delineated that appeared to meet the Alternative 2 
criteria. 


2.4.3 Step 3 
The following assumptions were applied based on stream type and region. 


2.4.4 Assumptions for Types S and F Streams – West Side and East Side  


• The DNR site class layer, modified by Foster Wheeler Environmental, was used to define RMZ 
buffer widths for Types S and F streams on the sample sections using the widths defined in the 
Forest and Fish Report.  In addition, the stream widths defined in Table 1 were used to apply the 
RMZs to Types S and F streams. 
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Table 4.  Channel Migration Zones Defined Under Alternative 2 (Forests & Fish 1999) 


Channel Migration Situation 
Stream 
Type 


Stream 
Gradient CMZ Characteristics 


Moderately confined streams 
 
< 50 ft width 


F < 8% and 
>2% 


 CMZ =< 4 feet channel width 
 Primarily hardwood vegetation 
 Well-defined break in slope at CMZ boundary 


Unconfined streams 
 
< 50 ft width 


F < 8 %  CMZ = mainstem + sidechannels 
 Mixed hardwood and conifer 
 Numerous active and abandoned side-channels 


Unconfined meandering 
streams 
 
> 50 ft width 


S < 2 %  CMZ = amplitude of meander wave OR 
meander rate X years to growth of functional 
size LWD 
 Remnant side-channels and oxbow lakes 


Unconfined braided streams  
 
> 50 ft width 


S < 2 %  CMZ = bankfull width 
 Sparsely vegetated with hardwoods 
 Common in glacially-fed rivers 


Unconfined avulsing streams 
 
> 50 ft width 


S < 2 %  CMZ = valley bottom 
 Lowland large river systems 
 Dikes and levees common 
 Mixed land use 


(Source:  Forests and Fish Report, Appendix A) 


• For westside Types S and F streams under Option 1, the RMZ widths listed in Table 5 were 
applied.  For westside Types S and F streams under Option 2, the RMZ widths listed in Table 6 
were applied.  For westside Type S and F streams, Option 2 is not applicable for site class III 
areas along streams >10 ft. or site class IV and V areas along all streams; therefore, these cases 
were not modeled (Personal Communication, Stephen Bernath, Oct. 1999).  Because of this, 
only Option 1 was applied in areas where Option 2 was not applicable. 


• For eastside Types S and F streams, the RMZ widths defined in Table 7 were applied in the 
High Elevation zone.  The High Elevation zone followed the same prescriptions described for 
the westside Option 1.  Option 2 is not an option for the eastside High Elevation zone.  For 
eastside Type S and F streams, the RMZ widths defined in Table 8 were applied in the 
Ponderosa Pine and Mixed Conifer zones.  


• For eastside Types S and F streams within the bull trout range, all available shade is to be 
retained within 75 feet of the bankfull width or CMZ of the stream.  As a result of this rule, the 
45 feet of inner zone that is adjacent to the 30 foot core zone that fall within the bull trout 
overlay will be given an additional level of scrutiny to ensure that all available shade is 
maintained.  In some scenarios there is the potential that more restrictive harvest would be 
maintained when compared to the inner zone baseline prescriptions.  To provide a perspective of 
the proportion of the inner zone on the east side that fall within the bull trout overlay the GIS 
quantified the area as defined in Table 9. 


Table 5 presents how the RMZ zonation was defined for westside Type S and F streams of different 
size classes for Option 1 of Alternative 2; Table 6 presents the same information for Option 2.  
Eastside RMZ zonation is presented for the High Elevation zone in Table 7, for the Mixed Conifer 
and Ponderosa Pine zones in Table 8, and within the bull trout range in Table 9.  The width of each 
zone is summed to obtain the total RMZ width, which is measured from bankful width or CMZ edge 
to the outer edge of the outer zone. 
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Table 5.  Westside RMZs for Types S and F Streams Under Option 1 (thinning from below) of 
Alternative 2 for Streams <10 Feet and >10 Feet Wide 


Type of Harvest 


 


Core Zone Width in 
Feet 


(No Harvest) 


Inner Zone Width 
in Feet 


(Thinning from 
Below) 


Outer Zone Width 
in Feet 


(Intensive Harvest 
with Leave Trees) 


Site class 


Streams
<10 Feet 


Wide 


Streams
>10 Feet 


Wide 


Streams
<10 Feet 


Wide 


Streams
>10 Feet 


Wide 


Streams 
<10 Feet 


Wide 


Streams
>10 Feet 


Wide 


Total 
RMZ 


Width in 
Feet 


I 50' 50' 83' 100' 67' 50' 200' 
II 50' 50' 63' 78' 57' 42' 170' 
III 50' 50' 43' 55' 47' 35' 140' 
IV 50' 50' 23' 33' 37 27’ 110' 
V 50' 50' 10' 18' 30 22’ 90' 


 
 
Table 6.  Westside RMZs for Types S and F Streams Under Option 2 (leaving trees closest to the 
water) of Alternative 2 for Streams <10 Feet and >10 Feet Wide 


Type of Harvest 


 


Core Zone Width in 
Feet 


(No Harvest) 


Minimum Floor 
Width in Feet 
(No Harvest) 


Inner Zone Width in 
Feet 


(Thinning) 


Outer Zone Width in 
Feet (Intensive 


Harvest with Leave 
Trees) 


Site 
Class 


Streams 
<10 Feet 


Wide 


Streams 
>10 Feet 


Wide 


Streams 
<10 Feet 


Wide 


Streams 
>10 Feet 


Wide 


Streams 
<10 Feet 


Wide 


Streams 
>10 Feet 


Wide 


Streams 
<10 Feet 


Wide 


Streams 
>10 Feet 


Wide 


Total 
RMZ 


Width in 
Feet 


I 50' 50’ 30’ 50’ 54' 34’ 66' 66’ 200' 
II 50' 50’ 30’ 50’ 34 20 56' 50’ 170' 
III 50' -- 30’ -- 14' -- 46' -- 140' 


 
 


Table 7.  Eastside RMZs for Types S and F Streams in High Elevation Zones (thinning from below) 
Under Alternative 2 for Streams <15 Feet and >15 Feet Wide 


Type of Harvest 


 


Core Zone Width in 
Feet 


(No Harvest) 


Inner Zone Width in 
Feet 


(Thinning from Below) 


Outer Zone Width in 
Feet 


(Intensive Harvest with 
Leave Trees) 


Total RMZ Width in 
Feet 


Site 
Class 


Streams 
<15 Feet 


Wide 


Streams 
>15 Feet 


Wide 


Streams 
<15 Feet 


Wide 


Streams 
>15 Feet 


Wide 


Streams 
<15 Feet 


Wide 


Streams 
>15 Feet 


Wide 


Streams 
<15 Feet 


Wide 


Streams 
>15 Feet 


Wide 
I 30' 30' 45 70 55 30 130 130 
II 30' 30' 45 70 35 10 110 110 
III 30' 30' 45 70 15 0 90 100 
IV 30' 30' 45 70 0 0 75 100 
V 30' 30' 45 70 0 0 75 100 
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Table 8.  Eastside RMZs for Types S and F Streams in Ponderosa Pine and Mixed Conifer Zones 
(thinning) Under Alternative 2 for Streams <15 Feet and >15 Feet Wide 


Type of Harvest 


 
 


 
Core Zone Width in 


Feet 
(No Harvest) 


Inner Zone Width in 
Feet 


(Thinning) 


Outer Zone Width in 
Feet 


(Intensive Harvest with 
Leave Trees) 


Total RMZ width in 
feet 


Site Class 


Streams 
<15 Feet 


Wide 


Streams 
>15 Feet 


Wide 


Streams 
<15 Feet 


Wide 


Streams 
>15 Feet 


Wide 


Streams 
<15 Feet 


Wide 


Streams 
>15 Feet 


Wide 


Streams 
<15 Feet 


Wide 


Streams 
>15 Feet 


Wide 
I 30' 30' 45 70 55 30 130 130 
II 30' 30' 45 70 35 10 110 110 
III 30' 30' 45 70 15 0 90 100 
IV 30' 30' 45 70 0 0 75 100 
V 30' 30' 45 70 0 0 75 100 


 
 
Table 9.  Eastside RMZs for Type S and F Streams in Ponderosa Pine and Mixed Conifer Zones 
(thinning) and High Elevation Zone (thinning from below) on Streams <15 Feet Wide and >15 Feet 
Wide that Fall Within Bull Trout Overlay 


Type of Harvest 


 


Core Zone Width in 
Feet 


(No Harvest) 


Inner Zone 
Width in Feet 


(leave all 
available 
shade1/) 


Inner Zone Width 
in Feet (Thinning 


or, for High 
Elevation, Thinning 


from Below) 


Outer Zone Width 
in Feet 


(Intensive Harvest 
with Leave Trees) 


Total RMZ Width 
in Feet 


Site 
Class 


Streams 
<15 Feet 


Wide 


Streams 
>15 Feet 


Wide <15 ft >15 ft <15 ft >15 ft 


Streams 
<15 Feet 


Wide 


Streams 
>15 Feet 


Wide 


Streams 
<15 Feet 


Wide 


Streams 
>15 Feet 


Wide 
I 30' 30' 45 45 0 25 55 30 130 130 
II 30' 30' 45 45 0 25 35 10 110 110 
III 30' 30' 45 45 0 25 15 0 90 100 
IV 30' 30' 45 45 0 25 0 0 75 100 
V 30' 30' 45 45 0 25 0 0 75 100 


1/ The inner zone that falls within the first 75 feet of the bankfull width or CMZ that intercepts the bull trout overlay was 
separated from the rest of the inner zone and all other inner zone area under Alternative 2 for the east side.  This is a way to 
quantify how much area would need extra consideration (under the provision that all available shade must be left) which 
exceeds the baseline treatment and may result in an increase of trees left in the inner zone. 


 


2.4.5 Assumptions for Type N Streams – West Side 


• For 50 percent of all Np streams a 50-foot, no-harvest buffer, measured horizontally from the 
bankfull width along each side was applied.  It is important to note that this is the minimum no-
harvest buffer that would be applied to Np streams.  The following sensitive sites are guaranteed 
a 50 foot no-harvest buffer even if this results in more then 50 percent of the Np streams in the 
timber harvest unit receiving a 50-foot no-harvest RMZ: 


− No timber harvest within 500 feet of intersection with type F or S stream. 


− No timber harvest is permitted in an area within 50 feet of the outer perimeter of a soil zone 
perennially saturated from a headwall seep. 







 
 


 


 


 


Riparian Habitat Analyses Final EIS 


 


Appendix D


D-10 


− No timber harvest is permitted in an area within 50 feet of the outer perimeter of a soil zone 
perennially saturated from a side-slope seep. 


− No timber harvest is permitted in an area within 50 feet of a side-slope spring. 


− No timber harvest is permitted within a 100-foot by 100-foot buffer patch centered on a 
perennial initiation point.  


− No timber harvest is permitted within an alluvial fan.  


− No timber harvest is permitted within a 100-foot by 100-foot buffer patch centered on the 
point of intersection of two or more Np Waters. 


• For all stream miles that are either Type N perennial (Np) and not quantified under the 50-foot 
no-harvest RMZ, or a Type N seasonal (Ns) stream, a 30-foot equipment limitation zone (ELZ) 
was applied.  Though the 50-foot no-harvest RMZs are in addition to the 30-foot ELZ, when 
both are applied, to avoid over-quantifying the riparian area presented by the GIS, only the 
50-foot no-harvest RMZ was quantified and represented in Figure 1b.  


2.4.6 Assumptions for Type N Streams – East Side  


• For the east side within 50 ft of the bankfull width of Np streams, the landowner must identify 
either a partial cut or a even-age harvest strategy for each harvest unit.  This in turn will 
determine the restrictions within the 50 ft RMZ.  Approximately 70 percent of eastside timber 
harvest implements a partial cut strategy (personal communication, Debbie Robinson, DNR 
Forest Practices Staff, January, 2000).  This observation is consistent with a statewide study 
covering 1991-1993.  The remaining 30 percent of eastside timber harvest has used an even-age 
strategy implemented.  Therefore, for modeling purposes the partial cut strategy was applied to 
70 percent of the total  Np streams in the sample sections and the clearcut strategy was applied 
to the other 30 percent of the Np streams in the sample sections.     


• Under the partial cut strategy it was assumed that all Type Np streams have a 50 ft. selective 
harvest buffer width (this includes a 30 ft ELZ from the bankfull width).  The GIS analysis 
distinguished this selective harvest buffer from the selective harvest buffers that were applied to 
Types S and F streams since the leave tree requirements differed. 


• Under the clearcut strategy 50 percent of all the Np streams a 50-foot, no-harvest buffer, 
measured horizontally from the bankfull width along each side was applied.  It is important to 
note that this is the minimum no-harvest buffer that would be applied to Np streams: 


− No timber harvest within 500 feet of intersection with a type S of F stream. 


− No timber harvest is permitted in an area within 50 feet of the outer perimeter of a soil zone 
perennially saturated from a headwall seep. 


− No timber harvest is permitted in an area within 50 feet of the outer perimeter of a soil zone 
perennially saturated from a side-slope seep. 


− No timber harvest is permitted in an area within 50 feet of a side-slope spring. 


− No timber harvest is permitted within a 100-foot by 100-foot buffer patch centered on a 
perennial initiation point.  
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− No timber harvest is permitted within an alluvial fan.  


− No timber harvest is permitted within a 100-foot by 100-foot buffer patch centered on the 
point of intersection of two or more Np Waters. 


• For all stream miles that are either a Type N perennial (Np) that were not quantified under the 50-
foot selective harvest or 50-foot no-harvest RMZ or a Type N seasonal (Ns) streams a 30-foot 
equipment limitation zone (ELZ) was applied.  Though the 50-foot no-harvest and 50-foot 
selective harvest RMZs are in addition to the 30 foot ELZ, when both are applied, to avoid over-
quantifying the riparian area presented by the GIS, only the 50-foot no-harvest or selective RMZ 
was quantified.  


2.5 Task 4 - Modeling RMZ Areas Protected Under Alternative 3 
Alternative 3 is relatively simple to model, relying only on stream gradient to define RMZ width.  
The following assumptions were made to quantify acres of RMZs under Alternative 3.  These are 
summarized in Table 10. 


2.5.1 Assumptions 


• All RMZs under Alternative 3 were considered no harvest areas with the understanding that 
entry into the RMZ is only allowed if the landowner goes through the SEPA process. 


• Under this alternative, there is no differentiation between the east and west side RMZs and 
gradient is the only factor used to determine RMZ widths.   


Table 10.  RMZ Widths Used for all Stream Types (east and west side) Under Alternative 3 
Stream gradient (%) RMZ Width (ft) Type of Harvest 


0 – 20 200 No harvest 1/ 
20 – 30 100 No harvest1/ 


> 30 70 No harvest1/ 
1/ Harvest within the RMZ can take place to improve riparian function, but must go through the SEPA process first. 
 


2.6 Task 5 – Modeling Areas Protected as Shorelines of the State 
Shorelines of the state (Type 1 waters under the current typing system) are managed under the dual 
jurisdiction of the Forest Practices Act and the Shoreline Management Act.  The Shoreline 
Management Act (SMA) restrictions include a 200-foot shoreline management zone (SMZ) that has 
harvest restrictions and is implemented and enforced at the county level.  There is variation in the 
way the SMA is implemented county by county.  As a result, on streams designated as shorelines of 
the state a 200-foot SMZ buffer was applied to all three alternatives, which includes all Type 1 water 
bodies under Alternative 1, all Type S streams under Alternative 2, and all Type 1 streams 
regardless of gradient class under Alternative 3.  In all three scenarios, if an RMZ is less than the 
SMZ, the additional area outside the RMZ that falls within an SMZ was categorized as such.  Under 
Alternative 1, for example, Type 1 streams that have an RMZ of 75 feet are also managed as an 
SMZ and have an additional management zone of 125 feet outside the RMZ identified as SMZ.  On 
the other hand, Type 1 streams under Alternative 3 that fall into the 0-20 percent gradient have a 
200-foot RMZ already applied and therefore, a separate SMZ is not identified.  Figures 1a and 2a 
quantify the SMZ area that extend beyond the designated RMZs under each alternative only. 
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2.7 Task 6 – Expressing RMZ Modeled Areas by Fish-bearing and Nonfish-bearing 
Streams 


The fact that each alternative used a different water typing system created difficulties in making 
straightforward comparisons between modeled outcomes for RMZ areas.  Each alternative’s water 
typing system drives the process by which streams are afforded protection.  It was not feasible to 
develop a GIS that provided crossover between all three water types for the RMZ modeling exercise.  
However, it was possible to create this crucial link between the three alternatives in terms of the 
linear distance of each stream type (see Appendix C for comparisons). 


Because the final outcomes are presented in terms of protection afforded fish-bearing (S and F) 
waters and nonfish-bearing (Np and Ns) waters according to Alternative 2’s definitions, it was 
necessary to determine the distribution of Alternative 3’s water types (which are based on gradient 
only) in terms of Alternative 2’s.  This was done in the Water Type section and it was necessary to 
assume that the same proportion exists in order to split up the RMZ areas between Type F/S waters 
and Type Np and Ns waters.   


For example:   


Under Alternative 3 there were 219 miles of waters with gradients <20 percent 
within the westside sampled sections.  In terms of Alternative 2’s water typing 
system, of these, 40 percent were Type F or S waters,  


0 percent were Type Np waters and 60 percent were Ns waters.   


As part of the GIS RMZ modeling exercise, under Alternative 3, the total area that fell into a “no 
harvest RMZ” for waters with gradients <20 percent was 10,644 acres.  So, it was assumed that of 
this total area, 40 percent (or 4,258 acres) was associated with fish-bearing waters (Type F and S), 
0 percent with Np streams, and 60 percent (or 6,386 acres) with Ns streams. 


2.7.1 Modeling RMZ Areas for Non-Fish Bearing Waters (Np & Ns) 
Protection for nonfish-bearing waters was modeled using the following rules.  


2.7.1.1 Alternative 1 
No protection was provided for nonfish-bearing waters under Alternative 1, though it is recognized 
that Type 4 waters in some site-specific situations may have a 25 foot buffer applied. 


2.7.1.2 Alternative 2 
1. The total length of Np and Ns streams was determined (See Stream Typing Section) 


2. For westside Type Np streams, 50 percent of the total length was given a 50-foot no harvest 
RMZ and 50 percent was given a 30-foot ELZ RMZ (equipment limitation zone). 


3. For westside Type Ns streams, the entire length was given a 30-foot ELZ RMZ. 


4. For eastside Type Np streams, 70 percent of the total length was given a 50-foot partial cut 
RMZ and 70 percent of the remaining 30 percent was given a 50-foot no harvest RMZ. 


5. For eastside Type Ns streams, the entire length was given a 30-foot ELZ RMZ. 
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Potential problems with this process include: 


• Not accounting for overlap between Type Ns/Np RMZs and Type S/F RMZ 


• Not accounting for overlap between multiple Type Ns and Np RMZs 
2.7.1.3 Alternative 3 
RMZs are not assigned according to fish-bearing or nonfish-bearing status of waters under 
Alternative 3.  Rather, they are assigned based on the geomorphic function of different stream types 
(see Appendix C).  However, in an effort to provide a meaningful comparison between the amount 
of protection afforded under each alternative, RMZ protection under Alternative 3 was expressed in 
terms of F/S waters, Ns waters, and Np waters.  This was done by taking the total area assigned a no 
harvest RMZ for each of Alternative 3’s water types (based on slope class:  <20 percent, 20 to 30 
percent, >30 percent) and distributing the areas based on the proportion of <20 percent streams that 
were F/S, Np and Ns waters. 


2.8 Results 


• Figures 1 and 2 present the summation of modeled RMZ areas (in acres) in the sample sections 
for all stream types and for each alternative.  The histograms quantify the number of acres of the  
different management activities allowed within the RMZ (or its zones).   


3. Equivalent Buffer Area Index (EBAI) Methodology for LWD 
3.1 Introduction 
The equivalent buffer area index (EBAI) was devised by Foster Wheeler Environmental as a tool for 
assessing risk for streams in relation to management activities. The EBAI concept is used to evaluate 
the contribution of large woody debris (LWD) from proposed or existing riparian buffers. 


It was necessary to develop the LWD EBAI because studies in the literature typically, but not 
exclusively, evaluate buffer widths based on “no harvest,” or preservation of mature forest with no 
disturbance.  New management strategies include riparian areas that are divided into zones allowing 
different levels of timber harvest related activities and thus are not directly comparable to the buffers 
in the alternatives.  Similarly, existing buffer strips in a given watershed may be a mixture of widths 
and activities, as a result of multiple jurisdictions, or Forest Practices Rules that have changed over 
time. 


The EBAI provides a structure to take into account the management activities within the buffer 
zone.  It combines the impacts of activities within the riparian management zones (RMZ) to 
compare the potential to recruit LWD by alternative. 


The EBAI for large woody debris (LWD) recruitment potential is a quantitative measure that 
compares the potential of a riparian area to provide woody debris to streams originating from tree 
mortality, windthrow, and bank undercutting (which are mainly a function of slope distance from the 
stream channel in relationship to tree height).  The value was determined for each alternative based 
upon a Recruitment Potential Index (RPI) coefficient.  The coefficient was then applied to the 
number of stream miles in which the RPI was applicable.  The RPI coefficient was determined for  
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Figure 2.  Total Riparian Area Protection for Eastside Waters by Alternative and Harvest Prescription 
(Note:  Histograms have been standardized by estimating total acreage in each protection category and then 
converting it back to the average RMZ width required to cover that acreage.) 


 


1/ The All Effective Shade requirement for bull trout may provide greater protection to 2% of Alt 2's inner zone RMZ.  
2/ Standardized 50', 100' and 200' buffers were applied to all stream miles, to facilitate comparison among alternatives.
3/ Alt 3 exceeds the 200-foot standard in this figure because most fish-bearing streams receive a 200-foot RMZ, plus 


the CMZ acreages along some fish-bearing streams add additional acreage. 
4/ For eastside Np streams, 70% of the total length of stream was given a 50-foot partial cut RMZ, and 70% of the 


remaining 30% was given a 50-foot no-harvest RMZ (see Section 2.7.1). 
5/ A large proportion of non-fish-bearing seasonal streams were 0-20% gradient under Alt 3 and therefore receive a 


200-foot RMZ.  This accounts for Alt 3 RMZ acreage exceeding the 100-foot buffer standard in this figure. 


Figure 2a. Fish-Bearing (S & F) Waters 


CMZ (Alt 2, Alt 3) Core Zone/No Harvest (Alt 2, Alt 3)
Inner Zone (Alt 2) Outer Zone (Alt 2)
Minimum Leave Tree (Alt 1) Increased Leave Tree (Alt 1)
Shoreline MZ (Alts 1, 2, and 3)


200' width2/


100' width2/


Alt 1 Alt 2 Alt 31/


Figure 2b. Non Fish-bearing Perennial (Np) Waters


Alt 1 Alt 2  Alt 3


No Harvest (Alt 2, Alt 3) Partial Cut (Alt 2)


4/


100' width2/


50' width2/


Figure 2c.  Non fish-bearing seasonal (Ns) waters


Alt 1 Alt 2  Alt 3


No Harvest (Alt 3) ELZ (Alt 2)


200' width2/


100' width2/


3/


5/
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each stream typing based upon different silvicultural prescriptions applied in the RMZ.  There are a 
total of six steps that are needed to develop the RPI coefficient and run the LWD EBAI over the  
landscape.  Each step is described below including rationale, assumptions, and outcome.  This is 
followed by “Results,” which present the calculated LWD EBAI values for each of the cases 
evaluated. 


3.2 Step 1:  Develop a “representative riparian stand” 


3.2.1 Rationale 
Identification of a representative riparian stand is critical to running the model. Without a 
quantitative description of a stand of trees, there is no way to compare the different riparian 
silvicultural prescriptions applied to the RMZs by alternative. In order to model a stand, it is 
necessary to identify the number of trees per acre grouped by diameter class.  


In the following tables under Step 1 and Step 2 (Tables 13 through 28), stand data are presented as 
trees per acre (TPA) within fixed distance bands.  These bands extend from the bankfull width out to 
the site potential tree height of the site class for the land adjacent to the stream.  For example, the 
RMZ of a westside Site Class II stand is divided into distance bands of 0-50 feet, 50-80 feet, 80-100 
feet, and 100-170 feet, and the RMZ of an eastside Site Class II stand is divided into bands of 0-30 
feet, 30-75 feet, 75-100 feet, and 100-110 feet.  The fixed distance bands are an attempt to facilitate 
comparison among the alternatives, rather than trying to compare the varying zone widths under 
Alternative 2 (Core, Inner, and Outer Zones) to the varying RMZ widths under Alternative 1 and 3.  
The use of fixed distance bands accounts for the varying widths of the Inner and Outer Zones under 
different scenarios, and captures the difference between the management of these zones and the 
management under Alternatives 1 and 3. This will allow direct comparison of the results from each 
Alternative. 


Where two different silvicultural prescriptions (e.g., Alternative 2 Inner and Outer Zones; also, 
inside and outside the RMZ for Alternatives 1 and 3) result in varying stand densities within one 
distance band, trees per acre is calculated based on the proportion of each prescription within that 
band.  For example, under Alternative 2, Option 1, the Inner Zone of the RMZ for a stream greater 
than 10 feet wide in a westside Site Class II stand is 78 feet wide, extending from 50 to 128 feet 
from the CMZ.  Of the distance bands identified above, Band 4 (100-170 feet) overlaps both the 
Inner Zone (from 100 to 128 feet) and the Outer Zone (from 128 to 170 feet).  Under Option 1, 57 
TPA must be left within the Inner Zone, and 20 TPA within the Outer Zone.  Thus, the stand density 
within the 70-foot-wide Band 4 equals: 


 






 ×+








 ×


'70
'42TPA20


'70
'28TPA57 , or 34.8 TPA.   


 
To further facilitate comparisons among alternatives, stacked histograms have also been developed 
(Figures 3 through 10c).  These histograms display trees per acre (divided into size classes) within 
the RMZ, from the bankfull width out to the outer edge of the site potential tree height of the site 
class being presented, in increments of 20 feet.   
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3.2.2 Sensitivity Analysis 
The composition of riparian stands varies considerably across the landscape, thus an assessment of 
the effects of timber harvest is by necessity largely site-specific.  However, a meaningful 
comparison of the effects of timber harvest under the different alternatives is possible only if the 
different regulations are applied to the same stand.  No single stand can capture the range of 
variability which occurs on the natural landscape, nor is it feasible to analyze the impacts of each 
alternative on every possible stand, or even several stands.  With regard to LWD recruitment, 
however, the effects of implementing the different alternatives appear to exhibit little or no 
variability when applied to stands with varying site index values.  In the process of choosing stands 
for modeling the impacts of the alternatives, a sensitivity analysis was conducted to determine 
whether stands with different site index values showed significant differences in how they were 
affected by each alternative.  On the west side, EBAI Recruitment Potential Index (RPI) coefficient 
values were calculated for six different Site II and Site III stands, with 100-year site indices ranging 
from 180 to 130 (see Sections 3.4, 3.5, and 3.6 for development of RPI).  In most cases, the RPI 
value for a particular alternative was the same or nearly the same throughout the range of site 
indices (Table 11).  On the east side, a similar sensitivity analysis was conducted on three Mixed 
Conifer stands and two Ponderosa Pine stands.  Because the Mixed Conifer stand data were drawn 
from actual sites rather than normalized yield tables, the resulting RPI values showed more 
variability than those for ponderosa pine or westside Douglas-fir, particularly for Alternative 1 
(Table 12).  The results for Alternatives 2 and 3 were very similar for the different stands, however, 
confirming the value of using a single stand for displaying the impacts of the alternatives.  It is also 
worth noting that EBAI RPI values exhibited similar trends across the different alternatives, when 
key piece LWD was analyzed instead of functional LWD. 


3.2.3 Assumptions  


• It is assumed that the riparian stand developed is adjacent to a stream’s bankfull width without a 
channel migration zone (CMZ).  


• The density of trees and size distribution was based upon a “typical” 40- to 60-year old stand on 
the west side, and a “typical” 80- to 100-year old stand on the east side.  In western Washington, 
outside of National Forests, forests are generally harvested by age 50, and many stands are being 
harvested at even younger ages (Bolsinger et al. 1997).  In eastern Washington, soils and climate 
are less favorable for tree growth; this results in lower overall cutting rates (Bolsinger et al. 
1997).  Based on these facts, we assumed for the purpose of this analysis that most stands on 
private lands would be harvested between the ages of 40 and 60 years on the west side and 
between the ages of 80 and 100 years on the east side.  


• For the west side, the representative stand was drawn from McArdle (1949), because stands 
used in the creation of the Douglas-fir yield tables in this document represent data drawn from 
stands from wide variety of sites over a large area (mostly western Washington, but ranging 
throughout the area west of the Cascade Range, from southern British Columbia to southern 
Oregon).   
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Table 11.  Sensitivity Analysis of Total Cumulative Percent of Recruitable Trees1/ per 1,000 Feet of 
Stream Following Harvest Under Each Alternative, for Westside Douglas-fir Stands of 
Different Site Classes (stand data from McArdle, 1949) 


 Stream Stream Site Class 
Alternative Type Width (feet) II High II Mid II Low III High III Mid III Low 


1 1 44’ 22% 44% 56% 0%2/ 0%2/ 0%2/ 


(40’ RMZ) 2 31’ 7% 9% 12% 24% 48% 62% 
 3 15’ 51% 55% 56% 62% 62% 62% 
 4/5 5’ 0%3/ 0%3/ 0%3/ 0%3/ 0%3/ 0%3/ 


2 – Option 1 S&F 44’ 96% 96% 96% 0% 0% 0% 
 S&F 31’ 96% 96% 96% 93% 93% 93% 
 S&F 15’ 96% 96% 96% 93% 93% 93% 
 S&F 5’ 87% 89% 91% 91% 93% 93% 


2 – Option 2 S&F 44’ 94% 94% 94% NA4/ NA4/ NA4/ 


 S&F 31’ 94% 94% 94% NA4/ NA4/ NA4/ 


 S&F 15’ 94% 94% 95% NA4/ NA4/ NA4/ 


 S&F 5’ 92% 92% 94% 95% 96% 97% 


2  Np 5’ 35%5/ 35%5/ 35%5/ 39%5/ 39%5/ 39%5/ 


3 <20% 44’ 100% 100% 100% 0%2/ 0%2/ 0%2/ 


 <20% 5’ 100% 100% 100% 100% 100% 100% 
 20-30% 44’ 94% 94% 94% 0%2/ 0%2/ 0%2/ 


 20-30% 5’ 94% 94% 94% 97% 97% 97% 
 > 30% 44’ 81% 81% 81% 0%2/ 0%2/ 0%2/ 


 > 30% 5’ 81% 81% 81% 88% 88% 88% 
1/  Cumulative percent is based on comparing the number of trees left in the RMZ to the number of trees in the same area prior to 


implementing the prescriptions.  However, the relationship between buffer width and potential LWD inputs from the adjacent 
riparian zone are non-linear with a greater percentage occurring closer to the stream.  Therefore, cumulative percent of recruitable 
trees is a result of recruitment potential from different portions of the RMZ.  


2/  No trees in the original stand meet the size requirement for functional wood on a 44-foot stream. 
3/ Timber harvest is allowed up to the stream bank. 
4/ Alternative 2, Option 2 is not permitted along streams greater than 10 feet wide within Site Class III stands. 
5/ Alternative 2 harvest restrictions result in a higher level of protection than is shown by these numbers, but this protection occurs only 


along half the length of the stream.  Therefore the percent values calculated by the EBAI were multiplied by 0.5, to produce the 
values seen in this table. 
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Table 12.  Sensitivity analysis of total cumulative percent of recruitable trees1/ per 1,000 feet of stream following harvest under each alternative, for eastside Mixed Conifer 
(mixed) and Ponderosa Pine (PIPO) stands of different Site Classes. 


 Stream Stream Even-aged (0 TPA)    Partial Cut (21 TPA)    
Alternative Type Width Mixed II Mixed II2/ Mixed IV PIPO II PIPO IV Mixed II Mixed II2/ Mixed IV PIPO II PIPO IV 


13/ 1 45 17% 12% 71% 40% 24% 12% 11% 67% 37% 22% 
 2 25 32% 23% 74% 47% 42% 33% 24% 73% 47% 43% 
 3 12 41% 36% 75% 51% 52% 41% 35% 74% 50% 51% 
 4/5 5 41% 36% 75% 51% 52% 19% 14% 31% 20% 24% 
2 S&F 45 71% 70% 89% 71% 81% 71% 70% 89% 71% 81% 


S&F 25 76% 74% 86% 76% 85% 76% 74% 86% 76% 85% 
S&F 12 73% 73% 84% 74% 82% 74% 73% 84% 74% 82% 


Not within 
Bull Trout 
Habitat 
overlay4/ S&F 5 73% 73% 84% 74% 82% 74% 73% 84% 74% 82% 


2 S&F 45 97% 96% 99% 97% 98% 97% 96% 99% 97% 98% 
S&F 25 97% 97% 99% 97% 99% 97% 97% 99% 97% 99% 
S&F 12 96% 96% 98% 96% 98% 96% 96% 98% 96% 98% 


Within Bull 
Trout Habitat 
overlay4/ S&F 5 96% 96% 98% 96% 98% 96% 96% 98% 96% 98% 
2 Np 5 55%5/ 55%5/ 59%5/ 55%5/ 59%5/ 27% 27% 32% 24% 36% 
3 <20% 45 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
 <20% 5 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
 20-30% 45 99% 99% 100% 99% 100% 99% 99% 100% 99% 100% 
 20-30% 5 99% 99% 100% 99% 100% 99% 99% 100% 99% 100% 
 >30% 45 93% 93% 95% 93% 95% 93% 93% 95% 93% 95% 
 >30% 5 93% 93% 95% 93% 95% 93% 93% 96% 93% 95% 
1/   Cumulative percent is based on comparing the number of trees left in the RMZ to the number of trees in the same area prior to implementing the prescriptions.  However, the relationship 


between buffer width and potential LWD inputs from the adjacent riparian zone are non-linear with a greater percentage occurring closer to the stream.  Therefore, cumulative percent of 
recruitable trees is a result of recruitment potential from different portions of the RMZ. 


2/  Data were available for two eastside Mixed Conifer Site Class II stands.  One was fully cruised, the other (presented in this column) was sampled as a 1/5-acre plot. 
3/  For even-aged harvest, an average RMZ width of 50 feet was assumed; for partial cut, an average RMZ width of 40 feet was assumed. 
4/  Implementation of the shade rule within the bull trout habitat zone was assumed to require no harvest within 75 feet of the stream’s bankfull width.  In actual practice, some trees may likely be 


removed from this zone without diminishing effective shade; these values indicate the upper end of the range of protection which may be afforded to S and F type streams within the bull trout 
zone under Alternative 2. 


5/ Alternative 2 harvest restrictions result in a higher level of protection than is shown by these numbers, but this protection occurs only along 70% of the length of the stream.  Therefore the 
percent values calculated by the EBAI were multiplied by 0.7, to produce the values seen in this table. 
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• Stand tables in McArdle (1949) represent 100 percent stocking of Douglas-fir.  To account for 
the presence of hardwoods, rocky outcrops, or natural openings, TPA values within each size 
class were multiplied by 0.8, to create stands of 80 percent stocking.  It is worth noting that 
stocking levels had a negligible impact on any given stand’s potential to meet the basal area 
requirements of Desired Future Conditions, when modeled with ORGANON.  This is because 
the lower density of an 80 percent stocked stand results in less competition among individual 
trees.  Thus, even though a stand with 80 percent stocking has fewer trees, these trees attain a 
larger size at 140 years than they would in a more crowded stand.  The resulting basal area per 
acre is approximately the same in both fully stocked and 80 percent stocked stands. 


• Based on the above, a low-quality Site Class II (100-year site index = 160; 50-year site 
index = 119) stand with 80 percent stocking was chosen for modeling on the west side.  Several 
rationales drove this choice:  1) Site Class II and III are most common across the landscape; 
2) in the representative sample of state sections, Site Class II and III were evenly represented; 
3) sensitivity analysis (see below) of stands with varying site indices found very little variation 
in each alternative’s impacts on sites in different Site Classes; and 4) under Alternative 2, 
Option 2 is not permitted for streams greater than 10 feet wide within Site Class III stands, thus 
the only way to assess the impacts of Option 1 and Option 2 on LWD recruitment potential in 
both small and large fish-bearing streams is to use a Site Class II stand.  


• The stand of trees used for modeling from the east side was a fully cruised stand from the Mixed 
Conifer zone in eastern Washington.  As described above, sensitivity analysis detected only 
minimal differences among several stands; this stand fell near the middle of the range of 
variability.  


3.3 Step 2: Apply silvicultural prescriptions for RMZs by alternative 


3.3.1 Rationale 
Based on the RMZ guidelines defined for each alternative, specific silvicultural prescriptions were 
applied to eastside and westside representative stands.  The number and density of trees remaining 
after harvest (leave trees) could then be compared, as a quantitative index of the relative change due 
to different harvest prescriptions.  These leave trees were quantified based on the proportion 
remaining in each size class (based on dbh) compared to what had existed in the original stand.  
Harvesting the east side and west side “representative” stands facilitates comparison of the different 
management strategies.  Westside and eastside assumptions and outcomes are presented separately. 


3.3.2 Westside RMZs 
3.3.2.1 General Assumptions 
• It is assumed that the riparian stand developed is adjacent to the bankfull width of a stream that 


does not have a channel migration zone (CMZ).  


• Model a representative 50-year-old Site Class II stand (site index = 119) 


• Trees are distributed evenly through all zones (that is, on a per-acre basis, trees in the Core Zone 
have the same distribution of diameter and species as trees in the Outer Zone) 


• No placement strategy that was agreed to by the landowner and the State exists 


• Douglas-fir is the preferred species for leave trees 
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3.3.3 Outcome 
Table 13. Trees per acre (TPA1/) within each distance band2/ of the RMZ for the westside riparian stand (Site 


Class = II, 50-year site index = 119) used for modeling the effects of the different alternatives on 
LWD availability. 


DBH Range 
TPA in Band 1 


(0 - 50’) 
TPA in Band 2 


(50 - 80’) 
TPA in Band 3 


(80 - 100’) 
TPA in Band 4 


(100 - 170’) 
6” - 12” 160 160 160 160 
12" - 18" 62 62 62 62 
18" - 24" 11 11 11 11 
24" - 30" 0 0 0 0 


>30" 0 0 0 0 
Total TPA 233 233 233 233 


Total BA/acre 152 152 152 152 
1/ To translate Trees Per Acre into Trees Per 1000 Feet of Stream, multiply the TPA value by 1.15 for Zone 1, by 0.69 for Zone 2, by 


0.50 for Zone 3, or by 1.61 for Zone 4. 
2/  To facilitate comparison between alternatives, stand data are presented as trees per acre (TPA) within fixed-width distance bands 


between the stream’s bankfull width and the site potential tree height (see Section 3.0, Step 1, Rationale, for a discussion of distance 
bands). 


 


 
 
Figure 3.  Westside Riparian Stand (Site Class = II) Used for Modeling Purposes Presented by Size 
Class in Trees per Acre (TPA1/) within RMZ Presented from Bankfull Width out to the Outer Edge 
of the 100-year Site Potential Tree Height in Increments of 20 Feet 
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Table 14. Trees per Acre (TPA1/) within Each Distance Band2/ of the RMZ for the Eastside 


Riparian Stand (Site Class = II, 50-year Site Index = 105) Used for Modeling the Effects 
of the Different Alternatives on LWD Availability 


DBH Range 
TPA in Band 1 


(0 - 30') 
TPA in Band 2 


(30 - 75’) 
TPA in Band 3 


(75 - 100’) 
TPA in Band 4 


(100 - 110’) 
6” - 12” 149 149 149 149 
12" - 18" 75 75 75 75 
18" - 24" 27 27 27 27 
24" - 30" 9 9 9 9 


>30" 3 3 3 3 
Total TPA 263 263 263 263 


Total BA/acre 246 246 246 246 
1/ To translate Trees Per Acre into Trees Per 1000 Feet of Stream, multiply the TPA value by 0.69 for Zone 1, by 1.03 for Zone 2, by 


0.57 for Zone 3, or by 0.23 for Zone 4. 
2/  To facilitate comparison between alternatives, stand data are presented as trees per acre (TPA) within fixed-width distance bands 


between the stream’s bankfull width and the site potential tree height (see Section 3.0, Step 1, Rationale, for a discussion of distance 
bands). 


 
 


Figure 4.  Eastside Riparian Stand (Site Class = II) Used for Modeling Purposes Presented by Size 
Class in Trees per Acre (TPA1/) within RMZ Presented from Bankfull Width out to the Outer Edge 
of the 100-year Site Potential Tree Height  in Increments of 20 Feet 
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• Riparian Leave Trees are defined as conifers greater than or equal to 12 inches dbh 


• The shade rule was not taken into account when modeling the different alternatives.  This 
provides a baseline of the trees required to be maintained in the RMZ for comparative purposes 
between all three alternatives.  It can be assumed that where the shade rule is applied, additional 
trees will likely be left.   


3.3.3.1 Assumptions for Alternative 1 


• Model prescriptions for a stream with a cobble-gravel substrate 


• Average RMZ width is assumed to be 40 feet (based on personal communication, Sue Casey, 
DNR Forester, October, 1999). 


• The number of trees left per 1000 feet of stream includes the 5 largest trees per acre, with a one-
to-one ratio of conifer to hardwood (i.e., 2.5 of the largest conifer trees per acre, and 2.5 of the 
largest hardwood trees per acre); these trees are assumed to meet the requirements for Green 
Recruitment Trees and Wildlife Leave Trees.  Because the stand used for modeling does not 
include a hardwood component, the largest 2.5 hardwood trees per acre are assumed to fall 
within the 12-inch size class.  Although this may underestimate the size of the largest 
hardwoods, the overall distribution of tree sizes within the stand, and hence the availability of 
functional LWD, is essentially the same whether hardwoods are modeled as present or not.  


• Assume a 40-foot partial cut buffer adjacent to the stream; clearcut harvest is assumed outside of 
the RMZ, but within the SPTH. 


• The shade rule is not implemented in this scenario to present the maximum harvest allowed 
within the RMZ under Alternative 1.  Implementation of the shade rule would likely require the 
retention of more trees in the RMZ, resulting in an increase in TPA and BA/acre. 


Specific prescriptions for Type 1 & 2 Streams:  


• For modeling purposes it was assumed that all Type 1 and Type 2 streams are less than 75 feet 
wide. 


• The 5 largest trees per acre are counted toward the requirement of 100 leave trees per 1,000 feet 
of stream length (for a 40-foot RMZ, 5 trees per acre equates to 4.59 trees per 1,000 feet) 


• Per WAC 222-30-020, the distribution of size class and species (i.e., ratio of conifers to 
hardwoods) of leave trees must be representative of the original stand.  As described in Forest 
Practices Illustrated (DNR 1997) and confirmed by DNR foresters (personal communication, 
Ben Cleveland, DNR, January 2000), the stand was grouped into three size classes, <6 inches, 
6-12 inches, and >12 inches dbh.  After modeling timber harvest, the relative proportion of leave 
trees in these size classes matched the relative proportion of trees in the original stand within 
those classes.  Although the stand used for modeling did not include a hardwood component, the 
results of modeling Alternative 1 in the representative stand were very similar to those for a 
stand composed of 50 percent Douglas-fir and 50 percent red alder. 


• The stand tables presented in this document only show trees larger than 6 inches dbh.  However, 
the yield tables in McArdle (1949) give TPA values for trees as small as 2 inches dbh.  These 
trees were taken into account in determining the proportion of leave trees in each size category.  
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Consequently, there are 13 leave TPA (or 15 leave trees per thousand feet of stream) <6 inches 
in the representative stand that are not reported in the tables and figures depicting the results of 
the analysis..  


• Within each size class, the smallest trees are selected as leave trees (e.g., in the 6 to12-inch 
class, most leave trees will be 6 to 8 inches dbh based on the representative stand used for 
modeling).  This assumption was confirmed by DNR enforcement personal as the standard 
practice in the field within westside RMZs along Type 1 and 2 streams (personal 
communication, Ben Cleveland, DNR, January 2000).   


• For modeling purposes it is assumed that all trees left in the RMZ are alive.  However, it is 
important to note that the WAC 222-30-020 states that a minimum of fifty percent of the trees 
that are left in the RMZ must be live and undamaged on completion of the harvest, implying that 
up to fifty percent of leave trees may actually be snags or damaged trees.  Therefore, this 
assumption may result in an overestimation of the number of viable trees left in the RMZ.   


Specific prescriptions for Type 3 streams greater than 5 feet wide: 


• The 5 largest trees per acre will be counted toward the requirement of 75 leave trees per 1,000 
feet of stream length, as well as for Green Recruitment Tree and Wildlife Leave Tree 
requirements. 


• Leave trees will be greater than or equal to 12 inches dbh  


• Where applicable, a 2:1 ratio of conifers to hardwoods will be maintained. 
3.3.3.2 Outcome for Alternative 1 
Table 15 presents the tree density in trees per acre (TPA) remaining in each fixed distance band after 
Alternative 1 prescriptions were modeled using the westside representative stand (see Table 13) 
along Types 1, 2, and 3 streams.  


Figures 5a and 5b display the leave tree density (in TPA) remaining in the RMZ, after harvest under 
Alternative 1 along Type 1, 2 and 3 streams.  Data are presented in 20 foot increments from the 
bankfull width out to the outer edge of the site potential tree height of 170 feet (Site Class II) Each 
bar in the figure is segmented by size class (in dbh). 


3.3.3.3 Assumptions for Alternative 2 
Specific Prescriptions for Type S & F Streams: 
The “Desired Future Conditions” were modeled using the ORGANON growth module built into the 
Riparian Aquatic Interaction Simulator (RAIS) developed by Jeff Welty at Weyerhaeuser Co.  This 
model was used on the recommendation of Mark Hunter, fish biologist with Washington 
Department of Fish and Wildlife (Personal communication, October 1999).  The “Desired Future 
Condition” (also known as the Stand Requirements) for a particular riparian stand consists of a 
certain basal area value (based on the stand’s Site Class), which must be attained by a stand age of 
140 years (see Chapter 2, Alternative 2 description).  The model was designed to predict LWD 
input, but it also models basal area per acre over time, based on user-input values for site index, 
trees per acre (TPA), quadratic mean dbh (QMD), and tree height.  To model future basal area 
values for the representative stand, TPA and QMD were calculated using the size class distribution 
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Table 15. Trees per Acre (TPA1/) Left Within the RMZ2/ of a Westside Type 1, 2, or 3 Stream 
Following Harvest Under Alternative 1, Presented in Fixed-width Distance Bands3/ from 
the Stream’s Bankfull Width, Using a Site Class II Riparian Stand as an Example 


  Post-harvest (Type 1 or 2 Stream) Post-harvest (Type 3 Stream) 


 
DBH Range4/ 


Pre-
harvest 


TPA 


TPA in 
Band 1 


(0 - 50’)5/ 


TPA in 
Band 2


(50 - 80’)


TPA in 
Band 3


(80 - 100’)


TPA in 
Band 4


(100 - 170’)


TPA in 
Band 1


(0 - 50’)5/ 


TPA in 
Band 2 


(50 - 80’) 


TPA in 
Band 3 


(80 - 100’)


TPA in 
Band 4


(100 - 170’)
6” - 12” 160 51 0 0 0 7 0 0 0 
12" - 18" 62 21 0 0 0 49 0 0 0 
18" - 24" 11 2 0 0 0 9 0 0 0 
24" - 30" 0 0 0 0 0 0 0 0 0 


>30" 0 0 0 0 0 0 0 0 0 
Total TPA 233 74 0 0 0 65 0 0 0 


Total BA/acre 152 36 0 0 0 75 0 0 0 
1/ To translate Trees Per Acre into Trees Per 1000 Feet of Stream, multiply the TPA value by 1.15 for Zone 1, by 0.69 for Zone 2, by 0.50 


for Zone 3, or by 1.61 for Zone 4. 
2/ The calculation of the number of  trees remaining in the RMZ following harvest under this alternative does not account for the 


implementation of the shade rule (which may increase the numbers of leave trees remaining in the RMZ) or the fact that only 50 
percent of the leave trees left in the RMZ need to be alive (which may reduce the number of trees remaining in the RMZ).   


3/  To facilitate comparison between alternatives, stand data are presented as trees per acre (TPA) within fixed-width distance bands 
between the stream’s bankfull width and the site potential tree height (see Section 3.0, Step 1, Rationale, for a discussion of distance 
bands). 


4/ For Type 1&2 streams, Alternative 1 calls for 100 leave trees per 1000 feet of stream, with a size class distribution representative of the 
original stand.  Leave trees are grouped into three size classes:  <6 inches, 6-12 inches, and >12 inches dbh.  Within the 40-foot RMZ 
of the stand used for modeling, 15 trees per 1,000 feet fell into the <6” dbh size class, and thus do not appear in this table.  The Total 
TPA value in this table represents 85 trees per 1,000 feet of 40-foot wide RMZ, proportionally scaled to reflect TPA within a 50-foot 
distance band. 


5/ The RMZ modeled for Alternative 1 is 40 feet wide, 10 feet narrower than the fixed-width band presented in this table.  The TPA value 
for this band reflects the fact that this band contains 40 feet of RMZ and 10 feet of clearcut harvest (see Section 3.0, Step 1, under 
Rationale for a discussion of calculating TPA values for bands which contain varying leave tree densities). 


 
 
of trees within the stand.  Since RAIS calculates stand age as a function of site index and tree height, 
a tree height value was chosen such that stand age would be as close as possible to 50 years.  RAIS 
allows users to model stand conditions in an inner (No-Touch) zone and an outer (Managed) zone.  
The Core Zone of Alternative 2 was modeled as No-Touch, and the Inner Zone was modeled as 
Managed. 


The potential for different silvicultural prescriptions to meet the Stand Requirements was modeled 
using the representative stand described under Step 1.  The representative stand (a Site Class II 
Douglas-fir stand with 80 percent stocking and a 50-year site index of 119) must meet a basal area 
of 275 ft2/ac at a stand age of 140 years as defined in the Forest and Fish Report (1999), and was 
modeled as follows: 


• for the Core Zone, current (stand age 50 years) stand conditions were entered as described 
above, and were projected under the No-Touch management regime; 


• for the Inner Zone, TPA and QMD values were entered such that the total combined basal area 
of the Core Zone and the Inner Zone would meet or exceed 275 ft2/ac at 140 years, and the 
Inner Zone would maintain at least 57 TPA following harvest; 
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Figure 5a.  Westside Leave Trees in RMZ  for Alternative 1 Presented in 20-foot Increments 
(measured from bankfull width out to the outer edge of  the 100-year SPTH) Along Type 1and 2 
Streams, Totaled by TPA (sub-divided into size class) 


 
 
Figure 5b.  Westside Leave Trees in RMZ  for Alternative 1 Presented in 20-foot Increments 
(measured from bankfull width out to the outer edge of  the SPTH) Along Type 3 Streams and 
Totaled by TPA (sub-divided into size class) 
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• Inner Zone TPA and QMD values were calculated from the tree size distribution resulting from 
the prescriptions dictated by the Options described below. 


Option 1(a) – streams less than or equal to 10 feet wide 
Core Zone:  50 feet wide, no harvest 
Inner Zone:  63 feet wide, thin from below:  leave the 57 largest trees and enter the resulting 


TPA and QMD values into the RAIS model.  If the resulting basal area at 140 years, 
combined proportionally with the 140-year basal area for the Core Zone, is less than 
275 ft2/ac, then add some of the smaller trees back in.  Repeat until the resulting 140-
year basal area equals or exceeds 275 ft2/ac.  NOTE:  In each of the six stands included 
in the sensitivity analysis (see final paragraph under “Rationale” for Step 1, above), 
leaving the 57 largest trees per acre met the Stand Requirements, and no additional 
leave trees were required. 


Outer Zone:  57 feet wide, leave 20 TPA. 
 
Option 1(b) – streams greater than 10 feet wide 
Core Zone:  50 feet wide, no harvest 
Inner Zone:  78 feet wide, modeled as for Option 1(a) 
Outer Zone:  42 feet wide, leave 20 TPA. 
 
Option 2(a) – streams less than or equal to 10 feet wide 
Core Zone (floor distance):  80 feet wide, no harvest 
Inner Zone:  34 feet wide, remove all trees less than 12 inches dbh, and as many Riparian 


Leave Trees as will reduce the resulting 140-year basal area to a value which, when 
combined with the basal area of the Core Zone, is as close as possible to 275 ft2/ac, 
without going below that value.  Once this number of trees has been determined to 
meet the desired future condition basal area requirement, an additional 20 TPA were 
left. 


Outer Zone:  56 feet wide, leave 20 TPA.  If the no-harvest restriction in the Core Zone 
results in the retention of enough trees to exceed a basal area (in the Core Zone and 
Inner Zone combined) of 275 ft2/ac at 140 years, then fewer than 20 TPA may be 
retained in the Outer Zone.  The amount of this deduction was determined by 
sequentially deleting individual trees from the Core Zone, and combining each 
resulting 140-year basal area value with a basal area of 0 in the Inner Zone.  The 
number of trees that would reduce the total combined 140-year basal area to as close as 
possible to 275 ft2/ac, without going below that value, determined the number of trees 
which may be deducted from the 20 TPA requirement (that is, if the landowner had 
been allowed to cut 6 TPA in the Core Zone and still attain a basal area of 275 ft2/ac at 
140 years, then they will be allowed instead to leave 14 instead of 20 TPA in the Outer 
Zone).  No more than 10 TPA may be deducted from the Outer Zone as required under 
the Forest and Fish Report (1999) (i.e., no fewer than 10 TPA may be left in the Outer 
Zone).  NOTE:  For the six stands included in the sensitivity analysis, the Core Zone 
no-harvest requirement resulted in no “excess” basal area retention, therefore 20 TPA 
were retained in the Outer Zone. 
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Option 2(b) – streams greater than 10 feet wide 
Core Zone (floor distance):  100 feet wide, no harvest 
Inner Zone:  20 feet wide, modeled as for Option 2(a).   
Outer Zone:  50 feet wide, modeled as for Option 2(a). 
 


Specific Prescriptions of  Np Streams: 


• 50-foot no-cut buffer adjacent to the stream’s bankfull width; clearcut harvest outside of the 
50-foot no-cut buffer but within one 100-year SPTH.   


• This no-cut buffer was modeled for 50 percent of the total length of westside Np streams.  The 
remaining 50 percent was modeled as a clearcut to the stream’s edge. 


3.3.3.4 Outcome for Alternative 2 
Tables 16 and 17 present the tree density in trees per acre (TPA) remaining in each RMZ band after 
Alternative 2 prescriptions were modeled using the westside representative stand (see Table 13) 
along Types S and F streams.  Table 16 models Option 1 and Table 17 models Option 2.  Table 18 
presents the same information for stands along Type Np streams that have an RMZ after 
implementing Alternative 2 prescriptions. 


Figures 6 a, b, c, d, and e are bar graphs that displays the leave tree density (in TPA) remaining in 
the RMZ presented in 20 foot increments from the bankfull width out to the outer edge of the site 
potential tree height (site class II) after harvest along Type S, F streams (< and > 10 feet) and Np 
streams.  Each bar in the figure is segmented by size class (in dbh). 


 
Table 16. Trees per Acre (TPA1/) Left within the RMZ2/ of a Westside Type S or F Stream Following


Harvest Under Alternative 2 Option 1, Presented in Fixed-width Distance Bands3/ from the 
Stream’s Bankfull Width, Using a Site Class II Riparian Stand as an Example 


  Post-harvest (Streams ≤10’ Wide) Post-harvest (Streams >10’ Wide) 


 
DBH Range 


Pre-
harvest 


TPA 


TPA in 
Band 1 
(0 - 50’) 


TPA in 
Band 2


(50 - 80’)


TPA in 
Band 3


(80 - 100’)


TPA in 
Band 4


(100 - 170’)


TPA in 
Band 1
(0 - 50’) 


TPA in 
Band 2 


(50 - 80’) 


TPA in 
Band 3 


(80 - 100’)


TPA in Band 
4 


(100 - 170’)
6” - 12” 160 160 0 0 0 160 0 0 0 
12" - 18" 62 62 46 46 25 62 46 46 30 
18" - 24" 11 11 11 11 2 11 11 11 4 
24" - 30" 0 0 0 0 0 0 0 0 0 


>30" 0 0 0 0 0 0 0 0 0 
Total TPA 233 233 57 57 27 233 57 57 35 


Total BA/acre 152 152 76 76 28 152 76 76 41 
1/ To translate Trees Per Acre into Trees Per 1000 Feet of Stream, multiply the TPA value by 1.15 for Zone 1, by 0.69 for Zone 2, by 0.50 


for Zone 3, or by 1.61 for Zone 4. 
2/ The calculation of the number of  trees remaining in the RMZ following harvest under this alternative does not account for the 


implementation of the shade rule (which may increase the numbers of leave trees remaining in the RMZ) or the fact that only 50 percent 
of the leave trees left in the RMZ need to be alive (which may reduce the number of trees remaining in the RMZ).   


3/  To facilitate comparison between alternatives, stand data are presented as trees per acre (TPA) within fixed-width distance bands between 
the stream’s bankfull width and the site potential tree height (see Section 3.0, Step 1, Rationale, for a discussion of distance bands). 
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Table 17. Trees per Acre (TPA1/) Left Within the RMZ2/ of a Westside Type S or F Stream 
Following Harvest Under Alternative 2 Option 2, Presented in Fixed-width Distance 
Bands3/ from the Stream’s Bankfull Width, Using a Site Class II Riparian Stand as an 
Example 


  Post-harvest (Streams ≤10’ Wide) Post-harvest (Streams >10’ Wide) 


 
DBH Range 


Pre-
harvest 


TPA 


TPA in 
Band 1 
(0 - 50’) 


TPA in 
Band 2


(50 - 80’)


TPA in 
Band 3


(80 - 100’)


TPA in 
Band 4


(100 - 170’)


TPA in 
Band 1
(0 - 50’) 


TPA in 
Band 2 


(50 - 80’) 


TPA in 
Band 3 


(80 - 100’)


TPA in 
Band 4


(100 - 170’)
6” - 12” 160 160 160 0 0 160 160 160 0 
12" - 18" 62 62 62 29 22 62 62 62 21 
18" - 24" 11 11 11 0 0 11 11 11 0 
24" - 30" 0 0 0 0 0 0 0 0 0 


>30" 0 0 0 0 0 0 0 0 0 
Total TPA 233 233 233 29 22 233 233 233 21 


Total BA/acre 152 152 152 25 19 152 152 152 18 
1/ To translate Trees Per Acre into Trees Per 1000 Feet of Stream, multiply the TPA value by 1.15 for Zone 1, by 0.69 for Zone 2, by 0.50 


for Zone 3, or by 1.61 for Zone 4. 
2/ The calculation of the number of  trees remaining in the RMZ following harvest under this alternative does not account for the 


implementation of the shade rule (which may increase the numbers of leave trees remaining in the RMZ) or the fact that only 50 
percent of the leave trees left in the RMZ need to be alive (which may reduce the number of trees remaining in the RMZ).   


3/  To facilitate comparison between alternatives, stand data are presented as trees per acre (TPA) within fixed-width distance bands 
between the stream’s bankfull width and the site potential tree height (see Section 3.0, Step 1, Rationale, for a discussion of distance 
bands). 


 
 


Table 18. Trees per Acre (TPA1/) Left Within the RMZ2/ of a Westside Type Np Stream Following 
Harvest Under Alternative 2, Presented in Fixed-width Distance Bands3/ from the 
Stream’s Bankfull Width, Using a Site Class II Riparian Stand as an Example 


  Post-harvest  
 


DBH Range 
Pre-harvest 


TPA 
TPA in Band 1


(0 - 50’) 
TPA in Band 2


(50 - 80’) 
TPA in Band 3 


(80 - 100’) 
TPA in Band 4


(100 - 170’) 
6” - 12” 160 160 0 0 0 
12" - 18" 62 62 0 0 0 
18" - 24" 11 11 0 0 0 
24" - 30" 0 0 0 0 0 


>30" 0 0 0 0 0 
Total TPA 233 233 0 0 0 


Total BA/acre 152 152 0 0 0 
1/ To translate Trees Per Acre into Trees Per 1000 Feet of Stream, multiply the TPA value by 1.15 for Zone 1, by 0.69 for Zone 2, by 0.50 


for Zone 3, or by 1.61 for Zone 4. 
2/ The calculation of the number of  trees remaining in the RMZ following harvest under this alternative does not account for the 


implementation of the shade rule (which may increase the numbers of leave trees remaining in the RMZ) or the fact that only 50 
percent of the leave trees left in the RMZ need to be alive (which may reduce the number of trees remaining in the RMZ).   


3/  To facilitate comparison between alternatives, stand data are presented as trees per acre (TPA) within fixed-width distance bands 
between the stream’s bankfull width and the site potential tree height (see Section 3.0, Step 1, Rationale, for a discussion of distance 
bands). 
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Figure 6a.  Westside Trees Remaining in RMZ  Under Alternative 2 Option 1 <10 Feet Presented in 
20-foot Increments (measured from bankfull width out to the outer edge of  the 100-year SPTH) 
Along Types S, F Streams and Totaled by TPA (sub-divided into size class) 


 
 
Figure 6b.  Westside Trees Remaining in RMZ  Under Alternative 2 Option 1 >10 Feet Presented in 
20-foot Increments (measured from bankfull width out to the outer edge of  the 100-year SPTH) 
Along Types S, F Streams and Totaled by TPA (sub-divided into size class) 
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Figure 6c.  Westside Trees Remaining in RMZ  Under Alternative 2 Option 2 <10 Feet Presented in 
20-foot Increments (measured from bankfull width out to the outer edge of  the 100-year SPTH) 
Along Types S, F Streams and Totaled by TPA (sub-divided into size class) 


 
 
Figure 6d.  Westside Trees Remaining in RMZ  Under Alternative 2 Option 2 >10 Feet Presented in 
20-foot Increments (measured from bankfull width out to the outer edge of  the 100-year SPTH) 
Along Types S, F Streams and Totaled by TPA (sub-divided into size class) 
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Figure 6e.  Westside Trees Remaining in RMZ  Under Alternative 2 Along Np Streams Presented in 
20-foot Increments (measured from bankfull width out to the outer edge of  the 100-year SPTH) and 
Totaled by TPA (sub-divided into size class) 


 


3.3.3.5 Assumptions for Alternative 3 


• Alternative 3 was modeled assuming no harvest within the RMZ adjacent to the stream, and 
clearcut harvest outside of the RMZ but within 1 SPTH.  


• The width of the no-harvest buffer was determined by stream gradient:  a no-harvest buffer of 
200 feet around streams with a gradient less than 20 percent, 100 feet around streams with a 
gradient between 20 percent and 30 percent, and 70 feet around streams with a gradient greater 
than 30 percent.  


3.3.3.6 Outcome for Alternative 3 
Tables 19 and 20 present the leave tree density in trees per acre (TPA) remaining in each RMZ band 
after Alternative 3 prescriptions were modeled using the westside representative stand (see Table 
13) along streams with 0 to 20 percent, 20 to 30 percent, and >30 percent gradient, respectively.  
Table 19 presents the results of modeling the RMZ prescriptions along streams 0 to 20 percent 
gradient.  Table 20 presents the results of modeling the RMZ prescriptions along streams 20 to 
30 percent and >30 percent gradient.  


Figures 7 a, b, and c are bar graphs that displays the leave tree density (in TPA) remaining in the 
RMZ presented in 20 foot increments from the bankfull width out to the outer edge of the site 
potential tree height (site class II) after harvest along streams 0 to 20 percent, 20 to 30 percent, and 
>30 percent gradient.  Each bar in the figure is segmented by size class (in dbh). 
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Table 19. Trees per Acre (TPA1/) Left Within the RMZ2/ of a Westside Stream with a Gradient 


Between 0% and 20%, Following Harvest Under Alternative 3, Presented in Fixed-
width Distance Bands3/ from the Stream’s Bankfull Width, Using a Site Class II 
Riparian Stand as an Example 


  Post-harvest (<20% Gradient) 
 


DBH Range 
Pre-harvest 


TPA 
TPA in Band 1


(0 - 50’) 
TPA in Band 2


(50 - 80’) 
TPA in Band 3 


(80 - 100’) 
TPA in Band 4


(100 - 170’)4/ 


6” - 12” 160 160 160 160 160 
12" - 18" 62 62 62 62 62 
18" - 24" 11 11 11 11 11 
24" - 30" 0 0 0 0 0 


>30" 0 0 0 0 0 
Total TPA 233 233 233 233 233 


Total BA/acre 152 152 152 152 152 
1/ To translate Trees Per Acre into Trees Per 1000 Feet of Stream, multiply the TPA value by 1.15 for Zone 1, by 0.69 for Zone 2, by 0.50 


for Zone 3, or by 1.61 for Zone 4. 
2/ The calculation of the number of  trees remaining in the RMZ following harvest under this alternative does not account for the 


implementation of CMZs (which increase the area in which leave trees are required within the RMZ).   
3/  To facilitate comparison between alternatives, stand data are presented as trees per acre (TPA) within fixed-width distance bands 


between the stream’s bankfull width and the site potential tree height (see Section 3.0, Step 1, Rationale, for a discussion of distance 
bands). 


4/ Under Alternative 3, for streams with a gradient <20%, all trees are retained up to 200 feet from the CMZ or bankfull width.  For a Site 
Class II stand, this is greater than the site potential tree height of 170 feet.  However, for modeling LWD recruitment potential, the 
source area for complete recruitment potential is one site potential tree height; thus only the first 170 feet are considered for this 
analysis. 


 
 
Table 20. Trees per Acre (TPA1/) Left Within the RMZ2/ of Westside Streams with a Gradient 


Between 20% and 30% and for Streams with a Gradient Greater than 30%, Following 
Harvest Under Alternative 3, Presented in Fixed-width Distance Bands3/ from the 
Stream’s Bankfull Width, Using a Site Class II Riparian Stand as an Example 


  Post-harvest (20% - 30% Gradient) Post-harvest (>30% Gradient) 


 
DBH Range 


Pre-
harvest 


TPA 


TPA in 
Band 1 
(0 - 50’) 


TPA in 
Band 2


(50 - 80’)


TPA in 
Band 3


(80 - 100’)


TPA in 
Band 4


(100 - 170’)


TPA in 
Band 1
(0 - 50’) 


TPA in 
Band 2 


(50 - 80’)/4 


TPA in 
Band 3 


(80 - 100’) 


TPA in 
Band 4


(100 - 170’)
6” - 12” 160 160 160 160 0 160 107 0 0 
12" - 18" 62 62 62 62 0 62 41 0 0 
18" - 24" 11 11 11 11 0 11 7 0 0 
24" - 30" 0 0 0 0 0 0 0 0 0 


>30" 0 0 0 0 0 0 0 0 0 
Total TPA 233 233 233 233 0 233 155 0 0 


Total BA/acre 152 152 152 152 0 152 102 0 0 
1/ To translate Trees Per Acre into Trees Per 1000 Feet of Stream, multiply the TPA value by 1.15 for Zone 1, by 0.69 for Zone 2, by 0.50 


for Zone 3, or by 1.61 for Zone 4. 
2/ The calculation of the number of  trees remaining in the RMZ following harvest under this alternative does not account for the 


implementation of CMZs (which increase the area in which leave trees are required within the RMZ).   
3/  To facilitate comparison between alternatives, stand data are presented as trees per acre (TPA) within fixed-width distance bands 


between the stream’s bankfull width and the site potential tree height (see Section 3.0, Step 1, Rationale, for a discussion of distance 
bands). 


4/ Under Alternative 3 for streams with a gradient >30%, all trees are retained up to 70 feet from the CMZ or bankfull width.  This 
distance falls 10 feet short of the fixed-width band presented in this table.  The TPA value for Band 2 reflects the fact that this band 
contains 20 feet of no-cut zone and 10 feet of clearcut harvest (see Section 3.0, Step 1, under Rationale for a discussion of calculating 
TPA values for bands which contain varying leave tree densities). 
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Figure 7a.  Westside Trees Remaining in RMZ  Under Alternative 3 Presented in 20-foot Increments 
(measured from bankfull width out to the outer edge of  the SPTH) Along  Streams 0-20% Gradient 
and Totaled by TPA (sub-divided into size class) 


 
 
Figure 7b.  Westside Trees Remaining in RMZ  Under Alternative 3 Presented in 20-foot Increments 
(measured from bankfull width out to the outer edge of  the SPTH) Along Streams 20-30% Gradient 
and Totaled by TPA (sub-divided into size class) 
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Figure 7c.  Westside Trees Remaining in RMZ  Under Alternative 3 Presented in 20-foot Increments 
(measured from bankfull width out to the outer edge of the SPTH) Along Streams >30% Gradient 
and Totaled by TPA (sub-divided into size class) 


 
 
 


3.1.1 Eastside RMZs 
3.1.1.1 General Assumptions 
• Model a Mixed Conifer Site Class II riparian stand (site index = 105).  


• It is assumed that the riparian stand developed is adjacent to a stream’s bankfull width without a 
channel migration zone (CMZ).  


• Trees are distributed evenly through all zones (that is, on a per-acre basis, trees in the Core Zone 
have the same distribution of diameter and species as trees in the Outer Zone).   


• Under Alternative 2 there is a prioritization of species that should be retained when 
implementing the RMZ prescriptions. However, our data set did not provide this detail and 
therefore all trees in the representative stand were given equal priority. 


• Dominant and co-dominant trees are defined conifers greater than or equal to 20 inches dbh. 


• Partial cut harvest (uneven-aged harvest) adjacent to the RMZ, but within the distance of a site 
potential tree height, is represented by retaining 21 TPA (which is considered the minimum 
required under this definition) greater than or equal to 10 inches dbh (WAC 222-16-010 and 
Personal Communication, Debbie Robinson, DNR Forest Practices Staff, 1/05/00). 


• Even-aged harvest is defined as retaining 0 TPA.  While it is recognized that even-aged harvest 
in many situations may leave up to 20 TPA, the 0-TPA assumption allows assessment of the 
greatest possible impact, and permits comparison to the greatest possible impacts as they were 
modeled under other alternatives. 


• No stream-adjacent parallel roads occur within the stand. 
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3.1.1.2 Assumptions for Alternative 1: 
• Model prescriptions for a Type 1, 2, or 3 stream with a cobble-gravel substrate. 


• Assume an average RMZ width of 40 feet for units in which partial cut harvest occurs.  


• Assume an average RMZ width of 50 feet for units in which even-aged harvest occurs. 


• Assume that Wildlife Reserve Tree requirements are met through riparian leave tree retention. 


• Along Type 1, 2 and 3 streams, all trees less than 12 inches dbh, 16 conifers 12-20 inches dbh, 3 
conifers greater than 20 inches dbh, 3 deciduous trees 12-16 inches dbh, and 2 deciduous trees 
greater than 16 inches dbh will be left per acre, as dictated by FPRs. 


• The representative eastside stand did not differentiate between conifer and hardwood; it is 
assumed that size class requirements for each tree type can be met within total tree counts. 


• Modeled standard partial cut of 21 TPA within 1 SPTH along streams (Type 4 and 5s) that are 
not provided an RMZ that are within a partial cut timber harvest unit and adjacent to the RMZs 
that are within the distance of one site potential tree height. 


• In even-aged harvest scenarios it was assumed no trees were left adjacent to the RMZ or 
adjacent to Type 4 and 5 streams 


3.1.1.3 Outcome for Alternative 1  
Table 21 presents the leave tree density in trees per acre (TPA) in each fixed distance band after 
Alternative 1 prescriptions were modeled using the eastside representative stand (see Table 14) 
adjacent to a partial-cut harvest along Types 1, 2, and 3 streams. Table 22 presents the leave tree 
density in TPA in each fixed distance band after a partial-cut harvest along Type 4 and 5 streams is 
implemented. 


Figures 8a (adjacent to a partial cut harvest), and b (adjacent to an even-aged harvest) are  bar 
graphs that display the leave tree density (in TPA) remaining in the RMZ presented in 20 foot 
increments from the bankfull width out to the outer edge of the site potential tree height of 110 (Site 
Class II) after harvest along eastside Type 1, 2 and 3 streams.  Figure 8c presents the partial-cut 
adjacent to Type 4 and 5 streams.  Each bar in the figure is segmented by size class (in dbh). 


3.1.1.4 Assumptions for Alternative 2 
Specific prescriptions for S & F Streams: 
Rather than requiring stands to meet Desired Future Conditions, the Forests and Fish report (1999) 
specifies immediate post-harvest basal area requirements, which vary with habitat type (Ponderosa 
Pine, Mixed Conifer, or High-Elevation) and Site Class.  Sensitivity analysis (see “Sensitivity 
Analysis” under Step 1, above) detected only minor differences in the effects of each alternative on 
stands in different habitat types and Site Classes.  Therefore, a Mixed Conifer Site Class II (site 
index = 105) stand was chosen for modeling, since this stand exhibited the greatest variability in the 
impacts of the alternatives (Table 12). 
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Table 21. Trees per Acre (TPA1/) left Within the RMZ2/ of an Eastside Type 1, 2, or 3 Stream 
Following Harvest Under Alternative 1, Presented in Fixed-width Distance Bands3/ from 
the Stream’s Bankfull Width, Using a Site Class II Riparian Stand as an Example 


  Post-harvest (Partial Cut outside RMZ) Post-harvest (Clearcut outside RMZ) 


 
DBH Range 


Pre-
harvest 


TPA 


TPA in 
Band 1 
(0 - 30’) 


TPA in 
Band 2


(30 – 75’)4/


TPA in 
Band 3


(75 - 100’)


TPA in 
Band 4


(100 - 110’)


TPA in 
Band 1
(0 - 30’) 


TPA in 
Band 2 


(30 - 75’)4/ 


TPA in 
Band 3 


(75 - 100’)


TPA in 
Band 4


(100 - 110’)
6” - 12” 149 149 49 21 21 149 66 0 0 
12" - 18" 75 21 5 0 0 21 9 0 0 
18" - 24" 27 3 1 0 0 3 1 0 0 
24" - 30" 9 0 0 0 0 0 0 0 0 


>30" 3 0 0 0 0 0 0 0 0 
 Total TPA 263 173 55 21 21 173 77 0 0 


Total BA/acre 246 80 28 13 13 80 36 0 0 
1/ To translate Trees Per Acre into Trees Per 1000 Feet of Stream, multiply the TPA value by 0.69 for Zone 1, by 1.03 for Zone 2, by 0.57 


for Zone 3, or by 0.23 for Zone 4. 
2/ The calculation of the number of  trees remaining in the RMZ following harvest under this alternative does not account for the 


implementation of the shade rule (which may increase the numbers of leave trees remaining in the RMZ) or the fact that only 50 
percent of the leave trees left in the RMZ need to be alive (which may reduce the number of trees remaining in the RMZ).   


3/  To facilitate comparison between alternatives, stand data are presented as trees per acre (TPA) within fixed-width distance bands 
between the stream’s bankfull width and the site potential tree height (see Section 3.0, Step 1, Rationale, for a discussion of distance 
bands). 


4/ For modeling purposes, a 40-foot no-harvest buffer was assumed along streams within units with a partial cut prescription, and a 50-
foot no-harvest buffer was assumed along streams within units with an even-aged prescription.  These distances do not correspond 
exactly to the fixed-width bands presented in this table.  The TPA values for Band 2 reflect the fact that this band contains 10 feet of 
no-cut zone and 35 feet of partial cut under the former prescription, or 20 feet of no-cut and 25 feet of clearcut under the latter (see 
Section 3.0, Step 1, under Rationale for a discussion of calculating TPA values for bands which contain varying leave tree densities). 


  
 
 
Table 22. Trees per Acre (TPA1/) Left Adjacent to an Eastside Type 4 or 5 Stream (i.e., having no 


RMZ) Following Harvest Under Alternative 1 with a Partial Cut Prescription2/, 
Presented in Fixed-width Distance Bands3/ from the Stream’s Bankfull Width, Using a 
Site Class II Riparian Stand as an Example 


  Post-harvest4/ 


 
DBH Range 


Pre-harvest 
TPA 


TPA in Band 1
(0 - 30’) 


TPA in Band 2
(30 - 75’) 


TPA in Band 3 
(75 - 100’) 


TPA in Band 4
(100 - 110’) 


6” - 12” 149 21 21 21 21 
12" - 18" 75 0 0 0 0 
18" - 24" 27 0 0 0 0 
24" - 30" 9 0 0 0 0 


>30" 3 0 0 0 0 
Total TPA 263 21 21 21 21 


Total BA/acre 246 13 13 13 13 
1/ To translate Trees Per Acre into Trees Per 1000 Feet of Stream, multiply the TPA value by 0.69 for Zone 1, by 1.03 for Zone 2, by 0.57 


for Zone 3, or by 0.23 for Zone 4. 
2/ Under an even-aged prescription, it is assumed that no trees would be left within one site potential tree height of Type 4 and 5 streams;  


the result therefore was not necessary to present in a table. 
3/  To facilitate comparison between alternatives, stand data are presented as trees per acre (TPA) within fixed-width distance bands 


between the stream’s bankfull width and the site potential tree height (see Section 3.0, Step 1, Rationale, for a discussion of distance 
bands). 


4/ In this example, the Type 4 and 5 stream is within a partial-cut harvest unit.  As a result, even though there is no RMZ, 21 TPA are left 
in each of the distance bands from the stream’s bankfull width. 
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Figure 8a.  Eastside Leave Trees in RMZ  for Alternative 1 Presented in 20-foot Increments 
(measured from bankfull width out to the outer edge of  the SPTH) Along Types 1, 2, and 3 Streams 
and Totaled by TPA (sub-divided into size class) adjacent to a partial-cut harvest 


 


 


 


Figure 8b.  Eastside Leave Trees in RMZ  for Alternative 1 Presented in 20-foot Increments 
(measured from bankfull width out to the outer edge of  the SPTH) Along Types 1, 2, and 3 Streams 
and Totaled by TPA (sub-divided into size class) Adjacent to a Even-aged Harvest 
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Figure 8c.  Eastside Trees Left Adjacent to Type 4 and 5 Streams with no RMZ in a Partial-cut 
Harvest  for Alternative 1 Presented in 20-foot Increments (measured from bankfull width out to the 
outer edge of  the SPTH) Totaled by TPA (sub-divided into size class) Adjacent to a Even-aged 
Harvest 


 
Alternative 2 regulations for a Mixed Conifer Site Class II stand require a post-harvest basal area of 
90 ft2/ac in the Inner Zone, and 15 trees per acre in the Outer Zone.  Because the most common 
timber harvest method on the east side is partial cut, an additional 6 trees per acre were modeled as 
being left in the Outer Zone, to meet the regulatory definition of partial cut as 21 leave trees per 
acre.  Notably, because the Outer Zone is at least 75 feet from the stream’s bankfull width, the 
impact of partial cut versus even-aged harvest on LWD recruitment is negligible. 


• Streams less than 15 feet wide, not in bull trout habitat overlay 
• Core Zone:  30 feet wide, no harvest 
• Inner Zone: 45 feet wide, leave at least 50 TPA after harvest, including the 21 


largest trees, and 29 are at least 10 inches dbh.  If the resulting basal area is less 
than 90 ft2/ac after leaving the 50 TPA, leave enough additional 6-inch-or-
greater trees to raise the stand’s basal area to 90 ft2/ac. 


• Outer Zone: 35 feet wide, leave 21 TPA after harvest, of which 15 are at least 
20 inches dbh (i.e., dominant or co-dominant). 


 
• Streams greater than 15 feet wide, not in bull trout habitat overlay 


• Core Zone:  30 feet wide, no harvest 
• Inner Zone: 70 feet wide, model as for streams less than 15 feet wide.   
• Outer Zone: 10 feet wide, model as for streams less than 15 feet wide. 


 
• Streams less than 15 feet wide, within bull trout habitat overlay 


• Core Zone:  30 feet wide, no harvest 
• Inner Zone:  45 feet wide, the restriction of having no effective shade removed 


was modeled as a no-harvest scenario. This is not to say that harvest will not 
occur in the inner zone within 75 feet, but allows us to capture the most 
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restrictive scenario.  By comparing a no-harvest scenario within 75 feet of the 
bankfull width or CMZ to the baseline prescription modeled outside of the bull 
trout overlay we are able to capture the maximum range between minimum 
restriction under the FFR in the inner zone to the maximum potential restriction 
in the range of the bull trout. 


• Outer Zone:  35 feet wide, leave 21 TPA after harvest, of which 15 are at least 
20 inches dbh. 


 
• Streams greater than 15 feet wide, within bull trout habitat overlay 


• Core Zone:  30 feet wide, no harvest 
• Inner Zone:  70 feet wide.  The first 45 feet were modeled as no-harvest, to 


capture the maximum potential restrictions for maintaining all effective shade 
(see discussion above under streams less than 15 feet within the bull trout 
overlay).  The remaining 25 feet were modeled as described above under 
“Streams less than 15 feet wide, outside of bull trout overlay.” 


• Outer Zone: 10 feet wide, model as for streams less than 15 feet wide. 


Specific Prescriptions for Type Np Streams under a partial-cut strategy:  
• Within 50 feet of Type Np streams leave 10 largest trees per acre; leave as many additional trees 


per acre to make the resulting basal area >90 ft2/ac.  The first 40 trees must be > 10” dbh and the 
next 50 trees must be > 6” dbh. 


• Beyond 50 feet, the standard partial-cut harvest prescription (21 TPA > 10" dbh) out to 1 SPTH 
was applied. 


• All other streams (Type Ns streams) that do not fall within the above prescriptions under the 
partial cut strategy are assumed to have the standard selective harvest prescription (21 TPA > 
10" dbh) for 1 SPTH. 


Specific Prescriptions for Type Np Streams under an even-aged strategy: 
• Leave all trees within 50 feet of the stream’s bankfull width; clearcut harvest outside of the 


50-foot no-cut buffer but within 1 SPTH. 


• This no-cut buffer was modeled for 70 percent of the total length of eastside Np streams.  The 
remaining 30 percent was modeled as a clearcut to the stream’s edge. 


3.1.1.5 Outcome for Alternative 2 
Tables 23 and 24 present the leave tree density in trees per acre (TPA) in each fixed distance band 
after Alternative 2 prescriptions were modeled using the eastside representative stand (see Table 14) 
adjacent to a partial-cut and even-aged harvest along S and F streams.  Table 23 models stands not 
within the bull trout overlay and Table 24 models stands within bull trout overlay.  Table 25 presents 
Type Np stream RMZs after implementing Alternative 2 prescriptions under the partial-cut scenario 
and under the even-aged scenario.  Table 26 presents the leave tree density in TPA in each fixed 
distance band after partial-cut harvest is implemented adjacent to Type Ns streams (which have no 
RMZs).  Under an even-aged scenario, for modeling purposes it was assumed that all trees were 
harvested adjacent to Ns streams.  As a result, no table was developed. 
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Table 23. Trees per Acre (TPA1/) Left Within the RMZ2/ of an Eastside Type S or F Stream 
Following Harvest Under Alternative 2 Outside of the Bull Trout Habitat Overlay 
Area, Presented in Fixed-width Distance Bands3/ from the Stream’s Bankfull Width, 
Using a Site Class II Riparian Stand as an Example 


  Post-harvest (Streams ≤15 Feet Wide) Post-harvest (Streams >15 Feed Wide) 


 
DBH Range 


Pre-
harvest 


TPA 


TPA in 
Band 1 
(0 - 30’) 


TPA in 
Band 2


(30 – 75’) 


TPA in 
Band 3


(75 - 100’)


TPA in 
Band 4


(100 - 110’)


TPA in 
Band 1
(0 - 30’) 


TPA in 
Band 2 


(30 - 75’) 


TPA in 
Band 3 


(75 - 100’)


TPA in 
Band 4


(100 - 110’)
6” - 12” 149 149 29 0 0 149 29 29 0 
12" - 18" 75 75 0 0 0 75 0 0 0 
18" - 24" 27 27 9 13 13 27 9 9 13 
24" - 30" 9 9 9 2 2 9 9 9 2 


>30" 3 3 3 0 0 3 3 3 0 
Total TPA 263 263 50 15 15 263 50 50 15 


Total BA/acre 246 246 91 38 38 246 91 91 38 
1/ To translate Trees Per Acre into Trees Per 1000 Feet of Stream, multiply the TPA value by 0.69 for Zone 1, by 1.03 for Zone 2, by 0.57 


for Zone 3, or by 0.23 for Zone 4. 
2/ The calculation of the number of  trees remaining in the RMZ following harvest under this alternative does not account for the 


implementation of the shade rule or CMZs (which may increase the numbers of leave trees remaining in the RMZ).  
3/  To facilitate comparison between alternatives, stand data are presented as trees per acre (TPA) within fixed-width distance bands 


between the stream’s bankfull width and the site potential tree height (see Section 3.0, Step 1, Rationale, for a discussion of distance 
bands). 


 
 
 
Table 24. Trees per Acre (TPA1/) Left Within the RMZ2/ of an Eastside Type S or F Stream 


Following Harvest Under Alternative 2 Within the Bull Trout Habitat Overlay Area3/, 
Presented in Fixed-width Distance Bands4/ from the Stream’s Bankfull Width, Using a 
Site Class II Riparian Stand as an Example 


  Post-harvest (Streams <15 Feet Wide) Post-harvest (Streams >15 Feet Wide) 


 
DBH Range 


Pre-
harvest 


TPA 


TPA in 
Band 1 
(0 - 30’) 


TPA in 
Band 2


(30 – 75’) 


TPA in 
Band 3


(75 - 100’)


TPA in 
Band 4


(100 - 110’)


TPA in 
Band 1
(0 - 30’) 


TPA in 
Band 2 


(30 - 75’) 


TPA in 
Band 3 


(75 - 100’)


TPA in 
Band 4


(100 - 110’)
6” - 12” 149 149 149 0 0 149 149 29 0 
12" - 18" 75 75 75 0 0 75 75 0 0 
18" - 24" 27 27 27 13 13 27 27 9 13 
24" - 30" 9 9 9 2 2 9 9 9 2 


>30" 3 3 3 0 0 3 3 3 0 
Total TPA 263 263 263 15 15 263 263 50 15 


Total BA/acre 246 246 246 38 38 246 246 91 38 
1/ To translate Trees Per Acre into Trees Per 1000 Feet of Stream, multiply the TPA value by 0.69 for Zone 1, by 1.03 for Zone 2, by 0.57 


for Zone 3, or by 0.23 for Zone 4. 
2/ The calculation of the number of  trees remaining in the RMZ following harvest under this alternative does not account for the 


implementation of the shade rule or CMZs (which may increase the numbers of leave trees remaining in the RMZ).  
3/ The restriction of no removal of all effective shade within the first 75 feet of the bankfull width or CMZ may allow for the same 


prescription as under Table 23.  However, by modeling a no-harvest scenario we are able to capture the range of restriction compared to 
the baseline prescription modeled in Table 23.  


4/  To facilitate comparison between alternatives, stand data are presented as trees per acre (TPA) within fixed-width distance bands 
between the stream’s bankfull width and the site potential tree height (see Section 3.0, Step 1, Rationale, for a discussion of distance 
bands). 
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Table 25. Trees per Acre (TPA1/) Left Within the RMZ2/ of an Eastside Type Np Stream 
Following Harvest Under Alternative 2, Presented in Fixed-width Distance Bands3/ 
from the Stream’s Bankfull Width, Using a Site Class II Riparian Stand as an Example


  Post-harvest (Partial Cut outside RMZ) Post-harvest (Clearcut outside RMZ) 


 
DBH Range 


Pre-
harvest 


TPA 


TPA in 
Band 1 
(0 - 30’) 


TPA in 
Band 2


(30 – 75’) 


TPA in 
Band 3


(75 - 100’)


TPA in 
Band 4


(100 - 110’)


TPA in 
Band 1
(0 - 30’) 


TPA in 
Band 2 


(30 - 75’) 


TPA in 
Band 3 


(75 - 100’)


TPA in 
Band 4


(100 - 110’)
6” - 12” 149 119 65 21 21 149 66 0 0 
12" - 18" 75 3 1 0 0 75 33 0 0 
18" - 24" 27 0 0 0 0 27 12 0 0 
24" - 30" 9 7 3 0 0 9 4 0 0 


>30" 3 3 1 0 0 3 1 0 0 
Total TPA 263 132 70 21 21 263 117 0 0 


Total BA/acre 246 90 47 13 13 246 110 0 0 
1/ To translate Trees Per Acre into Trees Per 1000 Feet of Stream, multiply the TPA value by 0.69 for Zone 1, by 1.03 for Zone 2, by 0.57 


for Zone 3, or by 0.23 for Zone 4. 
2/ The calculation of the number of  trees remaining in the RMZ following harvest under this alternative does not account for the 


implementation of the shade rule or CMZs (which may increase the numbers of leave trees remaining in the RMZ).  
3/  To facilitate comparison between alternatives, stand data are presented as trees per acre (TPA) within fixed-width distance bands 


between the stream’s bankfull width and the site potential tree height (see Section 3.0, Step 1, Rationale, for a discussion of distance 
bands). 


 
 
 


Table 26. Trees per Acre (TPA1/) Left Adjacent to an Eastside Type Ns Stream (i.e., having no 
RMZ) Following Harvest Under Alternative 2 with a Partial Cut Prescription2/, 
Presented in Fixed-width Distance Bands3/ from the Stream’s Bankfull Width, Using a 
Site Class II Riparian Stand as an Example 


  Post-harvest4/ 


 
DBH Range 


Pre-harvest 
TPA 


TPA in Band 1
(0 - 30’) 


TPA in Band 2
(30 - 75’) 


TPA in Band 3 
(75 - 100’) 


TPA in Band 4
(100 - 110’) 


6” - 12” 149 21 21 21 21 
12" - 18" 75 0 0 0 0 
18" - 24" 27 0 0 0 0 
24" - 30" 9 0 0 0 0 


>30" 3 0 0 0 0 
Total TPA 263 21 21 21 21 


Total BA/acre 246 13 13 13 13 
1/ To translate Trees Per Acre into Trees Per 1000 Feet of Stream, multiply the TPA value by 0.69 for Zone 1, by 1.03 for Zone 2, by 0.57 


for Zone 3, or by 0.23 for Zone 4. 
2/ Under an even-aged prescription, it is assumed that no trees would be left within one site potential tree height of Type 4 and 5 streams;  


the result therefore was not necessary to present in a table. 
3/  To facilitate comparison between alternatives, stand data are presented as trees per acre (TPA) within fixed-width distance bands 


between the stream’s bankfull width and the site potential tree height (see Section 3.0, Step 1, Rationale, for a discussion of distance 
bands). 


4/ In this example, the Type 4 and 5 stream is within a partial-cut harvest unit.  As a result, even though there is no RMZ, 21 TPA are left 
in each of the distance bands from the stream’s bankfull width. 


 
Figures 9a, b , c, d, e, f and g are bar graphs that displays the leave tree density (in TPA) remaining 
in the RMZ presented in 20 foot increments from the bankfull width out to the outer edge of the site 
potential tree height (site class II) after harvest along Type S, F streams (< and > 15 feet) within and 
outside of the bull trout overlay, Np streams with an even-aged strategy and with a partial cut 
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strategy and Ns streams adjacent to partial-cut harvest.  Each bar in the figure is segmented by size 
class (in dbh). 


 
Figure 9a.  Eastside Trees Remaining in RMZ  Under Alternative 2 <15 Feet Outside of the 
Bull Trout Overlay Presented in 20-foot Increments (measured from bankfull width out to the outer 
edge of  the SPTH) Along Types S, F Streams and Totaled by TPA (sub-divided into size class) 


 
Figure 9b.  Eastside Trees Remaining in RMZ  Under Alternative 2 >15 Feet Outside of the Bull 
Trout Overlay Presented in 20-foot Increments (measured from bankfull width out to the outer edge 
of  the SPTH) Along Types S, F Streams and Totaled by TPA (sub-divided into size class) 
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Figure 9c.  Eastside Trees Remaining in RMZ  Under Alternative 2 <15 Feet Within the Bull Trout 
Overlay Presented in 20-foot Increments (measured from bankfull width out to the outer edge of the 
SPTH) Along Types S, F Streams and Totaled by TPA (sub-divided into size class) 


 
 
Figure 9d.  Eastside Trees Remaining in RMZ  Under Alternative 2 >15 Feet Within the Bull Trout 
Overlay Presented in 20-foot Increments (measured from bankfull width out to the outer edge of  the 
SPTH) Along Types S, F Streams and Totaled by TPA (sub-divided into size class) 
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Figure 9e.  Eastside Trees Remaining in RMZ  Under Alternative 2 Along Np Streams Within a 
Selective Harvest Strategy Presented in 20-foot Increments (measured from bankfull width out to 
the Outer Edge of the SPTH) and Totaled by TPA (sub-divided into size class) 


 
 
Figure 9f.  Eastside Trees Remaining in RMZ  Under Alternative 2 Along Np Streams Within a 
Even-age Strategy Presented in 20-foot Increments (measured from bankfull width out to the outer 
edge of the SPTH) and Totaled by TPA (sub-divided into size class) 
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Figure 9g.  Eastside Trees Remaining Adjacent to Type Ns streams  Under Alternative 2 Within a 
Partial-cut Harvest Presented in 20-foot Increments (measured from bankfull width out to the outer 
edge of  the SPTH) and Totaled by TPA (sub-divided into size class) 


 


3.1.1.6 Assumptions for Alternative 3 
• Alternative 3 was modeled assuming no harvest adjacent to the stream (though landowners 


would be allowed to harvest within the RMZ if they go through SEPA), and selective harvest 
outside of the RMZ but for the remainder of 1 SPTH.   


• The width of the no-harvest buffer was determined by stream gradient:  a no-harvest buffer of 
200 feet around streams with a gradient less than 20 percent, 100 feet around streams with a 
gradient between 20 percent and 30 percent, and 70 feet around streams with a gradient greater 
than 30 percent. 


3.1.1.7 Outcome for Alternative 3 
Tables 27 and 28 present the leave tree density in trees per acre (TPA) remaining in each RMZ band 
after Alternative 3 prescriptions were modeled using the eastside representative stand (see Table 14) 
along streams with 0 to 20 percent, 20 to 30 percent, and >30 percent gradient, respectively.  Table 
27 presents the results of modeling the RMZ prescriptions along streams 0 to 20 percent gradient.  
Table 28 presents the results of modeling the RMZ prescriptions along streams 20 to 30 percent and 
>30 percent gradient.  


Figures 10 a, b, and c are bar graphs that displays the leave tree density (in TPA) remaining in the 
RMZ presented in 20 foot increments from the bankfull width out to the outer edge of the site 
potential tree height (Site Class II) after harvest along streams 0 to 20 percent, 20 to 30 percent, and 
>30 percent gradient.  Each bar in the figure is segmented by size class (in dbh). 
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Table 27. Trees per Acre (TPA1/) Left Within the RMZ2/ of an Eastside Stream with a Gradient 
Between 0% and 20%, Following Harvest Under Alternative 3, Presented in Fixed-
width Distance Bands3/ from the Stream’s Bankfull Width, Using a Site Class II 
Riparian Stand as an Example 


  Post-harvest (<20% Gradient) 
 


DBH Range Pre-harvest TPA 
TPA in Band 1


(0 - 30’) 
TPA in Band 2


(30 - 75’) 
TPA in Band 3 


(75 - 100’) 
TPA in Band 4


(100 - 110’)4/ 


6” - 12” 149 149 149 149 149 
12" - 18" 75 75 75 75 75 
18" - 24" 27 27 27 27 27 
24" - 30" 9 9 9 9 9 


>30" 3 3 3 3 3 
Total TPA 263 263 263 263 263 


Total BA/acre 246 246 246 246 246 
1/ To translate Trees Per Acre into Trees Per 1000 Feet of Stream, multiply the TPA value by 0.69 for Zone 1, by 1.03 for Zone 2, by 0.57 


for Zone 3, or by 0.23 for Zone 4. 
2/ The calculation of the number of  trees remaining in the RMZ following harvest under this alternative does not account for the 


implementation of CMZs (which increase the area in which leave trees are required within the RMZ).   
3/  To facilitate comparison between alternatives, stand data are presented as trees per acre (TPA) within fixed-width distance bands 


between the stream’s bankfull width and the site potential tree height (see Section 3.0, Step 1, Rationale, for a discussion of distance 
bands). 


4/ Under Alternative 3, for streams with a gradient <20%, all trees are retained up to 200 feet from the CMZ or bankfull width.  For a Site 
Class II stand, this is greater than the site potential tree height of 110 feet.  However, for modeling LWD recruitment potential, the 
source area for complete recruitment potential is one site potential tree height; thus only the first 110 feet are considered for this 
analysis. 


 
 
 
Table 28. Trees per Acre (TPA1/) Left Within the RMZ2/ of Eastside Streams with a Gradient 


Between 20% and 30% and for Streams with a Gradient Greater than 30%, Following 
Harvest Under Alternative 3, Presented in Fixed-width Distance Bands3/ from the 
Stream’s Bankfull Width, Using a Site Class II Riparian Stand as an Example 


  Post-harvest (20% - 30% Gradient) Post-harvest (>30% Gradient) 


 
DBH Range 


Pre-
harvest 


TPA 


TPA in 
Band 1 
(0 - 30’) 


TPA in 
Band 2


(30 – 75’) 


TPA in 
Band 3


(75 - 100’)


TPA in 
Band 4


(100 - 110’)


TPA in 
Band 1
(0 - 30’) 


TPA in 
Band 2 


(30 - 75’)4/ 


TPA in 
Band 3 


(75 - 100’)


TPA in 
Band 4


(100 - 110’)
6” - 12” 149 149 149 149 0 149 133 0 0 
12" - 18" 75 75 75 75 0 75 67 0 0 
18" - 24" 27 27 27 27 0 27 24 0 0 
24" - 30" 9 9 9 9 0 9 8 0 0 


>30" 3 3 3 3 0 3 3 0 0 
Total TPA 263 263 263 263 0 263 234 0 0 


Total BA/acre 246 246 246 246 0 246 219 0 0 
1/ To translate Trees Per Acre into Trees Per 1000 Feet of Stream, multiply the TPA value by 0.69 for Zone 1, by 1.03 for Zone 2, by 0.57 


for Zone 3, or by 0.23 for Zone 4. 
2/ The calculation of the number of  trees remaining in the RMZ following harvest under this alternative does not account for the 


implementation of CMZs (which increase the area in which leave trees are required within the RMZ).   
3/  To facilitate comparison between alternatives, stand data are presented as trees per acre (TPA) within fixed-width distance bands 


between the stream’s bankfull width and the site potential tree height (see Section 3.0, Step 1, Rationale, for a discussion of distance 
bands). 


4/ Under Alternative 3 for streams with a gradient >30%, all trees are retained up to 70 feet from the CMZ or bankfull width.  This 
distance falls 5 feet short of the fixed-width band presented in this table.  The TPA value for Band 2 reflects the fact that this band 
contains 40 feet of no-cut zone and 5 feet of clearcut harvest (see Section 3.0, Step 1, under Rationale for a discussion of calculating 
TPA values for bands which contain varying leave tree densities). 
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Figure 10a.  Eastside Trees Remaining in RMZ  Under Alternative 3 Presented in 20-foot 
Increments (measured from bankfull width out to the outer edge of  the SPTH) Along Streams 
0-20% Gradient and Totaled by TPA (sub-divided into size class) 


 
Figure 10b.  Eastside Trees Remaining in RMZ  Under Alternative 3 Presented in 20-foot 
Increments (measured from bankfull width out to the outer edge of  the SPTH) Along Streams 
20-30% Gradient and Totaled by TPA (sub-divided into size class) 
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Figure 10c.  Eastside Trees Remaining in RMZ  Under Alternative 3 Presented in 20-foot 
Increments (measured from bankfull width out to the outer edge of the SPTH) Along Streams >30% 
Gradient and Totaled by TPA (sub-divided into size class) 


 


3.2 Step 3:  Defining size of leave trees considered “functional” LWD if recruited. 


3.2.1 Rationale 
Both the size of the leave trees left in the RMZ and the size of the adjacent channel was taken into 
consideration when developing the RPI because of the strong relationship between channel width, 
and the size of LWD that forms a pool (Bilby and Ward, 1989; Bilby and Wasserman; Beechie and 
Sibley, 1997; Beechie, 1998).  As a result, after harvesting the trees in the RMZ, the only trees 
considered in the development of the RPI coefficient are trees that are also considered “functional” 
as LWD, if recruited into a stream or river. Though only a certain percentage of functionally sized 
LWD may actually create pools, the greater proportion recruited will ensure a greater potential for 
pool formation. Data from western Washington indicate that 3 of 10 pieces of functionally-sized 
LWD create pools (Kennard and Pess, in press; Montgomery et al., 1995). 


3.2.2 Assumptions 
• Separate eastside and westside functional LWD size/stream width were used based on Bilby and 


Wasserman (1989) conclusions which included: 1) there was great variation in tree density in 
unmanaged riparian areas along the eastside streams; due to the more homogeneous climatic 
conditions prevailing in western Washington, it is likely that variability in stand density is less, 
and 2) hydrologic conditions in eastern Washington display smaller extremes than on the west 
side, due to the fact that most high discharges in eastern Washington are governed by snowmelt 
runoff, versus heavy winter rains or rain on snow on the west side of the Cascades (Bilby and 
Wasserman, 1989).  
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• Eastern Washington and western Washington follow a similar pattern between the average piece 
diameter of LWD and stream size; however, the piece size considered functional was smaller in 
eastern Washington streams than in similarly sized systems west of the Cascades (Bilby and 
Wasserman, 1989). 


• The analysis used the mean LWD diameter considered functional by stream width based upon 
Bilby and Ward (1989) for the west side and Bilby and Wasserman (1989) for the east side 
(Tables 29 and 30). Some pieces smaller than these mean diameters may also serve as functional 
LWD.  Consequently, this assumption would tend to underestimate the recruitment potential 
from the modeled stands. .   


• Average stream width assigned to each stream type under Alternative 1 was used to determine 
average dbh that would be used to determine functional size for the leave trees in the RMZ 
(Tables 29 and 30). 


• Key piece size, which is considered a subset of “functional LWD” was not incorporated into the 
EBAI.  Key piece size includes pool forming capacity similar to “functional wood size” but also 
takes into consideration effectiveness in trapping other smaller more mobile pieces of LWD 
(forming logjams) as well as long-term stability that is resistant to any movement.  The 
watershed analysis manual identifies the specific LWD sizes that meet the key-piece definition.  
These sizes are based on data collected by Fox (unpublished).  Similar to Bilby and Ward 
(1989), Bilby and Wasserman (1989), Beechie and Sibley (1997), and Beechie (1998), 
minimum LWD size increases with channel width (Washington Forest Practices Board, 1995).  
In this EIS analysis, we focused on long-term sources of functional-sized LWD rather than key 
pieces.  Nevertheless, a sensitivity analysis was conducted to see if there would be a different 
relationship that would develop if key piece size rather then functional size was used to develop 
the RPI coefficient in Step 5.  There was relatively little or no difference in the final outcome in 
Step 5 (final calculation of the RPI coefficient). However, there was a difference in the outcome 
under long-term modeling in Section 4.0 of this appendix. Key pieces and functional LWD sizes 
are also discussed under LWD in Section 3.4.2.1 of the EIS. 


Table 29.  Westside Functional LWD Based on Stream Width1/ 
Water Type Westside Channel Width (ft) Mean LWD Diameter (in) 


1 44 21.7 
2 31 18.4 
3 15 14.3 


4 F 5 11.7 
4s & 5s 5 11.7 


1/  The relationship between the LWD diameter and channel width (CW) was defined by Bilby and Ward (1989) as LWD 
diameter(cm)=CW(m)*2.14+26.43 


 
Table 30.  Eastside Functional LWD Based on Stream Width2/ 


Water Type Eastside Channel Width (ft) Mean LWD Diameter (in) 
1 45 11.9 
2 25 9.8 
3 12 8.4 


4 F 5 7.7 
4s & 5s 5 7.7 


2/  The relationship between the LWD diameter and channel width (CW) was defined by Bilby and Wasserman (1989) as LWD 
diameter(cm)=CW(m)*0.87+18.20 


 







 
 


 


 


 


Riparian Habitat Analyses Final EIS 


 


Appendix D


D-50 


3.3 Step 4: Calculating relative percent of LWD recruitment potential from selected 
distance categories based on 1 SPTH.  


3.3.1 Rationale 
Under natural conditions most of the LWD entering reaches from the adjacent riparian zone 
originated from within one site potential tree height of the stream (McDade et al., 1990; Vansickle 
and Gregory, 1990).  However, the relationship between buffer width and potential LWD inputs 
from the adjacent riparian zone is non-linear (see Figure 3.4-1 in the EIS) with a greater percentage 
of LWD recruitment occurring closer to the stream. Therefore, when calculating LWD recruitment 
potential, cumulative percentage of debris pieces left from different portions of the RMZ needs to be 
computed.   


3.3.2 Assumptions 
• McDade et al.’s (1990) assessment of percent contribution of LWD from selected distance 


categories (see Figure 3.4-1) was used to determine cumulative percent of LWD recruitment 
(using their mature conifer curve).   


• The mature conifer curve, rather than McDade’s old-growth curve, was used primarily because 
most of Washington’s private and state timber lands have been harvested at least once and many 
are currently in early seral stage (see Figure 3.4-1).  Therefore, the recruitment potential that 
exists within the time-frame of the proposed rules would fall within the mature conifer source 
distance (McKinley, 1997) rather then the old-growth source distance which generally would 
not be achieved for a much greater time-frame (over 200 years).  


• When calculating cumulative percent it is assumed that 100 percent potential recruitment exists 
when: (1) The RMZ is the same width as 1 site-potential tree (based on a 100 year old Douglas-
fir stand on both west side and east side); (2) there is no-harvest within the RMZ, so all trees of 
appropriate size are recruitable.   


• To facilitate comparison, RMZs were divided into the same four fixed distance bands from the 
streams bank bankfull width to the site potential tree height as described and explained under 
Steps 1 and 2.  For example, for a westside Site Class II stand (SPTH = 170 feet), Band 1 (0-50 
feet) contributes approximately 70 percent of LWD source trees, Band 2 (50 to 80 feet) 
contributes 16.5 percent, Band 3 contributes 7 percent, and Band 4 contributes 6 percent (Table 
31a). 


• On the west side, the Site Class II that was used for modeling has a SPTH of 170 feet, which 
matches the distance used in the McDade curve.  Therefore, the cumulative LWD contribution 
from each distance band was directly taken from that curve.  The eastside representative stand 
has a SPTH of 110 feet.  To allow for varying SPTH, we converted distance values on 
McDade’s mature conifer curve (the x axis in Figure 3.4-1) into percentages of the SPTH 
distance.  The cumulative contribution of LWD (the y axis in Figure 3.4-1) from each distance 
band could then be calculated independent of SPTH.  As an example, for a SPTH of 110 feet, a 
distance of 30 feet is approximately 27 percent of the SPTH.  On McDade’s curve, the first 27 
percent of a SPTH contributes approximately 65 percent of the source trees (Figure 3.4-1, Table 
31b).  
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Table 31a.  Fixed Distance Bands1/ Grouped by Cumulative Percent Based on Distance to Stream 
for one 100-year SPTH of 170 Feet on the West Side 


Region 
Band 1 


(0 – 50ft) 
Band 2 


(50 – 80ft) 
Band 3 


(80 – 100ft) 
Band 4 


(100 –170ft) Total 
West side 70.0% 16.5% 7.5% 6.0% 100.0% 


1/ The cumulative percent was presented within fixed distance bands from the streams bankfull width out to the site potential tree height 
of the stand site class to facilitate comparison between alternatives (see Section 3.0, Step 1, Rationale for details regarding the fixed 
distance bands) 


 
Table 31b.  Fixed Distance Bands1/ grouped by cumulative percent based on distance to stream for 
one 100-year SPTH of 110 feet on the east side 


Region 
Band 1 


(0 – 30ft) 
Band 2 


(30 – 75ft) 
Band 3 


(75 – 100ft) 
Band 4 


(100 – 110ft) Total 
East side 65.0% 31.0% 2.5% 1.5% 100.0% 


1/ The cumulative percent was presented within fixed distance bands from the streams bankfull width out to the site potential tree height 
of the stand site class to facilitate comparison between alternatives (see Section 3.0, Step 1, Rationale for details regarding the fixed 
distance bands). 


 


3.4 Step 5: Final calculation of RPI Coefficient. 


3.4.1 Rationale 
Once the cumulative percent based on distance from stream grouped by fixed bands is determined, 
and the number of functional size leave trees expected in a no-harvest riparian area is calculated, and 
differing silivicultural prescriptions are applied to the RMZ then the final RPI can be calculated.   


3.4.2 Assumptions 
• The calculated RPI is based on comparing the number of leave trees remaining in the RMZ by 


fixed band to the number of trees in the same zone if no prescription were implemented (i.e. no-
harvest). Thus, coefficients used in the analysis are relative to 100 percent potential.  However, 
the complete potential of each zone is only the proportion of the cumulative percent found in the 
specific band.  For example, on the westside band 4 can only provide 6 percent  of the total 
recruitment potential if all trees are left.  If trees are harvested in this zone then the proportion 
that is left is based on the total 6 percent that would have been available for recruitment. 


• The trees that are counted as leave trees in each zone of the RMZ when calculating the RPI for 
different stream widths is based on the dbh that is considered functional if recruited to the 
stream the prescription is being applied.  For example, for a westside stream that is 45 feet wide 
a tree 22 inch dbh or greater were counted as leave trees.  For a stream that averages 5 feet wide 
trees 12 inch dbh or greater were considered leave trees. 


Note that a small bias is present when modeled RMZ boundaries are not identical to band widths.  
For example under Alternative 1, the modeled RMZ width is 40 feet, but Band 1 is 50 feet wide.  
About 59 percent of the full recruitment potential would come from within a 40-foot band based 
upon McDade et al. (1990) and a 170-foot SPTH.  However, the EBAI model spreads the recruitable 
trees from the 40-foot RMZ over a 50-foot wide band.  In other words, only four-fifths (80 percent) 
of the full number of trees would be present in the 50-foot band.  This effectively reduces the 
available LWD recruitment potential to 56 percent (80 percent of the trees times 70 percent of full 
recruitment potential).  The magnitude of the bias would be smaller for other bands because the 
proportion of the full recruitment potential is lower for these bands. 
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3.4.3 Results 
Tables 32 through 34 present EBAI values for westside streams of varying widths, following harvest 
within the RMZ under Alternatives 1, 2, and 3, respectively.  Tables 35 through 37 do the same for 
eastside streams. 


 
Table 32. Number of Functional Trees and Contribution to the Recruitment Potential Index (RPI) in 
Each Distance Band, Following Timber Harvest within One 100-year Site Potential Tree Height for 
Westside Streams:  Alternative 1 


Westside 
Stream Type 


Avg. Stream 
Width  


Band 1 
(0-50 ft) 


Band 2 
(50-80 ft) 


Band 3 
(80-100 ft) 


Band 4 
(100-170)


Total1/ 


(170 ft) 


Alternative 1 
Type 1  44 ft # of trees 1 0 0 0 1 
  RPI 56% 0% 0% 0% 56% 
Type 2 31 ft # of trees 2 0 0 0 2 
  RPI 12% 0% 0% 0% 12% 
Type 3 15 ft # of trees 39 0 0 0 39 
  RPI 56% 0% 0% 0% 56% 
Type 4/5 5 ft # of trees 0 0 0 0 0 
  RPI 0.0% 0% 0% 0% 0% 
1/ The sum of the RPI contributions from all four distance bands is the value used for the final EBAI analysis. 
 
 
Table 33. Number of Functional Trees and Contribution to the Recruitment Potential Index (RPI) in 
Each Distance Band, Following Timber Harvest within One 100-year Site Potential Tree Height for 
Westside Streams:  Alternative 2 


Westside 
Stream Type 


Avg. Stream 
Width  


Band 1 
(0-50 ft) 


Band 2 
(50-80 ft) 


Band 3 
(80-100 ft) 


Band 4 
(100-170)


Total1/ 


(170 ft) 


Alternative 2 
Option 1       
S&F 5 ft # of trees 84 40 26 43 193 


  RPI 70% 13% 6% 2% 91% 
 15 ft # of trees 49 29 19 27 125 


  RPI 70% 17% 8% 2% 96% 
 31 ft # of trees 13 8 5 7 33 


  RPI 70% 17% 8% 2% 96% 
 44 ft # of trees 2 1 1 1 5 


  RPI 70% 17% 8% 2% 96% 
Option 2       
S&F 5 ft # of trees 84 50 23 42 198 


  RPI 70% 17% 5% 2% 94% 
 15 ft # of trees 49 29 19 7 104 


  RPI 70% 17% 8% 1% 95% 
' 31 ft # of trees 13 8 5 0 26 


  RPI 70% 17% 8% 0% 94% 
 44 ft # of trees 2 1 1 0 4 


  RPI 70% 17% 8% 0% 94% 
Np (No harv.) 5 ft # of trees 84 0 0 0 84 


  RPI 70% 0% 0% 0% 70% 
1/ The sum of the RPI contributions from all four distance bands is the value used for the final EBAI analysis. 
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Table 34. Number of Functional Trees and Contribution to the Recruitment Potential Index (RPI) in 
Each Distance Band, Following Timber Harvest within One 100-year Site Potential Tree Height for 
Westside Streams:  Alternative 3 


Westside 
Stream Type 


Avg. Stream 
Width  


Band 1 
(0-50 ft) 


Band 2 
(50-80 ft) 


Band 3 
(80-100 ft) 


Band 4 
(100-170)


Total1/ 


(170 ft) 


Alternative 3 
0-20 % gradient 5 ft # of trees 84 50 33 117 284 


  RPI 70% 17% 8% 6% 100% 
 15 ft # of trees 49 29 19 68 165 
  RPI 70% 17% 8% 6% 100% 
 31 ft # of trees 13 8 5 18 44 
  RPI 70% 17% 8% 6% 100% 
 44 ft # of trees 2 1 1 3 6 


  RPI 70% 17% 8% 6% 100% 
20-30 % gradient 5 ft # of trees 84 50 33 0 167 


  RPI 70% 17% 8% 0% 94% 
 15 ft # of trees 49 29 19 0 97 
  RPI 70% 17% 8% 0% 94% 
 31 ft # of trees 13 8 5 0 26 
  RPI 70% 17% 8% 0% 94% 
 44 ft # of trees 2 1 1 0 4 


  RPI % 70% 17% 8% 0% 94% 
>30% gradient 5 ft # of trees 84 33 0 0 117 


  RPI 70% 11% 0% 0% 81% 
 15 ft # of trees 49 19 0 0 68 
  RPI 70% 11% 0% 0% 81% 
 31 ft # of trees 13 5 0 0 18 
  RPI 70% 11% 0% 0% 81% 
 44 ft # of trees 2 1 0 0 3 


  RPI 70% 11% 0% 0% 81% 
 1/ The sum of the RPI contributions from all four distance bands is the value used for the final EBAI analysis. 
 
 
Table 35. Number of Functional Trees and Contribution to the Recruitment Potential Index (RPI) in 
Each Distance Band, Following Timber Harvest within One 100-year Site Potential Tree Height for 
Eastside Streams:  Alternative 1 1/ 


Eastside 
Stream Type 


Avg. Stream 
Width  


Band 1 
(0-30 ft)


Band 2 
(30-75 ft)


Band 3 
(75-100 ft) 


Band 4 
(100-110) 


Total2/ 
(110 ft) 


Alternative 1 
Type 1  45 ft # of trees 17 6 0 0 22 


  RPI 14% 1% 0% 0% 15% 
Type 2 25 ft # of trees 42 31 12 5 90 


  RPI 26% 6% 0% 0% 33% 
Type 3 12 ft # of trees 69 40 12 5 126 


  RPI 34% 6% 0% 0% 41% 
Type 4/5 (std. SH)2/ 5 ft # of trees 30 20 12 5 68 


  RPI 15% 3% 0% 0% 19% 
1/ The numbers presented in this table represent the results of modeling a typical partial cut prescription (21 trees per acre) 


outside of the RMZ.  Modeling clearcut harvest produces similar results (see Table 21), except along Type 4 and 5 
streams, where it is assumed that no trees would be left following clearcut harvest. 


 2/ The sum of the RPI contributions from all four distance bands is the value used for the final EBAI analysis. 
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Table 36. Number of Functional Trees and Contribution to the Recruitment Potential Index (RPI) in 
Each Distance Band, Following Timber Harvest within One 100-year Site Potential Tree Height for 
Eastside Streams:  Alternative 2 


Eastside 
Stream Type 


Avg.  
Stream Width  


Band 1 
(0-30 ft)


Band 2 
(30-75 ft)


Band 3 
(75-100 ft) 


Band 4 
(100-110) 


Total1/ 
(110 ft) 


Alternative 2, Outside Bull Trout Habitat Overlay 
S&F 2/  5 ft # of trees 131 52 12 5 199 


  RPI 65% 8% 0% 0% 74% 
 12 ft # of trees 131 52 12 5 199 


  RPI 65% 8% 0% 0% 74% 
 25 ft # of trees 104 52 29 5 189 


  RPI 65% 10% 1% 0% 76% 
 45 ft # of trees 79 22 12 3 116 


  RPI 65% 6% 0% 0% 71% 
Inside Bull Trout Habitat Overlay 
S&F 2/ 5 ft # of trees 131 196 12 5 344 


  RPI 65% 31% 0% 0% 96% 
 12 ft # of trees 131 196 12 5 344 


  RPI 65% 31% 0% 0% 96% 
 25 ft # of trees 104 156 29 5 294 


  RPI 65% 31% 1% 0% 97% 
 45 ft # of trees 79 118 12 3 212 


  RPI 65% 31% 0% 0% 97% 
Inside or Outside Bull Trout Habitat Overlay 


5 ft # of trees 41 39 12 5 97 Np (Partial-cut 
strategy3/)  RPI 20% 6% 0% 0% 27% 


5 ft # of trees 131 87 0 0 218 Np (Even-aged 
harvest strategy3/)  RPI 65% 14% 0% 0% 79% 


5 ft # of trees 30 20 12 5 68 Ns (Partial-cut 
harvest)4/  RPI 15% 3% 0% 0% 19% 
1/ The sum of the RPI contributions from all four distance bands is the value used for the final EBAI analysis. 
 2/ The numbers presented for S&F streams represent the results of modeling a typical partial cut prescription (21 trees per 
acre) outside of the RMZ.  Modeling clearcut harvest produces similar results (see Tables 23 and 24, especially within Bands 
1 and 2, from which the majority of LWD recruitment occurs. 
 3/  See Section 3.3.3.4 for a description of prescriptions assumed under partial cut and even-aged strategies. 
 4/  Under an even-aged strategy, no trees would be left within the RMZ of eastside Ns streams under Alternative 2. 
 


3.5 Step 6:  Applying RPI Coefficient to streams  
 
The final step of the procedure weights the RPI coefficients by the proportion of each stream size 
category and water type. 


3.5.1 Assumptions 
• The proportion of wood delivered to streams changes with channel size (personal 


communication, R. Bilby, January, 2000).  For example, the proportion of a piece of wood 
falling into a 5-ft wide stream that influences the channel would be less than if the same piece of 
wood fell into a 25-ft wide stream. Consequently, the length and width of each stream type  
were both factored into the EBAI calculation.   
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Table 37. Number of Functional Trees and Contribution to the Recruitment Potential Index (RPI) in 
Each Distance Band, Following Timber Harvest within One 100-year Site Potential Tree Height for 
Eastside Streams:  Alternative 3 


Eastside 
Stream Type 


Avg. Stream 
Width  


Band 1 
(0-30 ft)


Band 2 
(30-75 ft)


Band 3 
(75-100 ft) 


Band 4 
(100-110) 


Total1/ 
(110 ft) 


Alternative 3 
0-20 % gradient 5 ft # of trees 131 196 109 44 480 


  RPI 65% 31% 3% 2% 100% 
0-20 % gradient 12 ft # of trees 131 196 109 44 480 
  RPI 65% 31% 3% 2% 100% 
0-20 % gradient 25 ft # of trees 104 156 87 35 381 
  RPI 65% 31% 3% 2% 100% 
0-20 % gradient 45 ft # of trees 79 118 65 26 288 


  RPI 65% 31% 3% 2% 100% 
20-30 % gradient 5 ft # of trees 131 196 109 5 441 


  RPI 65% 31% 3% 0% 99% 
20-30 % gradient 12 ft # of trees 131 196 109 5 441 
  RPI 65% 31% 3% 0% 99% 
20-30 % gradient 25 ft # of trees 104 156 87 5 351 
  RPI 65% 31% 3% 0% 99% 
20-30 % gradient 45 ft # of trees 79 118 65 0 262 


  RPI 65% 31% 3% 0% 99% 
30%+ gradient 5 ft # of trees 131 174 12 5 322 


  RPI 65% 28% 0% 0% 93% 
30%+ gradient 12 ft # of trees 131 174 12 5 322 
  RPI 65% 28% 0% 0% 93% 
30%+ gradient 25 ft # of trees 104 139 12 5 260 
  RPI 65% 28% 0% 0% 93% 
30%+ gradient 45 ft # of trees 79 105 0 0 183 


  RPI 65% 28% 0% 0% 93% 
1/ The sum of the RPI contributions from all four distance bands is the value used for the final EBAI analysis. 
 
• 1st:  For each stream type and stream width the landscape channel area is quantified across the 


landscape.   


For example,  
Type 2 channel area (mi2) = (Type 2 stream miles) (Type 2 stream bankfull width in feet)  
      (5280 feet)  


• 2nd:  Each stream type channel area is totaled. 


• 3rd:  Each RPI coefficient is multiplied by the proportion of the total area that a specific stream 
type falls within a specific prescription.  


• Sensitivity analysis (see above, under Step 1) determined that, relative to each other, the RPI 
values for each alternative exhibited the same pattern, regardless of whether a Mixed Conifer or 
a Ponderosa Pine stand was used for modeling.  Therefore, the RPI coefficients which resulted 
from modeling of a Site Class II Mixed Conifer stand were applied across the entire landscape.   







 
 


 


 


 


Riparian Habitat Analyses Final EIS 


 


Appendix D


D-56 


3.5.2 Results 
The EBAI results for each alternative are summarized by the water type system used in that 
particular alternative. In order to provide a common perspective for comparison, the results of the 
EBAI were re-summarized using the current stream typing system which were maintained as data 
tags throughout the calculations.  The re-summarized calculations are presented as All Streams 
(Types 1 – 9 west side, Types 1 – 5 east side), Fish-bearing (Types 1 – 3), Non-fish Perennial (Type 
4), and Non-fish Seasonal (Type 5 and 9 west side, Type 5 east side). The results of the EBAI  
analysis are presented in Figures 11 and 12.  These figures graphically display the results for 
westside and eastside areas, respectively. EBAIs in the figures were calculated as a proportion of the 
EBAI for a no-harvest strategy over the entire 100-year SPTH for comparative purposes.  


3.6 EBAI analysis assuming SPTH for a 250-year old stand 
A number of comments on the DEIS expressed concern that criteria for riparian function were based 
upon SPTH for a 100-year old mature forest stand rather than for an old-growth stand.  Suggested 
stand ages ranged from 200 to 300 years.  To examine how this assumption would change the results 
of the LWD EBAI analysis, Steps 4-6 were repeated using a SPTH for a 250 year-old stand.  
Representative stand characteristics were the same for the new analysis.  Based upon McArdle 
(1949) and Meyer (1961) the SPTH for 250-year old stands on low Site Class II soils were estimated 
to be 210 feet for the west side and 170 feet for the east side. 


Step 4 was conducted similar to the previous analysis: recruitment potential percentages for each of 
the four distance bands were estimated based upon McDade et al. (1990). However, for this analysis 
the old-growth conifer curve rather than the mature conifer curve was assumed to represent LWD 
recruitment potential.  Relative to the previous analysis (Tables 31a and 31b) that assumed mature 
conifer stand characteristics, the current old-growth (Tables 38a and 38b) analysis decreased the 
recruitment potential from the inner band (Band 1) and increased the potential from the outer band 
(Band 4). 


Table 38a.  Percentage of Total LWD Recruitment Potential Based on Distance to Stream for one 
SPTH of 210 Feet on the West Side in Fixed Distance Bands1/  


Region 
Band 1 


(0 - 50ft)2 
Band 2 


(50 - 80ft) 
Band 3 


(80 - 100ft) 
Band 4 


(100 - 210ft) Total 
West side 56.0% 17.0% 7.0% 20.0% 100.0% 


1/ The cumulative percent was presented within fixed distance bands from the streams bankfull width out to the site potential tree height 
of the stand site class to facilitate comparison between alternatives (see Section 3.0, Step 1, Rationale for details regarding the fixed 
distance bands) 


 
Table 38b. Percentage of Total LWD Recruitment Potential Based on Distance to Stream for one 
SPTH of 170 Feet on the West Side in Fixed Distance Bands1/ 


Region 
Band 1 


(0 – 30ft) 
Band 2 


(30 -75ft) 
Band 3 


75 – 100ft) 
Band 4 


(100 – 170ft) Total 
East side 44.0% 33.0% 9.0% 14.0 100.0% 


1/ The cumulative percent was presented within fixed distance bands from the streams bankfull width out to the site potential tree height 
of the stand site class to facilitate comparison between alternatives (see Section 3.0, Step 1, Rationale for details regarding the fixed 
distance bands). 
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Figure 12.  Equivalent buffer area index (EBAI) for LWD summed for all fish-bearing, non-fish 
bearing perennial, and seasonal streams on the Westside by Alternative 
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Figure 11.  Equivalent buffer area index (EBAI) for LWD for all fish-bearing, non-fish bearing 
Perennial, and Non-fish bearing Seasonal Streams on the Eastside by Alternative
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Figure 11.  Equivalent buffer area index (EBAI) for LWD summed for all fish-bearing, non-fish 
bearing perennial, and seasonal streams on the Westside by Alternative 
Assuming a SPTH for a 100 Year Old Stand 


Figure 12.  Equivalent buffer area index (EBAI) for LWD summed for all fish-bearing, non-fish 
bearing perennial, and seasonal streams on the Eastside by Alternative Assuming 
a SPTH for a 100 Year Old Stand
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No changes were made in the procedures for Steps 5 and 6 except that the new results from Step 4 
were carried through in the calculation of the RPI coefficients and the EBAI.  The results of these 
calculations are presented in Tables 39 – 44 and Figures 13 and 14.  Discussion of these results and 
the differences between the analyses under the two SPTH assumptions is presented in Section 
3.4.3.2 of the EIS. 


Table 39.  Number of Functional Trees and Contribution to the Recruitment Potential Index (RPI) in 
Each Distance Band, Following Timber Harvest within One 250-year Site Potential Tree Height of 
Westside Streams:  Alternative 1 
 
Stream Type 


Average 
Stream Width  


Band 1 
(0-50 ft) 


Band 2 
(50-80 ft) 


Band 3 
(80-100 ft) 


Band 4 
(100-210 ft) 


Total 1/ 


(210 ft) 


Alternative 1 
Type 1  44 ft # of trees 1 0 0 0 1 
  RPI  45% 0% 0% 0% 45% 


Type 2 31 ft # of trees 2 0 0 0 2 
  RPI 10% 0% 0% 0% 10% 


Type 3 15 ft # of trees 39 0 0 0 39 
  RPI 45% 0% 0% 0% 45% 


Type 4/5 5 ft # of trees 0 0 0 0 0 
  RPI 0% 0% 0% 0% 0% 
 1/ The sum of the RPI contributions from all four distance bands is the value used for the final EBAI analysis. 
 
 


4. Comparative Analysis of Time Required for LWD Recruitment 
4.1 Introduction 
The EBAI focuses on the immediate effects of timber harvest in riparian zones, rather than long-
term effects on riparian stand development.  The RAIS model was used to analyze the impacts of the 
different alternatives on stand development and the time required to grow trees that could recruit as 
functional and key pieces of LWD (up to the 300-year stand age limit of the model).   For a 
discussion of the RAIS model, see “Assumptions for Alternative 2 (Westside RMZs)” above, under 
Step 2 of the EBAI Methodology section.  Because RAIS uses a westside Douglas-fir growth model 
(ORGANON) to project future stand conditions, long-term LWD input modeling was conducted 
only for the west side. 


4.2 Approach 
To model long-term projections of functional LWD input, the RAIS model requires two groups of 
data parameters:  stand data and riparian data.  Stand data can be entered for two management 
regimes (No-Touch and Managed) across four different zones of variable width.  For this analysis, 
the Core Zone (and the Floor of Alternative 2, Option 2) was modeled as No-Touch, and the Inner 
Zone was modeled as Managed.  The model does not allow for a third management regime, thus the 
Outer Zone could not be modeled. 


The parameters required for stand data include 50-year site index, trees per acre (TPA), quadratic 
mean diameter (QMD), and stand height.  RAIS calculates stand age as a function of site index and  
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Table 40.  Number of Functional Trees and Contribution to the Recruitment Potential Index (RPI) in 
Each Distance Band, Following Timber Harvest within One 250-year Site Potential Tree Height of 
Westside Streams:  Alternative 2 
 
Stream Type 


Average 
Stream Width  


Band 1 
(0-50 ft) 


Band 2 
(50-80 ft) 


Band 3 
(80-100 ft)


Band 4 
(100-210 ft) 


Total 1/ 


(210 ft) 


Alternative 2, Option 1 
S&F  5 ft # of trees 84 40 26 43 193 
  RPI 56% 13% 6% 5% 80% 


 15 ft # of trees 49 29 19 27 125 
  RPI 56% 17% 7% 5% 85% 


 31 ft # of trees 13 8 5 7 33 
  RPI 56% 17% 7% 5% 85% 


 44 ft # of trees 2 1 1 1 5 
  RPI 56% 17% 7% 5% 85% 
Alternative 2, Option 2 
S&F   5 ft # of trees 84 50 23 42 198 


  RPI 56% 17% 5% 5% 82% 


 15 ft # of trees 49 29 19 7 104 
  RPI 56% 17% 7% 1% 81% 


 31 ft # of trees 13 8 5 0 26 
  RPI 56% 17% 7% 0% 80% 


 44 ft # of trees 2 1 1 0 4 
  RPI 56% 17% 7% 0% 80% 


Alternative 2, Both Options 
Np (No Harv.) 5 ft # of trees 84 0 0 0 84 


  RPI 56% 0% 0% 0% 56% 
 1/ The sum of the RPI contributions from all four distance bands is the value used for the final EBAI analysis. 
 
 
stand height; to model effects of timber harvest in a 50-year-old stand, a value for stand height was 
chosen such that the resulting stand age was as close as possible to 50.  To project stand 
development in the Core Zone, TPA and QMD values were calculated for the original stand.  To 
project stand development in the Inner Zone, TPA and QMD values were calculated for the trees 
which remained after a timber harvest according to the thinning prescription of Option 1 or 
Option 2.  To provide an indication of the way results would vary with the productivity of a stand, 
two stands were modeled, a low-productivity Site Class II stand (50-year site index = 119) and a 
high-productivity Site Class II stand (50-year site index = 128).  Site Class II was chosen because it 
is widespread throughout the westside landscape, and because Option 2 is not available along 
streams wider than 10 feet within Site Class III, IV, or V stands.  The two stands modeled were the 
same ones used in the sensitivity analysis of the EBAI (see “Sensitivity Analysis” under Step 1 of 
the EBAI Methodology section, above). 
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Table 41.  Number of Functional Trees and Contribution to the Recruitment Potential Index (RPI) in 
Each Distance Band, Following Timber Harvest within One 250-year Site Potential Tree Height of 
Westside Streams:  Alternative 3 
Stream 
Gradient 


Stream 
Width  


Band 1 
(0-50 ft) 


Band 2 
(50-80 ft) 


Band 3 
(80-100 ft)


Band 4 
(100-210 ft) 


Total 1/ 


(210 ft) 


< 20% 5 ft # of trees 84 50 33 167 334 
  RPI 56% 17% 7% 18% 98% 


 15 ft # of trees 49 29 19 97 195 
  RPI 56% 17% 7% 18% 98% 


 31 ft # of trees 13 8 5 26 51 
  RPI 56% 17% 7% 18% 98% 


 44 ft # of trees 2 1 1 4 7 
  RPI 56% 17% 7% 18% 98% 


 
20-30% 5 ft # of trees 84 50 33 0 167 


  RPI 56% 17% 7% 0% 80% 


 15 ft # of trees 49 29 19 0 97 
  RPI 56% 17% 7% 0% 80% 


 31 ft # of trees 13 8 5 0 26 
  RPI 56% 17% 7% 0% 80% 


 44 ft # of trees 2 1 1 0 4 
  RPI 56% 17% 7% 0% 80% 


 
> 30% 5 ft # of trees 84 33 0 0 117 


  RPI 56% 11% 0% 0% 67% 


 15 ft # of trees 49 19 0 0 68 
  RPI 56% 11% 0% 0% 67% 


 31 ft # of trees 13 5 0 0 18 
  RPI 56% 11% 0% 0% 67% 


 44 ft # of trees 2 1 0 0 3 
  RPI 56% 11% 0% 0% 67% 


 1/ The sum of the RPI contributions from all four distance bands is the value used for the final EBAI analysis. 
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Table 42.  Number of Functional Trees and Contribution to the Recruitment Potential Index (RPI) in 
Each Distance Band, Following Timber Harvest within One 250-year Site Potential Tree Height of 
Eastside Streams:  Alternative 1 1/ 
 
Stream Type 


Average 
Stream Width  


Band 1 
(0-50 ft) 


Band 2 
(50-80 ft) 


Band 3 
(80-100 ft)


Band 4 
(100-170 ft) 


Total 2/ 


(170 ft) 


Alternative 1 
Type 1   45 ft # of trees 17 6 0 0 22 
  RPI  9% 2% 0% 0% 11% 


Type 2 25 ft # of trees 42 31 12 34 119 
  RPI 18% 7% 1% 2% 28% 


Type 3 12 ft # of trees 69 40 12 34 154 
  RPI 23% 7% 1% 2% 32% 


Type 4/5 5 ft # of trees 14 22 12 34 82 
  RPI 5% 4% 1% 2% 11% 
 1/ The numbers presented in this table represent the results of modeling a typical partial cut prescription (21 trees per acre) 


outside of the RMZ.  Modeling clearcut harvest produces similar results (see Table 21), except along Type 4 and 5 
streams, where it is assumed that no trees would be left following clearcut harvest. 


 2/ The sum of the RPI contributions from all four distance bands is the value used for the final EBAI analysis. 
 
 
The parameters required for riparian data include stream width, LWD type (functional size, Bilby 
and Ward [1989] or key piece), and the widths and management regimes (No-Touch or Managed) 
for four zones.  For this modeling effort, zone widths were determined by the widths of the Core and 
Inner Zones.  Long-term LWD input was modeled for streams of four different widths:  44 feet, 31 
feet, 15 feet, and 5 feet.  These widths represent the average widths of westside Type 1, 2, 3, and 4/5 
streams, respectively. 


Long-term modeling compared only Alternative 2 and a no-harvest scenario.  The short rotation 
ages (40 to 60 years) allowable under Alternative 1 preclude the development of functional LWD 
within RMZs (or, at best, create a scenario too complicated for RAIS to model), and the wide 
riparian buffers under Alternative 3 act as de facto no-harvest zones of one site potential tree height 
along most streams. 


4.3 Results 
The results of long-term modeling indicate that thinning within the RMZ accelerates the initial input 
of functional LWD into the stream system (Table 45).  This pattern shows up only on larger streams 
(31 and 44 feet), and is more pronounced for key piece LWD rather than for functional LWD.  As 
modeled by ORGANON, thinning accelerates the development of large trees, which become large 
pieces of LWD when they die.  Since small wood provides functional LWD within small streams, 
the accelerated development of larger trees has no noticeable benefit along 5- and 15-foot streams 
for obtaining earlier LWD.  Similarly, since the minimum size requirements for key piece LWD are 
larger than for functional LWD, development of the very largest pieces of LWD is most accelerated 
when fewer large trees are left growing in a stand, rather than when many trees are competing for 
sunlight and other resources. 
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Table 43.  Number of Functional Trees and Contribution to the Recruitment Potential Index (RPI) in 
Each Distance Band, Following Timber Harvest within One 250-year Site Potential Tree Height of 
Eastside Streams:  Alternative 2 


Stream Type 
Average 


Stream Width  
Band 1 
(0-50 ft) 


Band 2 
(50-80 ft) 


Band 3 
(80-100 ft)


Band 4 
(100-170 ft) 


Total 1/ 


(170 ft) 


Alternative 2, not in Bull Trout Habitat Overlay 
S&F 2/ 5 ft # of trees 131 52 12 34 228 


  RPI 44% 9% 1% 2% 55% 


 12 ft # of trees 131 52 12 34 228 
  RPI 44% 9% 1% 2% 55% 


 25 ft # of trees 104 52 29 34 218 
  RPI 44% 11% 3% 2% 60% 


 45 ft # of trees 79 22 12 3 116 
  RPI 44% 6% 2% 0% 52% 


Alternative 2, inside Bull Trout Habitat Overlay 
S&F 2/ 5 ft # of trees 131 196 12 34 373 


  RPI 44% 33% 1% 2% 80% 


 12 ft # of trees 131 196 12 34 373 
  RPI 44% 33% 1% 2% 80% 


 25 ft # of trees 104 156 29 34 322 
  RPI 44% 33% 3% 2% 82% 


 45 ft # of trees 79 118 12 3 212 
  RPI 44% 33% 2% 0% 79% 


Alternative 2, inside or outside Bull Trout Habitat Overlay 
Np (partial cut 5 ft # of trees 41 39 12 34 126 
strategy) 3/  RPI 14% 7% 1% 2% 23% 


Np (even-aged  5 ft # of trees 131 87 0 0 218 
strategy) 3/  RPI 44% 15% 0% 0% 59% 


Ns (partial cut 5 ft # of trees 14 22 12 34 82 
strategy) 4/  RPI 5% 4% 1% 2% 11% 
 1/ The sum of the RPI contributions from all four distance bands is the value used for the final EBAI analysis. 
 2/ The numbers presented for S&F streams represent the results of modeling a typical partial cut prescription (21 trees per 
acre) outside of the RMZ.  Modeling clearcut harvest produces similar results (see Tables 23 and 24), especially within 
Bands 1 and 2, from which the majority of LWD recruitment occurs. 
 3/  See Section 3.3.3.4 for a description of prescriptions assumed under partial cut and even-aged strategies. 
 4/  Under an even-aged strategy, no trees would be left within the RMZ of eastside Ns streams under Alternative 2. 
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Table 44.  Number of Functional Trees and Contribution to the Recruitment Potential Index (RPI) in 
Each Distance Band, Following Timber Harvest within One 250-year Site Potential Tree Height of 
Eastside Streams:  Alternative 3 1/ 


Stream 
Gradient 


Stream 
Width  


Band 1 
(0-50 ft) 


Band 2 
(50-80 ft) 


Band 3 
(80-100 ft)


Band 4 
(100-170 ft) 


Total 2/ 


(170 ft) 


< 20% 5 ft # of trees 131 196 109 305 742 
  RPI 44% 33% 9% 14% 100% 


 12 ft # of trees 131 196 109 305 742 
  RPI 44% 33% 9% 14% 100% 


 25 ft # of trees 104 156 87 243 589 
  RPI 44% 33% 9% 14% 100% 


 45 ft # of trees 79 118 65 183 445 
  RPI 44% 33% 9% 14% 100% 


 
20-30% 5 ft # of trees 131 196 109 34 470 


  RPI 44% 33% 9% 2% 88% 


 12 ft # of trees 131 196 109 34 470 
  RPI 44% 33% 9% 2% 88% 


 25 ft # of trees 104 156 87 34 380 
  RPI 44% 33% 9% 2% 88% 


 45 ft # of trees 79 118 65 0 262 
  RPI 44% 33% 9% 0% 86% 


 
> 30% 5 ft # of trees 131 174 12 34 351 


  RPI 44% 29% 1% 2% 76% 


 12 ft # of trees 131 174 12 34 351 
  RPI 44% 29% 1% 2% 76% 


 25 ft # of trees 104 139 12 34 288 
  RPI 44% 29% 1% 2% 77% 


 45 ft # of trees 79 105 0 0 183 
  RPI 44% 29% 0% 0% 73% 


  1/ The numbers in this table represent the results of modeling a typical partial cut prescription (21 trees per acre) outside of 
the RMZ.  Modeling clearcut harvest produces similar results, especially within Bands 1 and 2, from which the majority 
of LWD recruitment occurs. 


 2/ The sum of the RPI contributions from all four distance bands is the value used for the final EBAI analysis. 
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Figure 13. Equivalent Buffer Area Index (EBAI) for LWD Summed for All, Fish-bearing, 
Nonfish-bearing Perennial, and Seasonal Streams on the West Side, by 
Alternative Assuming SPTH250 


  


The most dramatic illustration of the trend of accelerated LWD input occurs for key piece LWD in 
44-foot streams within high-productivity Site II stands.  Under the no-harvest scenario (equivalent to 
Alternative 3 for a stream with a gradient less than 20 percent), initial input of key piece LWD 
occurs at 290 years.  Under Alternative 2 Option 2 (which includes a no-harvest buffer of 100 feet, 
with thinning allowed beyond that), initial input occurs at 210 years.  Under Alternative 2 Option 1 
(which includes a 50-foot no-harvest buffer, and an Inner Zone prescription of thinning from below), 
initial input occurs at 160 years (Table 45). 


In addition to obtaining key piece LWD sooner through thinning, this silvicultural practice may also 
increase the number of pieces of functional or key piece LWD.  For example, after 300 years, 
Option 1 (for a high Site Class II stand) for a 44-foot wide stream provided 14 percent more 
functional pieces of LWD per 1,000 feet of stream compared to Option 2.  Consequently, thinning 
can provide benefits in terms of both quantity and timing of LWD recruitment. 
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Figure 14. Equivalent Buffer Area Index (EBAI) for LWD for All, Fish-bearing, Nonfish-
bearing Perennial, and Nonfish-bearing Seasonal Streams on the East Side, 
by Alternative Assuming SPTH250 


 
Notably, within the 300-year timeframe of the RAIS model, this pattern is almost invisible for a 
low-productivity stand.  Presumably, the slower growth rate of trees on such sites delays the 
development of pieces large enough to serve as functional LWD. 


Table 45.   Stand Age (to the nearest 10 years) at Initial Input of Functional LWD, for High- and 
Low-productivity Site Class II Riparian Stands, Under a No-harvest Scenario and Under 
Options 1 and 2 of Alternative 2 


 Key Piece LWD  Bilby and Ward LWD 
Stream Width: 44 feet 31 feet 15 feet 5 feet  44 feet 31 feet 15 feet 5 feet 


Site Class II High (SI = 128)         
Alternative 2 Option 1 160 160 160 90  160 130 100 80 
Alternative 2 Option 2 210 180 160 90  150 130 100 80 
No Harvest (Alternative 3) 290 180 160 90  170 130 100 80 
          
Site Class II Low (SI = 119)         
Alternative 2 Option 1 >300 250 180 100  180 150 110 80 
Alternative 2 Option 2 >300 260 180 100  190 150 110 80 
No Harvest (Alternative 3) >300 260 180 100  190 150 110 80 
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5. Equivalent Buffer Area Index (EBAI) Methodology for Sediment Filtration 
5.1 Introduction 
The equivalent buffer area index (EBAI) was devised as a crude assessment of risk for streams in 
relation to management activities.  It is similar in concept to the equivalent road area (ERA) analysis 
of McGurk and Fong (1995) and the non-point source risk assessment of Lull and others (1995).  
However, while those studies developed a method to assess sediment contribution from management 
activities, the EBAI is relative measure of the protection of streams from fine sediment derived from 
hillslope erosion and from road surface erosion.  In addition, the EBAI concept is used to evaluate 
contribution of large woody debris (LWD) from proposed or existing riparian buffers. 


It was necessary to develop the EBAI because studies in the literature typically evaluate buffer 
widths based on “no harvest”, or preservation of mature forest with no disturbance.  New 
management strategies include riparian areas that are divided into zone with different levels of 
timber harvest related activities and thus are not directly comparable to the buffers in the 
alternatives.  Similarly, existing buffer strips in a given watershed may be a mixture of widths and 
activities, as a result of multiple jurisdictions, or forest practice rules that have changed over time. 


5.2 Approach 
The EBAI provides a structure to take into account the management activities within the buffer 
zone.  It combines the impacts of activities within the riparian management area (RMA) to compare 
the effectiveness of the RMA at filtering sediment and the potential to recruit LWD.  In addition, 
because the buffer requirements for sediment filtration and LWD recruitment are more restrictive 
than buffer requirements for protection of other riparian functions (e.g. stream temperature, and 
detrital inputs (Johnson and Ryba, 1992; Spence et. al., 1996), the EBAI can also be used to 
compare relative protection for those parameters as well. 


The ability of a vegetated buffer strip to filter sediment has been shown in numerous studies (e.g., 
Wilson, 1967; Ermann et al., 1977; Lynch et al., 1977).  This effect is a result of the vegetation 
intercepting overland flow, slowing it down, and allowing fine sediment to settle out. This effect is 
limited to flow coming from hillslope erosion; channelized flow through existing drainages remains 
unaffected, since there is not sufficient vegetation in most channels to filter out fine sediment.  
Potential sources of fine sediment in overland flow include erosion from hillslope logging activities, 
and road surface erosion that comes from drainage relief culverts (road surface erosion from ditches 
is unaffected because it directly enters stream at road crossings).   


5.3 Assumptions 
As in the ERA, this method uses coefficients assigned to various timber management practices 
based partly on the literature and partly on professional judgment. This reflects the relative ranking 
of these silvicultural practices presented in McGurk and Fong (1995). 


The highest coefficient used is 1.0, representing no harvest, which is the highest amount of 
protection.  Any activity within the RMZ that removes trees or disturbs the soil reduces the 
coefficient.  The lowest coefficient possible is zero, which is associated with building a road in the 
riparian zone.  The relative impact of various activities was used to assign the coefficients.  In 
addition the silvicultural system used (clearcut or selective harvest) was used to refine coefficients.  
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A further refinement was made based on the relative number of trees left in the RMZ.  “Thinning” 
(renamed “light”) was assigned a higher coefficient than selective harvest (“heavy”), which in turn 
was assigned a higher coefficient than clearcutting, which is the most disturbing level of harvest.  
Table 46 shows the coefficients used for each type of harvest practice. 


Table 46.  EBAI (sediment input) Coefficients Associated with Various Management Activities 
within RMZs 


No harvest 1.0 
Cable, light (‘thinning’) 0.9 
Cable, heavy 0.8 
Cable, clearcut 0.7 
Shovel, light (‘thinning’) 0.8 
Shovel, heavy 0.7 
Shovel, clearcut 0.6 
Tractor/skidder, light (‘thinning’) 0.7 
Tractor/skidder, heavy 0.65 
Tractor/skidder, clearcut 0.6 
Road 0.0 


 
 
Relevant yarding methods, from most to least protective, are as follows: cable, shovel, and 
tractor/skidder.  For simplicity, no distinction was made between tractors and skidders. 


In addition, to address ground based yarding methods, a general rule had to be developed.  Based on 
a conversation with Charlene Rogers of the DNR (October 28, 1999 to Garrett Jackson, Foster 
Wheeler Environmental Corporation), ground-based methods are commonly used on areas that are 
less than 35 percent in slope.  In addition, shovel yarding is used more commonly on the western 
side of the Cascades, for slopes less than 30 percent, while skidders are the method of choice on the 
east side, on slopes up to 35 percent.  To simplify the analysis, a break of 30 percent was used for 
both the east and west sides of the Cascades.  Thus, the EBAI for the east side may be somewhat 
understated. 


The EBAI is calculated by multiplying the management coefficient by the width over which it is 
applied.  Where multiple activities occur in the RMZ, the products of coefficient and width for each 
activity are summed.  The EBAI ignores activities that overlap or cross multiple management areas 
(e.g., grazing), since these appear to be consistent among the alternatives.  The width of buffer 
management is important for comparison purposes.  Recommended buffer widths for sediment 
filtration vary widely, from 30 feet (Rashin et al., 1999) to over 300 feet (Wilson, 1967: O’Laughlin 
and Belt, 1994).  To calculate the EBAI, a buffer width must be selected.  Because of the range in 
values for sediment filtration, two widths were used, and thus two different EBAIs were developed.  
Thirty feet was chosen to represent the lower end of the values recommended in the literature, while 
170 feet was chosen based on Spence and others’ (1995) synthesis of the literature.   


Ultimately, the index incorporates effects to all streams, regardless of class, into a single number for 
each hydrologic unit or region.  This is done by multiplying the sum of the coefficients (see equation 
below) by the length of the stream miles associated with that class.  Then the results for each stream 
class are totaled.  If a watershed has multiple owners with different RMA management activities, 
these can be accounted for. 
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EBAIi = [(w1*C1) + (w2*C2)+ (wx*Cx)] RI +  [(w1*C1) + (w2*C2)+ (wx*Cx)] RII +  [(w1*C1)  + (w2*C2)+ 
(wx*Cx)] RIII 


5.4 Results 
The results of the EBAI calculations are shown in Figure 15.  This figure shows the EBAI calculated 
for each alternative based on a 30-foot buffer.  Here the EBAI has been refined one step further to 
highlight the difference in buffers between the east and west parts of the state.  The EBAI was 
divided by the total river miles in the sample areas in both regions.  With the 30-foot buffer, little 
difference exists between the sediment filtration for east and west parts of the state, under each of 
the alternatives.  There are differences between the alternatives, however.   


Alternative 1 would provide an EBAI of 0.0037, or about 64 per cent of the EBAI of the reference 
buffer.  The EBAI of Alternative 2 (which is identical under both options) would be about 79 per 
cent of the reference EBAI.  The EBAI of Alternative 3 would be 100 percent of the reference buffer 
EBAI; it requires no harvest buffers that are greater than the minimum 30 foot buffer.   


Figure 16 shows the results based on a 170-foot buffer.  This shows that if 170 feet is considered 
complete protection for sediment filtration, a slightly different set of EBAIs results.  Alternative 1 
would provide an EBAI of about 62 percent of the EBAI of the 170-foot reference buffer.  
Alternative 2, Option 1, would have about the same EBAI alternative 1.  However, under Option 2, 
the EBAI is significantly higher on the west side streams than the eastside streams, being 79 per cent 
of the reference buffer EBAI.  Alternative 3 would provide an EBAI that is 93 percent of the 
reference EBAI. 


The pattern of EBAI values amongst the alternatives are similar overall whether 30 or 170 feet is 
used for the reference buffer.  This indicates that the difference in sediment filtration outside the 30 
foot buffer (i.e., between 30 and 170 foot) is not great.  This may be a result of the selection of 
coefficients; the coefficients for clear cuts and for partial cuts (or for that matter, no harvest) may 
not be sensitive enough to highlight the differences.  However, the EBAI is sensitive enough to 
distinguish the overall difference in sediment filtration provided by the alternatives. 
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APPENDIX B 


 


AQUATIC ECOSYSTEM EVALUATION CRITERIA 
AND LITERATURE REVIEW 


 
 


Introduction 
This appendix provides a review of the literature on the effects of forest management activities on 
the environmental components associated with aquatic ecosystems.  This review is immediately 
followed by a discussion of the evaluation criteria used to analyze each environmental component.  
The topics for which evaluation criteria are considered are listed below under each environmental 
component:  


• Sediment 
− road surface erosion 
− road-related landslides  
− timber harvest-related hillslope erosion 
− timber harvest-related landslides 
− timber harvest effects on bank stability 


• Hydrology 
− water yield 
− low flows 
− peak flows 


• Riparian Habitat 
− LWD Recruitment 
− Stream shade 
− Leaf and needle litter recruitment 
− Microclimate 


• Water Quality 
− Temperature 
− Sediment 
− pesticides 


A brief summary of the literature and the evaluation criteria are provided in the EIS text.  References 
are provided in the main EIS reference list (Chapter 4) only so they do not have to be repeated here.  
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Sediment 
Road Surface Erosion 


Literature Review 
Surface Erosion 
Road-related erosion is a function of sediment available for movement and the power of water to 
move it.  Road construction, use, maintenance, abandonment, and drainage all play important roles 
in the production and delivery of sediment.  Surface erosion tends to be a chronic source of fine 
sediment from roads.  Appendix F on forest roads evaluates the specific best management practices 
(BMPs) of each alternative and should be consulted for further details. 


Road Construction 
Surface-related erosion from roads appears to be highest in the first few years after construction.  
Landslide-related erosion and sediment production could occur many years later and is highly 
episodic (IMST, 1999).  Surface erosion from road construction occurs because of exposed soils.  
The resultant development of gullies on cut slopes and in ditches is a major factor associated with 
chronic sediment delivery from road prism erosion.  Erosion control BMPs can reduce the risk of 
sediment production from road construction.  However, a recent TFW report on the effectiveness of 
forest road BMPs on state and private forest lands for existing Forest Practices Rules, concluded that 
the BMPs for road construction (e.g., road crossing structures [culverts] and cut slope construction) 
were ineffective at preventing chronic sediment delivery for roads near streams (Rashin et al., 1999).  
Cut and fill slope construction and maintenance BMPs were determined to be partially effective to 
ineffective at the majority of the sites studied. 


Road Use 
Several studies have tried to quantify the relationship between road use, road type, and sediment 
production.  In the Clearwater Basin in northwestern Washington, Reid (1981) calculated that road 
surface erosion contributed 75 percent of total sediments and 82 percent of the total sediments that 
were smaller than 2 mm.  In addition, sediment concentrations increased with culvert discharge for 
active roads, but showed no increase for abandoned roads; and sediment concentration was higher 
during periods of heavy road use compared to periods of light road use (Reid and Dunne, 1984).  
Sediment yield increased with the amount of rainfall in a storm and was higher for roads with a 
higher intensity of use.  Bilby et al. (1989), found that the smallest sizes of sediment (<0.004 mm) 
comprised about 80 percent of the sediment yield on two mainline road sites and two spur road sites 
from gravel road surface in southwestern Washington.  Burroughs and King (1989) findings for 
forest roads in Idaho include: (1) heavy traffic on unsurfaced rutted roads doubled sediment 
production; (2) 6 inches of crushed rock reduced sediment production by 70 percent and by 84 
percent when combined with grass at the margins of the travel way; (3) asphalt and road oils 
reduced sediment production by 97 and 85 percent, respectively; (4) sediment production from 
unconsolidated fill slopes was high, but decreased exponentially with time.  A recent study of forest 
roads in Oregon (Luce and Black, 1999) concluded:  
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• Sediment production was a function of road segment length and slope; 


• Rocked roads on silty clay loam produced nine times as much sediment as rocked road on a 
gravelly loam; 


• Sediment production was not correlated with the height of the cut-slope; 


• Road segments devoid of vegetation (cleared from cut-slopes and ditches) produced seven times 
the sediment than roads with retained vegetation. 


Reduced tire pressure has been shown to reduce sediment production on road surfaces made of low 
quality aggregate (Foltz, 1996; Foltz and Elliot, 1997).  The recent study by Rashin et al. (1999), on 
forest practices BMP effectiveness in Washington, found that the 4 mainline haul roads monitored in 
their study were a minor source of sediment production from road prism erosion because they 
tended to be on flatter topography compared to other roads.  However, the sample size in their study 
was low and may not be representative of mainline haul roads throughout Washington. 


Road Drainage 
Road drainage refers to the movement of water from road surfaces.  Water draining from roads may 
enter the stream channel or be drained onto slopes.  Road drainage issues include: (1) spacing 
between cross-road drainage culverts; (2) the effectiveness with which these culverts operate; (3) the 
location at which discharge from a culvert appears; and (4) the management of the outfall from road 
drainage culverts onto slopes.  The drainage from roads directly affects stream channels and their 
beneficial uses, such as aquatic habitat and water quality.  


Several studies on streams west of the Cascade Range (Reid and Dunne, 1984; Bilby et al., 1989; 
Wemple et al., 1996) have shown that 33 to 75 percent of all drainage from roads enters the channel 
network.  In an unpublished study of road surface drainage by Irvin and Sullivan (cited in Duncan et 
al., 1987) 20 percent of the road runoff discharged onto the forest floor, while 80 percent emptied 
directly into the channel network in three large watersheds in western Washington and Oregon.  
IMST (1999) concluded that reducing the amount of road drainage water that flows into channels 
can reduce sediment delivery to streams.  However, it may not be possible to reduce the number of 
drainage points into streams, but rather the amount of water that enters the stream can be reduced. 
The study by Rashin and et al. (1999) concluded that road drainage design BMPs were mostly 
effective in reducing sediment delivery to streams. 


When road drainage is diverted from streams to hillslopes, a potential for problems can be created if 
drainage onto unstable slopes occurs.  This could increase the risk of mass wasting as documented 
by Montgomery (1994). 


Road Maintenance  
Road maintenance is an important issue regarding sediment production.  Road maintenance is 
intended to provide a smooth running surface, minimize wear on vehicles, protect road surfacing 
material, and limit sediment delivery to the stream system.  Maintenance of cut and fill slopes, 
ditches, and removal of slide material on roads can reduce the delivery of sediment to streams.  
However, maintenance can also be a source of sediment depending upon the maintenance practices. 
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Road Abandonment 
Road abandonment can reduce both chronic and episodic sediment problems from roads.  
Abandonment varies from simply not using a road to removing stream crossings and the road bed to 
match the original topography (see Appendix F for a more thorough discussion).  IMST (1999) 
suggested that road abandonment strategies at any given location, and the prioritization of general 
areas in which abandonment strategies should be implemented, are needed to reduce road-related 
sediment problems.  Abandonment in the current Forest Practices Rules is defined as roads exempt 
from maintenance after several conditions are met such that the road is left in a condition to reduce 
and control erosion (see Forest Practice Rules WAC 222-24-050 (5). 


Evaluation Criteria 
Road surface erosion is affected by road construction methods, road use, road maintenance, road 
abandonment, and drainage.  The criterion for evaluating this chronic source of sediment is a 
qualitative assessment of how well the FPRs under each alternative  that are pertinent to road 
management (i.e., planning, construction, use, maintenance, drainage, and abandonment) will 
control road-related sediment production and delivery to streams. 


Road-Related Landslides  


Literature Review 
A landslide is the mass movement of soil, rock, and debris downslope and occurs most frequently 
after intense winter rains.  Landslides are episodic sources of fine and course sediment.  Landslide 
activity can be greatly accelerated by road construction and maintenance practices.  On a unit area 
basis, roads have the greatest effect on slope stability of all activities on forestlands (Sidle et al., 
1985).  Megahan and Kidd (1972) found 70 percent of accelerated sediment production in an Idaho 
Batholith study site was associated with road-related landslides.  It must be noted this study was 
prior to the implementation of BMPs with regard to road construction.  Piehl et al. (1988) found that 
72 percent of the total erosion associated with culvert outlets occurred from only two landslides at 
culvert outlets.  


The location of landslide initiation in relation to the road prism has a significant influence on 
potential sediment delivery to streams.  Landslides affecting the cut slope portion of the road are 
typically deposited in the road.  While surface runoff may erode the deposits of cut slope landslides, 
the landslide deposit may also divert surface waters away from the designed drainage structures or 
divert water onto fill-slopes.  Fill-slope failures are more likely to become debris flows, increasing 
in size and then entering intermittent and perennial channels (ODF, 1999). 


A study in the Deschutes River basin in Washington concluded that two-thirds of the landslides 
were road-related and predominantly occurred on roads that were older than 16 years (Toth, 1991).  
The problems include construction-related problems, such as inadequate drainage, sidecast or fill on 
steep slopes, poor compaction of fill, backslope steepness, inadequate culvert sizing, and poor 
culvert installation.  Maintenance related problems include debris in ditches, poor grading, and 
blocked culverts (Toth, 1991).  In addition, ODF surveys found that many landslides are the result of 
roads not constructed to current standards (prior to Forest Practices Rules in Oregon) (IMST, 1999). 
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A recent ODF study (Robison et al., 1999) on management-related landslides following the 1996 
storms in western Oregon concluded: 


• Landslides associated with forest roads made up a smaller proportion of the total landslides in 
the ODF study than road-associated landslides in most previous studies. 


• Road-associated landslides were four times larger than those not associated with roads. 


• Landslides that delivered sediment to stream channels rarely occurred on roads crossing slopes 
of less than 50 percent, especially when these roads had well spaced drainage systems and fills 
of minimal depth. 


• Road fill placed on steep slopes creates an increased landslide hazard even where no drainage 
water is directed to those fills. 


• Road drainage waters directed onto very steep slopes creates an increased landslide hazard even 
when no road fill is placed on those very steep slopes. 


Road-related landslides that deliver to streams can become debris torrents and impact stream 
channels.  The impacts to channels are discussed in Timber-Harvest-related Landslides  


Orphan Roads 
Orphan roads are roads constructed prior to 1974 that have not been used for forest practices since 
then.  The mileage of orphan roads in the state are unknown; however, the associated hazards have 
been identified.  The concern with orphan roads is the potential for failure and initiation of debris 
flows and torrents.  The roads are not maintained and many were constructed with little 
consideration for public resource and channel impacts.  Many roads prior to 1974 were constructed 
on unstable slopes, in riparian areas, and with substandard drainage systems.  Toth (1991) found 
mass wasting associated with roads was greater with roads greater than 16 years old.  The DNR 
conducted one study of orphan roads to identify the mass wasting hazard of these roads using a 
hazard ranking index and found several areas within the study area where orphan roads with a high 
failure potential may impact public resources (Brunengo and Bernath, 1990).  


Evaluation Criteria 
The potential for road-related landslides depends on both the location of roads in relation to unstable 
areas and on how the roads are designed, built, and maintained.  Therefore, the evaluation criteria 
for this episodic source of sediment impacts are: (1) the degree to which unstable slopes would be 
avoided under each alternative; and (2) the degree of protection from road-related landslides 
provided by the Forest Practices Rules. 


Hillslope Erosion 


Literature Review 
Timber harvest activities often alter watershed conditions by changing the quantity and size 
distribution of sediment that reaches streams potentially causing channel instability, pool filling by 
coarse sediment, or introduction of fine sediment to spawning gravels.  Factors influencing the 
delivery of excessive sediment to a stream are discussed in Sections 3.2 and 3.4. 
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Timber harvest activities such as ground skidding or cable yarding can cause some degree of soil 
disturbance.  Typically, ground-based systems compact and disturb more soils than non ground-
based harvest systems (Graham et al., 1990).  The harvest systems most likely to cause greater levels 
of disturbance (from greatest to lowest) are ground-based systems, cable yarding, and aerial systems 
(Beschta, 1995).  For ground-based systems that can operate on slopes up to 40 percent, Hauge et al. 
(1979) showed a definite relationship between area disturbed and the occurrence of rill and gully 
erosion.  The use of ground-based systems on gentler terrain reduces the potential for erosion.  
Clearcuts tend to create the greatest amount of soil disturbance, because of the yarding systems they 
typically use (Hermann, 1978); however, felling, yarding, and skid trails in partial cuts can also 
cause ground disturbance and compaction.  Cromack et al. (1978) found levels of soil disturbance in 
clearcut and partial cut areas to be comparable because of the need for equivalent access through a 
harvest unit.  Accelerated rates of erosion are generally not prolonged for more than several years as 
areas revegetate (Beschta et al., 1995). 


Riparian protection measures should also include practices for minimizing sediment contributions 
from outside the riparian area.  Timber harvest activities can disturb the upper soil layers, exposing 
the subsoil to erosion.  An important study of sediment delivery from timber harvest was conducted 
by Rashin et al. (1999) between 1992 and 1995.  This study evaluated specific harvest practices on 
state and private lands across Washington.  Harvest sites were evaluated for soil exposed and 
sediment delivered, and were categorized by a number of parameters, including harvest method and 
distance from streams.  They found that in areas where there were no buffers, BMPs for timber 
harvest were not effective in preventing soil disturbance nor preventing sediment from reaching 
streams.  They also found that no-harvest buffers of at least 30 feet were effective in filtering 
sediment, although they caution use of these results because of low precipitation and storm events 
during the study period. 


Overland transport of fine sediment can be significantly reduced by streamside buffer strips.  The 
ability of riparian buffer strips to control sediment inputs from surface erosion depends on several 
site characteristics, including the presence of vegetation or organic litter, slope, soil type, and 
drainage characteristics.  These factors influence the ability of buffer strips to trap sediment by 
controlling the infiltration rate of water and the velocity of overland flow.   


Evaluation Criteria 
The ability of buffer strips to capture fine sediment is largely dependent on their width, slope, and 
the management practices within the buffer strip.  Buffer-strip width is the most common parameter 
used for evaluating the ability of a management option to avoid excessive fine sediment delivery to 
streams.  Recommended buffer widths for sediment removal vary widely, ranging from about 10 
feet for removing coarse fractions (sand) to 400 feet for fine fractions (clay).  Studies of forested 
watersheds often recommend buffers of approximately 100 feet for this purpose (Johnson and Ryba, 
1992).  Spence et al. (1996) also reviewed the literature on buffer widths for sediment filtration.  
Although Spence and his colleagues gave no definitive width, they concluded that on gentle slopes 
100 feet may be sufficient, while on steep slopes 300 feet may be necessary for sediment filtration.  
The FEMAT (1993) buffer width for sediment filtration is one SPTH, or approximately 170 feet in 
western Washington.  Note that for management purposes, an absolute width should be used, rather 
than SPTH, since sediment movement is not related to the latter.  Rashin et al. (1999) recommend a 
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33 foot buffer as effective at reducing timber harvest–related surface erosion from entering the 
drainage network. 


Most of the research conducted to date has assessed buffer effectiveness where there is no 
management activity within the buffer zone; in other words, only no-harvest buffers have been 
examined.  Notably, Spence and others (1996) recommend that activities which disturb downed 
wood and ground cover within the riparian buffer zone should be avoided.  It can be assumed that 
activities within the riparian zone that disturb or compact soils, destroy organic litter, and remove 
large downed wood can reduce the effectiveness of the riparian buffers as a sediment filter, by some 
unknown amount.  Because sediment filtration relies mostly on ground cover, a buffer zone with 
management activity may recover its sediment filtration ability when the ground cover has 
recovered.  The recovery period would involve many different site-specific variables, such as soil 
moisture, available light, logging equipment used, yarding practices, and so forth.  It is very difficult 
to assess recovery periods on such a large and diverse landscape as is considered in this EIS.  
Therefore, while it can be assumed the sediment filtration would be regained after some recovery 
period, for the purpose of this analysis, and for ease of comparison of the alternatives, a “snapshot” 
of the buffer is assumed, taken immediately after harvest, to assess the effects.  Similarly, because 
the sideslope of riparian zones is highly variable, the effect of sideslope on sediment filtration is not 
considered here.  This approach is reasonable because the same approach is used for each 
alternative.  Note that because prescribed burns are not common in Washington State, the effects of 
prescribed burns on buffer strip filtration are not a significant consideration. 


To assess the effectiveness of buffer strip width and management practice on sediment filtration, a 
numerical ranking system was developed based on previous studies of timber harvest and landscape 
effects.  An Equivalent Buffer Area Index (EBAI) for sediment was devised as a crude assessment 
of risk for streams in relation to management activities.  It is similar in concept to the equivalent 
road area (ERA) analysis of McGurk and Fong (1995) and the non-point source risk assessment of 
Lull et al. (1995).  However, while those studies developed a method to assess sediment contribution 
from management activities, the EBAI is a relative measure of the protection of streams from fine 
sediment derived from hillslope erosion and from road surface erosion.  


It was necessary to develop the EBAI because studies in the literature typically evaluate buffer 
widths based on “no harvest,” or preservation of mature forest with no disturbance.  New 
management strategies include riparian areas that are divided into zones with different levels of 
timber harvest activities and thus are not directly comparable to the buffers in the literature.  For 
more detail on the development of the EBAI, see Appendix D.  When evaluating the alternatives, the 
width of the buffers is compared to the typical recommended buffer width of 30 feet, then the 
activity allowed in the RMZ is evaluated by using the results of the EBAI and by assessing BMPs 
within the RMZ. 


Landslides Related to Timber Harvest 


Literature Review 
Mass Wasting   
A landslide is the mass movement of soil, rock, and debris downslope and occurs most frequently 
after intense winter rains.  Landslides tend to be the dominant erosion mechanism in areas with steep 
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slopes throughout the Pacific Northwest (Swanson et al., 1987).  Landslides are episodic sources of 
coarse and fine sediment to the drainage network of a watershed.  Generally, less than 2 percent of 
the land is affected by landslides at any given time (Ketcheson and Froelich, 1978; Ice, 1985).  
Debris slides are the most common landslides on steep forestlands.  Major storms increase the rate 
and intensity of landslides.   


Landslides can turn into debris flows (approximately 80 percent solid and 20 percent water) or 
hyperconcentrated floods, depending on site characteristics and conditions at the time.  Debris flows 
usually transport more material than the initiating slide, due to the scouring action of the debris on 
the slope or in the channel.  Debris flows stop moving when the slope gradient of the channel 
decreases or when the flow encounters a sharp bend in the channel.   


In relation to management-related sediment production, roads contribute more sediment volume via 
mass wasting than harvest units (Gresswell et al., 1979).  Swanson et al. (1987) found the frequency 
of landslides in the central/western Oregon Cascades was 1.9 to 4 times greater in clear-cuts than 
unharvested areas.  It should be noted that many of these studies were conducted prior to the many 
revisions in forest practice rules.  Mass wasting is significant due to the prevalence, damage caused, 
and associated costs.  On-site damages include loss of timber stand, road blockage or failure, and 
loss of soil and associated productivity.  The most significant off-site damage is the sedimentation or 
scouring of stream channels and its adverse effects for beneficial uses (water quality and aquatic 
habitat) and damage to off-site property/buildings and people.   


Initiation of Landslides (on site) 
Vegetation plays a critical hydrologic and mechanical role on maintenance of slope stability 
(Greenway, 1987).  Hydrologic effects of vegetation on the hillslopes include interception, 
evapotranspiration, and water routing.  Forest practices may alter both physical and biological 
(vegetative) slope properties that influence slope stability, particularly the occurrence of shallow, 
rapid landslides.  Physical alterations can include slope steepening, slope-water effects, and changes 
in soil strength.  Most physical alterations are a result of roads and skid roads.  On a unit-area basis, 
roads have the greatest effect on slope stability of all activities on forest lands (Sidle et al., 1985).  


Mechanical effects of vegetation on slope stability include root reinforcement, buttressing and 
arching (i.e., trees at base of potential slide act like piles and stabilize the slope), surcharge loading 
(i.e., weight of trees/logs), windthrow (i.e., soils are displaced and oversteepened by trees blown 
down by wind), and reduction in slope strength by wedging and loosening soil by roots (ODF, 
1999).  Sidle et al. (1985) summarized several studies (Swanston, 1970, 1974; O’loughlin, 1974; 
Ziemer and Swanston, 1977; Burroughs and Thomas, 1977; Gray and Megahan, 1981; Ziemer, 
1982) that indicate the stability of slopes depend partly on reinforcement from tree roots, especially 
when soils are partly or completely saturated.  After forest removal, the gradual decay of tree roots 
often may weaken the soil structure, but the slope will only fail if it was marginally stable to begin 
with.  A recent report prepared by ODF (1999) questions root strength as the primary mechanism 
affecting slope stability on forestland citing problematic assumptions in landslide analyses, 
inconsistencies in obtaining representative forest samples, difficult testing procedures, and soil 
mechanics incompatibilities. 
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Off-site Impacts of Landslides-Debris Torrents 
The effects of landslides on channels are very different than the initial effects of movement.  
Landslides initiate most debris flows and torrents (Swanson and Lienkaemper, 1978).  Debris 
torrents contain significant amounts of wood and can travel varying distances, which can result in 
variable degrees of impact depending upon process channel gradient, confinement, layout of the 
channel network, and other characteristics (Fannin and Rollerson, 1993).  Debris flows tend to 
deposit sediment and debris where channel gradient is less than 6 percent and at tributary junctions 
where the junction angle is greater than 70 percent (Benda and Cundy, 1990). 


Landslides that reach stream channels can have the greatest impact on first to third order channels 
(e.g., the small streams nearest to the watershed divide) (Swanson et al., 1987).  A study of 1996 
landslides in Oregon (Robison et al., 1999) found that 40 to 80 percent of the channel network 
experienced severe impacts from debris torrents in areas that experienced the greatest storm damage 
to fish-bearing streams.  Small streams in a watershed that are severely impacted by landslides also 
play important roles in supplying wood, sediment, and cold water to fish-bearing streams.  Past 
studies have documented channel changes for small and large streams resulting from high water and 
landslide activity including channel scour and fill, widening, changes in channel longitudinal profile, 
and decreases in ecological stability (Lyons and Beschta, 1983; Kaufmann, 1987; Lamberti et al., 
1991; Reeves et al., 1995). 


An ODF study (1999) made the following conclusions in relation to stream channel impacts from 
landslides. 


• Channel impacts were not directly related to the number of landslides that occurred on the 
landscape.  Large landslides originating above small channel junction angles and steep channel 
gradient slopes resulted in the greatest channel impacts. 


• Debris torrents reduce stream shading especially when they travel through younger stands. 


• Debris torrents have only a minor effect on active channel width. 


• Less than 10 percent of the typical debris flows from forested slopes traveled further than the 
Benda-Cundy (1990) model predicts.  In determining landslide run-out-distance, channel 
junction angles and gradient are the primary factors, while landslide volume and composition 
along riparian area along torrent-prone channels may be important secondary factors. 


Channelized debris flows are frequently initiated in headwater areas (e.g., bedrock hollows at the 
heads of Type 5 streams) (Benda and Dunne, 1985), while dam-break floods can be initiated within 
streams with relatively gentle gradients (< 20 percent) and often involve dams comprising organic 
and other debris that has been deposited by upstream debris flows.  Once a dam-break flood has 
begun, it will move downstream unless either of the following happens:  the flood wave encounters 
a predominantly mature coniferous riparian zone with conifers near the channel, or the channel slope 
decreases to approximately 2 degrees (Coho and Burges, 1994).  Similarly, channelized debris 
flows, once initiated, may scour channels for several miles until reaching depositional environments 
that include reduced channel gradients, tributary junctions, or increased channel and valley floor 
widths (Benda, 1985). 


Erosion/scour by channelized debris flows usually occurs in first and second-order (Type 4 and 5) 
channels steeper than 18 percent (Benda and Dunne, 1987).  This differs from dam-break floods, 
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which most often scour Type 3 and 4 streams (65 percent and 20 percent, respectively, of 
cumulative length in study by Coho and Burges, 1994) and have most severe impacts in valleys of 
widths of at least 20 meters and channel gradients no greater than 7 percent (Johnson, 1991). 


Johnson (1991) found that the width of damage to riparian stands ranged from less than 33 feet to 
197 feet in a detailed study of four dam-break floods.  The average width of 52 measured cross-
sections was 75 feet.  The most extensive loss of riparian vegetation occurred where valleys widen 
over 66 feet and slope decreases to less than 7 percent. 


Furthermore, the effects of debris avalanches and debris torrents originating from harvested areas 
may be more damaging than such landslides originating from mature forest.  Reynolds and Paulson 
(1997) documented that the runout along stream channels of debris avalanches which originated in 
harvested areas was twice as great as those landslides originating in mature forest. 


Evaluation Criteria 
Mass wasting related to timber harvest is most likely to occur on steep slopes and specific landforms 
that are highly susceptible to mass failure.  The initiation from management activities can occur near 
streams within riparian areas and upslope areas.  The evaluation criteria for harvest-related 
landslides is the degree of protection provided to unstable areas by Forest Practices Rules.  These 
criteria include protection of unstable slopes upslope from RMZs that may buffer upslope landslides 
and landslides that may occur in RMZs. 


Timber Harvest Effects on Bank Stability 


Literature Review 
The roots of riparian vegetation help bind soil together, which make stream banks less susceptible to 
erosion.  The stability of stream banks is largely determined by the size, type and cohesiveness of 
bank material, vegetation cover, and the amount of bedload carried by the channel (Sullivan et al., 
1987).  Banks formed of noncohesive alluvium that are sparsely vegetated tend to form wide 
channels (Sullivan et al., 1987).  Banks that are composed of more cohesive material tend to form 
deep, narrow channels (Sullivan et al., 1987).  Riparian vegetation of various types and growth 
forms plays an important role in stabilizing stream banks during the erosive forces of high flows.  
The belowground root systems serve to bind stream-adjacent sediments, which in turn, influences 
bank characteristics and the lateral stability of the channel (Beschta, 1995).   


Riparian vegetation can also provide hydraulic roughness elements that dissipate stream energy 
during high or overbank flows, which further reduces bank erosion.  In most cases, vegetation 
immediately adjacent to a stream channel is most important in maintaining bank integrity (FEMAT, 
1993); however, in wide valleys with shifting stream channels, vegetation throughout the floodplain 
or channel migration zone (CMZ) may be important over longer time periods.  Lateral river 
migration through unvegetated floodplains can be twice as rapid as migration through forested 
floodplains.  During overbank flooding, above-ground components of riparian forests provide 
hydraulic roughness and can exert considerable resistance to flow.  This resistance not only reduces 
the erosive power of the water but typically causes the deposition of sediments (Beschta, 1995). 
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Consideration should also be given to the composition of riparian species within the area of 
influence because of differences in the root morphology of conifers, deciduous trees, and shrubs.  
Specific relationships between root types and bank stabilization have not been documented; 
however, if the purpose of riparian protection is to maintain or restore natural bank characteristics, 
then retaining natural species composition is a reasonable target for maintaining bank stabilization 
function of riparian vegetation (Spence et al., 1996).  


Evaluation Criteria 
Stream bank erosion can be accelerated by human activity.  Important alterations of the system 
components that typically result from timber harvest activities include the following: (1) removing 
trees from or near the stream bank; (2) changing the hydrology of the watershed; and (3) increasing 
the sediment load, which fills pools and contributes to lateral scour by forcing erosive stream flow 
against the stream bank (Pfankuch, 1975; Cederholm et al., 1978; Chamberlin et al., 1991).  This 
evaluation is based on the widths of the respective RMZs and activities allowed within the RMZ that 
may affect root strength and thus stream bank integrity.  Increases in sediment and changes in 
hydrology that ultimately can affect bank stability are addressed in Section 3.2 and Section 3.3, 
respectively. 


As described in Section 3.3.2, the roots of riparian vegetation help bind soil together, which makes 
stream banks less susceptible to erosion.  In most cases, vegetation immediately adjacent to a stream 
channel is most important in maintaining bank integrity (FEMAT, 1993); however, in wide valleys 
with shifting stream channels, vegetation throughout the floodplain may be important over longer 
time periods.  Although there is limited data quantifying the effective zone of influence relative to 
root strength, FEMAT (1993) concluded that most of the stabilizing influence of riparian root 
structure is probably provided by trees within 0.3 SPTH of the stream channel.  


Consideration should also be given to the composition of riparian species within the area of 
influence because of differences in the root morphology of conifers, deciduous trees, and shrubs.  
Specific relationships between root types and bank stabilization have not been documented; 
however, if the purpose of riparian protection is to maintain or restore natural bank characteristics, 
then retaining natural species composition is a reasonable target for maintaining bank stabilization 
function of riparian vegetation (Spence et al., 1996).  


Overall, buffer widths for protecting other riparian functions (e.g., LWD recruitment, shading) are 
likely adequate to maintain bank stability providing that they are maintaining most of those 
functions.  For this analysis, one-half of a tree crown diameter (which is in the range of 0.3 SPTH) is 
assumed to be sufficient width for the maintenance of stream bank stability.  The contribution of 
root strength to maintaining streambank integrity also declines at distances greater than one-half a 
crown diameter (Burroughs and Thomas, 1977; Wu, 1986)  The full assumed relationship is 
displayed in Section 3.4 of the EIS.  
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Hydrology 
Water Yield 


Literature Review 
Water yield is the amount of water that enters the stream system in a watershed.  Various studies 
(Helvey, 1980; Bosch and Hewlett, 1982; Harr, 1983; Kattlemann et al., 1983; Troendle, 1983; King 
and Tennyson, 1984; Trimble and Weirich, 1987; Keppeler and Ziemer, 1990) have shown increases 
in water yields from forest practices, specifically timber harvest, due to the reduction in 
evapotranspiration.   


Evaluation Criteria 
An increase in water yield is generally not considered to adversely affect the beneficial uses of the 
stream system and will not be evaluated; increased water to the aquatic system is usually considered 
beneficial, unless the added water contributes to slope instability or increases peak flows. 


Low Flows 


Literature Review 
Low flows are often referred to as baseflows, dry-weather flows, and groundwater flows depending 
on the specific context.  On the west side, low flows are most common in the summer and early 
autumn months until the winter rainy season begins in late autumn.  At higher elevations, low flows 
also occur in mid-winter when water is frozen.  On the east side, late summer flows can continually 
decrease throughout the winter months until snowmelt begins in the spring.  Several studies 
(Rothacther, 1970; Harr et al., 1982) have shown an increase in summer low flows for west side 
forests after harvest.  The effects on snowmelt-dominated systems like the east side can be variable 
based upon climatic and watershed conditions (Beschta et al., 1995).  


Evaluation Criteria 
Because an increase in low flows for summer months generally does not adversely affect the 
beneficial uses of the aquatic system, it will not be evaluated.  Small volumetric increases may 
provide improved habitat conditions (lower stream temperature, increased instream wetted area and 
volume) and survivability of aquatic species. 


Peak Flows 
Peak flow is the instantaneous discharge measured in stream channels.  Management activities can 
affect peak flows based upon their site specific effect, elevation location within a watershed and 
proportion of basin forest that has been altered by activities, such as roads and timber harvest.  
Changes in peak flows can adversely affect channel conditions, bank stability, fish habitat, water 
quality, public works, and safety. 
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Effects of Roads on Peak Flows 
Literature Review 
Watershed characteristics such as topography, soil, and geology affect the road design and the 
potential for road failure.  Thus, roads may be more concentrated in certain areas because of the 
engineering constraints with road design and construction in steep areas or unstable slopes.  The 
design, construction, and maintenance of roads interact with these watershed characteristics to 
determine how roads can alter the hydrologic behavior of a particular basin.  The interception and 
routing of surface runoff and interception of subsurface flow by a road prism can affect the flow 
patterns of a watershed.  A wide range of management factors (e.g., location, excavation method, 
design standard, surfacing, drainage system, road density, level of use, and maintenance) affect the 
road associated impact to hydrologic processes.  These management factors will be used as 
evaluation criteria for potential road influences on peak flows. 


Roads can act as an extension of the drainage network.  Roads intercept groundwater in road cuts, 
surface flow from small drainages, and direct rainfall (Best et al., 1995; Megahan, 1975).  Roads can 
gather and transmit rainfall faster than the natural landscape, altering flow patterns in the basin (Harr 
et al., 1975; Harr et al., 1979; Jones and Grant, 1996).  The effect of roads on the extension of the 
drainage network decreases as watershed size increases, and increases in peak flows in small 
watersheds become alternated and desynchronized as they move downstream (Beven and Wood, 
1993).  Increases in peak flows though these effects are typically evident only in smaller basins 
(Ziemer and Lisle, 1997).  In a study in western Oregon, roads caused the stream density (length of 
streams per unit area) to increase 38 percent over the pre-road conditions (Wemple, 1994).  Results 
of studies are mixed, however.  In some cases, the effect of roads cannot be differentiated from the 
effects of timber harvest, because they usually occur simultaneously or in quick succession.  In other 
cases, where timber harvest was effectively factored out, there was no significant change in peak 
flows (Wright et al., 1990; Ziemer, 1981).  Road location within the watershed studied may be a 
factor; if roads are closer to the main stem, their contribution to hastening subsurface flow 
concentration would be small.  On the other hand, Jones and Grant (1996) showed a significant 
increase in peak flows after road building.  This was later questioned in a paper by Beschta et al. 
(1997).  Harr et al. (1975) also showed an increase in peak flows related to roads. 


Evaluation Criteria 
Although the results of studies are varied, there is a potential that road drainage may play some role 
in peak flow events, which would have greater impacts on first and second order drainages 
(i.e., small watersheds).  This potential may be significant in certain basins or storms, and will be 
evaluated based upon the road management and drainage criteria and potential for decrease (e.g., 
abandonment) in roads under each alternative. 


Effects of Timber Harvest on Peak Flows 
Literature Review 
The best understood effect of timber harvest is its influence on streamflow relating to altering snow 
accumulation and melt rate.  Increased peak flows can occur in the winter, when a warm wet storm 
brings rain after a cold storm deposits significant amounts of snow.  The snow melts much faster 
than from warming of the air temperature alone.  Many floods in Washington, mostly on the west 
side of the Cascades, have occurred as a result of rain-on-snow (ROS) events.  While ROS  events 
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are a natural occurrence, their effects can be exacerbated when a watershed has a large percent of 
immature vegetation (Coffin and Harr, 1992; Troendle and Leaf, 1980).  The two most important 
watershed variables that affect ROS processes are elevation and extent of timber harvest. 


Timber harvest has the potential to alter snow accumulation and melt rates anywhere.  Forest 
openings are conducive to increased snowpack accumulations:  more snow reaches the ground 
because there is less tree canopy to intercept the snow where it could melt.  Once a rainfall occurs, 
the forest openings are more conducive to higher rates of convection and condensation to the 
snowpack than the surrounding forest.  The combination of greater snow accumulation and 
increased melt rates can lead to a greater amount of water available at the soil surface in forest 
opening during a ROS event than occurs in the adjacent forest (Coffin and Harr, 1992).  The net 
result is that increased runoff is expected from clearcuts during ROS events. 


The effects of timber harvest and road building on peak flows tend to be more noticeable in small 
basins than in large basins, because a large percentage of a small basin may be affected at one time.  
In addition, large basins respond differently to hydrologic effects than small basins.  Stormflow 
response in smaller watersheds is determined more by hillslope parameters (which can be affected 
by timber harvest) than by channel features (Robinson et al., 1995).  The reverse is true for larger 
watersheds.  There is limited evidence that large basins may be affected by timber harvest.  In basins 
up to 230 mi2, Jones and Grant (1996) observed increased peak flows among small storms (one-year 
recurrence interval) but speculated that runoff from larger storms would be affected as well.  This 
was later questioned in a paper by Beschta et al. (1997). 


Though the effects are usually minor, recovery of peak flows from hydrologic changes in a forest 
tends to be gradual.  In western Oregon, Grant (1994) observed little peak flow recovery after 30 
years.  In another study, 50 percent hydrologic recovery was achieved in 25 years (Harr et al., 1989). 


Evaluation Criteria 
Many studies have found a correlation between the hydrologic maturity of basin in the ROS 
elevation zone and the potential for increased peak flows.  The evaluation criteria for harvest-related 
peak flows is how well the Forest Practices Rules under each alternative reduce the potential for 
large land areas in watersheds to become hydrologically immature (i.e., little crown closure) to 
protect from increased peak flows in the ROS zone. 


Riparian Habitat 
LWD Recruitment 


Literature Review 
Riparian areas are an important source of LWD that enters, or is recruited to, the stream channel.  
LWD includes entire trees, rootwads, and larger branches.  Numerous studies have shown that LWD 
is an important component of fish habitat (Swanson et al., 1976; Bisson et al., 1987; and Naiman et 
al., 1992).  Trees that fall into streams are critical for sediment retention (Keller and Swanson, 1979; 
Sedell et al., 1988), gradient modification (Bilby, 1979), structural diversity (Ralph et al., 1994), 
nutrient production (Cummins, 1974), and protective cover from predators.  LWD also creates 
storage sites for sediment in all sizes of streams.  In small headwater streams, wood controls 
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sediment movement downstream minimizing the risk of debris flows.  In larger streams 
accumulation of sediment behind LWD often provides spawning gravels.  LWD plays an important 
role in stream nutrient dynamics by retaining leaf litter and needles, making these energy supplies 
available for consumption by aquatic insects that ultimately serve as food for fish. 


The large wood recruitment mechanism originates from a variety of processes including tree 
mortality (toppling), windthrow, undercutting of stream banks, debris avalanches, deep-seated mass 
soil movements, and redistribution from upstream (Swanson and Lienkamper, 1978).First and 
second-order headwater streams can also provide wood to larger higher order channels downstream 
(Potts and Anderson, 1990; Prichard et al., 1998).  Two predominant mechanisms have been 
observed for the movement of LWD between stream types: transport during high flow events and 
debris torrents, which includes dam-break floods and debris flows (Swanson and Lienkaemper, 
1978).  However,  the former mechanism is more common in third to fifth order streams because 
much of the wood that falls into streams is too large to float in smaller streams (Swanson and 
Lienkaemper, 1978). The occurrence of debris flows, although less frequent than the redistribution 
of LWD from high flows, can introduce large amounts of LWD.  One 840-meter debris flow was 
cited as bringing more than 700 pieces of wood into fish-bearing waters (Lamberti et al. 1991).  
Additionally, the rate of occurrence of debris flows originating from management actions in forests 
(albeit, under older less protective rules) occurred at a rate of 450% to 4,100%  higher than that of 
unmanaged forests (Swanson 1976).  Morrison (1975) found that forest practices increased debris 
torrents 880% to 1300% when compared to unmanaged forests.  The greatest number of debris flows 
and dam-break floods are initiated in lower order streams with the highest number of events starting 
in second order streams.  The majority of dam-break floods and debris flows traveled between two 
and four thousand meters (Coho and Burges 1991).  Dam-break floods that begin in low order 
channels may eventually enter into and impact high order, low gradient channels, and cause 
significant disturbance to riparian vegetation and aquatic habitat during and after the event (Coho 
and Burges 1991).  “The most obvious schemes for avoiding the destructive forces of organic debris 
movement are maintaining contiguous riparian zones of mature conifers around low order channels 
and minimizing deposition of logging slash and debris into those channels” (Coho and Burges 
1994). 


The potential size distribution of LWD is also an important factor when considering the appropriate 
activities in buffer strips relative to LWD recruitment.  There is a strong relationship between 
channel width, and the size of LWD that forms a pool (Bilby and Ward, 1989; Bilby and 
Wasserman; Beechie and Sibley, 1997; Beechie, 1998).  LWD that is large enough to form a pool is 
referred to as “functional LWD.”  Smaller pieces of LWD can function in smaller streams and larger 
pieces are needed in larger streams.  Although only a certain percentage of functionally- sized LWD 
may actually create pools, the greater the proportion recruited, the greater the potential for pool 
formation.  Data from western Washington indicates that 3 of 10 pieces of functionally-sized LWD 
actually create pools (Kennard and Pess in press, Montgomery et al., 1995; Beechie, 1998).  Bilby 
and Wasserman (1989) documented regional differences in piece size that is considered functional 
in similarly sized system.  The piece size considered functional was smaller in eastern Washington 
streams than in similarly sized systems west of the Cascades.  Hydrologic conditions in eastern 
Washington display smaller extremes than in western Washington. 
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“Key piece LWD,” which is considered a subset of “functional LWD,” is considered by some to be 
a better measure of the important wood recruitment sizes.  Key piece size includes pool-forming 
capacity similar to “functional wood size,” but also takes into consideration the effectiveness of the 
piece in trapping other smaller more mobile pieces of LWD (forming logjams), as well as the long-
term stability of pieces.  The watershed analysis manual identifies the specific LWD sizes that meet 
the key-piece definition.  These sizes are based on data collected by Fox (unpublished).  Similar to 
Bilby and Ward (1989), Bilby and Wasserman (1989), Beechie and Sibley (1997) and Beechie 
(1998) minimum LWD size increases with channel width (Washington Forest Practices Board 
1995).  Key piece size for a stream 40 feet wide is approximately 15 percent larger then functional 
wood size for the same width stream.  For larger streams, the difference can be greater.  As a result, 
RMZs need to ensure not only an appropriate amount or volume of wood, but wood of sufficient 
size to serve as both functional pieces and key pieces (Murphy, 1995). 


The length of time needed for riparian areas to produce LWD after harvest depends upon the size of 
the stream.  Measurable contributions of wood from second-growth riparian areas did not occur until 
60 years after harvest for third-order channels on the Olympic Peninsula in Washington (Grette, 
1985).  Bilby and Wasserman (1989) indicate that it takes longer than 70 years for streamside 
vegetation to provide stable material to streams wider than 50 feet in southwestern Washington.  
Murphy and Koski (1989) indicate that post-harvest LWD recruitment levels have relatively long 
recovery rates of up to 250 years in Southeast Alaska.  Therefore, larger streams are likely to be 
deficient in LWD for a longer period of time after timber harvest than smaller streams (MacDonald 
et al., 1991). 


Evaluation Criteria 
As described above, large wood plays an important role in aquatic habitat.  The large wood 
recruitment mechanism originates from a variety of processes including tree mortality (toppling), 
windthrow, undercutting of stream banks, debris avalanches, deep-seated mass soil movements, and 
redistribution from upstream (Swanson and Lienkamper, 1978).  Riparian forests (or RMZs) are an 
important source for recruiting almost all instream LWD.  Thus the quality of instream habitats is 
largely determined by how the riparian forests have been managed.  Though it is recognized that 
unstable upslope areas adjacent to headwater streams, are often an important source of LWD (IMST, 
1999; Prichard et al., 1998), the focus in this section is on LWD recruitment from riparian areas.  


The potential for trees to enter a stream channel from tree mortality, windthrow, and bank 
undercutting is mainly a function of slope distance from the stream channel in relation to tree height.  
As a result, the zone of influence for LWD recruitment is determined by the particular stand 
characteristics rather than an absolute distance from the stream channel or floodplain.  Slope and 
prevailing wind direction are other factors that can affect the amount of LWD recruited to a stream 
(Spence et al., 1996).  To maintain full recruitment potential of LWD to the stream channel, 
protection of all trees within the zone of influence is required. 


FEMAT (1993) concluded that the probability of wood entering the active stream channel from 
greater than one SPTH is generally low.  McDade et al. (1990) estimated that for old-growth conifer 
forests in Oregon, 50 percent of debris originates within 39 feet of the stream, 85 percent within 100 
feet, and 100 percent within 165 to 182 feet.  McDade et al. (1990) values for mature forest are 33 
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feet, 75 feet, and 154 feet, respectively.  They also showed that 90 percent of LWD in mature forests 
originated within 89 feet of the stream channel.  Two widely used models of LWD recruitment also 
assume that large wood from areas outside one SPTH seldom reaches the stream channel (Van 
Sickle and Gregory, 1990; Robinson and Beschta, 1990).  Cederholm (1994) reviewed the literature 
regarding recommendations of buffer widths for maintaining recruitment of LWD to streams and 
found most authors recommended buffers of 100 to 200 feet for maintaining this function.  A 
riparian buffer consisting of taller older trees contributes large wood from greater distances than do 
younger forests with shorter trees (McDade et al., 1990; Van Sickle and Gregory, 1990; Fetherston 
et al., 1995).  In summary, most recent studies suggest buffers approaching one SPTH is sufficient to 
maintain 100 percent of natural levels of LWD recruitment (Spence et al., 1996) (see figure in 
Section 3.4 of the EIS). 


In addition to the amount of LWD input, the species of LWD contributed is also important.  
Coniferous LWD significantly outlasts deciduous LWD in the stream system (Harmon et al., 1986; 
Grette, 1985).  Simply setting aside buffers of second-growth hardwoods does not provide optimal 
LWD input over the short-term because unassisted recovery of these areas to pre-logging coniferous 
LWD recruitment levels may take over 100 to 200 years. 


For evaluating the alternatives, both buffer width, which determines the area from which potential 
source trees can contribute LWD, and prescriptions, which determine how much of this potential 
material remains after timber harvest (Murphy, 1995) were considered.  An index that incorporates 
both buffer width and prescription, was used to assist in the evaluation of alternatives by 
quantitatively measuring the potential of each alternative to provide LWD to streams of varying size 
(see Appendix D).  This index is referred to as the equivalent buffer area index (EBAI) for LWD.  
This index is based, in part, on the mature conifer curve displayed in Section 3.4 of the EIS and a 
slightly different curve for old-growth conifers. The old-growth curve has a higher proportion of the 
total recruitment potential derived from a distance further from the stream.  Both curves assume that 
full recruitment of LWD (by toppling, windthrow, or stream undercutting) occurs if no-harvest 
riparian buffers of one site-potential tree height are retained. An exception to this may occur in 
second-growth stands where hardwoods have excluded regeneration of coniferous trees or 
overstocking of stands have lead to the depletion of large size classes of debris (Spence et al., 1997).  
As a result, growth rate modeling of tree diameter and age to reach functional and key piece 
recruitment size, based on different silvicultural prescriptions and different stream sizes was also 
used when evaluating alternatives (see Appendix D). 


Stream Shade 


Literature Review 
There are several factors that make up the heat balance of water (see Section 3.4), which determine 
how the temperature of a stream will change as it flows downstream including: air temperature, solar 
radiation, evaporation, groundwater inflow, convection, conduction, and advection (Brown, 1983, 
Adams and Sullivan 1989).  In addition, seasonal and daily cycles produce a high degree of 
variability in stream temperature.  Other site-specific factors such as latitude, proximity to the ocean, 
stream order, distance from watershed divides, upslope soil temperatures, elevation, stream 
geometry and orientation, local topography, riparian tree species, stand age, and stand density have 
all been correlated with stream temperature changes (Beschta et al., 1987; Sullivan et al., 1990, 
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Brosofske et al. 1997, Lewis et al. 2000).  Notably, streams have a natural tendency to warm as they 
progress from headwaters to the ocean even when complete canopy closure is present (Sullivan et al. 
1990).  During the summer, when stream temperatures are the highest, the combination of air 
temperature, direct solar radiation, a decrease in stream flows, and the amount of groundwater 
inflow have the greatest effect on stream temperature changes downstream (Beschta et al., 1987, 
Adams and Sullivan 1989).  Air temperature is the most important factor, but the relationship 
between air and water temperature is not linear because evaporation and radiation loss increase at 
higher water temperatures (Sullivan et al. 1990).  Consequently, there is a maximum equilibrium 
water temperature even if air temperature is increased further (Sullivan et al. 1990). Of the four 
factors, forest management can have the greatest effect on direct solar radiation.  Forest management 
can also affect soil and air temperature (St-Hilaire et al. 2000, Brosofske et al. 1997, Chen et al. 
1995), but the degree to which these factors result in substantial water temperature changes is less 
well understood. 


Water temperature modeling approaches are typically statistical or mechanistic.  Statistical models 
collect data for a variety of variables and then construct a model based upon the best statistical fit, 
often using multiple regression techniques.  These models generally use variables such as elevation 
combined with regional weather data as surrogates for air temperature.   Air temperature is highly 
correlated with elevation and is described by the environmental temperature lapse rate.  The average 
environmental temperature lapse rate is about 1.0°C for every 300 feet of elevation, but could be 
somewhat higher or lower depending upon specific site characteristics of location and time. 
Mechanistic models such as SNTEMP (Theurer, et al. 1986) are based upon an understanding of the 
physics involved with stream heating.  The model developed for the DNR Forest Practices Rules 
manual, TFWTEMP (Doughty et al. 1993), is primarily a mechanistic model, but uses regional 
regressions to model air temperature as an input parameter.  SNTEMP and TFWTEMP both include 
parameters for examining the effect of different shade levels that might result from forest practices.  
St-Hilaire et al.  (2000) extended a mechanistic water temperature model, CEQUEAU, by including 
the effects of soil heating on interflow (horizontal movement of water above the water table) that 
results from removing upslope canopy cover (i.e., from a clearcut).  Their model has been calibrated 
using existing data, but its predictive ability has not been tested against independent data (St-Hilaire 
et al. 2000).       


Studies of microclimate gradients have demonstrated increases in air and surface soil temperatures 
(among other factors) as edge effects related to clearcut harvest practices (Chen 1991, Chen et al. 
1993, Chen et al. 1995, Brosofske et al. 1997). However, of the three papers only Brosofske et al. 
(1997) specifically examined microclimates in riparian zones while the three studies by Chen and 
his colleagues examined microclimate upslope from streams.  Notably, Brosofske et al. (1997) 
observed statistically significant changes between pre- and post-harvest for several microclimate 
variables (air temperature, surface soil temperature, and relative humidity), but no significant 
relationship between stream water temperature and stream buffer width was observed except at the 
site with the smallest (nearly non-existent) buffer.  Significant positive linear correlations between 
water temperature and shallow (4 inches) upslope soil temperatures were documented and Brosofske 
et al. (1997) suggested the results indicated a causal relationship because their study occurred along 
1st order streams that received groundwater that passed through upslope soils.  However, the focus 
of the paper by Brosofske et al. (1997) was not water heating and hydrology; neither interflow or 
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groundwater temperatures were measured.  Chen et al. (1995) have demonstrated that increases in 
air temperatures decline along a gradient from the edge of a clearcut (up to 7.8°C higher) extending 
787 feet into the interior of adjacent old growth stand.  Similarly, a gradient in surface soil 
temperature (up to 9.3°C higher at the clearcut edge) was also demonstrated, but the effect was 
relatively small at distances more than 30 meters from the clearcut. 


Overall, the results from Brosofske et al. (1997) and Chen et al. (1995) are provocative and suggest 
effects that may be important to amphibians and other riparian-dependent species; but the strength of 
an effect, if any, on water temperature is unclear.  The model by St-Hilaire et al. (2000) under 
assumptions for a severe tropical storm event during August in a small New Brunswick watershed 
(12,864 acres) predicted small increases in stream heating (<0.5°C) when canopy cover is reduced 
about 10% over the watershed. Under 50% and 100% canopy removal assumptions, temperatures 
were predicted to increase 0.9°C and 4.0°C, respectively (St-Hilaire et al. 2000).  Consequently, 
their model suggests that relatively large levels of canopy removal are necessary to cause substantial 
increases in water temperature.  Zwieniecki and Newton (1999) examined the effects of different 
levels of stream canopy cover and stream geometry characteristics on water temperatures in low 
elevation streams in Oregon.  Their results suggested that water temperatures in streams exiting 
clearcut harvest units with 28 – 100-foot wide buffers returned (declined) to the expected 
temperature trendline within 492 feet downstream of the harvest unit after accounting for the natural 
warming of the stream. 


Direct solar energy is the largest component of energy available to warm stream water (Chamberlin 
et al., 1991).  The more riparian trees are removed, the more that shade is reduced and the more 
energy reaches the stream, resulting in a potential increase in stream temperature.  While shade 
cannot physically cool the stream down, it can prevent further heating of the stream, maintaining the 
cool water from groundwater inputs or tributaries (Forest Practices Advisory Committee, 1999).  
Many studies have documented increases in stream temperature due to timber harvest.  The degree 
of impact varies with particular practices and stream characteristics.  However, harvesting to the 
stream bank without leaving trees, has consistently been shown to increase mean, maximum, and 
diurnal fluctuation of stream temperature (Meehan, 1970; Holtby, 1988).  Shade provided by 
riparian vegetation has been shown to be successful in minimizing or eliminating increases in stream 
temperature associated with timber harvest (Brazier and Brown, 1973; Lynch et al., 1985).  


Evaluation Criteria 
As described in the literature review, several site-specific factors including composition of 
vegetation, stand height, stand density, latitude (which determines solar angle), topography, and 
orientation of the stream channel play a role in whether riparian habitat provides shade to stream 
channels.  These factors influence how much incident solar radiation reaches the forest canopy and 
the fraction that passes through to the water surface (Spence et al., 1996).  Belt et al.’s (1992) review 
of a number of studies indicated that any removal of forest canopy within the buffer strip reduces its 
effectiveness by reducing shade and thereby increasing stream temperatures. 


Brazier and Brown (1973) used angular canopy density (ACD) to measure shade.  ACD is different 
than canopy closure in that ACD is the canopy density in the direction from which maximum direct 
beam sunlight originates.  In contrast, canopy closure is the canopy density over the view the sky 
observed by the measuring device (a spherical densiometer, moosehorn or other device).  Brazier 
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and Brown (1973) found that an ACD comparable to old-growth stands (i.e., 80 to 90 percent ACD) 
could be attained with buffers of approximately 72 feet to 100 feet for coniferous forests in the 
southern Cascades and Oregon Coast Range.  Steinblums et al. (1984) determined that an ACD of 
approximately 100 percent could be achieved with the use of buffer strips greater than 125 feet.  
Based primarily on these studies, several authors have concluded that buffers of 100 feet provide 
adequate shade to stream systems (Murphy, 1995; Johnson and Ryba, 1992).  If the buffer is less 
than 100 feet, or if the buffer is selectively logged, considerations such as species composition, stand 
age, and vegetation density become important factors (Beschta et al., 1987).  Beschta et al. (1987) 
concluded that 100 feet provides 100 percent of the ACD typically observed in old growth.  The 
generalized curves presented by FEMAT (1993) for forests in the range of the spotted owl suggest 
that cumulative effectiveness for shading approaches 100 percent at a distance of approximately 
0.75 tree heights from the stream channel (see figure in Section 3.4 of the EIS).  For a forest with an 
average site potential tree height of 160 feet, a 100 percent effective buffer for temperature based on 
the generalized FEMAT curve can be expected to be approximately 120 feet. 


For small perennial streams (<5ft width) there is very little published literature.  However, small 
streams are often completely shaded by woody vegetation and therefore have no riparian canopy 
opening in their undisturbed state.  Caldwell et al. (1991) found that 40 percent shade was provided 
to west side Type 4 streams from brush and slash following timber harvest to the stream bank. 
Broderson (1973) found that a 50-foot buffer provided 85 percent of the maximum shade for small 
streams (defined as streams with mean annual discharges of less than 5 cfs).   


Small streams are more sensitive to rapid temperature changes because of their lower water volume 
(Sullivan et al. 1990).  In areas where partial or complete exposure of the stream causes increased 
stream temperatures the rate of shade recovery depends on streamside conditions, vegetation, as well 
as, stream size (Beschta et al., 1987).  Small streams may be quickly overtopped by brush and 
effectively shaded from solar radiation, while larger streams, which require tall conifers for shade 
require longer time periods.  Reestablishment of canopy cover over streams can range from 5-40 
years or more (Gregory and Bisson, 1997).  


The sensitivity of streams to changes in water temperature may vary regionally.  Such regional 
differences in temperature sensitivity are due to a number of factors including elevation (Rashin and 
Graber, 1992), proportion of small nonfish-bearing streams and proximity to the coast (TFW 
Temperature Work Group, 1990).  Because stream temperature decreases with increased elevation, 
streams at higher elevations are expected to be cooler and the need for shade to maintain water 
temperature below standards is less than downstream areas.  These factors will be discussed under 
the water quality sections under water temperature.  For the purpose of the EIS analysis, the focus is 
on how the different alternatives RMZs will provide for complete shading of the aquatic system, not 
taking into consideration whether the criteria will meet or exceed water quality standards.  


Acknowledging that there is site-specific variation that determines shade requirements, it was 
concluded that buffer widths of approximately 0.75 site-potential tree height are needed to provide 
complete protection of stream shading along most streams.  The full curve, identifying the estimated 
relationship between shade protection and RMZ width, used to evaluate the alternatives is shown in 
a figure in Section 3.4 of the EIS.  However, along small perennial streams (<5 ft wide) a 50-foot 
RMZ was used as the minimum criteria to provide sufficient shade to maintain stream temperatures 
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since understory trees and shrubs play a much more important role in shading smaller streams. This 
assumption is supported by Broderson (1973) who found that a 50-foot buffer provided 85 percent 
of the maximum shade for small streams (defined as streams with mean annual discharges of less 
than 5 cfs).  For seasonal streams that do not flow during the summer stream shade should have 
minimal to no effect on temperature and therefore will not be considered when evaluating shade 
requirements. 


Leaf and Needle Litter Recruitment 


Literature Review 
Stream benthic communities (e.g., aquatic insects) are highly dependent on detrital inputs.  Detritus 
is defined as all dead organic carbon, distinguishable from living organic or inorganic carbon 
(Wetzel, 1975).  With respect to stream systems, detritus has two sources: detritus originating within 
the stream (autochthonous); and detritus originating from outside the stream (allochthonous).  The 
primary form of autochthonous detritus is dead algae and other aquatic plant material.  In small 
forested mountain streams, autochthonous detritus accounts for only a small portion of the total 
detrital input within the system.  Allochthonous detritus is the primary source of detrital input into 
small and medium size streams through the annual contribution of large amounts of leaves, cones, 
wood, and dissolved organic matter (Gregory et al., 1991; Richardson, 1992).  The importance of 
this type of detrital input varies among streams, but can provide up to 60 percent of the total energy 
input into stream communities (Richardson, 1992). 


The size and morphology of a stream greatly influences the deposition and processing of organic 
materials.  Litter deposited into small steep-gradient streams in forested areas high in a watershed is 
often transported rapidly downstream because little of the area is suitable for retention of organic 
material.  Therefore, these small streams are important to the nutrient cycling and productivity of 
larger streams in lower reaches of the watershed (IMST, 1999). 


Evaluation Criteria 
Allochthonous detritus enters a stream primarily by direct leaf or debris fall, although organic 
material may also enter the stream channel by overland flow of water, mass soil movements, or 
shifting of stream channels.  Few studies have been done relating litter contributions to streams as a 
function of distance from the stream channel; however, it is assumed that most fine organic litter 
originates within approximately 0.5 tree heights from the channel (FEMAT, 1993).  In hardwood 
woodlands, windborne leaf litter may travel farther from source trees than needles or twigs from 
coniferous vegetation.  In addition, most needles are retained by coniferous species during the fall 
and winter, while deciduous hardwood species lose all of their leaves.  Therefore, riparian buffers in 
these hardwood stands may need to be wider than in coniferous forests to protect natural levels of 
organic inputs.  However, buffers designed to provide for LWD recruitment generally will provide 
nearly 100 percent of allochthonous detritus (Spence et al., 1996).  Spence et al. (1996) concluded 
that a buffer width of 0.75 site-potential tree heights is needed to provide for 100 percent of litter 
inputs. 


Forest practices can lead to changes in leaf litter distribution and dynamics in upland areas and 
riparian areas, which in turn affect availability in streams.  Harvest intensity (i.e., proportion of 
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forest canopy removed), and cutting frequency all affect the rate of nutrient removal from the system 
(Beschta et al., 1995).  As a forest ages, litterfall increases with increasing biomass.  Therefore, 
stand age significantly influences detrital input to a stream system.  Allochthonous detrital input was 
estimated to be two times as high in old-growth forests when compared to either 30- or 60-year-old 
forests (Richardson, 1992) and can be as much as five times as high when compared to a clearcut 
forest (Bilby and Bisson, 1992).  However, reduced levels of allochthonous detrital input into 
streams due to streamside timber harvest is somewhat offset by concomitant increases in 
autochthonous detrital production.  Reduced riparian forest canopy increases light levels and 
therefore increases algae production.  The abundance and composition of detritivore 
(macroinvertebrates that process detritus) assemblages in streams are determined in large part by the 
plant composition of riparian zones (Gregory et al., 1991).  Therefore, by changing the stand 
composition, the macroinvertebrate composition may be altered. 


For this analysis, the FEMAT (1993) guidelines of approximately 0.5 SPTH to provide most 
protection of leaf and litter inputs was used as the criteria to compare alternatives.  The full 
estimated curve displaying the assumed relationship is displayed in Section 3.4 of the EIS. 


Microclimate 


Literature Review 
Microclimate is a collection of variables that are highly dependent on local conditions; hence, 
microclimates tend to vary greatly across the landscape and over time. Important components of 
microclimate include solar radiation, soil temperature, soil moisture, air temperature, wind velocity, 
and air moisture or humidity (Chen, 1991; Chen et al., 1992; Cadenasso et al., 1997).  Changes in 
microclimatic conditions within the riparian zone resulting from removal of adjacent vegetation can 
influence a variety of ecological processes that may affect the long-term integrity of riparian 
ecosystems (Spence et al., 1996).  For example, microclimate may influence water quality, 
particularly water temperature (Brosofske et al., 1997), which affects fish.  Additionally, 
microclimate is known to be important for stream/riparian species other than fish, such as 
amphibians (see Section 3.8).   


Characteristics of microclimates in and around riparian lands can be very different from that of 
upland areas due to differences in vegetative communities, disturbance frequency and intensity, and 
hydrologic processes (OFPACSW, 2000). In general, due to their low-lying position on the 
landscape, riparian areas tend to be cooler than the surrounding hillslopes, especially during the 
night.  Because riparian areas are adjacent to water bodies, they often have higher relative 
humidities under the canopy than similar upslope areas.  This increase in humidity combined with 
shading can cause intact forested riparian areas to have a moderating effect on microclimate 
(Beschta et al., 1995).   


The type and height of vegetation present can influence forested microclimates in both upslope and 
riparian areas.  Below forested canopies, temperature increases with height above ground while 
relative humidity displays an inverse relationship to this pattern.  These patterns will vary depending 
on species, spacing and tree height (Geiger, 1965 in Beschta et al., 1995).  In the winter months, a 
coniferous canopy maintains a warmer air temperature relative to the surrounding uplands and a 
cooler air temperature during the summer.  In contrast, a deciduous canopy provides a warmer air 
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temperature in the summer relative to a coniferous canopy, but a cooler air temperature relative to an 
open area.  Therefore, it is logical to hypothesize that species conversion from conifer to hardwood 
would influence the seasonal microclimate of riparian areas (Beschta et al., 1995).  Conversely, 
conversion from hardwood stands to coniferous stands would tend to moderate temperatures along 
riparian zones in both seasons. 


In western Washington, Brosofske et al. (1997) found riparian microclimatic gradients existed for 
air temperature, soil temperature, surface air temperature and relative humidity.  Air and soil 
temperature varied in a non-uniform way (referred to as gradients) across the riparian zone and into 
the adjacent uplands.  These parameters approached upland forest interior values within 100 to 155 
feet from the stream, although surface temperature and humidity gradients often extended further 
(100 to 200 feet).  Harvesting interrupted or eliminated the riparian microclimatic gradients.  As a 
result, the riparian microclimatic gradients approximated clearcut values after harvest, instead of the 
pre-harvest forest interior gradients.  The study concluded that no-harvest buffers of at least 148 feet 
wide on each side of the stream are needed to maintain natural microclimate environments near 
streams; but that up to 985 feet for complete protection of all individual variables. Consequently, 
many standard buffer widths currently in use do not fully protect riparian microclimate. This study 
determined that riparian microclimate can be influenced by activities that occur in the watershed 
outside of the buffered area.  The authors (Brosofske et al., 1997) suggested selective harvest instead 
of clearcutting in upland areas near small streams could help increase the effectiveness of riparian 
buffers.  


Evaluation Criteria 
To evaluate the environmental effects of the alternatives on microclimate variables within riparian 
lands, the recommended buffer widths found in the literature were summarized, and the buffer 
widths and allowed management practices in each alternative were compared to the recommended 
widths and practices.  


The relationship between buffer width and riparian microclimate has received limited study.  
Ledwith (1996) in the Mad River Ranger District, Six Rivers National Forest, California, examined 
the relationship among buffer widths, air temperature, and relative humidity.  Ledwith (1996) found 
that air temperature above the streams increased exponentially with decreasing buffer width.  The 
most significant change occurred between 0 to 100 feet.  Relative humidity was inversely 
proportional to air temperature with the most significant drop also occurring between the 0 to 100 
feet collection sites.  Both parameters had continuous but less dramatic changes between the 100 and 
492-foot buffer width collection sites.  To avoid significantly altering the microclimate of a riparian 
zone, Ledwith (1996) recommended leaving buffer strips over 100 feet wide.  Buffer strips wider 
than 100 feet would still affect the microclimate, but at a lower rate of change. 


Chen’s (1991) data showed the following depth-of-edge effects: 100 to 295 feet penetration depths 
for solar radiation, soil temperature, and soil moisture; 590 to 787 feet for air temperature; and 
greater than 787 feet for humidity.  These effects, however, are site-specific and vary with edge 
orientation and weather conditions (Chen, 1991).  FEMAT (1993) used the analysis of Chen (1991) 
to recommended buffer widths of up to three SPTHs, which is roughly 340 feet.  However, because 
this study was conducted on upland forest, it may not be applicable to riparian zones. 
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More recently, in a study in western Washington, Borsofske et al. (1997) suggested that a 148-foot 
buffer width would be sufficient to protect microclimate variables in riparian zones with 70 to 80 
percent sideslopes in western Washington.  However, they also state that this is probably an 
underestimate and that for some microclimate variables as much as 985 feet may be required.  In a 
later paper, Dong et al. (1998) indicated that greater than 230 feet would be required to maintain 
natural air temperature gradients.  Like air temperature, humidity appears to require buffer widths 
greater than most microclimate variables to maintain natural conditions (Chen, 1991).  However, the 
conclusions by Chen (1991) are based upon observations from upslope areas rather than within 
riparian areas.   


Brosofske et al. (1997) indicated that there is a gradient for each microclimate variable across the 
riparian zone.  In this analysis, the effects on overall microclimate gradients are evaluated, with 
additional consideration given to air temperature and humidity.  While there are not, as of yet, 
recommended buffer widths for maintaining microclimate gradients, the results of Borfske et al. 
(1997) and Dong et al. (1998) provided crude guidelines to evaluate the alternatives.  Based on their 
work, a minimum of 147 feet is considered necessary to maintain most microclimate gradients, 
while for air temperature, buffer widths greater than 230 feet may be needed. 


Using the available information from Chen (1991) for various microclimate variables, (FEMAT 
1993) constructed theoretical relationships between percent effectiveness and buffer widths.  Pollock 
and Kennard (1999) suggested the curve for relative humidity should reach 100% at about 240 feet.  
The curves from FEMAT (1993) and the relative humidity curve from Pollock and Kennard (1999) 
are depicted in Figure 3.4-4 and are the basis for our qualitative analysis on the effects of the 
alternatives on microclimate. Note that these curves are based on no-management (i.e., no-cut) 
forested buffers.   


Water Quality 
Water Temperature 


Literature Review 
Stream temperature is influenced by many factors including latitude, altitude, season, time of day, 
flow, channel width and depth, groundwater flow, stream shading from topography or vegetation, 
and coastal fog (MacDonald et al., 1991).  Temperature plays an integral role in the biological 
productivity of streams.  Aquatic life is the water use that is the most sensitive to water temperature.  
Salmonids and some amphibians appear to be the most sensitive to water temperatures.  Thus, they 
are used as indicator species regarding water temperature and water quality.  Coldwater species such 
as salmonids are susceptible to harm when stream temperature is greater than 70F (Oregon 
Department of Environmental Quality [DEQ], 1995) (see Section 3.8).  Juvenile salmon and trout 
are susceptible to harm when the stream temperature is above 73 to 77F.  Bull trout require 
relatively low temperatures during spawning and egg incubation (Oregon DEQ 1995). 


Stream water temperature is regulated by heat exchange between the stream water and the aerial and 
subsurface conditions.  Heat energy is transferred to and from streams by direct solar radiation (short 
wave), long-wave radiation, convective mixing with air, evaporation, conduction with the stream 
bed, and advective mixing with inflow from groundwater or tributary streams (Beschta et al., 1987; 
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Sullivan et al., 1990).  Direct solar radiation is typically the dominant source of energy input to 
streams.  Long-wave radiation loss is determined primarily by the temperature differential between 
water and air, with the greater exchange occurring when the difference between the air and water 
temperatures is greatest (Spence et al., 1996).  Convective and evaporative heat transfer are 
controlled by temperature and vapor pressure gradients at the air-water interface (Beschta et al., 
1987).  Conductive heat transfer between stream substrate and water generally represents a minor 
component of a stream heat budget (Spence et al., 1996).   


The role of advection depends upon the volume of groundwater or tributary inputs relative to the 
total stream discharge.  In addition, the downstream velocity of the combined flows will also 
influence the length of the mixing zone from a stream and its inflows.  Eventually, the mixed waters 
will reach a dynamic equilibrium with local environmental conditions.  As groundwater flows 
toward streambeds, water temperatures equilibrate with those in the subsurface soil layers (Beschta 
et al., 1987).  As a result, the temperature of water that enters streams from groundwater flow 
depends upon the ambient conditions in the soil environment.  Seasonal fluctuations are greatest at 
the soil surface and decrease with depth to the “neutral zone,” generally about 16 to 18 meters below 
the surface where temperatures remain constant throughout the year (Meisner, 1990).  In some 
circumstances, groundwater seeps in streams may substantially reduce stream water temperatures in 
localized areas. 


All of the above processes interact to produce the temperature regimes observed in streams and 
rivers.  These processes also result in a natural warming trend in streams from headwaters to the 
ocean (Zwieniecki and Newton 1999, Sullivan et al. 1990).  In small- to intermediate-size streams of 
forested regions, incoming solar radiation represents the dominant form of energy input to streams 
during the summer, with convection, conduction, evaporation, and advection playing relatively 
minor roles (Brown, 1980; Beschta et al., 1987; Sullivan et al., 1990).  Groundwater discharge to 
streams may be important to small streams where groundwater discharge provides a large 
percentage of the overall discharge, particularly in the summer months during low flows.  
Downstream where the stream is larger, the effects of riparian shading and advective mixing 
diminish and evaporative heat-loss processes increase.  Microclimate is discussed in more detail in 
Section 3.4 (Riparian).  Forest practices affect stream temperature through tree harvest in riparian 
areas, which reduces shade over the stream and results in increased solar radiation on the stream.  A 
recent study by Zwieniecki and Newton (1999) suggest that after the natural downstream warming 
trend for a stream is accounted for, streams in coastal Oregon equilibrate to local environmental 
conditions within about 492 feet. 


Evaluation Criteria 
Changes in water temperature and light regime have both positive and negative consequences for 
salmonid production and are often difficult to predict.  Removal of streamside vegetation allows 
more solar radiation to reach the stream surface, increasing water temperature and light availability 
(Brown and Krygier, 1970; Meehan, 1970; Beschta et al., 1987; Bisson et al., 1988a).  The 
interpretation of much of the early research on water temperature changes induced by logging was 
that these alterations were predominantly harmful to salmonids (Lantz, 1970). 


Water temperature increases can be expected to influence embryonic, juvenile, and adult salmonids 
in small streams (Hicks et al., 1991).  It is likely that effects during the time that juveniles are 
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rearing in freshwater are the most significant.  Temperature increases can also affect fish survival by 
increasing the virulence of many diseases, modifying the effects of toxic materials (Lantz, 1970), 
and lowering the amounts of oxygen available to salmonids. 


The upper and lower limits of temperature tolerance in fish can be extended through both adaptation 
and resistance (Fry, 1947).  Brett (1952) reported that more time was needed for acclimation to low 
temperatures than to high temperatures.  He also determined the lethal limits for high and low water 
temperatures for the young of all species of Pacific salmon using a range of acclimation 
temperatures.  Coho and chinook salmon were the most tolerant of high temperatures although no 
species could tolerate temperatures exceeding 25.1°C (77.2°F) for exposure times of 1 week. 


Adult salmon and trout respond to stream temperatures during their upstream migrations (Bjornn 
and Reiser, 1991).  Delays in upstream migration due to excessively warm natal streams have been 
observed for sockeye salmon (Major and Mighell, 1966), chinook salmon (Hallock et al., 1970), and 
steelhead (Monan et al., 1975).  Bell (1986) reported that Pacific salmon and steelhead have 
migrated upstream at temperatures between 3 and 20°C (37.4 to 68°F). 


Salmonids have their highest level of metabolic efficiency within the range of 10-14° C (50-57° F), 
and growth is reduced at higher and lower temperatures (Bjornn and Reiser, 1991).  Growth ceases 
for coho when temperatures exceed 20.3°C (68.5°F) (Reiser and Bjornn, 1979; Brett, 1952).  At 
temperature extremes, fish not only do not have the energy to acquire food, but they also cannot 
digest it.  The capacity for work, including swimming, declines and fish will eventually starve to 
death if they do not succumb to some other cause first (Beschta et al., 1987). 


Water temperature may affect competitive interactions in several ways. Elevated temperatures may 
increase competition as fish crowd into cooler areas to avoid high temperatures.  In cohabiting 
situations, Reeves et al. (1987) found that steelhead were dominant in cooler temperatures, while 
redside shiners (a highly competitive non-salmonid fish) were dominant at temperatures above 19° 
C (66.2°F).  Bull trout appear to be one of the more sensitive salmonids to degraded habitat 
conditions, primarily due to having fairly restrictive requirements.  In freshwater, adult bull trout 
prefer very cool water temperatures for rearing (less than 55°F) and spawning (less than 50°F; 
Oregon DEQ, 1995). 


Streams can be too cold as well as too warm for upstream-migrating salmonids (Bjornn and Reiser, 
1991).  Cutthroat and rainbow trout have been observed waiting for tributaries to warm in spring 
before entering them to spawn.  Adult steelhead that return from the sea in summer and spend the 
winter in inland rivers before spawning in spring, overwinter in large rivers downstream from their 
natal streams because the smaller headwater streams are often ice-choked during winter.  It is 
believed that steelhead overwinter in the larger rivers because survival rates are higher there and the 
slightly higher temperatures in the rivers enable timely maturation (Reingold, 1968). 


Forest canopy removal has resulted in increased winter temperatures in some coastal drainages of 
the Pacific Northwest (Beschta et al., 1987).  Slight post-logging increases in late-winter water 
temperatures were found in Carnation Creek, a coastal stream on Vancouver Island, British 
Columbia (Hartman et al., 1987; Holtby, 1988).  These temperature increases led to accelerated 
development of coho salmon embryos in the gravel and earlier emergence of juveniles in the spring.  
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Earlier emergence resulted in a prolonged growing season for the young salmon but also increased 
the risk of downstream fry displacement during late-winter freshets.  The juveniles that were able to 
survive to the rearing stage had a higher proportion of 1-year old smolts rather than the normal high 
proportions of 2-year olds.  Using a marine survival model developed by Bilton et al. (1982), marine 
survival was expected to decline sharply as the fish were smaller than the normal 2-year olds. 


One method for measuring forest canopy as it is related to shade is by considering the angular 
canopy density (ACD).  In contrast to canopy closure, which measures canopy density projected to a 
horizontal surface, ACD is the projection of canopy closure at the angle at which solar energy passes 
through the canopy to the stream.  In areas intensively managed for timber harvest, maintaining 
vegetation buffers along the stream banks is an effective way to maintain stream temperatures at 
levels appropriate for fish and other aquatic organisms. 


Specific approaches for managing riparian vegetation to protect water temperature in western 
Washington are provided by Sullivan et al. (1990) and Caldwell et al. (1991) and are summarized in 
the watershed analysis training manual (WFPB, 1995b).  These sources identified a number of 
important considerations relative to protection of stream temperature, including: (1) nonfish-bearing 
waters that contribute 20 percent or more of the volume of fish-bearing Type 1, 2, or 3 waters 
significantly influence water temperature; (2) water temperature reaches equilibrium with local 
conditions once streams have traveled for approximately 500 feet through a zone of uniform canopy 
closure; (3) in western Washington, at elevations greater than 3,600 feet, stream temperature is 
unlikely to exceed temperature standards, even when timber harvest activities occur; (4) target shade 
requirements vary with water type and elevation; and (5) for Type 1, 2, and 3 waters, total stream 
shading of 50-75 percent is generally required to maintain streams within water quality standards. 


Water temperatures in Type 4 and 5 waters are more sensitive to changes in streamside shading than 
Type 1, 2, and 3 waters downstream (Timber/Fish/Wildlife Temperature Work Group, 1990).  
Cumulative downstream effects of increased temperatures in headwater tributaries have not been 
documented.  It would be expected that, assuming similar amounts of ground water inflow into 
lower streams, the proportion of Type 4 and 5 waters in a watershed may affect overall downstream 
water temperature sensitivity in the planning unit.   


Caldwell et al. (1991) measured stream temperature increases of 2 to 8oC along harvested small 
streams (Type 4 waters) compared to similar streams with a mature canopy.  Small streams tend to 
be influenced by air temperature, elevation, groundwater inflow, and shade.  Along small stream that 
have been harvested, substantial amounts of understory shade remain, averaging close to 40 percent 
shade for the study sites.  In addition, the shade reduction along a small stream is a short-term 
phenomenon, existing for about 5 years in stream reaches not affected by catastrophic flooding.  In 
general, the study concluded from the study sites that the understory shading and in some cases the 
relatively high proportion of groundwater flow, can tend to depress stream temperatures even though 
air temperatures in the harvested units are typically higher than those in nearby riparian areas.  In 
addition, stream temperature increases to salmonid bearing stream resulting from timber harvest 
upstream on Type 4 waters appeared to be negligible after a distance of about 150 meters 
downstream of the Type 4-Type 3 stream confluence.  The results reported by Caldwell et al. (1991) 
have been criticized because the Type 4 streams were generally much smaller than the Type 3 
streams into which they flowed and because all downstream reaches did not have old-growth canopy 
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characteristics (ISR 2000). However, the study by Zwieniecki and Newton (1999) on larger streams 
generally supports the findings by Caldwell et al. (1991). 


However, for small streams (<5 ft wide) that are often completely shaded by woody vegetation and 
hence have no riparian canopy opening in their undisturbed state, a RMZ width of less than 0.75 
SPTH is likely to be sufficient to provide full shade.  This assumption is supported by Broderson 
(1973) which reported that a 50-foot buffer provided 85 percent of the maximum shade for small 
streams (defined as streams with mean annual discharges of less than 5 cfs).  As a result, a minimum 
of 50-foot buffer was used as the minimum criteria to evaluate the risk of shade reduction along 
small perennial streams.  For seasonal streams that do not flow during the summer stream shade 
should have minimal to no effect on temperature and therefore will not be considered when 
evaluating shade requirements. 


Rashin and Graber (1992) evaluated the effectiveness of BMPs for protecting water temperatures in 
streams in western Washington.  The riparian management zones studied were narrow and included 
some partial cutting.  The riparian management zone buffers were considered ineffective on many of 
the streams that were studied, particularly low to moderate elevation reaches, reaches effected by 
flow losses and beaver ponds.  Rashin and Graber (1992) also evaluated the methods of Sullivan et 
al. (1990) and considered their methods to offer major advantages because the methods included 
parameters such as site elevation and riparian shade.  The results of the Rashin and Graber (1992) 
resulted in modifications to the model used to predict water temperatures in the Forest Practices 
Rules manual (Doughty et al 1993). If watershed analysis procedures and requirements (WFPB, 
1995b) alone are implemented a low to moderate level of protection for water temperature is 
anticipated. 


Buffer strips approximately 100 feet wide are believed to shade the stream to the same extent as old-
growth forests which typically have ACDs of 80-90 percent (Beschta et al., 1987).  Other studies, 
summarized in Johnson and Ryba (1992), generally recommend a similar buffer width of 
approximately 96 feet to protect stream temperature.  If the buffer is less than 100 feet, or if the 
buffer is selectively logged, considerations such as species composition, stand age, and vegetation 
density become important (Beschta et al., 1987). 


The sensitivity of streams to changes in water temperature may vary regionally.  Such regional 
differences in temperature sensitivity are due to a number of factors including elevation (Rashin and 
Graber, 1992), distance from the watershed divide, and regional air temperature (Sullivan et al., 
1990).  Because air temperature decreases with increased elevation, streams at higher elevations are 
expected to be cooler and less influenced by shade levels than downstream areas.  Proximity to the 
coast may also influence geographic variation in stream temperature although relationships are 
poorly defined.  Data in Sullivan et al. (1990) suggest that coastal streams tend to have higher 
summer temperatures than streams on the west slope of the Cascades.  However, since data on 
streams with equivalent shading, elevation, and flow are limited, this trend should be considered 
weakly supported. 


The number and type of wetlands in a watershed may also influence stream temperature, particularly 
during low-flow periods, by augmenting stream flow with cool ground water or well-shaded surface 
water from wetland outlets and subsurface flow. 
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As discussed above, many factors can influence stream temperature such as shade, air temperature, 
and groundwater inflow.  However, forest practices can reduce canopy cover near streams.  The 
evaluation criterion for stream water temperature is the protection of streamside shade to maintain 
stream temperature (no increase).  As discussed in Section 3.4.3.1, a no-harvest buffer width of 0.75 
of a site-potential tree will be used as the criteria to evaluate the effectiveness of riparian 
management zones to maintain shade, and thus stream water temperature for streams greater than 5 
feet in width (Spence et al., 1996).  For streams less than 5 feet in width, the evaluation criteria will 
include the protection of hyporheic zones (areas where groundwater enters stream), seeps, and 
sensitive sites in combination with maintenance of a 50-foot no harvest RMZ that provides full 
shade protection of small streams (Broderson, 1973). 


Sediment 


Literature Review 
Two of the most common water quality parameters measured and monitored for sediment are 
suspended sediment and turbidity.  Both are related to sediment delivery and transport in hydrologic 
systems.  Streams that exceed water quality objectives for sediment would have high suspended-
sediment delivery rates and/or turbidity. 


Suspended Sediment  
Suspended sediment is the portion of the sediment load suspended in the water column.  The grain 
size of suspended sediment is usually less than 1 mm in diameter (clays and silts) (Sullivan et al., 
1987).  


Turbidity 
Turbidity refers to the amount of light scattered or absorbed by a fluid and is measured in 
nephelometric turbidity units (NTUs).  In streams it is usually a result of suspended particles of silts 
and clay, but also organic matter, colored organic compounds, plankton and microorganisms.  It is 
measured in NTUs.  Although turbidity in a stream is highly variable and the relationship between 
turbidity and suspended sediment must be determined for each watershed, turbidity is regarded as 
the single-most sensitive measure of the effects of land use on streams, mainly because relatively 
small changes in suspended sediment can cause a large change in turbidity (MacDonald et al., 1991).   


Biological Effects of Sediment 
Biological effects of increased turbidity may include a decrease in primary productivity of algae and 
periphyton due to the decrease in light penetration (see Section 3.8).  Declines in primary 
productivity can adversely affect the productivity of higher trophic levels such as macroinvertebrates 
and fish (Gregory et al., 1987). 


Siltation and turbidity reduce the diversity of aquatic insects and other aquatic invertebrates by 
reducing interstices in the substrate.  Several studies (Nuttall and Bielby, 1973; Bjornn et al., 1974; 
Cederholm et al., 1978) have demonstrated that species density and diversity drop with increased 
fine sediment deposition in gravels. 


Siltation and turbidity have also been shown to affect fish adversely at every stage in their life cycle 
(Iwamoto et al., 1978); spawning and incubation habitats are most directly affected (Spence et al., 
1996).  Deposited sediments tend to have a greater impact on fish than suspended sediment.  
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Particulate materials physically abrade and mechanically disrupt respiratory structures (e.g., gills in 
fish) (Rand and Petrocelli, 1985).  Sediment covers and fill intergravel crevices, which fish use for 
shelter, decrease the carrying capacity of stream habitats for young salmonids (Bjornn et al., 1974).  
Turbidity reduces light penetration, which affects the food capture reactive distance of juvenile and 
adult salmonids (Spence et al., 1996).  Jensen and Newcombe (1996) conducted a metadata analysis 
of suspended sediment effects to salmon and suggested that both sediment levels and duration 
should be considered when discerning the level of effect.  


Evaluation Criteria 
An increase in suspended sediment has numerous effects on the aquatic system.  Physically, fine 
sediment can impair municipal and agricultural use of water, affect bed material size, and alter the 
quantity and quality of habitat for fish and benthic invertebrates.  Fine suspended sediments can also 
affect the chemistry of the water as chemical nutrients and other chemicals are adsorbed onto fine 
particles. 


Timber harvest activities such as road building and timber yarding may increase sediment input into 
streams. The key factors controlling sediment increases are  (1) the intensity of the disturbance, (2) 
the areal extent of the disturbance, (3) the proximity of disturbance to the channel system, (4) storm 
events experienced when the site is most sensitive to erosion and mass movements, and (5) BMPs 
used to control sediment delivery to streams (Everest et al., 1987; Swanson et al., 1987).  Sediment 
can be eroded from road surfaces, road fills, or slope failures associated with road construction (e.g., 
blocked culverts).  Increased sediment yields tend to be persistent from slope failures and road 
surface runoff.  Timber harvest often results in surface erosion from landings, skid trails, and other 
compacted areas (Binkley and Brown, 1993; MacDonald et al., 1991; Moring, 1982).  Ziemer et al. 
(1996) note a 400 percent increase in suspended sediment following road building, and a 100 to 500 
percent increase after logging commenced for timber harvest in the early 1970s in the Caspar Creek 
watershed near Fort Bragg, California.  They noted much smaller effects for logging that occurred 
from 1985 to 1991 because of improvements in BMPs (Ziemer et al., 1996).  Section 3.2, Sediment 
Sources, discusses these effects in detail. 


Fire can also be a source of increased sediment yield, primarily through increased surface erosion, 
which is caused by a decrease in protective vegetation and an increase in surface runoff (see Section 
3.6). 


Timber harvest effects on turbidity closely correspond to the effects on suspended sediment (Barber, 
1997; Brown and Ritter, 1971).  The same dominant processes that increase suspended sediment will 
increase turbidity: landslides, surface erosion, and road erosion (see Section 3.6). 


Sedimentation includes the processes of erosion, sediment transport, and deposition.  Deposition is 
the temporary or permanent stoppage of sediment movement.  Surface water quality is not affected 
if sediment is deposited before reaching a water body.  Once sediment reaches streams, deposition 
can occur several times over.  As flow velocities and volumes increase, sediment is moved 
downstream.  If flow volume or velocities decrease, deposition can occur.  The amount of sediment 
suspended or moved along the streambed therefore depends on surface water movement. 







 
 
  
 
 
 


Final EIS Aquatic Ecosystem 


  


Appendix B 


B-31 


Sediment affects water quality in several ways.  It creates a turbid (muddy) condition that restricts 
light in the stream environment.  Nutrients combined with, or attached to, the sediment particles are 
added to surface water.  Oxygen-demanding materials associated with sediment can reduce 
dissolved oxygen content.  Sedimentation may also introduce harmful minerals into surface water. 


The evaluation criterion for sediment-related water quality parameters is the overall reduction in 
sediment delivery to streams from management activities.  These include reduction in chronic 
erosion sources such as surface erosion and episodic sediment such as landslides from BMPs for 
timber harvest, road construction, road use, road maintenance, and road abandonment.  Table 3.2.1 
summarizes the reduction in sediment delivery to streams by source and alternative. 


Pesticides  


Literature Review 
Pesticides used in forest management include a wide variety of chemicals introduced to the forest 
environment with the intent of controlling or halting the proliferation of nuisance organisms.  
Pesticides are commonly grouped according to one of three target organisms: plants (herbicides), 
insects (insecticides), and fungi (fungicides).  The active ingredients usually determine the effects of 
individual pesticides.  In addition, prior to application, almost all pesticides are combined with a 
surfactant (i.e., a surface-active agent) or other adjuvant (i.e., a pharmacological agent added to 
increase or aid the pesticide’s effect) to control and improve the desired effect.  Although these 
additives present lesser threats to the environment than the active ingredients in the pesticides, their 
impacts can be significant.   


Once released into the forest environment, pesticides can have a wide range of fates and impacts, 
depending on their specific chemical properties, the methods and conditions of application, and the 
environmental conditions into which they are introduced.  The purpose of the Forest Practice Rules 
on pesticide applications is to “regulate the handling, storage and application of chemicals in such a 
way that the public health, lands, fish, wildlife, aquatic habitat, and water quality will not be 
endangered by contamination” (WAC 222-38-010).  However, this report primarily focuses on 
impacts to water resources as the alternatives are nearly identical with respect to impacts to lands 
and terrestrial species.  


Pesticides used in the forest environment can become water contaminants if they are transported to 
surface waters or groundwater.  Transportation to surface waters would most likely occur through 
wind drift; however, heavy rains can result in pesticide transport in surface runoff or erosion.  
Pesticides can also be directly applied to surface waters by overspray and spills.  Groundwater 
contamination can occur through contaminated surface water recharge and through the direct 
transport of pesticides from the soil surface by rainwater.   


Data are available regarding pesticide levels found in Washington State streams and groundwater.  
However, only a few studies have focused directly on forestry applications.  Most studies have 
instead focused on pesticides used for agricultural production.  Likewise, because there is some 
overlap between the two practices, it is not possible to determine which pesticides originated from 
agricultural sources versus those contributed from forested land.  Nonetheless, pesticides that have 
been detected in streams and groundwater are present at very low concentrations, usually well below 
applicable water quality standards.  However, some pesticides have been detected at concentrations 
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that exceed the more restrictive guidelines for the protection of aquatic life (freshwater-chronic 
criteria) or health advisories for drinking water.  Although few studies have focused directly on 
forest chemical applications, the available data and research do indicate the potential for certain 
chemicals to enter and persist in surface waters and groundwater supplies.  


For more details on the types of pesticides used on forested lands and the extent of the use of forest 
pesticide applications in Washington State, see Appendix J.  This appendix also includes 
information on the specific pesticides used, their toxicity, mobility, persistence, and carcinogenocity. 


Evaluation Criteria 
Pesticides have the potential to contaminate surface waters and groundwater depending on the 
amount of pesticides applied, the application technique, and the environmental conditions under 
which they are applied (such as ambient wind speed or soil moisture content).  The evaluation 
criteria for pesticide applications focus on how well the Forest Practices Rules protect water 
resources from contamination resulting from pesticide applications (e.g., spray drift, runoff, erosion, 
seepage to groundwater, etc.).  In addition, the evaluation criteria take into account how well the 
alternatives protect riparian plants from damage caused by pesticide applications.  Finally, the 
criteria also consider the potential impacts to fish and aquatic wildlife resulting from contamination 
of water resources. 
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This first chapter of the Final Environmental Impact Statement (Final EIS) describes the 
background and objectives, including the purpose and need for the proposed rule changes 
by the Forest Practices Board.  This chapter describes the legislative directive given to the 
Forest Practices Board and it includes a description of the regulatory framework.  It 
summarizes the scoping activities that have been conducted and describes the significant 
issues that have been identified as related to the rule changes.  Finally, it describes the 
decision to be made. 


1.2 BACKGROUND 


1.2.1 Forest Practices Rules 
In 1974, the state legislature passed the Forest Practices Act.  It was designed to, coincident 
with maintenance of a viable forest products industry, afford protection to forest soils, 
fisheries, wildlife, water quality and quantity, air quality, recreation, and scenic beauty 
(76.09.010 RCW) by regulating forest practices such as timber removals, road construction 
and maintenance, reforestation, and the use of forest chemicals.  The Forest Practices Rules 
were first adopted in 1976.  In 1986, forest stakeholders representing the tribes, the 
Departments of Fisheries, Game, and Ecology, the timber industry and landowners, and 
environmental interests met to determine if they could collaboratively negotiate an 
agreement upon which new, more protective, Forest Practices Rules could be based.  The 
agreement was intended to resolve contentious forest practices issues and protect natural 
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resources.  The stakeholder negotiation process became known as Timber, Fish and 
Wildlife (TFW) and resulted in the Timber, Fish and Wildlife Agreement (February 1987).  
In September 1987, the Forest Practices Board adopted new Forest Practices Rules 
resulting from successful TFW collaborative negotiations which strove to protect public 
resources and maintain a viable timber industry.  Another major rule package was adopted 
in 1992, followed by rules for the northern spotted owl in 1996. The Forest Practices Board 
adopted rules for the marbled murrelet in 1997, after internal negotiations. 


Beginning in late 1996, faced with an imminent listing of several salmon species in 
Washington under the Endangered Species Act (ESA), as well as new information from 
watershed analysis and other sources indicating that riparian protection was not adequate 
for public resources, the TFW participants began working on riparian issues and agreed to 
negotiate collaboratively in an effort to submit a proposal to the Forest Practices Board.  
The proposal would be the basis for new Forest Practices Rules that would address salmon 
and other aquatic and riparian species’ needs on forest lands.  Representatives from federal 
agencies and Washington counties joined the original TFW caucuses in the negotiations.  
After almost 2 years of negotiation, representatives of environmental interests and some 
Tribes withdrew from negotiations.  The remaining five caucuses continued negotiating.  
The five-caucus group wrote the Forests and Fish Report (April 1999). The groups 
contributing to the development of the report included state agencies (the Departments of 
Natural Resources [DNR], Washington State Department of Fish and Wildlife [WDFW], 
and Washington State Department of Ecology [Ecology]), federal agencies (U.S. Fish and 
Wildlife Service [USFWS], National Marine Fisheries Service [NMFS], and the U.S. 
Environmental Protection Agency [EPA]), the Colville Confederated Tribes, the Northwest 
Indian Fisheries Commission, the Washington State Association of Counties, the 
Washington Forest Protection Association, and the Washington Farm Forestry Association. 


The Forests and Fish Report provided the collaboratively agreed-upon measures for which 
caucus members believed new Forest Practices Rules should be written.  The Forests and 
Fish Report was submitted to the Forest Practices Board as an alternative to be considered 
for new rule-making.  The Forest Practices Board also received proposals from the 
Washington Environmental Council/National Audubon Society, the Puyallup Tribe, the 
Muckleshoot Tribe, and the Yakama Indian Nation. 


1.2.2 Legislative Directive 
The Washington legislature became involved in the effort to protect forested salmon 
habitat during the 1999 session.  The legislators referenced the Forests and Fish Report in 
the Salmon Recovery Bill (Engrossed Substitute House Bill 2091).  The legislators 
strongly encouraged the Forest Practices Board to follow the recommendations of the 
Forests and Fish Report.  If the Forest Practices Board chooses to adopt rules inconsistent 
with the Forests and Fish Report, the Bill requires the Forest Practices Board to report the 
reasons for the inconsistencies to legislative committees and let the committee know if all 
parties to the Forests and Fish Report have agreed to the suggested changes.  The Forest 
Practices Board must defer adoption of rules that are inconsistent with the Forests and Fish 
Report for “sixty days of the legislative session to allow for the opportunity for additional 
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public involvement and legislative oversight (ESHB 2091 Section 204 (1)).”  ESHB 2091 
was signed into law in June 1999.  


1.3 PURPOSE AND NEED 


1.3.1 Need 
As noted in the background section above, in recent years, concern has grown over the 
adequacy of Forest Practices Rules for protecting riparian and aquatic resources.  Particular 
concerns include the question that riparian buffer and leave tree requirements may not 
provide enough protection for riparian functions and that rules regarding forest roads may 
still allow too much sediment production.  Four major discoveries/events support the need 
for revised Forest Practices Rules. 


The first area of need is related to water typing.   


The water typing system used in Washington’s Forest Practices Rules is based 
on beneficial uses, one of which is fish.  Type 1, 2, and 3 Waters contain 
anadromous and resident fish, while Type 4 and 5 Waters do not.  The water 
typing system has been in place for more than 20 years.  Maps developed to 
implement the system were based on aerial photo interpretation with limited 
field verification.  Over the years, field verification has provided data on 
actual fish use of waters which has led to updated water type maps.  While 
water types are continually reviewed and updated, large numbers of waters 
have not been field verified.  In August 1994, Point-No-Point Treaty Council 
published a report, Stream Typing Errors in Washington Water Type Maps for 
Watersheds of Hood Canal and the Southwest Olympic Peninsula.  
Simultaneously, the Quinault Indian Nation and the Department of Fish and 
Wildlife were also reviewing water types in the southwest part of the Olympic 
Peninsula.  Data from both studies indicated that seventy-two percent of Type 
4 streams were actually Type 2 or 3 streams.  Because water typing triggers 
riparian protection throughout the Forest Practices Rules, the definitions used 
to determine water types must reflect current knowledge about fish use and 
habitat. 


The discovery of inadequate water typing highlighted the need for new Forest Practices 
Rules that would represent on-the-ground reality in terms of fish use.  In response to this 
need, the Forest Practices Board developed emergency water typing rules, which have been 
in place since November 1996. 


The second indication that Forest Practices Rules were inadequate was the prescriptive 
outcomes from watershed analysis.  Watershed analysis is a process that reviews all forest 
lands within a watershed, finds sensitive resources within that watershed, and prescribes 
methods for protecting those sensitive resources.  The watershed analysis rules were 
adopted in 1992 (chapter 222-22 WAC).  Through the years, watershed analysis 
prescriptions for riparian areas have consistently been more stringent than the current 







 
 


 


 


Background and Objectives Final EIS 


 


Chapter 1 


1-4


 


Forest Practices Rules.  This led to the realization that the current rules were not doing an 
adequate job of protecting riparian functions. 


A third indicator of need for change in the Forest Practices Rules was the listing of many 
salmonid species on the federal and state threatened and endangered species lists.  The lists 
include multiple races of chinook salmon, chum salmon, sockeye salmon, and steelhead, as 
well as the Columbia River bull trout.  Other salmonids are being considered for listing.  
When a species is either federally or state-listed as threatened or endangered, the rules 
require DNR to consult with WDFW and make recommendations to the Forest Practices 
Board as to what, if any, modifications to the rules are necessary.  The Forest Practices 
Board developed emergency salmonid rules, which were first put in place in May 1998.  
The maps which governed where the emergency salmonid rules applied were updated each 
time a new listing occurred. 


The fourth reason for changes was EPA’s identification of over 660 Washington streams as 
water-quality-impaired under the Clean Water Act.  Past forest practices in Washington are 
considered as one of a number of factors contributing to these listings.   


It is within this larger context, including the historical background described in Section 1.2, 
that the need for action may be summarized as follows: 


There is a general need to amend current Forest Practices Rules to provide for greater 
protection of and long-term improvements in aquatic and riparian resources and a higher 
degree of public safety relative to the harvest of timber on forest lands subject to Forest 
Practices Rules.  Specific related needs are that timber harvest activities on these lands do 
not impede the recovery of aquatic species under ESA; that they do not contribute to future 
listings of other aquatic/riparian fish and wildlife; that they provide for habitat that can 
support harvestable fish populations, and that these activities allow for improvements in 
water quality of impaired streams.   


1.3.2 Purpose 
The primary purpose of the proposed action is to strive to achieve the four goals identified 
by the Forest Practices Board (minutes, September 22, 1998).  The following goals were 
developed to satisfy the need identified above.   


1. Provide compliance with ESA for aquatic and riparian-dependent species on non-
federal forest lands. 


2. Restore and maintain riparian habitat on non-federal forest lands to support a 
harvestable supply of fish. 


3. Meet the requirements of the Clean Water Act for water quality on non-federal forest 
lands. 


4. Keep the timber industry economically viable in the state of Washington. 


Based on a full analysis of the proposal and reasonable alternatives, the Forest Practices 
Board will determine whether and how to modify the current rules through amending or 
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repealing current rules, or adopting new rules.  Rules pertaining to water quality must be 
approved by Ecology. 


1.4 REGULATORY FRAMEWORK 
Sections 1.2 and 1.3 provide historical background and a description of the purpose and 
need for the rule proposal.  This section describes the regulatory framework associated 
with the rule proposal.  It is divided into three subsections.  First, the state Forest Practices 
Act, the Forest Practices Board, and the Forest Practices Rules are described.  The second 
subsection describes the current status of the Forest Practices Rules, including the recent 
adoption of emergency rules and the process for adoption of permanent rules.  Finally, the 
third subsection discusses other federal and state laws that affect the Forest Practices Rules. 


1.4.1 State Forest Practices Act 
The Forest Practices Board was created by the Forest Practices Act (chapter 76.09 RCW) 
in 1974 and originally consisted of 11 appointed or designated members.  A 12th member, 
representing the director of WDFW, was added to the board by ESHB 2091 (June 1999).  
The Forest Practices Act directs the Forest Practices Board to adopt rules where necessary 
to accomplish the purposes and policies established by the Washington legislature and to 
implement other provisions of the forest practices chapter.  Specifically, the board 
establishes minimum standards for forest practices.  The rules are adopted into Title 222 of 
the Washington Administrative Code.  The goal of the Forest Practices Act and the 
resultant rules are to protect the state natural resources while maintaining a viable forest 
industry.  The board adopts rules pursuant to the Administrative Procedure Act (chapter 
34.05 RCW), the State Environment Policy Act (SEPA) (chapter 43.21 RCW) and the 
Regulatory Fairness Act (chapter 19.85 RCW). 


The process for protecting public resources includes classifying forest practices according 
to the potential for each forest practice to impact public resources (and in the new 
emergency rules to threaten public safety from unstable slopes).  There are four 
classifications of forest practices, each with its own set of requirements (RCW 76.09.050).  
A Class I forest practice is one with no direct potential for damaging a public resource.  
These practices may be started without any application or notification to DNR.  A Class II 
forest practice is one with less than ordinary potential for damaging a public resource.  
These practices require a completed notification to DNR.  A Class III forest practice is one 
that is not a Class I, II, or IV.  A person wishing to start a Class III practice must submit an 
application to DNR.  DNR has 30 days to either approve or disapprove the application. 


Class IV forest practices have two categories:  Class IV–General and Class IV–Special. 
Class IV-special practices are those with a potential for a substantial impact on the 
environment.  Class IV-General practices are on lands platted after 1960, lands being 
converted to another use, or lands not slated to be reforested because of the likelihood of 
future conversion to a use other than forestry.   If a certain forest practice is proposed 
within a habitat with a special designation due to a threatened or endangered species, that 
forest practice becomes a Class IV–Special.  A person wishing to start a Class IV forest 
practice must submit an application to the department.  The department decides whether a 
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detailed environmental statement must be prepared by the applicant under SEPA.  The 
department has 30 calendar days from date of receipt of the complete application to either 
approve or disapprove it, unless the detailed statement is required.  If the statement is 
required, the application must be approved or disapproved within 60 days unless the 
Commissioner of Public Lands (the elected official who directs DNR) issues an order 
determining that the process cannot be completed within the allotted time. 


Class IV-Specials are processed under SEPA.  Review under SEPA (chapter 43.21C RCW) 
allows a more-detailed assessment of whether a particular action will result in a significant 
adverse impact on the environment.  This review consists of a checklist and is followed by 
a department determination of significance or nonsignificance.  Significant, as used in 
SEPA, means a reasonable likelihood of more than a moderate impact on environmental 
quality (WAC 197-11-794).  A determination of non-significance (DNS) means the 
proposal is not likely to have a significant adverse impact, and, therefore, an EIS is not 
required.  A mitigated DNS includes specified mitigation measures or clarifications, 
changes, or conditions to the proposal that would allow issuance of a DNS.  If the 
determination is one of significance, then an EIS must be prepared or the proposal 
modified before DNR can act upon the forest practices application.  Under SEPA, a forest 
practice can be conditioned to mitigate specific adverse environmental impacts or denied, 
if reasonable mitigation is insufficient to reduce the impacts to non-significance (WAC 
197-11-660). 


1.4.2 Status of Forest Practices Rules 
1.4.2.1 Emergency Rules 
In response to threatened and endangered fish listings and water quality issues, the Forest 
Practices Rules have been undergoing revision since 1996.  The first step in this revision 
process occurred in November 1996 when the Forest Practices Board adopted emergency 
water typing rules.  In May 1998, the first salmonid emergency rules were adopted.  These 
rules only applied to specific areas of the state that are occupied or potentially occupied by 
threatened or endangered fish.  However, landowners with an approved habitat 
conservation plan (HCP) were exempt from these rules.  For the specific areas that the 
salmonid emergency rules applied, harvest within 100 feet and road construction within 
200 feet of a Type 1, 2, or 3 water were classified as Class IV-Special.  For road activities, 
SEPA was triggered. 


In January 2000, under the direction of ESHB 2091, the Forest Practices Board adopted 
many of the Forests and Fish Report recommendations as new emergency rules.  These 
were adopted to replace the former salmonid and water type emergency rules.  These new 
emergency rules became effective March 20, 2000.  Per ESHB 2091, these rules will be 
effective until June 30, 2001 or until new permanent rules are adopted, whichever is 
sooner. 


1.4.2.2 Permanent Rules 
ESHB 2091 also strongly encourages the Forest Practices Board to adopt the 
recommendations of the Forests and Fish Report as the new permanent Forest Practices 
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Rules by June 30, 2001.  Under the SEPA process, the Forest Practices Board identified the 
Forests and Fish Report recommendations as the preferred alternative.  They also identified 
a no action alternative and a third alternative for evaluation in this EIS (these are referred 
to as Alternatives 2, 1, and 3, respectively, in this EIS).  The adoption of new permanent 
rules will not be completed until this EIS is finalized and the Forest Practices Board selects 
an alternative (or a modification of one of the alternatives) to adopt as new permanent 
Forest Practices Rules (see Section 1.6).   


As part of ESHB 2091, landowners with 80 acres or less of forest land statewide will not 
have to leave expanded riparian buffers (as described in the Forests and Fish Report) on 
parcels of 20 acres or less in size.  Instead, these landowners must comply with the 
permanent forest practice rules in effect January 1, 1999, but may also be required to leave 
some additional trees adjacent to streams. 


1.4.3 Other Laws 
1.4.3.1 State Shoreline Management Act 
The state Shoreline Management Act (SMA) (chapter 90.58 RCW) was adopted through a 
citizen referendum in 1972.   The SMA applies throughout the state, to all marine waters, 
submerged tidelands, lakes over 20 acres, and all streams with a mean annual flow greater 
than 20 cubic feet per second.   Marshes, bogs, and swamps associated with the lakes, 
streams, and marine waters are also included, as is a 200-foot-wide shoreline area landward 
from the water’s edge. The primary intent of the SMA is to ensure “the development of 
these shorelines in a manner which, while allowing for limited reduction of rights of the 
public in the navigable waters, will promote and enhance the public interest.”  The Act 
directs that this goal shall be attained through the protection of natural shorelines, and 
through encouragement of water-related and water-dependent uses.   The underlying goal 
is to find an equitable balance between uses that allow for reasonable development and 
economic activity, while affording preference to preserving the public’s access and 
enjoyment of the state’s shorelines. 


Forest practices rules are related to the SMA because they address specific forest practices 
along Type 1 streams,  which are defined as “shorelines of the state,” and are regulated by 
the SMA.  With regard to commercial timber harvest, the SMA has specific requirements 
(RCW 90.58.150):  Ecology or another responsible local government agency is permitted 
to allow only selective commercial timber cutting and to require that no more than 30 
percent of the merchantable trees may be harvested in any 10-year period within 200 feet 
of the ordinary high water mark of shorelines of statewide significance.  Other timber 
harvesting methods may be permitted in those limited instances where the topography, soil 
conditions, or silvicultural practices necessary for regeneration render selective logging 
ecologically detrimental.  Clearcutting of timber must be solely incidental to the 
preparation of land for other uses authorized by the SMA. 


1.4.3.2 Federal Endangered Species Act 
ESA (16 U.S.C. §1531 et. seq.) is the primary federal law directed at preventing extinction 
of species.  The responsibility for implementation and enforcement of ESA lies with 







 
 


 


 


Background and Objectives Final EIS 


 


Chapter 1 


1-8


 


federal agencies:  USFWS is responsible for ESA-listed species of wildlife and resident 
fish (e.g., bull trout) and NMFS is responsible for ESA-listed species of anadromous fish 
(e.g., salmon and steelhead) and marine wildlife.  A species under ESA includes any 
species or subspecies of fish, wildlife, or plant; any variety of plant; and any distinct 
population segment of any vertebrate species that interbreeds when mature. 


Among other things, ESA directs USFWS and NMFS to conduct reviews of the population 
status of various species of concern and, as warranted, list species as endangered or 
threatened, designate federal critical habitat for listed species, implement laws to protect 
listed species and their associated habitats, and develop and implement recovery plans.  
Species are listed as endangered when it is determined that the species is in danger of 
extinction in the foreseeable future throughout all or a significant portion of its range.  
Species are listed as threatened when they are deemed likely to become endangered within 
the foreseeable future throughout all or a significant portion of their ranges.  Critical 
habitat is defined as the specific geographic areas, whether occupied by the species or not 
at the time of listing, that contain the physical or biological features essential to the species 
conservation. 


Recent Federal Listings of Salmon and Char 
In 1999, nine species or races of salmon and bull trout were listed as threatened or 
endangered under ESA. These listings, along with previous listings for steelhead (1997 and 
1998) and Columbia River bull trout (1998), bring the total number of fish species or races 
listed as threatened or endangered in Washington to 16, with a high probability that coastal 
cutthroat will be listed as threatened in the near future. NMFS groups most of the 
anadromous (migratory between saltwater and freshwater) fish species into evolutionarily 
significant units (ESUs).  An ESU is a population or group of populations of salmon that 1) 
is substantially reproductively isolated from other populations and 2) contributes 
substantially to the ecological/genetic diversity of the biological species.   


Bull trout and coastal cutthroat trout exhibit four life history strategies: anadromous, 
adfluvial (migratory between lakes and rivers), fluvial (migratory within river systems), 
and resident (non-migratory).  USFWS groups both trout into distinct population segments 
(DPSs).  A DPS is a portion of the overall population of a species which is both a discrete 
and significant part of that population.  “Discrete” means that the group in question is 
separated from others due to physical, physiological, ecological, or behavioral factors, or if 
it is separated by a jurisdictional boundary that denotes significant differences in protective 
mechanisms for the species.  “Significant” means at least one of the following:  1) the 
discrete group in question persists in an ecological setting unusual or unique for the 
species; 2) loss of the discrete group would create a significant gap in the range of the 
species; 3) the discrete group represents the only natural occurrence of a species that may 
be more abundant elsewhere as an introduced population outside its historic range; or 4) 
the genetics of the discrete group differ markedly from that of other populations of the 
species. 
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The “Take” Prohibition 
ESA prohibits the take of a federally endangered species and authorizes the agencies to 
extend this prohibition to threatened species by rules (see 4(d) rule discussion below).  
“Take” in this context is defined in Section 3 of the ESA as “harass, harm, pursue, hunt, 
shoot, wound, kill, trap, capture, or collect” (16 U.S.C. 1532(19)).  The USFWS (50 C.F.R. 
17.3) defines “harm” to mean “an act which actually kills or injures wildlife.  Such an act 
may include significant modification or degradation of habitat where it actually kills or 
injures wildlife by significantly impairing essential behavioral patterns, such as breeding, 
feeding, or sheltering.” Unauthorized take can be both a civil and a criminal offense 
punishable by fines and/or imprisonment. 


Habitat Conservation Plans 
Section 10 of ESA provides non-federal landowners with an alternative to avoiding take of 
federally listed species through the development of HCPs.  The purpose of HCPs is to 
allow productive use of nonfederal lands used by federally listed species, while minimizing 
and mitigating effects on the federally listed species to the maximum extent practicable.  
Section 10 of the ESA provides for the issuance of an Incidental Take Permit (ITP).  As 
part of the application for an ITP, the landowner must provide a mitigation plan for the 
proposed take.  This mitigation plan is called an HCP.  To approve an ITP, NMFS and/or 
USFWS must determine the following: 


• The taking is incidental to an otherwise lawful activity. 
• The applicant will, to the maximum extent practicable, minimize and mitigate the 


impacts of such taking. 
• The applicant will ensure that adequate funding for the HCP will be provided; 
• The taking will not appreciably reduce the likelihood of survival and recovery of 


the species in the wild. 
• Any other measures deemed necessary by the Secretaries of Commerce or the 


Interior (depending on the agency involved) will be met. 


One of the primary advantages of an HCP is that landowners can achieve some flexibility 
in managing for federally listed species on their lands, and they can achieve a reasonable 
level of certainty with respect to how they manage for federally listed species in the face of 
a changing, and often increasingly restrictive, regulatory environment.  One of the primary 
disadvantages of an HCP is that preparation and approval tend to be relatively time-
consuming and expensive.  An HCP is often cost-prohibitive for smaller landowners. 


The 4(d) Rule 
The 4(d) rule refers to Section 4(d) of ESA (16 U.S.C. 1533(d)) which allows the Secretary 
of the Interior or Commerce to develop regulations as necessary to conserve any species 
listed as threatened.  Rules under Section 4(d) have been developed in the past to prescribe 
the conditions under which take is allowed.  By current USFWS rule, the take prohibition 
applies to all threatened species, except as provided by species-specific special rules.  
Development of regulations under this section could provide relief from the take 
prohibition. 
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With the final listing of bull trout populations, USFWS defined a 4(d) rule, and it is 
currently being implemented.  The Forests and Fish Report anticipates that this 4(d) rule 
will be amended to cease prohibiting any incidental take that may result from forest 
practices that are subject to state Forest Practices Rules consistent with the Forests and Fish 
Report.   


NMFS issued a draft 4(d) rule (January 2000) for public and agency review covering the 
recently listed threatened salmon species in Washington.  A final rule was issued in July 
2000.  Among other things, this rule stated that Washington forest practices would not 
trigger the take prohibitions of ESA as long as NMFS finds that the Forest Practices Rules 
in effect are at least as protective as the negotiated Forests and Fish Report. 


1.4.3.3 State Listing of Endangered, Threatened and Sensitive Species 
WDFW maintains a list of endangered, threatened, and sensitive species (WAC 232-12-
014 and 232-12-011).  In 1990, the Washington Fish and Wildlife Commission adopted 
listing procedures that identify how species are listed, criteria for listing and de-listing, and 
requirements for recovery and management plans (WAC 232-12-297).  These state lists are 
separate from the federal ESA lists because they deal with species status relative to 
Washington State only.  A Class IV-Special application is required for specific forest 
practices that are conducted within critical widlife habitats associated with state-listed (as 
well as federally listed) species.  These critical habitats are identified in WAC 222-16-080. 


1.4.3.4 Federal Clean Water Act 
The Clean Water Act is the principal federal legislation directed at protecting water quality.  
The purpose of the Clean Water Act includes “the protection and propagation of fish, 
shellfish, and wildlife.”  Two agencies, EPA and the U.S. Army Corps of Engineers 
(USACE) are responsible for implementation of the Clean Water Act, with the primary 
responsibility assigned to EPA. 


EPA is responsible for implementation of Section 303 of the CWA, which includes 
provisions for water quality standards and total maximum daily loads (TMDLs).  Each 
state has the authority to establish water quality standards, pursuant to review and approval 
by EPA.  In Washington, water quality standards are developed by Ecology. 


In accordance with Section 303(d) of the Clean Water Act, Ecology must periodically 
identify its polluted waterbodies and submit this list to EPA.  These are “water quality 
limited” estuaries, lakes, and streams that fall short of state surface water quality standards 
and are not expected to improve in the next 2 years.  These standards are the criteria to 
ensure surface waters can be beneficially used for purposes such as fishing, swimming, 
boating, drinking, fish habitat, and for industrial and agricultural purposes.  EPA requires 
the states to set priorities for cleaning up threatened waters and establishing a TMDL for 
each. 


Water Quality 
Forest practices can impact water quality and its beneficial uses such as water supply and 
fisheries.  The Forest Practices Rules must meet state water quality standards and 
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objectives.  State water quality standards include both numeric standards (see Section 
3.6.2) and an antidegradation policy to protect high quality waters that exceed the numeric 
standards.  The Forest Practices Rules address these standards with the implementation of 
Best Management Practices (BMPs) for timber harvest practices and road construction and 
maintenance practices. BMPs are intended to reduce or minimize forest-practices-related 
effects on water quality and its beneficial uses.  Non-point source pollutants produced from 
forest practices may include stream water temperature and sediment and its related 
parameters, such as turbidity and suspended sediment. 


Wetlands 
Under federal law, wetlands are considered a subclass of Special Aquatic Sites (40 CFR 
Section 230.3) and have been deemed Waters of the United States  (33 CFR 328.3).  All 
Waters of the United States are subject to regulation under the Clean Water Act by USACE 
and EPA.  Additionally, Executive Order 11990 requires federal agencies “to 
avoid....adverse impacts associated with the destruction or modification of 
wetlands...wherever there is a practicable alternative.”  To fulfill this requirement, under 
Section 404 of the CWA, USACE has developed a methodology to identify and delineate 
wetland sites. 


Exemptions to wetland regulations (Sections 404 and 401 of the Clean Water Act) are 
granted under Section 404(f)(1) and allow for normal silvicultural activities, as well as 
other activities.  Notably, the construction or maintenance of forest roads for silvicultural 
purposes is exempt from regulation when such roads are constructed and maintained in 
accordance with BMPs. 


1.4.3.5 Hydraulic Project Approval 
Under the Hydraulic Code (RCW 75.20.100-160), a hydraulic project approval (HPA) 
from WDFW is required for any construction activity in or near state waters.  An HPA is 
also required for the performance of other work that will use, divert, obstruct, or change 
the natural flow or bed of any waters of the state.  This permit allows WDFW to condition 
these activities to prevent damage to fish, shellfish, and their habitats.  Forest landowners 
are subject to this law whenever they build a road that crosses a stream, as well as during 
other activities. 


1.4.3.6 Compliance with Federal and State Requirements 
Forest landowners and operators are subject to both federal and state laws.  At present, a 
forest practices permittee can be in compliance with state Forest Practices Rules, but in 
violation of ESA take prohibitions.  WAC 222-50-020 states that compliance with the 
Forest Practices Act or Forest Practices Rules “does not ensure compliance with the 
Endangered Species Act or other federal laws.” 


1.5 SCOPING AND THE SIGNIFICANT ISSUES 
The first step in preparing an EIS is to conduct scoping.  The purpose of scoping is to 
narrow the focus of the EIS to significant environmental issues, to eliminate insignificant 
impacts from detailed study, and to identify the alternatives to be analyzed in the EIS.  
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Scoping can also help determine the level of analysis and the types of data required for 
analysis.  


1.5.1 Scoping 
In April 1999, the Forest Practices Board initiated scoping by issuing a scoping notice 
titled “Determination of Significance and Request for Comments on Scope of EIS.”  This 
document advised the public that the Forest Practices Board intended to prepare an EIS on 
modifications to the Forest Practices Rules.  It also requested suggestions and information 
on the scope of environmental issues to be addressed in the EIS.  Comments were due May 
6, 1999.   An internal scoping report was prepared to synthesize and summarize comments. 


Sixteen scoping responses were received, including four from individuals, three from 
tribes, three from forest commodity interests, two from local governments, two from non-
profit organizations, and two from businesses.  These ranged from a single comment to 
multi-page comments.  


In addition to public scoping, internal scoping was conducted.  Internal scoping involved 
review of the scoping report and individual scoping comments by the Forest Practices 
Board and members of the team of specialists preparing this EIS and their individual 
consideration of the issues.  


1.5.2 Significant Issues 
As a result of both public and internal scoping, the following significant issues were 
identified for analysis in this EIS: 


• SedimentConcern was expressed over how well the Forest Practices Rules will 
protect lands from mass wasting and surface erosion related to roads and timber 
harvest and the resultant effects of sedimentation on water quality and fish habitat. 


• HydrologyConcern was expressed over how the Forest Practices Rules will affect 
the hydrology of forested watersheds, particularly regarding peak flows, and the 
resultant effect on fish habitat and flood damage. 


• Riparian HabitatConcern was expressed over how well the Forest Practices Rules 
will affect riparian vegetation for large woody debris production and delivery, 
maintenance of shade for water temperature protection, maintenance of stream bank 
stability, detrital production, and microclimate protection. 


• WetlandsConcern was expressed over how well the Forest Practices Rules will 
protect against the loss of wetlands and their functions. 


• Water QualityConcern was expressed over how well the Forest Practices Rules will 
protect surface and ground water quality from pesticide applications.  This is a special 
concern relative to ground water aquifers where aquifer resources are limited (i.e., salt 
water islands).  There is broad concern over the adequacy of Forest Practices Rules for 
the maintenance and improvement of water quality, especially in terms of sediment and 
temperature.  In general, will state water quality standards be met?  Will improvements 
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in temperature and sediment conditions over time allow for the removal of streams 
from the 303(d) list? 


• FishConcern was expressed over how the Forest Practices Rules will affect fish 
passage, water quality for fish, fish habitat elements, channel conditions and dynamics, 
and watershed conditions relative to roads. 


• WildlifeConcern was expressed over how well the Forest Practices Rules will affect 
the quality and quantity of riparian habitats, wetland habitats, and other aquatic 
habitats for wildlife (especially unique habitats, known to be priority habitats for 
certain aquatic  species).    


• FireConcern was expressed over how the Forest Practices Rules will affect the 
frequency and intensity of wildfire and disease, especially in eastern Washington. 


• Cultural ResourcesConcern was expressed over how well the Forest Practices Rules 
will result in the identification and protection of  historic and cultural sites from the 
effects of forest management. 


1.5.3 Other Issues and Related Documents 
SEPA requires an EIS to analyze significant impacts (WAC 197-11-440).   Impacts not 
considered significant do not have to be addressed.  Further, SEPA emphasizes that an EIS 
should analyze environmental impacts (WAC 197-11-448).  The intent is that the 
responsible agency will weigh the EIS as one of potentially several pieces of information 
needed in the decision-making process.  The EIS is not required to evaluate and document 
all possible effects and considerations, such as economic competition, personal income and 
wages, and social impacts.  Therefore, the focus of this document is on a comparison of a 
reasonable range of alternatives and an analysis of the environmental impacts for 
significant issues.   


Economic impacts related to the proposed rule changes will be addressed separately by the 
Small Business Economic Impact Statement required by the Regulatory Fairness Act 
(chapter 19.85 RCW) and the Cost Benefit Analysis required by the Administrative 
Procedure Act (chapter 34.05 RCW). The Small Business Economic Impact Statement 
analyzes the disparity of the impact of rules on large businesses versus small businesses.  
Both of these documents will be posted on the Forest Practices Board website 
(www.wa.gov/dnr) when they are completed.  They will also be available from DNR, 
Forest Practices Division (360/902-1400). 


1.6 DECISION TO BE MADE 
The Final EIS will provide information that the Forest Practices Board will use in 
finalizing new, permanent Forest Practices Rules.  The permanent rules are being drafted to 
accomplish the goals of the Forest Practices Board as stated earlier in this chapter (section 
1.3).  The Forest Practices Board anticipates conducting the 20-day review (RCW 
76.09.040(2)) on these draft rules from April 4 to April 26, 2001.  The draft rules will be 
proposed officially by filing them with the Code Reviser and distributing them to the 
public.  Public hearings will be held in Yakima and Seattle on April 24 and 25, 2001. 
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The Forest Practices Board will finalize the rules using the following information: 


• Public comments on the Draft EIS 
• Final EIS 
• The small business economic impact statement 
• The cost-benefit analysis 
• Public comments on the proposed rules 


The schedule mandated by the legislature (ESHB 2091) for permanent rule adoption is 
June 30, 2001.  
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Introduction 
This appendix outlines the analysis methodology used to evaluate impacts on wetland habitats in 
this Environmental Impact Statement (EIS).  The analysis procedures were applied to 
representative sections of land located throughout the State.  Wetland GIS mapping, based on a 
simplified classification system developed by the State Department of Natural Resources (DNR), 
was available for these representative sections.  This classification system consolidates like 
wetland habitats into three major categories, and then classifies wetlands within these categories 
according to wetland types defined in the Washington State Forest Practices Rules.  This wetland 
classification system facilitates the application and quantitative analysis of the principal wetland 
protection measures outlined under the three alternatives (Table 1).  However, it is important to 
note that the alternatives contain protection measures or processes (GIS mapping, development of 
new wetland classification, road mitigation, etc.) which cannot be modeled.  Therefore, a 
qualitative analysis for these provisions is conducted in the EIS.  


A method of reducing impacts on wetlands from land management activities is to apply a 
protective buffer around wetland sites.  Under the alternatives, protective buffers or wetland 
management zones (WMZs) are applied to non-forested wetland sites.  Forested wetlands can be 
harvested, but are afforded some level of protection, such as reduced harvest or exclusion of 
harvest equipment (Table 1).   


Characteristics of buffer zones, particularly slope and vegetative cover, directly influence the 
buffer zones effectiveness.  Up to a point, the effectiveness of removing sediments, nutrients, 
bacteria, and other pollutants from surface water runoff increases with buffer width.  Although 
buffer protection distances for wetlands can vary markedly, depending upon site conditions, 
buffers of 100 feet or greater have been found to control course and fine sediments if 
channelization in the buffer zone does not occur (Broderson, 1973; Corbett and Lynch, 1985; 
Lynch et al., 1985).  Additionally, buffers of at least 100 feet have been found to minimize water 
temperature fluctuations (Lynch et al., 1985).  


Analysis Approach 
The evaluation criteria utilized for the analysis includes the effectiveness of land management 
programs in providing protection to wetlands and their associated functions (Table 1).  The 
functions of wetlands that are the focus of evaluation include fish and wildlife habitat, water 
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Table 1.  Wetland Protection Measures Under the Alternatives 


 Alt. 1 Alt. 2 Alt. 3 
Wetland Types Non-forested wetlands with open water (Type A) 


Non-forested wetlands (Type B) 
Forested Wetlands 


Non-forested wetlands with open water (Type A) 
Non-forested wetlands (Type B) 
Forested Wetlands 


Non-forested wetlands with open 
water (Type A) 
Non-forested wetlands (Type B) 
Forested Wetlands 


WMZs, Wetland 
Mapping and 
Classification. 


- Wetland buffers are variable depending on the size and type of wetland (see Table 
3).  Within WMZ, leave a total of 75 trees per acre greater than 6 inches dbh in 
Western Washington and greater than 4 inches in Eastern Washington.  Twenty-five 
shall be greater than 12 inches dbh including 5 trees greater than 20 dbh. 


- Individual trees or forested wetland areas less than 0.5 acre in size may occur.  These 
trees have a high habitat value to the nonforested wetland.  Leave individual trees or 
forested wetland less than 0.5 acre.  


- No timber shall be felled into or cable yarded across open water or emergent 
wetlands.  Harvest shall not be allowed within a open water wetland which meets the 
definition of a bog. 


- Partial-cutting or removal of groups of tree is acceptable within the WMZ but the 
maximum width of opening created by harvesting shall not exceed 100ft as measured 
parallel to the wetland edge.  


- Harvest of upland areas or forested wetlands which are surrounded by open water 
and emergent wetlands must be conducted in accordance with a plan, approved in 
writing of the department. 


- Openings shall not be closer than 200 feet without approval.  Ground based 
equipment is not allowed within a WMZ without written approval.  When 10% or 
more of a harvest unit lies within a WMZ and either the harvest unit is a clearcut of 
30 acres or less or the harvest unit is a partial cut of 80 acres or less, leave not less 
than 50% of trees as described above. 


Same as Alternative 1 except:  
 
- Protection of forested seeps and springs with an obvious 


connection to Type N perennial streams.  
- Changes in wetland mapping techniques and GIS wetland 


coverage updates 


Same as Alternative 1 except: 
- Increased buffer widths on Type 


A and B wetlands (see Table 3) 
- Forested wetlands, then leave 


snags, non-merchantable trees, 
understory vegetation and 70% 
canopy closure.  


- Includes the adoption of a new 
wetland classification system 
(likely hydrogeomorphic) that 
would identify functions of 
wetland types within the 
landscape, thereby, providing a 
mechanism for implementing 
applicable protection measures 
for different wetland types and 
enhancing the level of wetland 
protection.   


- Increased wetland mitigation 
ratio, generally a 2:1 acre basis. 


Roads and 
Landings 


- In planning roads wetlands will try to be avoided.  If wetlands can’t be avoided, 
reduce impact by minimizing subgrade width and spoil areas.   


- An accurate delineation of wetland boundaries shall be required for road or landing 
construction which fills or drains more than 0.5 acre of a wetland.  If unable to 
minimize impacts to wetlands, restore affect areas, reduce impacts, or replace 
affected wetland on an acre for acre basis and of the same type and in the same 
general location. 


- Minimize placement and size of landing within wetlands.  Landings shall not be 
located in Type A or B wetlands or their Wetland Management Zones.  Spoil shall be 
located outside of Type A and Type B wetlands and their wetland management 
zones.  No spoil area greater than 0.5 acre is size shall be allowed within wetlands 
and spoil shall not be located within the boundaries of forested wetlands without 
written approval of the Department and unless a less environmentally damaging 
location is unavailable.  


Same as Alternative 1 except: 
- Avoid net loss of wetland function during road and 


landing construction by either selecting the least 
environmentally damaging location, minimize impacts by 
reducing the sub-grade width, fill acreage and spill areas, 
or restore affected areas by removing temporary fills or 
road sections upon completion, or reduce or eliminate 
impacts over time by preserving or maintaining areas, or 
replace affected areas by creating new wetlands or 
enhancing existing wetlands.  


- An accurate wetland delineation will be completed if road 
or landing construction fills or drains more than (0.1) one 
tenth of a wetland.  Filling or draining more than 0.5 acre 
of a wetland requires replacement by substitution or 
enhancement of the lost wetland functions, generally with 
a two-for-one basis of the same type and in the same 
general location.  


- Roads shall not be constructed in bogs or low nutrient fens 
and roads shall not be located in wetlands if there would 
be substantial loss or damage to wetland functions or 
acreage unless the department has determined that 
alternatives will cause greater damage to public resources.  


Same as Alternative 2 
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quality and hydrology with an emphasis on water quality and fish habitat.  The quantitative 
evaluation of wetlands under the alternatives includes: 1) an analysis of the acres of non-forested 
wetlands and their associated buffers protected under the establishment of WMZs, and 2) an analysis 
of acres of forested wetlands and non-forested wetlands (including WMZs) provided incidental 
protection by the establishment of Riparian Management Zones (RMZs). 


To provide a perspective from which to evaluate the effects on wetlands under the alternatives, the 
types and amounts (acres) of wetlands within the representative sample sections were identified 
using the GIS DNR wetland habitat type coverage.  Wetland types are evaluated using the 
Washington State Forest Practice Rules, which separate out wetland habitats into three major 
categories: forested, non-forested, and open water.  The non-forested wetlands are further divided 
into Type A wetlands (greater than 0.5 acre, with open water) and Type B (other non-forested 
wetlands), and other (forested wetlands and open water habitats).  A quantitative comparison has 
been made between the alternatives evaluating their varying protection levels and the amount of 
wetlands that occur within them.  It is important to note that wetlands that occur within RMZs under 
the alternatives will provide additional protection depending upon land management practices 
associated with the RMZs (see riparian analysis).  Therefore, the quantitative analysis also includes 
the amount and type of wetlands (including WMZs) that occur within these RMZs.  This analysis 
will not identify different prescriptions with the established RMZs, but will yield a total acreage of 
wetlands occurring within the management buffers.  A qualitative discussion has been incorporated 
in the analysis for the EIS that evaluates the impacts of roads and road use on wetland sites under 
the alternatives.  Additionally, changes in wetland mapping, GIS wetland coverage updates, and the 
development of new wetland classification systems, that address wetlands functions as they relate to 
wetland protection, are also addressed. 


GIS Wetland Coverage Description  
A GIS program was used to quantify the type and acreage of wetland projected under the 
alternatives using the updated DNR Wetland Coverage .  The DNR wetland coverage utilized the 
National Wetland Inventory (NWI) data and combined the various wetland classifications into three 
categories: forested, non-forested, open water (Table 2).  It then further classified these wetland 
types into Type A, B, and other wetlands sites (wetlands that don’t fit into either category).  The 
majority of wetlands identified on the NWI maps were mapped from stereo-paired aerial photos, 
collected at a scale of 1:58,000, with limited field verification.  Inherent difficulties in identifying 
wetlands on aerial photography can lead to under representation of wetland sites at the landscape 
scale (USFWS, 1994).  In particular, forested wetland sites are generally under represented due to 
difficulties in identifying and mapping wetlands from photos through tree canopies.  Therefore, to 
more accurately identify forested wetland habitats within the sections, the DNR hydric soil layer 
was overlaid on the DNR forest type layer.  This newly developed layer was then combined with the 
existing DNR wetland coverage to update acreages of forested wetland habitats.  Hydric soils also 
may include non-wetland habitats.  Therefore, the acreage of forested wetlands identified through 
the application of this data layer may have overestimated the amount of forested wetlands.  
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Table 2.  DNR Classification of NWI Designations 


Forested 
Wetland Open Water Wetland Vegetated Wetland 


Palustrine 
Forested 
 
Estuarine 
Forested 
Forested 
habitats 
occurring on 
hydric soils 1/ 


Palustrine open 
water 
 
Palustrine river bed 
 
Palustrine 
Unconsolidated 
Water 
Palustrine Aquatic 
Bed 
Palustrine 
unconsolidated 
shore 
Lacustrine limnetic 
rock bottom 
  


Lacustrine limnetic 
unconsolidated bottom 
Lacustrine limnetic 
aquatic bed 
Lacustrine limnetic open 
water 
Lacustrine littoral rock 
bottom 
Lacustrine littoral 
unconsolidated bottom 
Lacustrine littoral 
aquatic bed 
Lacustrine littoral rock 
shore 
Lacustrine littoral 
unconsolidated shore 
Lacustrine littoral open 
water 


Palustrine unconsolidated bottom 
palustrine moss lichen 
Palustrine emergent 
Lacustrine littoral unconsolidated 
shore 
Lacustrine littoral emergent 
Palustrine scrub-shrub 
 
 
 


1/= Forested wetland habitats identified through hydric soil and vegetation data sets.  
 


Analysis Rules  
Alternative 1  
• If a non-forested wetland with open water (Type A) (including bogs) and > 5 acres, then average 


WMZ= 100’ 


• If a non-forested wetland with open water (Type A) (including bogs) and 0.5 to 5 acres, then 
average WMZ= 50’ 


• If a non-forested wetland with open water (Type A) and  0.25 to 0.5 acres (bogs only) then 
minimum WMZ= 50’ 


• If a non-forested wetland (Type B) and > 5 acre, then average WMZ =  50’ 


• If a non-forested wetland (Type B) and 0.5 to 5 acre, then average WMZ =   25’ 


• If a non-forested wetlands (Type B) 0.25  to 0.5, then WMZ = 0 


Alternative 2  
• If a non-forested wetland with open water (Type A) (including bogs) and > 5 acres, then average 


WMZ= 100’ 


• If a non-forested wetland with open water (Type A) (including bogs) and 0.5 to 5 acres, then 
average WMZ= 50’ 


• If a non-forested wetland with open water (Type A) and  0.25 to 0.5 acres (bogs only) then 
minimum WMZ= 50’ 
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• If a non-forested wetland (Type B) and > 5 acre, then average WMZ =  50’ 


• If a non-forested wetland (Type B) and 0.5 to 5 acre, then average WMZ =   25’ 


• If a non-forested wetlands (Type B) 0.25  to 0.5, then WMZ = 0 


Alternative 3  
• If a non-forested wetland with open water (Type A) and > 5 acres, then WMZ = 200’ 


• If a non-forested wetland with open water (Type A) and 0.25-5 acres, then WMZ = 200’ 


• If a non-forested wetland (Type B) and > 5 acres, then WMZ = 100’ 


• If a non-forested wetland and (Type B) 0.25-5 acres, then WMZ = 100’ 


• If a forested wetland, then leave snags, non-merchantable trees, understory vegetation and 
70 percent canopy closure.  


Results 
Table 3 displays the acreage of wetlands on forested lands in the sample sections protected by 
WMZs under the alternatives by owner and region.  Table 4 displays the acreage of non-protected 
wetlands in the sample sections that would be incidentally protected through the establishment of 
WMZs and RMZs.  


Table 3.  Acreage of Wetlands in the Sample Sections that Would Be  Protected by WMZs By 
Alternative 


 Forested Wetland Open Water Type A Type B 


Alternatives 


Not 
Protected 
by WMZs 


Protected 
By WMZs


Not 
Protected 
by WMZs 


Protected 
by WMZs 


Not 
Protected 
by WMZs


Protected 
by WMZs 


Not 
Protected 
by WMZs 


Protected 
by WMZs


Alternative 1         
Private, West Side 2,395.9 0.0 10.9 0.0 2.4 308.4 6.6 0.0 
Private, East Side 351.4 0.0 5.9 0.0 0.2 106.8 2.2 0.0 
State, East Side 46.6 0.0 0.6 0.0 0.0 18.2 0.6 0.0 


Total 2,793.8 0.0 17.5 0.0 2.6 433.5 9.4 0.0 
Alternative 2         
Private, West Side 2,395.9 0.0 10.9 0.0 2.4 308.4 6.6 0.0 
Private, East Side 351.4 0.0 5.9 0.0 0.2 106.8 2.2 0.0 
State, East Side 46.6 0.0 0.6 0.0 0.0 18.2 0.6 0.0 


Total 2,793.8 0.0 17.5 0.0 2.6 433.5 9.4 0.0 
Alternative 3         
Private, West Side 2,395.9 0.0 10.9 0.0 2.4 308.4 0.0 6.6 
Private, East Side 351.4 0.0 5.9 0.0 0.2 106.8 0.0 2.2 
State, East Side 46.6 0.0 0.6 0.0 0.0 18.2 0.0 0.6 


Total 2,793.9 0.0 17.5 0.0 2.6 433.5 0.0 9.4 
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Table 4.  Acreage of Non-protected Wetlands in the Sample Sections that Would Be Incidentally 
Protected Through the Establishment of WMZs and RMZs by Alternative 


Acre of Wetlands 
Protected by WMZs Only


Acre of Wetlands 
Protected by RMZs1/ Only


Acre of Wetlands Protected 
by Both WMZs and RMZs1/Alternative 


and Wetland 
Type 


East 
Side 


West 
Side 


State 
Wide 


East 
Side 


West 
Side 


State 
Wide 


East 
Side 


West 
Side 


State 
Wide 


Alternative 1          
Forested 59.5 117.0 176.5 22.0 348.7 370.7 3.5 18.7 22.2 
Non-forested 0.2 1.3 1.5 0.0 0.9 0.9 0.0 0.8 0.8 
Open water 0.0 0.7 0.7 0.3 4.0 4.3 0.0 1.8 1.8 


Total 59.7 118.9 178.6 22.3 353.6 375.9 3.5 21.3 24.7 
Alternative 2          
Forested 48.1 106.6 154.7 49.7 497.4 547.0 17.0 29.3 46.3 
Non-forested 0.2 1.0 1.2 0.1 1.3 1.4 0.0 1.1 1.1 
Open water 0.0 0.4 0.4 2.4 6.0 8.4 0.0 2.0 2 


Total 48.4 108.0 156.4 52.2 504.7 556.9 17.0 32.4 49.4 
Alternative 3          
Forested 53.1 211.2 264.3 106.9 833.0 939.9 80.8 157.7 238.5 
Non-forested 0.2 0.0 0.2 0.1 0.5 0.6 0.0 1.6 1.6 
Open water 0.0 0.0 0.0 5.7 4.3 10.0 0.0 5.2 5.2 


Total 53.3 211.2 264.5 112.7 837.8 950.5 80.8 164.5 245.3 
1/  For this purpose, the entire RMZ width was included for the analysis (e.g., in Alternative 2, core inner and 


outer zones were included). 
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5. GLOSSARY 


The following definitions have been gathered from a variety of sources, including the 
Forests and Fish Report (April 1999).  The definitions are not necessarily the same as those 
in the Forest Practices Act; the forest practices rules (WAC 222); the new emergency rules 
adopted by the FPB (effective March 20, 2000); or the new permanent rules to be 
developed and proposed by the FPB later this year. 


Adaptive management – A formal process for a) evaluating the current resource status, b) 
evaluating the effectiveness of rules and guidance necessary to meet the goals and 
objectives for the protection, maintenance, and enhancement of resources, c) making any 
necessary adjustments to management practices, and d) requiring mitigation, where 
necessary to achieve resource objectives. 


Alluvial fan – See “sensitive sites” definition. 


Anadromous fish – Those species of fish that mature in the ocean and migrate to 
freshwater streams to spawn; an example is salmon. 


Angular canopy density (ACD) – A measure of solar radiation reaching a stream; the 
projection of canopy closure measured at the angle at which solar radiation directly passes 
through the canopy to the stream. 


Archaeological object – An object that comprises the physical evidence of an indigenous 
and subsequent culture including material remains of past human life including 
monuments, symbols, tools, facilities, and technological by-products (from RCW 
27.53.030). 


Archaeological resources – All sites, objects, structures, artifacts, implements, and 
locations of prehistorical or archaeological interest, whether previously recorded or still 
unrecognized, including, but not limited to, those pertaining to prehistoric and historic 
American Indian or aboriginal burials, campsites, dwellings, and habitation sites, including 
rock shelters and caves, their artifacts and implements of culture such as projectile points, 
arrowheads, skeletal remains, grave goods, basketry, pestles, mauls and grinding stones, 
knives, scrapers, rock carvings and paintings, and other implements and artifacts of any 
material that are located in, on, or under the surface of any lands or waters owned by or 
under the possession, custody, or control of the state of Washington or any county, city, or 
political subdivision of the state (from RCW 27.53.040). 


Archaeological site – A geographic locality in Washington, including, but not limited to, 
submerged and submersible lands and the bed of the sea within the state's jurisdiction, that 
contains archaeological objects (from RCW 27.53.030). 


Bankfull depth – The elevation difference between the thalweg and the water surface of a 
stream flow having a return period of approximately 1.5 years.  The horizontal projection 
of this water-surface elevation to the stream bank or the top of the geomorphic floodplain 
indicates bankfull depth.  The top of the active floodplain of a stream is commonly 
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indicated by the top of the point bar, by a change in vegetation from bare surfaces or 
water-tolerant species to water-intolerant shrubs and trees, by a break in slope, or by a 
change in the size distribution of surface sediments. 


Bankfull width – For any stream, the average distance between the elevations indicated by 
bankfull depth.  The top of the active floodplain of a stream is often indicated by the top of 
the point bar, by a change in vegetation from bare surfaces or water-tolerant species to 
water-intolerant shrubs and trees, by a break in slope, or by a change in the size 
distribution of surface sediments. 


Basal area – The area in square feet of the cross-section of a tree bole measured at 4.5 feet 
above the ground. 


Bull trout habitat overlay – Those portions of eastern Washington streams containing 
bull trout habitat as identified in the Department of Fish and Wildlife’s bull trout habitat 
overlay map.  Prior to the development of a bull trout field protocol and of the 
habitat-based predictive model, the bull trout habitat overlay map may be modified to 
allow for locally-based corrections using current data, field knowledge, and best 
professional judgment.  A landowner may meet with the Departments of Natural Resources 
and Fish and Wildlife and, in consultation with affected tribes and federal biologists, 
determine whether certain stream reaches have habitat conditions that are unsuitable for 
bull trout.  If such a determination is mutually agreed on, documentation submitted to the 
department will result in the applicable stream reaches no longer being included within the 
definition of bull trout habitat overlay.  Conversely, if suitable bull trout habitat is 
discovered outside the current mapped range, those waters will be included within the 
definition of bull trout habitat overlay by a similar process. 


Bedrock hollow – (Colluvium-filled bedrock hollows or hollows; also referred to as 
zero-order basins, swales, or bedrock depressions) Landforms that are commonly 
spoon-shaped areas of convergent topography (upward or contour concavity) within 
unchannelled valleys on hillslopes.  Hollows are formed on slopes of varying steepness and 
tend to be longitudinally linear on the slope.  Their upper ends can extend to the ridge, or 
begin as much as several hundred feet below.  Most hollows are approximately 75 to 200 
feet wide at the top and may narrow to 30 to 60 feet downhill.  They terminate at distinct 
channels, either at the point of channel initiation or along a stream side. Bedrock hollows 
typically experience episodic evacuation of debris by shallow-rapid mass movement, 
followed by slow refilling with colluvium.  Debris slides that begin within bedrock hollows 
commonly evolve into debris torrents, which have the potential to reach great distances 
downhill and downstream. 


Biological diversity – The relative degree of abundance of wildlife species, plant species, 
communities, habitats or habitat features man area. 


Blowdown – Trees felled by high winds. 


Board foot – The amount of wood equivalent to a piece 1 foot by 1 foot by 1 inch thick. 
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Bog – A hydrologically isolated, low nutrient wetland that receives its water from 
precipitation only. Bogs typically have no inflow and rarely have outflows. Bogs have peat 
soils 16 or more inches in depth (except where over bedrock), and specifically adapted 
vegetation such as sphagnum moss, Labrador tea, bog laurel, sundews, and some sedges. 
Bogs may have an overstory of spruce, hemlock, cedar, or other tree species, and may be 
associated with open water. 


Buffer – A forested strip left during timber harvest to conserve sensitive ecosystems or 
wildlife habitat, or potentially unstable slopes.  Management activities may be allowed as 
long as they are consistent with the objectives for the buffer. 


Canopy – The continuous cover of branches and foliage formed collectively by the crowns 
of adjacent trees and other woody growth. See also “understory canopy” and “overstory 
canopy.” 


Canopy closure – The degree to which the canopy (forest layers above one’s head) blocks 
sunlight or obscures the sky.  See also relative density. 


Channel migration zone – For each of the types of streams described below, the area 
where the active channel of such stream is prone to move and where movement would 
result in a potential near-term loss of riparian forest adjacent to the stream.  For purposes of 
this report, channel migration zones are associated with moderately confined streams, and 
unconfined avulsing streams. 


Class IV-Special – A Washington forest practices class; forest practices that fall under 
SEPA (RCW 76.09.05), as they have been determined to have potential for a substantial 
impact on the environment, and so require an environmental checklist and additional 
review. 


Clearcut – A harvest method in which all or almost all of the trees are removed in one 
cutting; an even-aged silvicultural system. Clearcutting establishes a stand without 
protection from an overstory canopy. 


Climax – The culminating, highly stable stage in plant succession for a given environment; 
an ecosystem will stay at the climax stage until disturbance affects the ecosystem and the 
stages of ecological succession begin again. 


Closed-canopy forest – Coniferous forests between 40 and 70 years of age. Also called 
closed forest; a forest habitat description for DNR-managed forest lands. 


Code of Federal Regulations (CFR) – A codification of the general and permanent rules 
published in the Federal Register by the executive departments and agencies of the federal 
government. 


Commercial thinning – The removal of generally merchantable trees from an even-aged 
stand, so that the remaining trees can develop faster and with less competition. 
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Compliance monitoring – Monitoring conducted to determine if required measures for the 
protection, maintenance, and enhancement of resources are implemented. Sometimes 
referred to as “implementation monitoring.” 


Convergent headwall (or headwalls) – Landforms that are teardrop-shaped, broad at the 
ridgetop and terminate where headwaters converge into a single channel.  They are broadly 
concave both longitudinally and across the slope, but may contain sharp ridges that 
separate the headwater channels.  Convergent headwalls generally range in size from about 
30 to 300 acres; slope gradients are typically steeper than 35 degrees and may exceed 45 
degrees.  Soils are thin because slides are frequent in these landforms.  It is the 
arrangement of bedrock hollows and first-order channels on the landscape that causes a 
convergent headwall to be a unique mass-wasting feature.  The highly convergent shape of 
the slopes, coupled with thin soils, allows rapid saturation during rainfall and/or snowmelt.  
The mass-wasting response of these areas to storms, to natural disturbances such as fire, 
and to forest practices is much greater than is observed on other steep hillslopes in the 
same geologic settings.  Convergent headwalls are also prone to surface erosion.  
Landslides that evolve into debris flows in convergent headwalls typically deliver debris to 
larger channels downstream.  Channel gradients are extremely steep within headwalls, and 
generally remain so for long distances downstream.  Channels that exit the bottoms of 
headwalls have been formed by repeated debris flows and have forms and gradients that 
are efficient at conducting them.  Convergent headwalls commonly have debris fans at the 
base of their slopes. 


Core zone – (i) for the east side, the area between the edge of a Type S or F water and a 
line 30 feet from the edge of such water (measured as horizontal distance) and (ii) for the 
west side, the area between the edge of a Type S or F water and a line 50 feet from the 
edge of such water (measured as horizontal distance). 


Covered resources – Water quality, fish, the Columbia torrent salamander (Rhyacotriton 
kezeri), the Cascade torrent salamander (Rhyacotriton cascadae), the Olympic torrent 
salamander (Rhyacotriton olympian), the Dunn’s salamander (Plethodon dunni), the Van 
Dyke’s salamander (Plethodon vandyke), the tailed frog (Ascaphus truei) and their 
respective habitats. 


Critical habitat, federal – Areas designated under the federal Endangered Species Act 
that have the physical and biological features necessary for the conservation of a listed 
species, or which require special management considerations or protection. 


Critical habitat, state – Habitats of threatened or endangered species as designated by the 
Washington Forest Practices Board (WAC 222-16-080). 


Cultural resources – Archaeological and historic sites and artifacts and traditional 
religious, ceremonial and social uses and activities of affected Indian tribes (from 
WAC 222-16-010). 


Debris slide – The very rapid and usually sudden sliding and flow of incoherent, unsorted 
mixtures of soil and weathered bedrock. 
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Debris flow – A moving mass of rock, soil, debris, and mud, more than half the particles 
being larger than sand size; can travel many miles down steep confined mountain channels; 
a form of debris torrent. 


Debris torrent – Debris flow or dam-break flood. Rapid movement of a large quantity of 
materials, including wood and sediment, down a stream channel. Usually occurs in smaller 
streams during storms or floods, and scours the stream bed in steeper channels. 


Deep-seated landslide – Landslides in which the zone of movement is mostly below the 
maximum rooting depth of forest trees, to depths of tens to hundreds of feet.  Deep-seated 
landslides can vary greatly in size (up to thousands of acres) and activity level and can 
occur almost anywhere on the hillslope.  Deep-seated landslides are usually formed in 
incompetent materials such as glacial deposits, volcaniclastic rocks, and fault gouge.  
Commonly, development of a deep-seated landslide begins after a slope has been over-
steepened by glacial or fluvial undercutting; however, the initiation of such slides has also 
been associated with changes in land use, increases in ground-water levels, and the 
degradation of material strength through natural processes.  Movement can be translational, 
rotational, or complex, range from slow to rapid, and include small to large displacements.  
Deep-seated landslides in bedrock commonly occur in masses that are relatively weak.  
Those in glacial deposits are common in thicker deposits, usually where very permeable 
and impermeable materials are juxtaposed.  Impermeable deposits can perch ground water, 
causing elevated pore-water pressures in the overlying deposits, which can then slide out 
and downward.  The groundwater recharge area for a glacial deep-seated slide is the area 
upslope that can contribute water to the landslide.  It is initially assumed to be equivalent to 
the topographically defined sub-basin directly above the active slide; the spatial extent of 
the groundwater recharge area can be identified in the field using one of several methods 
(as explained in the Forest Practices Board Manual).  Many deep-seated landslides occur in 
the lower portions of hillslopes and extend directly into streams.  In such situations, 
streams can undercut the landslide toes, promoting further movement; such over-steepened 
toes can also be sensitive to changes caused by harvest and road construction.  On the other 
hand, deep-seated landslides confined to the upper slopes may not have the ability to 
deposit material directly into channels.  The ability of scarps and marginal streams to 
deliver sediment to waters or structures varies with local topography.  Steep marginal 
streams can be subject to debris-flow initiation. 


Desired future condition (DFC) – The stand conditions of a mature riparian forest at 140 
years of age. 


Diameter at breast height (dbh) – The diameter of a tree, measured 4.5 feet above the 
ground on the uphill side of the tree. 


Dispersal – The movement of juvenile, subadult, and adult animals from one sub-
population to another. For juvenile spotted owls, dispersal is the process of leaving the 
natal territory to establish a new territory. 
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Early seral stage – Forest development classification that corresponds with:  (1) closed 
sapling-pole, small sawtimber condition (Brown 1985); (2) young forest (Spies and 
Franklin 1991); and (3) stand initiation stage, stem exclusion stage (Oliver 1981). 


Earthflow – Mass movement process and landform characterized by downslope translation 
of soil and weathered rock over a landslide within well-defined lateral boundaries. 


Eastern Washington – The geographic area in Washington east of the crest of the Cascade 
Mountains from the international border to the top of Mt. Adams; then east of the ridge line 
dividing the White Salmon River drainage from the Lewis River drainage, and east of the 
ridge line dividing the Little White Salmon River drainage from the Wind River drainage, 
to the Columbia River. 


Eastern Washington timber habitat types – 


Tree Species Zone Elevation 
Ponderosa pine 0 – 2,500 feet 
Mixed conifer 2,500 – 5,000 feet 
High elevation Above 5,000 feet 


 
Edge (habitat) – An abrupt change between adjacent plant communities, successional 
stages, or vegetative conditions. 


Edge (water) – Edge of any water means the outer edge of the water’s bankfull width or, 
where applicable, the outer edge of the associated channel migration zone. 


Edge effects – The modified environmental conditions along the margins, or edges, of 
forest patches. 


Effectiveness monitoring – Monitoring conducted to determine if measures implemented 
for the protection, maintenance, and enhancement of resources have the desired effect. 


Endangered Species Act (ESA) – The federal Endangered Species Act of 1973 (16 U.S.C. 
§1531 et. seq.), as amended, sets up processes by which plant and animal species can be 
designated as threatened or endangered.  Two federal agencies, the USFWS and NMFS, 
administer the act.  Once species are listed, the act also provides that these agencies 
develop recovery plans for these species, including conserving the ecosystems on which 
listed species depend. 


Endemic – Term used to describe a species whose habitat exists in a particular area. 


Environmental impact statement (EIS) – A document prepared under the National or 
State Environmental Policy Acts to assess the effects that a particular action or program 
will have on the environment. 


Equipment limitation zone – The area between the edge of a Type N water and a line 30 
feet (measured as horizontal distance) from such edge. 
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Even-aged – A system of forest management in which stands are produced or maintained 
with relatively minor differences (generally, less than 10 years) in age. 


Evolutionarily significant units (ESU) – A population that is substantially reproductively 
isolated from other population units of the same species, and represents an important 
component in the evolutionary legacy of the species. 


Extirpation – The elimination of a species from a particular area. 


Federally listed – Species formally listed as a threatened or endangered species under the 
federal Endangered Species Act; designations are made by the USFWS or NMFS. 


Fish – For purposes of this agreement, species of the vertebrate classes 
Cephalospidomorphi and Osteichthyes. 


Forest Practices Act – A Washington State statute (chapter 76.09 RCW) establishing 
minimum standards for forest practices, and providing for necessary administrative 
procedures and rules applicable to activities conducted on or pertaining to forests, on both 
state managed and private lands.  (chapter 76.09 RCW) 


Forest Practices Board – A Washington State agency created by the Forest Practices Act 
to adopt forest practices rules that protect public resources coincident with the maintenance 
of a viable forest products industry.  These rules are administered and enforced by the 
Washington Department of Natural Resources. 


Fragmentation – The spatial arrangement of successional stages across the landscape as 
the result of disturbance; often used to refer specifically to the process of reducing the size 
and connectivity of late-successional or old-growth forests. 


Geographic information system (GIS) – A computer system that stores and manipulates 
spatial data, and can produce a variety of maps and analyses. DNR’s GIS is able to: (1) 
assign information and attributes to polygons and lines, which represent relationships on 
the ground; and (2) update and retrieve inventory, mapping, and statistical information. 
DNR uses its GIS as one of several tools for setting landscape-level planning objectives. 


Geomorphic processes – Landscape-modifying processes such as surface erosion, mass 
wasting, and stream flow. 


Green-tree retention – A stand management practice in which live trees are left within 
harvest units to provide habitat after harvest. 


Habitat conservation plan (HCP) – An implementable program for the long-term 
protection and benefit of a species in a defined area; required as part of a Section 10 
incidental taking permit application under the federal Endangered Species Act. 


Habitat preference – The choice of habitat(s) that an animal would make if all habitat 
types were available to it. 


Habitat selection – The choice of habitat(s) directly available to an animal. 







 
 


 


 


Glossary Final EIS 


 


Chapter 5 


5-8


 


High-elevation habitat type – The habitat series on the east side ranging from elevations 
of 5,000 feet to the tree line. 


Historic archaeological resources – Those properties which are listed in or eligible for 
listing in the Washington State Register of Historic Places (RCW 27.34.220) or the 
National Register of Historic Places as defined in the National Historic Preservation Act of 
1966 (Title 1, Sec. 101, Public Law 89-665; 80 Stat. 915; 16 U.S.C. Sec. 470) as amended 
(from RCW 27.53.030). 


Historic site – Includes: sites, areas and structures or other evidence of human activities 
illustrative of the origins, evolution and development of the nation, state or locality; or 
places associated with a personality important in history; or places where significant 
historical events are known to have occurred even though no physical evidence of the 
event remains. (from WAC 222-16-010). 


Horizontal distance – The distance on a line parallel to the horizon (not parallel to the 
slope). 


Hydrologic analysis unit (HAU) – Subdivisions of the watershed administrative unit 
(WAU) used in the hydrology module of the Washington Forest Practices Board’s 
watershed analysis procedures. 


Hydrologic maturity – The degree to which hydrologic processes (e.g., interception, 
evapotranspiration, snow accumulation, snowmelt, infiltration, runoff) and outputs (e.g., 
water yield and peak discharge) in a particular forest stand approach those expected in a 
late seral stand under the same climatic and site conditions.  In DNR’s HCP, a 
hydrologically mature forest, with respect to rain-on-snow runoff, is a well-stocked conifer 
stand 25 years or older. 


Hyporheic – Refers to the area adjacent to and below channels where interstitial water is 
exchanged with channel water. 


Identifiable channel – A channel with well-defined and measurable banks where 
vegetative ground cover has been disturbed and sediment is exposed.  


Implementation Agreement (IA) – A part of the application for an incidental take permit, 
which specifies the terms and conditions, resources, schedule of activities, and expectations 
to the parties of the agreement. 


Incidental take – The taking of member of a federally listed wildlife species, if the taking 
is incidental to, and not the purpose of, carrying out otherwise lawful activities.  


Incidental take permit – Permit issued by the USFWS to a nonfederal entity (state, tribe, 
private landowner), that allows incidental taking of a threatened or endangered; permit also 
requires permittee to carry out specified actions that minimize and mitigate the taking. 
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Inner gorges – Canyon walls created by a combination of stream downcutting/ 
undercutting action and mass movement on the slope walls.  Inner gorges may show 
evidence of recent movement, such as obvious landslides, vertical tracks of disturbance 
vegetation, or areas that are concave in contour and/or profile.  In competent bedrock, 
slope gradients of 35 degrees or steeper can be maintained, but soil mantles are 
increasingly sensitive to root-strength loss at these angles; slope gradients as gentle as 28 
degrees can be unstable in gorges cut into incompetent bedrock.  The top of the inner gorge 
is typically a distinct break in slope, but in some places the upper boundary is a subtle zone 
where the slope becomes markedly steeper or convex downhill.  Inner gorge walls can be 
continuous for great lengths, as along a highly confined stream that is actively 
downcutting; or they can be discontinuous, as along a flood-plain channel that is 
undercutting the adjacent hillslopes in isolated places where the stream has meandered to 
the valley edge.  Inner gorges experiencing mass wasting are likely to deliver sediment to 
waters or structures downhill.  Exceptions can occur where benches of sufficient size to 
stop moving material exist along the gorge walls but these are uncommon.  Inner gorges 
are distinguished from ordinary steep valley sides; ordinary valleys can be V-shaped with 
distinct slope breaks at the top, but they commonly do not show evidence of recent 
movement. 


Inner zone – For the east side, the area between the outer boundary of the adjacent core 
zone and a line 75 or 100 feet from the edge of the affected water (in each case measured 
as horizontal distance).  For the west side, the area between a line 50 feet from the edge of 
a Type S or F water and the inner zone outer boundary.  The inner zone outer boundary 
will be determined based on the size of the affected water and the management option, if 
any, elected for timber harvest within such inner zone. 


Interagency Scientific Committee – The U.S. Interagency Scientific Committee to 
address the conservation of the northern spotted owl; cited in this document as Thomas et 
al. (1990). 


Interception – In hydrology, the rain and snow caught in the forest canopy. 


Interior-core riparian buffer – Streamside buffer in the HCP Olympic Experimental 
State Forest riparian strategy; minimizes disturbance of unstable channel banks and 
adjacent hillslopes, and protects and aids natural restoration of riparian processes and 
functions.  See also buffer. 


Landscape – Large regional units of lands that are viewed as a mosaic of communities, or 
a unit of land with separate plant communities or ecosystems forming ecological units with 
distinguishable structure, function, geomorphology, and disturbance regimes.  In the HCP, 
a landscape is defined as a large area comprising various interacting patterns of stand 
structure and function going through alterations over time. 


Landscape planning – The process of planning for a specified landscape by setting 
specific objectives for a given area, such as protection of wildlife and timber production. 
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Landscape-level planning – The process of planning across an area larger than individual 
stands or harvest areas. 


Landslide – Any mass movement process characterized by downslope transport of soil and 
rock, under gravitational stress, by sliding over a discrete failure surface; or the resultant 
landform. In forested watersheds, landsliding typically occurs when local changes in the 
pore-water pressure increase to a degree that the friction between particles is inadequate to 
hold the mass on the slope. 


Large woody debris – Large pieces of wood in stream channels or on the ground, includes 
logs, pieces of logs, and large chunks of wood; provides streambed stability and/or habitat 
complexity. Also called coarse woody debris or down woody debris. Large organic debris 
is large woody debris, but may contain additional nonwoody debris, such as animal 
carcasses. 


Late-successional forest – A mature and/or old-growth forest stand, also called late 
seral-stage forest. Typical characteristics are moderate to high canopy closure, a multi--
layered, multi-species canopy dominated by large overstory trees, many large snags, and 
abundant large woody debris (such as fallen trees) on the ground.  Typically, stands 80-120 
years old are entering this stage. 


Listed wildlife species – Species formally listed as endangered, threatened, or sensitive by 
a federal (USFWS or NMFS) or state  (Washington Fish and Wildlife Commission) 
agency. 


Low-order streams – Small streams with very few tributaries; often are headwaters. Type 
4 and 5 waters are low order streams. 


Mass wasting – Dislodgment and downslope transport of soil and rock under the direct 
application of gravitational stress. 


Mature stand – A forest stand in the period from culmination of mean annual increment to 
old-growth stage or to 200 years. This is a time of gradually increasing stand diversity. 
Hiding cover, thermal cover, and some forage may be present. See also “mid-seral stage.” 


Mid-seral stage – Forest development classification that corresponds with: (1) large 
sawtimber condition (Brown 1985); (2) mature forest (Spies and Franklin 1991); and (3) 
understory reinitiation stage (Oliver 1981). Age of dominant trees is 80-195 years (Spies 
and Franklin 1991); due to stand density, brush, grass, or herbs decrease in the stand. 
Hiding cover may be present. 


Mixed conifer habitat type – The habitat series on the east side ranging from elevations 
above 2500 feet up to 5,000 feet. 
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National Environmental Policy Act (NEPA) – The law that is the basic national charter 
for protection of the environment. NEPA requires all federal agencies to consider and 
analyze all significant environmental impacts of any action proposed by those agencies; to 
inform and involve the public in the agencies’ decision-making processes; and to consider 
the environmental impacts in those processes. 


National Marine Fisheries Service (NMFS) – The federal agency that is the listing 
authority for marine mammals and anadromous fish under the federal Endangered Species 
Act. 


Old-growth forest – A forest that is in the successional stage after maturity, which may or 
may not include climax old-growth species; the final seral stage.  Typically, it contains 
trees older than 200 years.  Stands containing Douglas-fir older than 160 years which are 
past full maturity and starting to deteriorate may be classified as old growth. The OESF 
GIS forest classification for old growth is: a dominant dbh of 30 inches or greater; usually 
more than eight dominant trees/acre; three or more canopy layers with less than complete 
canopy closure; several snags/acre with a 20 inch dbh or greater; and several down 
logs/acre with a 24 inch dbh or greater. 


Outer zone – The area, if any, between the outer boundary of the inner zone and a line one 
site potential tree height in length (measured as horizontal distance) from the edge of the 
affected water. 


Partial cutting – Removal of selected trees from a forest stand, leaving an uneven-aged 
stand of residual, healthy trees. Also called uneven-aged management. 


Perennial stream – Means, in the FPB emergency rules effective March 20, 2000, Type 4 
waters:  all segments of natural waters within the bankfull width of defined channels that 
are not Type 1, 2 or 3 Waters and which are perennial waters of non-fish-bearing streams.  
Perennial waters means waters downstream from a perennial initiation point. 


Physiographic province – A region having similar geologic structure and climate, and 
which had a consistent geomorphic history; a region whose pattern of relief features or 
landforms differs significantly from that of adjacent regions. 


Placement strategy – A strategy for the placement of woody debris in streams.  The 
strategies will consist of standards and guidelines describing types of streams, the nature of 
the wood, and the manner of placement.  Placement strategies will be developed through a 
cooperative process by the authors of this report and will be consistent with the hydraulics 
code so as to avoid the need for separate permits.  The strategies will provide an incentive 
ratio of one unit deposited to streams for every two units otherwise required to be left.  As 
provided below, the placement strategies may substitute for prescriptions otherwise 
required by the recommendations set forth in this report. 


Ponderosa pine habitat type – The habitat series on the east side ranging from the lower 
elevation limit of tree growth to an elevation of 2,500 feet. 
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Precommercial thinning – Cutting trees at an immature age to allow for better growth of 
the remaining trees; may include removal of excess and/or diseased trees 10-35 years old. 


Preferred tree species – The following species listed in descending order of priority for 
each timber habitat type: 
 


Ponderosa Pine Habitat Type Mixed Conifer Habitat Type 
all hardwoods all hardwoods 
ponderosa pine western larch 
western larch ponderosa pine 
Douglas-fir western redcedar 
western red-cedar white pine 
 Douglas-fir 
 lodgepole pine 


 
Priority habitat – As defined by the WDFW, priority habitat is a habitat type with unique 
or significant value to many species.  It must have one or more of the following attributes: 
(1) comparatively high fish and wildlife density; (2) comparatively high fish and wildlife 
species diversity; (3) important fish and wildlife breeding habitat; (4) important fish and 
wildlife seasonal ranges; (5) important fish and wildlife movement corridors; (6) limited 
availability; (7) high vulnerability to habitat alteration; and/or (8) unique or dependent 
species. A priority habitat may be described by a unique vegetation type (e.g., oak 
woodlands) or by a dominant plant species that is of primary importance to fish and 
wildlife. A priority habitat may also be described by a successional stage (e.g., old-growth 
and mature forests). Alternatively, a priority habitat may consist of a specific habitat 
element (e.g., talus slopes, caves, snags) that is of key value to fish and wildlife. A priority 
habitat may contain priority and/or non-priority fish and wildlife species. 


Priority species – As defined by the WDFW, priority species are fish and wildlife species 
requiring protective measures and/or management guidelines to ensure their perpetuation. 


Proposed 4(d)d special rule – Refers to section 4(d) of the federal Endangered Species 
Act. Pursuant to section 4(d), special rules promulgated with respect to a particular 
federally listed species. Such special rules may permit incidental taking so long as they 
meet the conservation needs of the listed species. 


Proposed threatened or endangered species – Species proposed by the USFWS or 
NMFS for listing as threatened or endangered under the federal Endangered Species Act; 
not a final designation. 


Protected species – A state designation. Protected wildlife includes: all birds not classified 
as game birds; predatory birds; or endangered species designated by the Washington Fish 
and Wildlife Commission; hunting and fishing of these species is not allowed.  Protected 
species are listed in WAC 232-12-011. 
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Qualified expert – With regard to slope-instability issues:  a person with at least (i) either: 
(A) a master’s degree in geology or geomorphology or a related field, or (B) a significant 
amount of post-graduate course or thesis work or other training in geomorphology or 
mass-movements; and (ii) an additional 5 years of field experience in the evaluation of 
relevant problems in forested lands. 


Rain-on-snow zone – Area, generally defined as an elevation zone, where it is common 
for snowpacks to be partially or completely melted during rainstorms. 


Recovery plan – A plan developed by a government agency, that if implemented will 
result in the recovery of a threatened or endangered species to the extent that the species 
can be removed from threatened or endangered status. 


Revised Code of Washington (RCW) – A revised, consolidated, and codified form and 
arrangement of all the laws of the state of a general and permanent nature. 


Riparian area – Areas of land directly influenced by water or that influence water. 
Riparian areas usually have visible vegetative or physical characteristics reflecting the 
influence of water.  Riversides and lake shores are typical riparian areas. 


Riparian buffer – As defined for the HCP’s west-side planning units, the inner buffer of 
the riparian management zone that serves to protect salmonid habitat.  See also riparian 
management zone. 


Riparian ecosystem – In DNR’s HCP, the area of direct interaction between terrestrial and 
aquatic environments. 


Riparian leave trees – In relation to the west side region, and in that context means 
conifer trees with a dbh of 12 inches or greater; or, in the case of trees left to protect a 
sensitive feature, such trees as are representative of the overstory, canopy trees in or 
around such sensitive features (including, where applicable, hardwoods), and which have a 
dbh of eight inches or greater. 
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Riparian management zone (RMZ) –  
(1) For western Washington  


(a) The area protected on each side of a Type 1, 2, or 3 water measured 
horizontally from the bankfull width or the CMZ, whichever is greater, and 


Site Class 
Western Washington 
Total RMZ Width (ft) 


I 200’ 
II 170’ 
III 140’ 
IV 110’ 
V 90’ 


(b) The area protected on both sides of Type 4 waters, measured horizontally 
from the bankfull width.  (See WAC 222-30-021 (2).) 


(2) In eastern Washington 
(a) The area protected on each side of a Type 1, 2 or 3 water measured 


horizontally from the bankfull width or the CMZ, whichever is greater 
(see table below), and 


Site Class 
Eastern Washington 


Total RMZ Width (ft) 
I 130’ 
II 110’ 
III 90’ or 110’ * 
IV 75’ or 100’ * 
V 75’ or 100’ * 


     *  dependent upon stream size.  (See WAC 222-30-022.) 
(b) The area protected on both sides of Type 4 waters, measured horizontally 


from the bankfull width.  (See WAC 222-30-022 (2).) 
(3)  For both western and eastern Washington, the area within the equipment limitation 


zone on Type 4 and Type 5 waters. 
(4) For exempt 20-acre parcels, a specified area alongside Type 1, 2 and 3 waters where 


specific measures are taken to protect water quality and fish and wildlife habitat. 


RMZ core zone – 


(1) For western Washington, the 50-foot buffer measured horizontally outside of 
the bankfull width or the channel migration zone, whichever is greater, of a 
Type 1, 2 or 3 water (see WAC 222-30-021). 


(2) For eastern Washington, the 30-foot buffer measured horizontally outside of 
the bankfull width or the channel migration zone, whichever is greater, of a 
Type 1, 2 or 3 water (see WAC 22230-022). 
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RMZ inner zone – 


(1) For western Washington, the area measured horizontally from the outside 
boundary of the core zone of a Type 1, 2, or 3 water to the outer limit of the 
inner zone.  The outer limit of the inner zone is determined based on the width 
of the affected water, site class, and the management action chosen for timber 
harvest within the inner zone (see WAC 222-30-021). 


(2) For Eastern Washington, the area measured horizontally between the outer 
boundary of the core zone and a line 45 feet (for streams less than 15 feet 
wide) or 70 feet (for streams more than 15 feet wide) from the bankfull width 
or the channel migration zone, whichever is greater (see WAC 222-30-022). 


RMZ outer zone – The area measured horizontally between the outer extent of the inner 
zone and the RMZ width as specified in riparian management zone definition above.  
Width is measured from the bankfull width or the channel migration zone, whichever is 
greater (see WAC 222-30-021 and 22-30-022). 


Riparian zone – A narrow band of moist soils and distinctive vegetation along the banks 
of lakes and streams; in the HCP, the portion of the riparian ecosystem between the aquatic 
zone and the direct influence zone (uplands). 


Salmonid – Fish species belonging to the family Salmonidae, including trout, salmon, 
char, and whitefish species. 


Scoping – Determining the range of proposed actions, alternatives, and impacts to be 
discussed in an EIS (WAC 197-11-793). 


Seasonal stream – The meaning given to such term in paragraph B.I(c)(iii) of Appendix 
B. 


Selective harvest – A general term for partial cutting or salvage cutting in which 
individual trees are removed. 


Sensitive sites – Any of the following: 


(1) A headwall seep is a seep located at the toe of a cliff or other steep 
topographical feature and at the head a Type 4 water that connects to the 
channel network via overland flow, and is characterized by loose substrate 
and fractured bedrock with perennial water at or near the surface throughout 
the year. 


(2) A side-slope seep is a seep within 100 feet of a Type 4 water located on 
side-slopes steeper than 20 percent, connected to the channel network via 
overland flow, and characterized by loose substrate and fractured bedrock 
with perennial water at or near the surface throughout the year.  Water flow to 
the Type 4 channel is visible by someone standing in or near the stream. 
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(3) A side-slope spring is an identified spring within 100 feet of a Type 4 water 
that is the initiation point for a stream, and is connected to the channel 
network via perennial channelized flow. 


(4) Perennial initiation point means the place where perennial flow begins on a 
Type 4 Water.  (See WAC 222-16-010 definition for more details.) 


(5) An alluvial fan is a depositional landform consisting of typically cone-shaped 
deposit of water-borne, often coarse-sized sediments. 


(a) The upstream end of the fan (cone apex) is typically characterized by a 
distinct downstream increase in channel width where a stream emerges 
from a narrow valley;  


(b) The downstream edge of the fan is defined as the sediment confluence 
with a Type 1, 2, or 3 Water; and 


(c)   The lateral margins of a fan are characterized by distinct local changes 
in elevation, and commonly show disturbed vegetation. 


Sensitive species – A state designation. State sensitive species are species native to 
Washington that are vulnerable or declining, and are likely to become endangered or 
threatened in a significant portion of their ranges within the state without cooperative 
management or the removal of threats. 


Seral stages – One of the developmental stages that succeed each other as an ecosystem 
changes over time; specifically, the stages of ecological succession as a forest develops. 
There are various subdivisions for seral stages, e.g., (1) early seral stage; mid-seral stage; 
and late seral stage; (2) young forest; mature forest; and old-growth forest; (3) grass-forb; 
shrub; open sapling-pole; closed sapling-pole-sawtimber; large sawtimber; and old growth; 
and (4) stand initiation; stem exclusion; understory reinitiation; and old growth. 


Silt – Sedimentary material composed of fine particles, suspended in or deposited by 
water; mud or fine earth in suspension. 


Siltation – The deposition or accumulation of sediment that is suspended throughout a 
body of standing water or in some considerable portion of it; especially the choking, 
filling, or covering with stream-deposited silt or sand behind a place of retarded flow. 


Silviculture – The theory and practice of controlling the establishment, composition, 
growth, and quality of forest stands in order to achieve management objectives. 


Sink area (biology) – The area in which local mortality rate exceeds local reproductive 
rate. Because mortality exceeds reproduction, populations in these areas would go extinct 
without immigration from source areas. 


Site class – A grouping of site indices that are used to determine the 100-year site class.  
The site index from the state soil survey, corresponding site class.  The site class will then 
drive the RMZ width. (See WAC 222-30-021 and 222-30-022.): 
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(1) For western Washington 


Site class 
50-year site index range 


(state soil survey) 
I 137+ 
II 119-136 
III 97-118 
IV 76-96 
V <75 


 
(2)  For eastern Washington 


   


Site class 
100-year site index range 


(state soil survey) 
50-year site index range


(state soil survey) 
I 120+ 86+ 
II 101-120 72-85 
III 81-100 58-71 
IV 61-80 44-57 
V <60 <44 


 
For purposes of this definition, the site index at any location will be the site index reported 
by the Washington State Department of Natural Resources State Soil Survey, and detailed 
in the associated forest soil summary sheets. 


If the site index reported by the Washington State Department of Natural Resources State 
Soil Survey is nonexistent or indicates noncommercial or marginal commercial species, or 
the major species table indicates red alder, the following apply: 


(a) If the site index in the soil survey is for red alder, and the whole RMZ width is 
within that site index, then use site class V.  If the red alder site index is only for 
a portion of the RMZ width, then use the site class for conifer in the adjacent soil 
polygon. 


(b) If there is no data on site index, use same procedure as for red alder. 
(c) If the site index is noncommercial or marginally commercial then use the same 


procedure as for red alder. 


Site index – A measure of forest productivity, expressed as the height of the dominant 
trees in a stand at an index age. 
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Site potential tree height  (SPTH) - The height represented by the approximate mid-point 
of one of five site classes projected to a stand age of 100 years, as in the following table: 


Region Site Class 
Site Potential  
Tree Height 


I 200 
II 170 
III 140 
IV 110 


West side 


V 90 
I 130 
II 110 
III 90 
IV 70 


East side 


V 60 
 
SPTH numbers in the preceding table were derived from Douglas-fir stands.  SPTH for a 
stand age of 250 years are also presented within the main body of the EIS. 


Slump – A landslide characterized by movement of a mass of rock or earth along a 
typically curved slip surface (concave upward).  Sliding is normally about an axis across to 
the slope from which it descends, and by backward tilting of the mass so that the slump 
surface commonly exhibits a reversed slope facing uphill. 


Snag – A dead tree that is still standing. 


Stand – A group of trees that possess sufficient uniformity in composition, structure, age, 
spatial arrangement, or condition to distinguish them from adjacent groups. 


Stand conversion – The conversion of stands from low-commercial value species to more 
valuable species; also called stand rehabilitation. 


State Environmental Policy Act (SEPA) – This law (chapter 43.21C RCW) is the basic 
state statute for protection of the environment. SEPA requires all state agencies to consider 
and analyze all significant environmental impacts of any action proposed by those 
agencies; to inform and involve the public in the agencies’ decision-making processes; and 
to consider the environmental impacts in the agencies’ decision-making processes. 


Stream-adjacent parallel road – A road in a riparian management zone with an 
alignment parallel to the stream.  Included are stream crossings where the alignment of the 
road continues parallel to the stream for more than 250 feet on either side of the stream.  
Not included are federal, state, county or municipal roads that are not subject to forest 
practices rules, or roads of another adjacent landowner. 


Succession – A series of changes by which one group of organisms succeeds another 
group in an ecosystem; a series of developmental stages in a community. 
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Taking – A prohibited action under federal law, except where authorized.  To take as to 
harass, harm, pursue, hunt, wound, kill, trap, capture, or collect a federally listed threatened 
or endangered species, or to attempt to do so.  Taking may include disturbance of the listed 
species, nest, or habitat, when disturbance is extensive enough to disrupt normal behavioral 
patterns for the species, although the affected individuals may not actually die.  See also 
harm and incidental take. 


Talus – A deposit of rock rubble, ranging in size from 1 inch to 6.5 feet; derived from and 
lying at the base of a cliff or very steep, rocky slope. 


Threaten public safety – To increase the risk to the public at large from snow avalanches, 
identified in consultation with the department of transportation or a local government, or 
landslides or debris torrents caused or triggered by forest practices. 


Threatened and endangered species – Formal classifications of species. Federal 
designations are made by the USFWS or NMFS; state of Washington designations are 
made by the Washington Fish and Wildlife Commission (RCW 77.08.010).  See also 
candidate species, endangered species, proposed threatened or endangered species, 
sensitive species, and threatened species. 


Trust land – Lands held in trust and managed by the DNR for the benefit of a trust 
beneficiary. 


Turbidity – The relative lack of clarity of water, which may be affected by material in 
suspension. 


Uncommon habitat – A category of forested and nonforested habitats including cliffs, 
caves, talus slopes, oak woodlands, and very large, old trees. A habitat description for 
DNR-managed lands. 


Understory canopy – Forest undergrowth; the lowest canopy layer of trees and woody 
species.  See also canopy and overstory canopy. 


Uneven-aged – Forests composed of trees that differ markedly in age; may be a result of 
partial cutting practices or natural disturbance.  


USFWS – The U.S. Fish and Wildlife Service, which is the federal agency that is the 
listing authority for species other than marine mammals and anadromous fish under the 
federal Endangered Species Act. 


Validation monitoring – Monitoring conducted as part of a research program to validate 
assumptions that are basis for resource protection measures and to clarify uncertainties 
regarding the effects of management activities. 
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Viable population – A population that is of sufficient size and distribution to be able to 
persist for a long period of time in the face of demographic variations, random events that 
influence the genetic composition of the population, and fluctuations in environmental 
conditions, including some catastrophic events. 


Washington Administrative Code (WAC) – The compilation of all current, permanent 
rules of state agencies. 


Water quality classification – Washington State Department of Ecology water quality 
standards; specifications are given in WAC 173-201-045. Class AA water is 
“extraordinary,” Class A water is “excellent,” Class B water is “good,” and so on. 


Water resource inventory area (WRIA) – Watershed-based planning unit, defined by the 
Washington State Department of Ecology.  The 62 WRIAs are determined by drainages to 
common water bodies. 


Water typing system – A simplified explanation of Washington’s classifications of water 
types appears here.  (For the complete classification system, see WAC 222-16-030.) 


Type 1: All waters, within their ordinary high-water mark, as inventoried as 
shorelines of the state under the SMA. 


Type 2: Segments of natural waters that are not Type 1 and have a high use and are 
important from a water quality standpoint for domestic water supplies; public 
recreation; fish spawning, rearing, or migration or wildlife use; are highly significant 
to protect water quality. 


Type 3: Segments of natural waters that are not Type 1 or 2 and are moderately 
important from a water quality standpoint for: domestic use; public recreation; fish 
spawning, rearing, or migration or wildlife uses; or have moderate value to protect 
water quality. 


Type 4: Segments of natural waters that are not Type 1, 2, or 3, and for the purpose of 
protecting water quality downstream are classified as Type 4 Water upstream until the 
channel width becomes less than two feet in width between the ordinary high-water 
marks. These may be perennial or intermittent. 


Type 5: Natural waters that are not Type 1, 2, 3, or 4; including streams with or 
without well-defined channels, areas of perennial or intermittent seepage, ponds, 
natural sinks and drainage ways having short periods of spring or storm runoff. 


Under Alternative 2 and the Forests and Fish Report, three water types are proposed 
as follows: 


• Type S:  All waters inventoried as “shorelines of the state.” 
• Type F:  Waters not classified as Type S, which contain fish habitat.  It also 


includes some waters diverted for domestic and fish hatchery use. 
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• Type N:  Waters not classified as Type S or F, which are either perennial streams 
or are physically connected by an above-ground channel system to downstream 
waters such that water or sediment initially delivered to such waters will 
eventually be delivered to Type S or F waters.  Type N waters include two 
subcategories:  seasonal and perennial streams. 


Watershed – The drainage basin contributing water, organic matter, dissolved nutrients, 
and sediments to a stream or lake. 


Watershed administrative unit (WAU) – In Washington, the hydrologic area unit used 
for watershed analysis. See WAC 222-22-020 for more information. 


Watershed analysis – A systematic procedure for characterizing watershed and ecological 
processes to meet specific management objectives; provides a basis for resource 
management planning.  In Washington, the assessment of a WAU completed under forest 
practices rules (Chapter 222-22 WAC). 


Western Washington – The geographic area of Washington west of the Cascade crest and 
the drainages defined in “eastern Washington.” 


Wetland – An area that is inundated or saturated by surface or ground water at a frequency 
and duration sufficient to support (and under normal circumstances does support) a 
prevalence of vegetation typically adapted for life in saturated soil conditions; includes 
swamps, bogs, fens, and similar areas. 


Wetland management zone (WMZ) – Zones within in Type A and Type B wetlands, 
measured horizontally from the wetland edge or the point where the nonforested wetland 
becomes a forested wetland.  WMZs have variable widths based on the size of the wetland 
and wetland type. WMZ widths are specified in WAC 222-30-020. 


Wetland typing system – A simplified explanation of Washington’s classifications of 
wetland types appears here. For the complete classification system, see WAC 222-16-035. 


Nonforested wetland – Any wetland or portion thereof that has (or if the trees were 
mature would have) a crown closure of less than 30 percent. There are two types of 
nonforested wetlands.  A Type A Wetland is: (1) greater than 0.5 acre in size; (2) 
associated with at least 0.5 acre of ponded or standing open water; or (3) are bogs and 
fens greater than 0.25 acre.  All other nonforested wetlands greater than 0.25 acre are 
Type B wetlands. 


Forested wetland – Any wetland or portion thereof that has (or if the trees were 
mature would have) a crown closure of 30 percent or more. 


Wildlife tree – Wildlife trees include large live trees, snags, cavities, and down logs that 
provide forest-habitat structures for wildlife. 
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Wind buffer – As defined for the HCP’s west-side planning units, the outer buffer of the 
riparian management zone that maintains the ecological integrity of the riparian buffer by 
reducing windthrow. 


Windthrow – Trees blown down by wind; also called blowdown. 


Yarding – Transporting logs from the point of felling to a collecting point or landing. 


Yarding corridor – A narrow, linear path through a stand (especially with a riparian 
management zone) to allow suspended cables necessary to support cable yarding methods, 
and suspended or partially suspended logs to be transported through these areas by cable 
yarding methods. 
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APPENDIX K 


 


RESPONSES TO COMMENTS 
ON THE DRAFT EIS 


 
 


Introduction 
In March 2000, the Draft EIS on Alternatives for Forest Practices Rules, under 
consideration by the Washington Forest Practices Board, was released to the public.  
During the comment period over 1,800 individual comments from approximately 175 
separate letters, emails, and oral testimonies were received.  This appendix presents a 
summary of the comments and provides responses to them.   


Following an initial review of the comments and a general analysis of the issues by the 
DNR, the following approach was implemented for responding to the comments: 
1) delineate and number each individual comment; 2) categorize all comments into 
subject areas; 3) based on a review of the comments in each subject area, identify 
individual issues within each subject area and assign each comment to an issue; 
4) prepare a summary of the comments for each issue, based on the individual comments; 
and 5) prepare a response to each comment summary.  This was somewhat of an iterative 
process and involved identifying new issues and/or lumping issues as the comment 
summaries and responses were prepared.  A custom database, described in the following 
section, was developed to implement this approach. 


Database Description 
The Comment/Response database was developed using Microsoft Access 97. The basic 
structure of the database was a set of four linked data tables (Figure 1): 


• Names- Includes the names and addresses of entities that provided comment 
letters. The table structure and data were based upon the database developed 
during DNR’s initial review of comments. 


• Comments- Data on each individual comment including subject area (field: issue), 
issue (field: sub-issue), response assignment, notes, and other attributes. 


• Subject Area- Table of subject area categories. 


• Issues – Table of issue titles, comment summaries (field: descriptions), responses, 
notes, and other attributes. 
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The initial step in populating the database was to code and categorize each of the 
individual comments in the letters according to subject area and issue and make 
appropriate assignments to project staff.  The database was then placed on a Local Area  


Network so that multiple project staff could work on assignments simultaneously.  One 
advantage to a database approach was that staff could reassign the issue for a comment or 
split and combine comments following a more thorough review.  A form and various ad 
hoc queries, filters, and reports were created as necessary to allow staff to efficiently 
locate their assignments, enter the appropriate text, and to summarize comment 
categories and follow the progress of completing responses. 


Summary of Comments 
 
A listing of the names of the commenters for each letter, email, or oral testimony 
received is provided in Table 1. These documents contained over 1,500 individual 
comments, which were categorized into 25 subject areas and 202 issues.  In many 
circumstances, comments were directed towards the Forest and Fish Report rather than 
Alternative 2.  For example, the report by the Independent Science Review Committee 
(2000) was submitted by reference in several comment letters.  Other comment letters 
attached comments directed towards the timber-related 4(d) limitation to be implement 
by the NMFS.  In some cases it was not clear whether the commenter recognized 
differences between the Forests and Fish Report and Alternative 2.  Consequently, the 
context of comments was taken broadly.  If a commenter referred to the Forests and Fish 
Report, but the comment was also appropriate to Alternative 2, it was considered for 
response. Several comment letters (e.g., Washington Forest Protection Association and 
Washington Environmental Council) included supporting documents as attachments or 
by specific reference that were also categorized and entered as comments into the 
database.  However, many comments from the supporting documents were categorized as 
“other” issues because they represented literature review that was not directed 
specifically towards the Draft EIS analysis and consequently did not always require a 
response. The subject areas and issues that were identified are summarized in Table 2. 
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Figure 1. Structure of the Comment/Response Database 
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Table 1.  Listing of Commenters Who Submitted Comments on the Draft EIS 
Letter No. Name of Commenter Organization Format # Cmts


74 Rodd Premble N/A E-mail 1 
77 Bill & Carole Woods N/A E-mail 1 
78 Lincoln Post Methow Valley Citizens Council Letter 1 
79a Debbie Garrison N/A E-mail 1 
79B Karen Kotansky N/A E-mail 1 
79c Mark Quire N/A E-mail 1 
82 Mardel Chowen N/A Oral Test.Notes 5 
83 Joan  M---- N/A Photos 1 
84 Colleen Lee Hoh Indian Tribe Letter 18 
85 Laura Bienen SWIFT Letter 1 
87 Anonymous Society for Ecological Restoration Letter 60 
88 Guy Parsons N/A Letter 13 
90 Peter Goldman Washington Forest Law Center Letter 10 
91 Doreen Johnson Wash. Environmental Council Letter 13 


117 David Sweitzer Washington Hardwoods Commission Letter 1 
118 Ramon Vanden Brucce Washington Trout Letter 8 
119 John Browne N/A Comment Form 1 
120 No Name Independent Science Review Committee Web Page copy 1 
121 Howard Johnson Federation of Fly Fishers Letter 4 
122 Nels Hanson Washington Farm Forestry Assoc. Letter 1 
123 Kelly McCaffrey N/A Letter 3 
124 Dean Schwickerath N/A Letter 1 
125 Jack Scharbach N/A Letter 1 
126 Duane Vaagen Vaagen Bros Lumber Co. Letter 1 
127 Jessica McNamara N/A Letter 1 
128 Bill & Carole Woods N/A E-mail 1 
129 Sue Chickman N/A E-mail 14 
130 Dave Colavito N/A E-mail 5 
131 Nancy Farr N/A E-mail 1 
132 Adam Rissien Native Forest Network, Last Refuge 


Roadless Campaign 
E-mail 1 


133 Renee Still Daay N.A.T.I.V.E.S. E-mail 1 
134 Diane Kendy Save The woods on Saratoga E-mail 5 
135 Donna Kostka Private citizen, Certified Ecologist E-mail 6 
136 Shirley Willeiksen N/A Letter 2 
137 David Warren Vason-Maury Island Land Trust E-mail 1 
138 Sharone Shumate Ferry County Natural Resource Board Letter 8 
139 Marilyn Dinger N/A E-mail 15 
140 Kent Heuer N/A Letter 4 
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Table 1.  Listing of Commenters Who Submitted Comments on the Draft EIS (continued) 
Letter No. Name of Commenter Organization Format # Cmts


141 Joel Kuperberg Loomis Forest Fund steering committee E-mail 1 
142 John Thompson Carbon River Enterprises Letter 3 
143 Rodd Pemble Private citizen (same as 00-74) E-mail 1 
144 Tom White League of Women Voters of Washington E-mail 11 
145 Freida Fenn N/A Letter 7 
146 Byron Rot Jamestown S'Klallam Tribe Letter 6 
147 Bill and/or Carole Woods N/A E-mail 1 
148 Margo DeVries N/A Letter 2 
149 Jim DiPeso Rainier Audubon Society Letter 11 
150 Megan White WA Dept of Ecology Letter 5 
151 Robert Meier Rayonier Letter 10 
152 Bruce Alber N/A Letter 6 
153 David Whipple WA Dept of Fish & Wildlife Letter 5 
154 Don Wallace Hampton Affiliates E-mail 15 
155 Wade Boyd Longview Fibre Company Letter 11 
156 Allyson Brooks Wash Office of Archaeology & Historic 


Preservation 
Letter 8 


157 Roger Garrett N/A Letter 8 
158 J. Steve Hansen Longview Fibre Company Letter 11 
160 Donald Sampson Columbia River Inter-Tribal Fish 


Commission 
Letter 35 


161 Carroll Palmer Confederated Tribes and Bands of the 
Yakama Indian Nation 


Letter 30 


162 Glen Nenema Kalispel Tribe of Indians Letter 3 
163 Katherine Johnson Pilchuck Audubon Society Letter 8 
164 Christopher Mendoza Aquatic Restoration Consultants Letter 6 
165 Toby Thaler Washington Forest Law Center Letter 15 
166 Tanya Sanerib Northwest Environmental Defense Center Letter 29 
168 N/A WA Friends of Farms and Forests Letter 1 
169 Ted Labbe Point No Point Treaty Council Letter 25 
170 Jeff Pitts Arden Tree Farms Inc. Letter 1 
171 Maurice Williamson Maurice Williamson Consulting Forestry Letter 1 
172 Lisa McShane Northwest Ecosystem Alliance Letter 40 
173 Eric Espenhorst Friends of the Earth Letter 9 
174 David Robinson Kettle Range conservation Group Letter 17 
175 Joan Crooks Washington Environmental Council Letter 221 
176 Bill Wilkerson Washington Forest Protection Association Letter 248 
177 Allan Felsot WA State University-Forest Practices Letter 1 
178 Kevin Godbout Weyerhaeuser Letter 38 
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Table 1.  Listing of Commenters Who Submitted Comments on the Draft EIS (continued) 
Letter No. Name of Commenter Organization Format # Cmts


179 Chantal Stevens Muckleshoot Indian Tribe Letter 81 
180 Kelly Armstrong N/A Letter 1 
181 Ron Hirschi N/A E-mail 1 
182 Karen Kotansky N/A E-mail 1 
183 Debbie Garrison N/A E-mail 1 
184 Mark Quire N/A E-mail 1 
185 Joel Kuperberg N/A E-mail 1 
186 Don Wallace Hampton Affiliates E-mail 1 
187 Blake Rowe Longview Fibre Company E-mail 14 
189 Stephanie Johns N/A E-mail 1 
190 Edward Henderson, Jr. The Mountaineers E-mail 21 
191 Mary Schroeder N/A E-mail 1 
192 Wesley Schlenker Longview Fibre Company E-mail 13 
193 David Crooker Plum Creek E-mail 4 
195 Val Schroeder N/A E-mail 1 
196 David Baumchen N/A E-mail 11 
197 Patricia MacRobbie N/A E-mail 1 
198 Mary Scurlock The Pacific Rivers Council Letter 45 
199 James Chapman Alpine Lakes Protection Society E-mail 21 
200 Douglas Soehl N/A E-mail 1 
201 Steve Koehler N/A E-mail 1 
202 Robert Roth Longview Fibre Company E-mail 12 
203 Harry Bell N/A E-mail 1 
204 Bob & Sue Marett N/A E-mail 1 
205 Donald Combs N/A E-mail 1 
206 Norm Schaaf Merrill & Ring E-mail 5 
207 Polly Dyer Olympic Park Associates E-mail 21 
209 Lisa McShane Northwest Ecosystem Alliance Letter 40 
210 Alan Soicher N/A E-mail 4 
211 Tim McNulty N/A E-mail 4 
212 Bill Hinely N/A E-mail 3 
213 Michael Colfer N/A E-mail 1 
214 David Chapin Society for Ecological Restoration-NW E-mail 1 
214 Lea Mitchell Washington PEER E-mail 9 
216 Cavin Richie N/A E-mail 1 
217 Todd McGuire N/A E-mail 2 
218 Tim Stearns National Wildlife Federation E-mail 8 
219 Larry Mitchem Longview Fibre Company E-mail 1 
220 Kimberly Burkland Central Cascades Alliance E-mail 15 
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Table 1.  Listing of Commenters Who Submitted Comments on the Draft EIS (continued) 
Letter No. Name of Commenter Organization Format # Cmts


221 Matt Ellison N/A Petition 1 
222 Suzanne McGragar N/A Petition 1 
223 Kelly Todd N/A Petition 1 
224 Gail Rahy N/A Petition 1 
225 Lisa Cooper N/A Petition 1 
226 Carol Eubanks N/A Petition 1 
227 Dermit Livingston N/A Petition 1 
228 Cynthia Koroma N/A Petition 1 
229 Darrell Nelson N/A Petition 1 
230 Suzanne Hampter N/A Petition 1 
231 Linda Albert Young N/A Petition 1 
232 Jennifer Robbins N/A Petition 1 
233 Omar Susewind N/A Petition 1 
234 Elizabeth Brenner The News Tribune Article 1 
235 Jeffrey Thomas Puyallup Tribe of Indians Letter 18 
236 Rodd Pemble N/A Letter 1 
237 N/A Forest Practices Board Rules Coordinator Letter 1 
238 Toby Thaler N/A E-mail 3 
268 Judy Turpin N/A Letter 7 
272 Anne Mosness Trustee-Puget Sound Gillnetters Oral Testimony 1 
273 Joan Miller N/A Oral Testimony 1 
274 Janet Strong N/A Oral Testimony 1 
275 Becky Kelly WEC Oral Testimony 88 
276 John Price N/A Oral Testimony 1 
277 Doreen Johnson WEC Oral Testimony 89 
278 Kelly McCaffrey Citizen Oral Testimony 1 
279 Tim Stearns National Wildlife Federation Oral Testimony 1 
280 Daniel Foster Farm & Forest Helicopter Service Oral Testimony 1 
281 Marcy Golde N/A Oral Testimony 3 
282 Kevin Geraghty N/A Oral Testimony 1 
283 Peter Goldman WFLC Oral Testimony 11 
284 Alan Soicher N/A Oral Testimony 5 
285 Christopher Mendoza Aquatic Restoration Consultants Oral Testimony 7 
286 Guy Parsons N/A Oral Testimony 12 
287 Enid Dolstad N/A Oral Testimony 1 
288 Heather Hansen WA Friends of Farms & Forests Oral Testimony 1 
289 Norm Winn Mountaineers Oral Testimony 22 
290 Frances Troje N/A Oral Testimony 1 
291 Ann Goos WFPA Oral Testimony 22 
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Table 1.  Listing of Commenters Who Submitted Comments on the Draft EIS (continued) 
Letter No. Name of Commenter Organization Format # Cmts


292 Tom White League of Women Voters Oral Testimony 12 
293 Peggy Bruton Sierra Club Oral Testimony 1 
294 Dave Sweitzer WA Hardwoods Oral Testimony 2 
295 Ramon Vanden Brulle WA Trout Oral Testimony 9 
296 Glen Spain The Institute for Fisheries Oral Testimony 22 
297 Mary Scirloce Pacific Rivers Council Oral Testimony 46 
298 Jill Silver HOH Tribe Oral Testimony 19 
299 David Chapin Society for Ecological Restoration-NW Oral Testimony 2 
300 Eric Espenhorst Friends of the Earth Oral Testimony 10 
301 John Browne N/A Oral Testimony 2 
302 Diane Kendy Save the Woods on Saratoga Oral Testimony 3 
303 Robert Meir Rayonier Oral Testimony 1 
304 Berry Pfundt N/A Oral Testimony 1 
305 Carole Woods N/A Oral Testimony 1 
306 Peter Heide WFPA Oral Testimony 23 
307 Peter Goldman WFLC Oral Testimony 16 
320 Cynthia Pratt WA Dept of Fish and Wildlife Letter 19 
323 Bill Hinely Bellingham Co-Housing, Whatcom Oral Testimony 1 
324 Mardel Chowen N/A Oral Testimony 6 
325 Darl Krasager N/A Oral Testimony 1 
326 Kenneth Currens Independent Science Panel Letter 4 
327 Jt. Nat. Resources Cabinet WA Governor's Salmon Recovery Off. Letter 0 
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Table 2.  Number of Comments Within Each Subject Area and Issue 


Subject Area Issue 
Number of 
Comments 


Adaptive Management Cumulative effects 3 
Adaptive Management General 31 
Adaptive Management Funding. 7 
Adaptive Management Monitoring 7 
Adaptive Management The decision-making structure is flawed. 11 
Alternatives Support for Alternative 1 3 
Alternatives General Concern about Alternative 1 2 
Alternatives Clarification of Alternative 2 2 
Alternatives General concern about Alternative 2 43 
Alternatives General support for Alternative 2 16 
Alternatives Cultural resources. 1 
Alternatives Clarification of Alternative 3 4 
Alternatives General support for Alternative 3 35 
Alternatives Clarification of Alternative 3 4 
Alternatives Insufficient range of Alternatives 21 
Cultural Resources Classification system 1 
Cultural Resources Cultural resources module 4 
Cultural Resources Current protection 1 
Cultural Resources Definitions 1 
Cultural Resources National Historic Preservation Act 1 
Cultural Resources Protection from RMZs 1 
Cumulative Effects Adaptive management 5 
Cumulative Effects Watershed analysis. 3 
Cumulative Effects Other. 6 
Cumulative Effects General. 9 
Cumulative Effects Editorial 5 
Cumulative Effects Risk analysis 11 
Economics Economic information and viability pertinent to the timber 


industry. 
12 


Editorial General. 8 
Editorial Missing citations/references. 2 
EIS Chapters 1&2 General. 33 
EIS Chapters 1&2 Editorial. 7 
Enforcement General. 1 
Enforcement Rules based on Forests and Fish Report are too complicated. 31 
Enforcement Forest Practices Board manual is guidance only. 1 
Fire General. 7 
Fish Type N streams. 3 
Fish Bull trout. 3 
Fish Fish passage. 4 
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Table 2.  Number of Comments Within Each Subject Area and Issue (continued) 


Subject Area Issue 
Number of 
Comments 


Fish Refugia. 4 
Fish Turbidity/fine sediment. 3 
Fish Large woody debris. 6 
Fish External factors 4 
Fish Other. 13 
Fish Coarse sediment. 1 
Fish Literature summarization 4 
Fish Target conditions. 3 
Fish Temperature. 8 
Fish Miscellaneous comments 3 
Fish Stream flows. 4 
Forest Chemicals Riparian/pesticide benefits 11 
Forest Chemicals Risk over-estimated 28 
Forest Chemicals Available data/data incorporated 7 
Forest Chemicals Source of data 2 
Forest Chemicals Disturbed channels 1 
Forest Chemicals Scope 7 
Forest Chemicals Chemical toxicity 4 
Forest Chemicals Seasonal stream protection 5 
Forest Chemicals Erosion focus 1 
Forest Chemicals Model use 3 
Forest Chemicals Other chemicals 1 
Forest Chemicals Miscellaneous comments 20 
Forest Chemicals Purpose and  goal of EIS 4 
Forest Chemicals Model use 3 
Forest Chemicals Other regulations 7 
Forest Chemicals Nozzle brand 2 
Forest Chemicals Effects on domestic water supplies 1 
Hydrology Peak flow. 21 
Hydrology Beneficial hydrological effects 1 
Hydrology Hydrologic effect of timber harvest and roads 2 
Hydrology Adaptive management 2 
Hydrology Stream flow. 3 
Hydrology Rain-on-snow. 1 
Hydrology Watershed analysis. 2 
Hydrology General. 14 
Hydrology Cumulative effects. 4 
Hydrology Alternative 3 2 
Hydrology Groundwater. 5 
Hydrology Roads. 1 
Other The Forest and Fish Report was negotiated/not science-


based. 
15 
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Table 2.  Number of Comments within Each Subject Area and Issue (continued) 


Subject Area Issue 
Number of 
Comments 


Other Miscellaneous comments. 37 
Other Risk analysis. 23 
Other Independent science review. 31 
Other The Draft EIS is incomplete. 7 
Other Funding. 1 
Other Summary of/conclusions from detailed comments 45 
Other Shorelines Management Act 3 
Other The Forest and Fish Report is incomplete 7 
Other Small landowners. 16 
Other General introductory/closing comments. 66 
Other Comment unrelated to EIS scope. 18 
Other Hardwood conversion. 3 
Other Other. 33 
Riparian Type N streams. 28 
Riparian Leaf and needle litter. 14 
Riparian Watershed analysis. 3 
Riparian Small landowners. 4 
Riparian Thinning below the floor. 1 
Riparian Blowdown. 10 
Riparian Comparison to other plans. 12 
Riparian DFC/Site potential tree height. 28 
Riparian Riparian EBAI. 3 
Riparian Microclimate. 9 
Riparian Yarding and road corridors 14 
Riparian Large woody debris – functional wood Size. 4 
Riparian Large woody debris – performance targets. 3 
Riparian Large woody debris – protection levels. 29 
Riparian Large woody debris – recruitment from upstream. 7 
Riparian Large woody debris – mitigation.. 1 
Riparian Literature summarization 12 
Riparian Down wood 1 
Riparian Other. 1 
Riparian Miscellaneous comments 44 
Riparian Shade. 28 
Riparian Risk analysis. 6 
Roads Mass-wasting. 8 
Roads Monitoring. 2 
Roads Road Management Plans. 26 
Roads Hydrology. 2 
Roads Culvert sizing and replacement. 8 
Roads Clean Water Act. 1 
Roads Orphan roads. 6 
Roads Risk evaluation criteria 1 
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Table 2.  Number of Comments within Each Subject Area and Issue (continued) 


Subject Area Issue 
Number of 
Comments 


Roads Road density 2 
Roads Adaptive management. 1 
Roads Enforcement/monitoring 2 
Roads Interception of surface and subsurface flow 2 
Roads Fish passage 1 
Roads Orphaned roads – amount of sediment 1 
Roads Surface erosion. 8 
Roads Other. 15 
Roads Culvert spacing 5 
Roads Citations 1 
Sediment Surface erosion - road related. 4 
Sediment Surface erosion - harvest related. 2 
Sediment Cumulative sediment delivery risk 3 
Sediment General. 8 
Sediment Citations 3 
Sediment Risk evaluation criteria 1 
Sediment Sediment delivery risks overstated. 1 
Sediment Adaptive management 1 
Sediment Type N streams not protected. 4 
Stream Channels Other. 4 
Stream Channels Bank stability criteria inappropriate 2 
Stream Channels Bank stability. 3 
Stream Channels Type N streams. 3 
Unstable Slopes Risk assessment of unstable slopes. 12 
Unstable Slopes Road-related landslides 2 
Unstable Slopes Deep-seated landslides 3 
Unstable Slopes Alternative 3 2 
Unstable Slopes Proposed Forest Practices Rules allow logging on high risk 


slopes 
22 


Unstable Slopes Effect of landslides on riparian zones 1 
Unstable Slopes Improving trend criteria is insufficient 1 
Unstable Slopes Risk analysis. 5 
Unstable Slopes Mapping and DNR review of unstable slopes. 16 
Unstable Slopes Risk of sediment delivery 1 
Unstable Slopes LWD contribution 1 
Unstable Slopes Adaptive management. 2 
Unstable Slopes General. 4 
Unstable Slopes Variability across the state. 1 
Unstable Slopes Blowdown. 2 
Unstable Slopes The Forest and Fish Report is incomplete. 3 
Unstable Slopes Watershed analysis. 3 
Unstable Slopes Mass wasting from timber harvest vs. roads. 1 
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Table 2.  Number of Comments within Each Subject Area and Issue (continued) 


Subject Area Issue 
Number of 
Comments 


Water Quality Clean Water Act. 3 
Water Quality Risk levels over- or underestimated. 2 
Water Quality Forest chemicals 1 
Water Quality Turbidity measurement 1 
Water Quality Forestry perspective 2 
Water Quality Temperature – general 16 
Water Quality Supporting water quality information. 9 
Water Quality General. 5 
Water Quality Temperature - effects on aquatic species 2 
Water Quality Turbidity/sediment. 3 
Water Typing EIS analysis. 1 
Water Typing General. 4 
Water Typing Model validity and verification. 23 
Watershed Analysis Cumulative effects. 9 
Watershed Analysis Other. 15 
Wetlands General. 7 
Wetlands Buffers. 2 
Wetlands Other. 3 
Wetlands Site class. 1 
Wetlands Forested wetlands, microclimate, groundwater, and water 


temperatures. 
15 


Wetlands Risk levels over- or underestimated. 3 
Wetlands Editorial comments. 3 
Wetlands Mitigation ratios. 3 
Wetlands Incomplete analysis. 2 
Wildlife Alternative 3 1 
Wildlife Riparian leave trees 1 
Wildlife Review of Forests and Fish Report 2 
Wildlife General. 1 
Wildlife Other. 5 
Wildlife Analysis too general/superficial/incomplete. 4 
Wildlife Literature cited. 1 
Wildlife Microclimate. 2 
Wildlife Cumulative effects. 2 
Wildlife Species-specific comment. 9 
Wildlife Risk levels over- or underestimated. 6 
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Comments and Responses 
 
The comment summaries and responses are presented in this section.  For each comment, 
the subject area, issue, number of individual comments making up the issue, comment 
summary, and response are presented.  The comments are organized by subject area, 
which are listed alphabetically.   


 
Subject Area: Adaptive Management 
Issue: Cumulative effects. 
Number of Individual Comments: 3 
 


Comment Summary: 
One commenter suggested that the adaptive management program under 
Alternative 2 is unlikely to be effective because it will not avoid significant 
adverse cumulative effects. It was also suggested that the conclusion in the Draft 
EIS that adaptive management under Alternative 2 would result in cumulative 
effects being “more fully addressed” is unwarranted.  Another commenter 
suggested that any risk associated with assessing cumulative effects under 
Alternative 2 should be removed from the EIS discussion because many research 
programs are already underway to assist in assessing cumulative effects, including 
research on temperature/heat inputs, large woody debris, sediment, and 
hydrology. 


 
Response: 


Comments noted.   All potential cumulative effects, must be analyzed and 
discussed in a SEPA EIS.  Cumulative effects are addressed in Alternative 2 
through the establishment of the overall performance goals listed in Schedule L-1.  
Under these overall performance goals Forest Practices Rules, either singly or 
cumulatively, will not significantly impair the capacity of aquatic habitat to:  a) 
support harvestable levels of salmonids; b) support the long-term viability of 
other covered species; or c) meet or exceed water quality standards.  Appendix I 
has been revised to clarify these points which were also considered in the EIS 
analysis. 


 
Subject Area: Adaptive Management 
Issue: Funding. 
Number of Individual Comments: 7 
 


Comment Summary: 
Several commenters suggested that the  Alternative 2 Adaptive Management 
program is unlikely to be effective due to lack of funding.  In contrast, one 







 
 
  
 
 
 


Final EIS Responses to Comments on the Draft EIS 
 


Appendix K 


K-15 


commenter suggested that the Adaptive Management program is likely to have a 
larger and more stable funding level for conducting research and monitoring than 
is present under Alternative 1.  Others suggested the EIS should describe the basic 
groundwork that has been established to secure long-term funding for 
Alternative 2. 


 
Response: 


SEPA allows, but does not require, consideration of funding sources in 
environmental documents.  The Forest Practices Board is directed by statute to 
develop rules that guide forest practices.   Funding for developing and 
implementing Forest Practices Rules is provided by the legislature, which has 
played an active role in the adoption of the Forest and Fish Report and has 
directed the Forest Practices Board to develop and adopt permanent Forest 
Practices Rules. 
 
Forests and Fish collaborators have committed to spending approximately 
$17 million over the next 5 years on the implementation of the permanent rules. 


 
Subject Area: Adaptive Management 
Issue: General. 
Number of Individual Comments: 31 
 


Comment Summary: 
Several commenters suggested that based on the past performance of TFW, the 
ability of the TFW program to conduct research and monitoring that adequately 
supports the adaptive management program is questionable.  Commenters also 
suggested the adaptive management program under Alternative 2 is unlikely to be 
effective because it is not fully developed and some crucial elements are missing.  
It was suggested the EIS should reference more research supporting the 
development and implementation of an adaptive management program. 


 
Response: 


Comments noted. It is unclear, what “crucial elements” of the adaptive 
management program the comment is referring to since these elements are not 
identified. The decision-making structure of TFW is greatly modified under 
Alternative 2.  The overall purpose of Alternative 2 is to provide more formal, 
effective, and efficient processes and systems by which to do business.  For 
example, Alternative 2 provides a more formal process for soliciting scientific 
peer review and for dispute resolution for caucuses.  In general, adaptive 
management under Alternative 2 was designed to tighten up the system so that 
there is less chance for failure. 
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Subject Area: Adaptive Management 
Issue: Monitoring. 
Number of Individual Comments: 7 
 


Comment Summary: 
Several commenters suggested the adaptive management program under 
Alternative 2 is unlikely to be effective because of lack of compliance monitoring, 
disincentives created by the “start low” approach and because of failure to take 
into account the impacts of past forest management practices when monitoring the 
effectiveness of new practices. Other commenters suggested the adaptive 
management program under Alternative 2 would be more effective if the research 
was prioritized to address uncertainties in the current assessments of risk to 
aquatic communities and cumulative effects.  One commenter indicated the 
performance target for riparian condition in the Forests and Fish Report was too 
vague and inadequate to evaluate riparian condition and function. 


 
Response: 


Compliance monitoring is the responsibility of DNR and not part of the adaptive 
management program.  However, under Alternative 2, one compliance monitoring 
study will be completed each biennium, starting with the 2001-2003 biennium 
(See Appendix K of the Forest and Fish Report).  Whether the rules under 
Alternative 2 are a “start low” approach is a matter of perspective, and not 
necessarily fact.  The adaptive management program under Alternative 2 makes 
effectiveness monitoring priorities based upon areas where there is the greatest 
uncertainty and the possibility of substantial risk to resources.  Schedule L-1 of 
the Forest and Fish Report outlines the research priorities under Alternative 2.  
Appendix I of the EIS has been revised to clarify these points which were also 
considered in the EIS analysis. 


 
Subject Area: Adaptive Management 
Issue: The decision-making structure is flawed. 
Number of Individual Comments: 11 
 


Comment Summary: 
Several commenters suggested the adaptive management program under 
Alternative 2 is unlikely to be effective due to a flawed decision-making structure 
because of: 
a) the Forest Practices Board's inability to act independently, constraints on what 
changes the timber industry will be required to make. 
b)  the timber industry dominates the Timber Fish and Wildlife (TFW) Policy 
Committee and critics of the Forest and Fish Report will not be allowed to 
participate.  
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c)  the commitment to maintain a viable timber industry. 
d) the consensus requirement in the TFW Policy Committee which results in some 
critical decisions having not been resolved in a timely manner. 


 
Response: 


The legislature has directed the Forest Practices Board to develop a scientific-
based adaptive management process described in the forest and fish report which 
will be used to determine the effectiveness of the new rules in aiding the state’s 
salmon recovery effort.  The adaptive management process is required to 
incorporate the best available science and information, include protocols and 
standards, regular monitoring, a scientific and peer review process, and provide 
recommendations to the board on proposed changes to meet timber industry 
viability and salmon recovery.  The adaptive management process in Alternative 2 
is designed to implement this directive and address some of the criticism raised in 
the comments.  The Forest Practices Board is required by state law to maintain a 
viable timber industry when considering Forest Practices Rules, including 
modifications that may be developed via the adaptive management program.  The 
adaptive management program includes a process for dispute resolution when 
consensus cannot be achieved.  The process for dispute resolution includes 
specific time limits. 


 
Subject Area: Alternatives 
Issue: Clarification of Alternative 2. 
Number of Individual Comments: 2 
 


Comment Summary: 
The Muckleshoot Indian Tribe was concerned that Alternative 2 may not 
represent the alternative defined by the Forests and Fish Report as supplemented 
by ESHB2091.  They presented a detailed comparison between the Forests and 
Fish Report and the Emergency Rules of 3/20/00. 


 
Response: 


The comment implies that the Emergency Rules represent Alternative 2.  This is 
not the case.  There are a number of differences between the Emergency Rules 
and the Forests and Fish Report, while Alternative 2 is consistent with the Forests 
and Fish Report, as modified by ESHB 2091 and the rule-making process.  The 
Emergency Rules implement the aspects of the Forests and Fish Report that can 
be implemented quickly, but not items like stream typing, which require time to 
implement and depend on the alternative that is ultimately selected.  The 
permanent rule proposal is more complete and further developed.  Alternative 2 
has been clarified in the Final EIS. 
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Subject Area: Alternatives 
Issue: Clarification of Alternative 3. 
Number of Individual Comments: 4 
 


Comment Summary: 
Several commentors pointed out the specific differences between Alternative 3 
and the WEC/Audubon, Muckleshoot, Puyallup, and Yakama Proposals.  They 
noted that all elements of Alternative 3 were not clear in the Draft EIS. 


 
Response: 


The elements included in Alternative 3 have been clarified in the Final EIS.  
Elements of the WEC/Audubon, Muckleshoot, Puyallup, and Yakama Proposals 
that are not included in Alternative 3 are identified in the next response. 


 
Subject Area: Alternatives 
Issue: Cultural resources. 
Number of Individual Comments: 1 
 


Comment Summary: 
The Puyallup Tribe believed that the Cultural Resource Management and 
Protection Plan they proposed should be included with Alternative 3 or with a 
modified Alternative 2 in the Final EIS. 


 
Response: 


Comment noted.  Please see our response to Alternatives/Insufficient Range of 
Alternatives below. 


 
Subject Area: Alternatives 
Issue: General concern about Alternative 2. 
Number of Individual Comments: 43 
 


Comment Summary: 
A number of commenters noted that they had general concerns about the risks 
associated with Alternative 2 or the Forests and Fish Report.  They indicated that 
they believed that Alternative 2 was not protective enough to provide for meeting 
the Board’s goals.  Several commenters cited the Independent Science Review 
Committee (2000) and Pollock (1999) as support for their general concerns.  
Many comments dealt more directly with the Forests and Fish Report rather than 
Alternative 2.  Several comments suggested a number of additional prescriptions 
that they believe would improve Alternative 2.  Some commenters provided a 
bulleted list of general concerns about Alternative 2 including:  
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1) arbitrarily abandons prescriptions and guidelines based on best available 
scientific evidence for a set of recomendations that lack any scientific support; 


2) provides no rationale and cites no evidence to support claims, assertions and 
prescriptions; 


3) relies on prescriptions that are of unprecedented complexity and nearly 
impossible to enforce or monitor; 


4) fails to relate goals and prescriptions to the ecological requirements of the 
threatened fish populations subject to rule making; 


5) lacks precision, accuracy, and consistency in terminology; 
6) relies on prescriptions that appear optional and not mandatory; 
7) relies on performance targets that do not assure attainment of the Forests and 


Fish Report's goals;  
8) is not adequately funded for proper implernentation; and 
9) Lack of legal recourse in case of abuse. 


 
Response: 


Comments noted.  These general comments were considered in the reanalysis 
conducted for the Final EIS and were more specifically addressed in responses to 
specific comments. 


 
Subject Area: Alternatives 
Issue: General Concern for Alternative 1. 
Number of Individual Comments: 2 
 


Comment Summary: 
Two commenters noted general concern for Alternative 1.  


 
Response: 


Comments noted.   
 
Subject Area: Alternatives 
Issue: Support for Alternative 1. 
Number of Individual Comments: 3 
 


Comment Summary: 
Several commenters noted general support for Alternative 1. One commenter 
noted support for Alternative 1 relative to Forest Chemicals and the analysis in 
Appendix J.  


 
Response: 


Comment noted.   
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Subject Area: Alternatives 
Issue: General support for Alternative 2. 
Number of Individual Comments: 16 
 


Comment Summary: 
A number of commenters noted general support for Alternative 2.  They indicated 
that this alternative should be selected for a wide variety of reasons. 


 
Response: 


Comments noted.   
 
Subject Area: Alternatives 
Issue: General support for Alternative 3. 
Number of Individual Comments: 35 
 


Comment Summary: 
A number of commenters noted general support for Alternative 3.  They indicated 
that this alternative should be selected because of the lower risks it would have for 
meeting the requirements of the Endangered Species Act and the Clean Water 
Act.  However, some commenters that generally supported Alternative 3 also 
suggested Alternative 3 could be improved by including additional protection for 
air temperature and humidity in riparian areas, or including additional 
prescriptions from the Environmental or Tribal caucas proposals. 


 
Response: 


Comments noted.  
 
Subject Area: Alternatives 
Issue: Insufficient range of alternatives. 
Number of Individual Comments: 21 
 


Comment Summary: 
A number of commenters noted that they believed that the WEC/Audubon, 
Muckleshoot, Puyallup, and Yakama Proposals should be analyzed separately in 
the EIS, rather than being used to form one alternative (Alternative 3).  They 
noted that there are a number of proposed elements identified in these other 
proposals that are not included in Alternative 3 or that some elements were 
modified from the WEC/Audobon or tribal proposals.  Some commenters also 
pointed out other alternatives that were not proposed directly to the Board. 
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Response: 
The Forest Practices Board held a detailed public discussion on the proposed 
alternatives and directed DNR staff to develop Alternative 3, which was designed 
to capture the range of reasonable alternatives.  Alternative 3 included elements 
from the WEC/Audubon, Muckleshoot, Puyallup, and Yakama Proposals, as well 
as some additional features that came from other sources.  Each of these proposals 
was not analyzed separately because they were similar in many respects, a 
number of their unique elements were not considered reasonable, and therefore 
were outside the scope of this EIS, and analyzing them separately would have 
greatly complicated the evaluation and comparison of the alternatives.  The Board 
excluded elements that it did not have authority to implement, required statutory 
changes, or did not attain the proposal’s objectives and were, therefore, outside 
the scope of the EIS. 


 
Subject Area: Cultural Resources 
Issue: Classification system. 
Number of Individual Comments: 1 


 
Comment Summary: 


The Washington State Office of Archaeology and Historic Preservation (OAHP) 
expressed concern about the classification system for forest practices that affect 
cultural resources (i.e., Class III or Class IV-special) and the potential for 
misclassification.  The OAHP also was concerned that for Class III applications, 
protection of cultural resources was highly dependent upon voluntary landowner 
cooperation. 


 
Response: 


As stated in the EIS, a Class IV-special application is required for forest practices 
on lands containing sites registered with the OAHP and protected under RCW 
27.44 and/or 27.53.  Since sites that are listed on or found potentially eligible for 
listing on the National Register of Historic Places are automatically registered 
with the OAHP, the existing Class IV-special classification does already include 
all known National Register-listed or potentially eligible sites. 
 
While DNR acknowledges OAHP’s concerns regarding potential confusions 
related to the existing forest practices application (FPA) classification system, this 
EIS is limited to analyzing the effects of the proposed changes to the Forest 
Practices Rules.  The proposed changes do not include any changes to the forest 
practices classification system based on the presence of cultural resources.   The 
Board has created a cultural resources committee to examine some tribal issues 
and reccomend whether the Board should take some future action. 
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OAHP is correct that, under a Class III FPA, while DNR may enforce a 
landowner’s voluntary agreement to protect cultural resources, in the absence of a 
voluntary agreement, DNR has no authority to impose protection for cultural 
resources.  Section 3.10.3 has been revised to clarify this point. 
 


Subject Area: Cultural Resources 
Issue: Cultural resources module. 
Number of Individual Comments: 4 
 


Comment Summary: 
The Washington Environmental Council and others noted surprise that 
Alternative 3, which was developed from a combination of environmental and 
tribal caucus members, does not include the cultural resouces module for 
watershed analysis. The OAHP noted an inconsistancy among EIS sections on 
whether the watershed analysis program under Alternative 3 includes a cultural 
resources module.  The OAHP stated it could not determine whether the cultural 
resources module would provide additional protection to cultural resources 
because a description of the module was included in the EIS.  Other comments 
indicated support for the cultural resource module as a means to protect cultural 
resource sites.  One commenter was concerned how legal requirements for 
cultural resource protection would occur in areas that do not have watershed 
analysis. 


 
Response: 


This issue was inconsistently addressed in the Draft EIS.  Alternative 3 was 
intended to include the addition of a cultural resources module in watershed 
analysis.  The text of the Final EIS has been revised to clear up the 
inconsistencies.   


 
Subject Area: Cultural Resources 
Issue: Current protection. 
Number of Individual Comments: 1 
 


Comment Summary: 
The OAHP expressed concern that the EIS presents a false picture of a proactive 
effort of cultural resource protection under existing permanent Forest Practices Rules. 


 
Response: 


Comment noted.  Section 3.10.3 has been clarified to reflect that the Forest 
Practices Rules offer protection for those cultural resources that have been 
previously recorded within an area and do not require systematic surveys to 
identify cultural resources as part of a forest practices application. 
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Subject Area: Cultural Resources 
Issue: Definitions. 
Number of Individual Comments: 1 
 


Comment Summary: 
The Washington State Office of Archaeology and Historic Preservation (OAHP) 
requested that precise definitions of cultural resources and other terms be addded 
to the Glossary. 


 
Response: 


The definition of cultural resources provided in the EIS text is from WAC 222-16-010.  This 
definition and additional definitions for archaeological resources, historic resources, and other 
related terms have been added to the glossary.  


 
Subject Area: Cultural Resources 
Issue: National Historic Preservation Act. 
Number of Individual Comments: 1 
 


Comment Summary: 
The OAHP indicated that two goals of the Forests and Fish Report were to 
comply with the Clean Water Act and the Endangered Species Act.  However, 
both the CWA and ESA also require compliance with the National Historic 
Preservation Act (NHPA) of 1966 (as amended).  The OAHP does not believe 
that the prescriptions detailed under the action alternatives would provide a 
substantive basis for compliance with the NHPA. 


 
Response: 


The NHPA requires federal agencies to take into account the effect of their 
undertakings on sites that are either included in or are eligible for inclusion in, the 
National Register of Historic Places.  The requirements are procedural and are the 
requirements of the federal agencies. 
 


Subject Area: Cultural Resources 
Issue: Protection from RMZs 
Number of Individual Comments: 1 


 
Comment Summary: 


The OAHP was concerned about the assumption in the Draft EIS that increasing 
the RMZ width will produce a de facto increase in protection to cultural 
resources. 
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Response: 
While there is evidence supporting the statements regarding the prevalence of 
sites along salmon-bearing streams, we have deleted speculative statements from 
the text in Section 3.10.3. 


 
Subject Area: Cumulative Effects 
Issue: Adaptive management. 
Number of Individual Comments: 5 
 


Comment Summary: 
Weyerhauser suggested that there would be no risk of cumulative effects under 
Alternative 2 because of the adaptive management program.  The WFPA outlined 
some of the hypotheses that would be tested under the Adaptive Management 
Program. 


 
Response: 


The EIS recognizes that an effective adaptive management program will decrease 
the risk of cumulative effects in the long-term.  However, if the prescriptions 
proposed under Alternative 2 are, in fact, inadequate, then some level of 
cumulative effect would likely occur until the Adaptive Management program 
resulted in corrective actions. 


 
Subject Area: Cumulative Effects 
Issue: Editorial. 
Number of Individual Comments: 5 
 


Comment Summary: 
Several comments pointed out minor errors or editorial concerns. 


 
Response: 


These errors and concerns will be addressed during preparation of the Final EIS. 
 
Subject Area: Cumulative Effects 
Issue: General. 
Number of Individual Comments: 9 
 


Comment Summary: 
Many commenters suggested Alternative 2 does not adequately address the 
cumulative effects of timber harvesting. Commenters cited several reasons for this 
conclusion including: 
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1) Elimination of the prescriptive phase of the riparian function, mass wasting, 
and surface erosion modules in Watershed Analysis; 
 
2) The threshold for significant effect during SEPA review is based upon 
comparison of the protectiveness of prescriptions rather than overall protection of 
the resource (i.e., an effect is not signficant as long as the prescriptive rule is more 
protective than the previous prescriptive rules). 
 
3) There are no limitations on the amount of land in a watershed that can be in 
early seral stage. 
 
4) The interaction of mulitple factors (e.g., flow and sediment) are not considered. 
 
5) Past effects of timber harvest are not considered. 


 
Response: 


The EIS in Chapter 3.11 recognizes substantial uncertainty under Alternative 2 for 
addressing cumulative effects primarily because incentives for conducting 
Watershed Analysis are reduced and prescriptive phases are eliminated for several 
modules.  Both Alternative 2 and Alternative 3 assume that cumulative effects 
will be addressed using standard prescriptions.  However, if this assumption is 
false cumulative adverse effects could occur. Under Alternative 2, the adaptive 
management program will investigate the effectiveness of standard prescriptions 
for addressing cumulative effects.  The EIS recognizes the risk of adverse 
cumulative effects would be lower under Alternative 3 in the short-term compared 
to Alternative 2 because many standard prescriptions have a lower risk of adverse 
effects relative to Alternative 2. 
 
Two existing rules (WAC 222-30-025 and WAC 222-22-100) place limitations on 
the size of clearcuts under certain conditions. 


 
Subject Area: Cumulative Effects 
Issue: Other. 
Number of Individual Comments: 6 
 


Comment Summary: 
One commenter was concerned about the cumulative effects of additional road 
building under Alternative 2 on habitat fragmentation.  The WDFW suggested 
that cumulative harvest or other impacts were not addressed in the Draft EIS and 
referred to page S-10 of the Draft EIS.  Weyerhauser suggested that cumulative 
effects should also be analyzed at statewide or regional scales in addition to the 
watershed and landscape scales included in the Draft EIS.  The Washington 
Forest Protection Association suggested the Draft EIS should also recognise the 
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cumulative effects of Alternative 3 on the timber industry's ability to invest in 
preparation of watershed analyses and long-term forest productivity.  The 
Washington Forest Law Center suggested that Alternative 2 severely reduces the 
likelihood that the SEPA process would be initiated, and consequently prevent 
cumulative effects, because the definition of a "significant effect" has been 
modified such that it limits the triggering mechanism. 


 
Response: 


The EIS recognizes the fact that road densities are not capped under Alternative 2.  
Cumulative effects are addressed in the EIS in Chapter 3.11 (Cumulative Effects).  
The landscape-level analysis in Chapter 3.11 is intended to cover the entire state.  
The EIS has given additional consideration and discussion to the triggering 
mechanisms for SEPA review. 
 
Most of the SEPA triggers were not modified under Alternative 2.  Exemptions 
were made for HCP’s and other conservation agreements, but the likelihood that 
the SEPA process would be initiated, would probably stay the same under 
Alternatives 1 and 2.  Also note that the SEPA triggers have been broadened. 


 
Subject Area: Cumulative Effects 
Issue: Risk analysis. 
Number of Individual Comments: 11 
 


Comment Summary: 
The Muckleshoot Indian Tribe (MIT) suggested the cumulative effects analysis in 
the Draft EIS was incomplete because it did not include detailed analysis on plans 
and regulations mentioned in the section, particularly the Northwest Forest Plan 
and the various HCPs in the state.  They also desired more quantification of the 
lands managed under the various plans and regulations.  Several commenters 
suggested the list of completed or in-progress HCPs and description of other 
management areas was incomplete or in error.  Several commenters suggested 
that the Cumulative Effects section does not adequately describe the risk of 
cumulative effects under either Alternative 1 (based upon Collins and Pess, 1997) 
or the expected cumulative effects under Alternative 2. The MIT generally 
disagreed with the conclusions stated in the cumulative effects section of the Draft 
EIS. 


 
Response: 


The amount of federal and state lands are quantified in the EIS for each of the 
regions in Section 3.7.3.3.  This section also describes which regions are generally 
included in the NW Forest Plan and the DNR's HCP.  The EIS analysis team does 
not believe it is necessary to include details of all of the various plans being 
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implemented in Washington to address cumulative effects.  In particular, detailed 
descriptions of the numerous HCPs would be extremely lengthy and to a large 
extent superfluous because the regulatory agencies have already determined that 
these plans, and their prescriptions, meet the requirements of ESA and are 
adequately protective of listed species.  Of the approximately 16 million acres that 
would be subject to the Forest Practices Rules, a substantial percentage are 
covered under some type of HCP, which also cover multiple species of wildlife, 
making them more inclusive than Alternative 2.  The EIS analysis of cumulative 
effects (Section 3.11) includes an entire sub-section on the NW Forest Plan.  Also, 
as described in Section 3.11 of the EIS, each of the approved HCPs have 
addressed cumulative effects in their NEPA analyses and have been found by the 
agencies to meet the requirements of ESA.  Nearly all of the plans and programs 
listed in Section 3.11 have goals to at least maintain and usually to improve water 
quality or salmonid habitat and populations to meet the requirements of the ESA 
or the CWA. Consequently, improvements in Forest Practices Rules under 
Alternatives 2 and 3 are expected to further reduce cumulative effects relative to 
Alternative 1. 
 
The list of HCPs has been revised.  Information from Collins and Pess (1997) is 
presented in Appendix H.  Additional information from Collins and Pess (1997) 
have been incorporated into the analysis. 
 
The EIS analysis team would like to clarify a few issues that were raised in the 
MIT’s comments.  For instance, the Draft EIS points out that under Alternative 1, 
the major means to address cumulative impacts is through watershed analysis 
rather than "minimum standards".  Consequently, under Alternative 1 those 
watersheds that have not had watershed analysis and corrective prescriptions, if 
necessary, are at a higher risk of cumulative effects.  The reduced incentives to 
perform watershed analysis, the reduction in the ability to adjust prescriptions 
following watershed analysis when it is performed, and the uncertainty 
surrounding the effectiveness of some of the proposed prescriptions (particularly 
related to Type N streams)  is one of the principle reasons the Draft EIS concludes 
there is some uncertainty that Alternative 2 will effectively address cumulative 
effects in the short-term.  Also, the Draft EIS suggests that all of alternatives have 
some level of risk of cumulative effects when current watershed conditions are 
not considered prior to implementing forest practices. 
 
The EIS distinguishes between the relative short-term and long-term risk of 
cumulative effects under Alternatives 2 and 3.  The EIS concluded that the risk of 
cumulative effects in the short-term are lower with Alternative 3 compared to 
Alternative 2 because it has generally more protective prescriptions and a shorter 
schedule for completing Road Maintenance and Abandoment Plans.  However, 
the EIS does conclude the long-term risk of cumulative effects is about the same 
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under each of the Alternatives 2 and 3, assuming that the adaptive management 
approaches under the alternatives are effective. 


 
Subject Area: Cumulative Effects 
Issue: Watershed analysis. 
Number of Individual Comments: 3 
 


Comment Summary: 
One comment expressed concern that more protective riparian prescriptions 
developed through previously prepared Watershed Analyses would now be 
replaced by potentially less protective standard prescriptions under Alternative 2.  
One commenter suggested that it was the results of Watershed Analyses that led 
to the development of prescriptions in Alternative 2 and will be useful for 
developing monitoring plans.  One commenter also requested a more detailed 
discussion of the positive benefits that previously completed Watershed Analyses 
have had on development of the Alternative 2 prescriptions. 


 
Response: 


Comments noted.  The first sentence of the comment summary is correct in that 
prescriptions under Alternative 2 supercede prescriptions developed during 
Watershed Analysis.  A more detailed discussion of Watershed Analysis is 
present in Appendix H. 


 
Subject Area: Economics 
Issue: Economic information and viability pertinent to the timber industry. 
Number of Individual Comments: 12 
 


Comment Summary: 
Several commenters were interested in how economic viability of the timber 
industry is measured.  Several commenters were concerned that economic 
viability was not addressed in the EIS.   Some wanted to know how it is defined in 
the fourth goal of the Forest Practices Board.  One comment suggested that 
exclusion of economic factors in the EIS results in less-than-full disclosure of the 
legal requirements under the Forest Practices Act to balance environmental and 
economic considerations and all of the considerations present in the development 
of Alternative 2.  Several commenters desired that specific factors be included in 
a cost benefit analysis. Two commenters provided information on the economics 
of the timber industry. 
 
One commenter suggested Alternative 2 is "weighted too heavily towards 'the 
business of making money'" and questioned why the timber industry was provided 
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a tax cut.  One commenter described the “Forest and Fish Rules” (sic) as saying 
no money was available for easements on no-harvest and limit harvest buffers. 
 


 
Response: 


Comments noted. RCW 76.09 of the Forest Practices Act requires the Forest 
Practices Board to maintain a viable timber industry.  Economic information is 
not considered in this EIS, but economic issues are addressed by the Small 
Business EIS and the Cost-benefit Analysis preparted by the DNR. The Forest 
Practices Board will consider economic information in their decision on the 
implementation of new Forest Practices Rules.  Neither the Forest and Fish 
Report or the proposed rules under Alternative 2 provide for easements. 


 
Subject Area: Editorial 
Issue: General. 
Number of Individual Comments: 8 
 


Comment Summary: 
Commenters noted that Alternative descriptions within different sections of the 
EIS did not always agree.  Also, a few miscellaneous errors were also noted. 


 
Response: 


Modifications were made in the Final EIS to maintain consistency between 
sections and correct errors. 


 
Subject Area: Editorial 
Issue: Missing citations/references. 
Number of Individual Comments: 2 
 


Comment Summary: 
Two commenters requested additional citations and references for statements 
made in the EIS. 


 
Response: 


Additional citations and references have been added to the EIS where appropriate. 
 
Subject Area: EIS Chapters 1 & 2 
Issue: Editorial. 
Number of Individual Comments: 7 
 


Comment Summary: 
Several comments recommended editorial changes including requests for revised 
wording, or changes in grammar or spelling.   
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Response: 


The recommended changes were considered during revision of the EIS and 
incorporated where appropriate.  


 
Subject Area: EIS Chapters 1 & 2 
Issue: General. 
Number of Individual Comments: 33 
 


Comment Summary: 
Many comments requested clarification or expansion of discussions in Chapters 1 
and 2 or noted errors. Other comments noted inconsistencies between the 
alternatives described in Chapter 2 and descriptions in other sections of the EIS.  
Some comments described their perspective of the regulatory context for forest 
practices or their evaluation in the EIS. 
 
The Muckleshoot Indian Tribe believed their scoping comments were mostly 
ignored in the Draft EIS. 
 
The WDFW recommended that Hydraulic Project Approval (HPA) be added to 
Section 1.4.3 of the EIS. 
 


Response: 
Recommendations for clarification or expansion of alternative descriptions in 
Chapters 1 and 2 were considered during revision of the EIS and changes made 
where appropriate.  Inconsistencies were corrected between the Draft and Final 
EIS. 
 
A discussion of HPAs was added to Section 1.4.3. 


 
Subject Area: Enforcement 
Issue: Forest Practices Board manual is guidance only. 
Number of Individual Comments: 1 
 


Comment Summary: 
The Washington Environmental Council was concerned that under Alternative 2 
many Best Management Practices were eliminated from the Forest Practices 
Rules and could only be found in the Forest Practices Board Manual which is only 
guidance and not required practices. 
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Response: 
The manual is an advisory technical supplement to the rules.  As long as policy 
goals in the WAC are being met, the landowner has sole discretion on how the 
goals will be met.  Although it is a guidance document, the DNR can use it to 
evaluate whether the requirements in the rules have been met. 


 
Subject Area: Enforcement 
Issue: General. 
Number of Individual Comments: 1 
 


Comment Summary: 
A comment suggested that compliance to the Forest Practices Rules would be 
inadequate because of insufficient funding for compliance monitoring.  The 
comments also suggested that past performance for compliance has been poor and 
consequently would be poor in the future. 


 
Response: 


Comment noted.  The EIS analysis team and Forest Practices Board recognize 
that there are concerns with the past performance and funding levels for 
compliance monitoring.  However, the EIS analysis assumed that funding for 
compliance monitoring would be adequate and that a reasonably high level of 
compliance to proposed rules under all the alternatives would occur.  The EIS 
recognizes that low compliance and insufficient funding for compliance 
monitoring can reduce the level of protection to natural resources. 


 
Subject Area: Enforcement 
Issue: Rules based on Forests and Fish Report are too complicated 
Number of Individual Comments: 31 
 


Comment Summary: 
Many commenters suggested the prescriptions under Alternative 2 are too 
complex, that landowners (especially small landowners) would have difficulty 
implementing the prescriptions appropriately, and that DNR would have difficulty 
ensuring that landowners were complying to the rules. 


 
Response: 


Comments noted.  The Forest Practices Board will consider these comments when 
making their decision.  The DNR recognizes that the rules under Alternative 2 are 
complex and that implementation and enforcement will be more difficult relative 
to Alternatives 2 and 3.   However, the EIS analysis assumes that prescriptions 
will be implemented as required under the rules proposed in all of the alternatives.  
A Small Forest Landowner Office has been established to provide assistance to 
small forest landowners in implementing the rules under Alternative 2. 
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Subject Area: Fire 
Issue: General. 
Number of Individual Comments: 7 
 


Comment Summary: 
One commenter indicated that criteria used in the fire analysis were not explicitly 
defined.  In addition the commenter suggested that fire suppression costs should 
not be included in the analysis because costs were not considered for any other 
resources.  It was also suggested the analysis should consider how the alternatives 
would affect deviations from normal fire regimes.  The comment suggested that 
benefits of Alternative 2 for maintaining healthy forest patterns and fire regimes 
were not discussed.  One comment suggested that the effects of past fire 
suppression on forest condition should be more fully described in the Affected 
Environment Section.  One comment expressed confusion about how logging 
causes fires, and whether that included both prescribed fires and wildland fires. 


 
Response: 


The discussion of fire effects has been expanded in the EIS, including the factors 
considered in the analysis.  Suppression costs have been dropped as a factor in the 
analysis.  The discussion of the Affected Environment has been expanded to 
consider the effects of past fire suppression and the role of commercial logging 
operations in causing fires. 


 
Subject Area: Fish 
Issue: Bull trout. 
Number of Individual Comments: 3 
 


Comment Summary: 
Some commenters were concerned that Alternative 2  did not have adequate 
protection for bull trout in westside watersheds and that Draft EIS analysis was 
incomplete.  The Columbia River Inter-tribal Fish Commission (CRITFC) thought 
protection for bulltrout would be inadequate on the east side because bull trout 
habitat could be eliminated from the bull trout overlay map based upon potential 
future meetings and agreements between a landowner and the WDFW.  The 
CRITFC also expressed doubt that bull trout habitat could be effectively modeled.  
The Muckleshoot Indian Tribe suggested that bull trout protection standards to be 
implemented in eastside watersheds would also be implemented on the west side 
since bull trout are also listed in Puget Sound. 
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Response: 
Comments noted.  Additional discussion of bull trout risks in westside watersheds 
has been included in the Final EIS.  Bull trout habitat can be both added and 
eliminated from the bull trout overlay based upon information available during 
potential future meetings that includes affected Tribes and federal agencies in 
addition to landowners and the WDFW.  Alternative 2 does not include added bull 
trout protection on the west side of the cascades. 


 
Subject Area: Fish 
Issue: Coarse sediment. 
Number of Individual Comments: 1 
 


Comment Summary: 
One commenter inquired if differences in risk of coarse sediment delivery 
between Alternatives 2 and 3 would be significant to fish. 


 
Response: 


Under all of the alternatives, any specific area that has increased coarse sediment 
delivery to Type S or F streams resulting from forest practices could have an 
adverse effect to fish habitat in the area by increasing embeddness, filling pools, 
or increasing channel instability.  Alternative 3 was determined to have higher 
protection (i.e., lower risk of adverse effects) relative to Alternative 2 because it 
included an accelerated schedule for RMAPs, no net increase in road density, and 
riparian buffers on all streams.  Consequently, the frequency and magnitude of 
events that deliver coarse sediment to Type S or F streams is likely to be lower 
under Alternative 3 than Alterntive 2.   Where these events occur under 
Alternative 2, but would have been avoided under Alternative 3, a significant 
effect could occur to the local fish habitat.  For example, a culvert/road failure 
that occurs during year 12 of the plan under Alternative 2 that would have been 
fixed earlier (and consequently avoided failure) under Alternative 3 could 
represent a significant adverse effect to the local fish habitat. 


 
Subject Area: Fish 
Issue: External factors. 
Number of Individual Comments: 4 
 


Comment Summary: 
It was requested that additional discussion occur on the uncertainties resulting 
from ocean conditions, fish harvest, and other external factors that are not the 
focus of the EIS, but may contribute to the continued decline or recovery of listed 
salmonid populations. 
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Response: 
Detailed discussion of external factors that affect salmonid population viability is 
not necessary for decision-makers to make an informed decision concerning the 
alternatives.  A general discussion of these factors is present in the EIS to provide 
a context for placing the effects of forest practices within the complete life cycle 
of salmon and trout.  However, the focus of the EIS is on the effects of the three 
alternatives on meeting salmonid freshwater habitat requirements (i.e., a properly 
functioning aquatic ecosystem) regardless of how external factors in combination 
with freshwater habitat conditions ultimately result in the overall viability of 
listed stocks.  Consequently, the EIS evaluates how the alternatives will affect fish 
habitat and not fish population numbers per se. 


 
Subject Area: Fish 
Issue: Fish passage. 
Number of Individual Comments: 4 
 


Comment Summary: 
One commenter disagreed with the EIS conclusion that little difference would be 
present among the alternatives for fish passage.  One comment pointed out that 
the Draft EIS appeared inconsistent concerning culvert replacement between 
Chapter 2 and Section 3.7.  Some commenters provided general information and 
references on fish passage.  The WDFW requested that the EIS clarify its role and 
responsibility for regulating fish passage.  One comment indicated that Table 3.7-
7 inaccurately portrayed the amount of fish-bearing and nonfish-bearing streams 
under Alternative 3. 


 
Response: 


The EIS states there is little difference in protection among the alternative for fish 
passage under new roads  because all new roads will require Hydraulic Permit 
Approval (HPA) and need to meet the rules and standards developed by the 
WDFW.  The EIS also states that differences do exist among the alternatives for 
fixing existing road culverts that have passage problems or are too small to pass a 
100 year flood event.   Chapters 2 and 3 have been checked and edited to remove 
inconsistencies in the Final EIS.  Additional information and references provided 
by commenters will be considered during revision of the Draft EIS. 
 
Text has been added to the EIS to clarify the issue of agency responsibilities 
related to fish passage. The WDFW issues Hydraulic Project Approvals for new 
stream crossings, while DNR policy (particularly under Alternatives 2 and 3) 
includes fish passage as an objective and the rules developed for forest practices 
must be consistent with WDFW requirements. The role of WDFW for regulating 
fish passage has been clarified in Chapters 2 and 3, and Appendix F of the EIS.   
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Under Alternative 3, not all streams less than 20 percent gradient are fish-bearing.  
Table 3.7-7 only includes estimates of fish-bearing stream crossings that would be 
pertinent to passage issues.  


 
Subject Area: Fish 
Issue: Large woody debris. 
Number of Individual Comments: 6 
 


Comment Summary: 
Some commenters felt that the Draft EIS did not address the potential negative 
impacts of the incentive based large woody debris placement program in 
Alternative 2.  They suggested that the loss of 10 trees/acre in exchange for wood 
placement was a trade of short-term gains for long-term losses.  Other 
commenters stated it was not clear whether the criteria for “full protection” (i.e., a 
no-harvest buffer one site potential tree height in width) was applied to all streams 
in the entire stream network, or just to the areas buffered under Alternative 2.  
They also felt that the 100-year SPTH that was used in the Equivalent Buffer Area 
Index (EBAI) analysis was an inadequate measure of the maximum amount of 
recruitable wood for “full protection” of fish habitat formation.  These 
commenters suggested that the EBAI analysis should be re-run in order to 
determine if there are significant differences in the level of protection provided by 
each alternative.  A few commenters stated that the yardstick for “properly 
functioning” was based on a standard developed by the BLM for rangeland 
habitats and was therefor not appropriate for application to forested areas.  Other 
commenters stated that the analysis did not focus enough on fish, and that wood 
from nonfish-bearing streams rarely reached fish-bearing streams and thus were 
not significant to fish. 


 
Response: 


The discussion of the advantages and disadvantages of the wood placement 
programs is expanded in the Final EIS in Sections 3.7.2 and 3.7.3.3.  
 
The measure of “full protection” from a buffer width equal to one site potential 
tree height was applied to all streams within the stream network and not just the 
areas deliniated for buffer protection under Alternative 2.  This criteria was used 
to evaluate all three alternatives. The lack of protection for those streams in 
Alternative 2 that do not have a buffer width equal to one site potential tree height 
is reflected in the risk ratings for those areas.  The 100-year SPTH is being 
re-evaluated as an adequate measure of the “fully functional” width for stream 
buffers.  See the response to comments under the Riparian subject area, Site 
Potential Tree Height/Desired Future Condition issue for additional information.   
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The results of this re-analysis are reflected in the Final EIS in Sections 3.4.2, 
3.7.3.3 and Appendix D.    
 
Criteria for a properly functioning aquatic ecosystem are defined by the National 
Marine Fisheries Service in their guidance document for the preparation of 
Biological Assessments (NMFS, 1996).  The criterion include average levels of 
LWD needed to maintain fish habitat on the east and west sides of the Cascade 
Mountains.  These levels are directly applicable to forested areas and are intended 
to be used as a guide to monitor the ability  of programs to provide adequate 
LWD for fish habitat.  Use of the adaptive management process would 
incorporate these criterion to evaluate the performance of forest management 
practices.   
 
The fish analysis in the Draft EIS incorporates fish as one of the critical species 
groups used to evaluate the health of stream systems.  The evaluation of the 
impacts of each alternative to fish habitat include an assessment of LWD 
recruitment.  Potts and Anderson (1990) and Prichard et al. (1998) both found that 
first and second order streams (nonfish-bearing streams) can provide important 
habitat protection and enhancement to fish-bearing streams by storing fine 
sediment and delivering some amount of LWD. 


 
Subject Area: Fish 
Issue: Literature summarization. 
Number of Individual Comments: 4 
 


Comment Summary: 
Many commenters supplied citations, references, and summaries of fish-related 
literature. 


 
Response: 


This information will be considered during revision of the EIS. 
 
Subject Area: Fish 
Issue: Miscellaneous comments. 
Number of Individual Comments: 3 
 


Comment Summary: 
One commenter wanted additional rationale for including or excluding 
components (such as wildlife) from other sections of the EIS in the fish 
evaluation. Another commenter suggested Alternative 2 would only slow the rate 
of habitat degradation on private lands and that listed salmonid populations will 
only recover when degradation stops and recovery plans are implemented.  
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Several commenters attached, cited, or referenced additional information to 
consider when revising the EIS, but were not specific criticisms of the analyses in 
the EIS. 


 
Response: 


Comments noted.  Additional information provided by commenters will be 
considered during EIS revision. 
 
As explained in Section 3.7.3.1 habitat components in the fish evaluation were 
drawn from the NMFS matrix of pathways and indicators (NMFS, 1996).  One 
objective of the fish assessment was to avoid un-necessary repetition in the 
evaluation of habitat components that were included in other sections of the EIS 
(e.g., riparian function, coarse and fine sediment, etc.).  However, not all 
components were covered in other sections, but appeared only in the fish section 
(i.e., fish passage barriers and off-channel habitat).  In addition, not all of the 
detailed indicators within the matrix could be effectively analyzed.  Wildlife are 
an important component of the forest ecosystem, but are not included in the 
NMFS matrix as either a pathway or indicator and were therefore not included in 
the fish evaluation. 


 
Subject Area: Fish 
Issue: Other. 
Number of Individual Comments: 13 
 


Comment Summary: 
One comment suggested a different general wording for stream types rather the 
"fish-bearing" or "nonfish-bearing" because the new typing system would be 
based upon fish habitat.  One commenter suggested that habitat conditions would 
gradually improve under Alternative 1 based upon the Plum Creek Native Fish 
HCP EIS (USFWS et al., 2000).  One commenter suggested the Draft EIS "failed 
to identify the appropriate sensitivity level of fish to excessive coarse sediment 
delivery".  One commenter desired additional clarification on that state agencies, 
local agencies, and private parties are only prohibited from take under ESA and 
not required to provide for recovery of listed species.  One commenter disputed 
the statement in the EIS that fish are less likely to be found in stream gradients 
greater than 20 percent.  One commenter suggested the EIS failed to mention the 
importance of water temperature and dissolved oxygen on pre-spawning 
mortality. 
 
Several commenters suggested discussion should be expanded about the 
protection provided to beaver habitat under Alternative 3 and its relationship to 
fish habitat.  
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The Muckleshoot Indian Tribe suggested that RMZs were represented as no 
harvest buffers on page 3-138.  They also noted that chum salmon do not spawn 
just in the lower portion of the Green River. 
 
One comment indicated a general concern on how Forest Practices Rules will 
effect fish passage, fish habitat, water quality, channel conditions, and watershed 
conditions relative to roads, but was not specific to any of the alternatives or the 
EIS in general. 


 
Response: 


Section 3.7 was revised to be more specific in using Types N, F, and S, where 
appropriate. 
 
Text will be added to reflect the enhanced protection of beaver habitat provided 
under Alternative 3. 
 
The Plum Creek Native Fish HCP EIS (USFWS et al., 2000) states that “The net 
effect of the No Action Alternative on fish habitat quality is unknown, but could 
potentially be a slight improvement”.  The No Action Alternative in the Plum 
Creek EIS would be similar to Alternative 1 of the current EIS.  The Plum Creek 
EIS also states that these improvements may “not be large enough to adequately 
preserve the Permit Species throughout the Project Area”.  The Plum Creek EIS 
also suggests that some watersheds could experience continued degradation for 
some habitat features.  The conclusions for the No Action Alternative in the Plum 
Creek EIS appear compatible with the conclusions for Alternative 1 in the current 
EIS.   
 
The EIS does not quantify a "sensitivity level" for coarse sediment delivery 
because the appropriate level would be reach and watershed specific.  
Nevertheless, the discussion of coarse sediment in the fish and sediment sections 
of the EIS have been expanded to clarify the physical and biological effects of 
excessive coarse sediment delivery to streams. 
 
The EIS has been clarified on the point that private parties and state and local 
agencies are only required to avoid take of listed species, not recover them. 
 
The DNR recognizes that fish have been observed in streams with average 
gradients greater than 30 percent. The EIS does not dispute this possibility, but 
does suggest that the likelihood of observing fish in steep gradient streams is 
substantially less than lower gradient streams. The statement was made with the 
intent of providing non-technical readers with a general understanding of 
salmonid biology.  Water temperature (and its relationship to dissolved oxygen) 
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was cited as an important factor for stream and fish productivity, including 
prespawning and spawning activities, on pages 3-116 and 3-117 of the Draft EIS.  
The EIS analysis team agrees with the Muckleshoot Indian Tribe that the Green 
River represents an exception to the general statement made in the EIS about 
chum spawning locations. 
 
Harvest buffers on page 3-138 (paragraph 1) of the Draft EIS are correctly 
described as including thinning and that other harvest can occur within inner and 
outer zones of RMZs.  


 
Subject Area: Fish 
Issue: Refugia. 
Number of Individual Comments: 4 
 


Comment Summary: 
Some commenters criticized Alternative 2 for not considering the need for 
refugia. 


 
Response: 


The concern over the need for refugia for salmon and trout is noted.  However, 
this large-scale land use management issue cannot be addressed via Forest 
Practices Rules which address specific practices used during timber harvest and 
related activities. 


 
Subject Area: Fish 
Issue: Stream flows. 
Number of Individual Comments: 4 
 


Comment Summary: 
Several commenters suggested that potential increases in the frequency and 
severity of peak flows would result in significant decreases in the egg to fry 
survival of listed species due to increased scour.  Some commenters suggested 
egg to fry mortality might increase by as much as 54 percent.  Other commenters 
suggested that changes in peak flows would not necessarily result in significant 
geomorphic changes to streams because storm and flood flows are the primary 
influences rather than peak flows. 


 
Response: 


Scour, deposition, and other channel-forming processes are related to stream 
discharge and occur primarily at bankfull or higher flows (Leopold et al., 1992)) 
and the highest level of bed mobilization will occur during peak flows. The EIS 
discusses the effects of peak flows and scour on egg to fry survival on pages 3-
114, and 3-136 to 3-137 and identified a moderate risk of peak flow effects to 
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salmonids under Alternatives 1 and 2 and low risk under Alternative 3.  While the 
effects of scour on egg to fry mortality has been demonstrated to be significant in 
some logged watersheds (e.g., Carnation Creek; Holtby and Healey, 1986), 
quantifying the level of effect throughout all areas affected by Forest Practices 
Rules is speculative.  The degree to which the alternatives can affect the 
frequency and severity of peak flows is discussed primarily in Section 3.3 
(Hydrology) 


 
Subject Area: Fish 
Issue: Target conditions. 
Number of Individual Comments: 3 
 


Comment Summary: 
Several commenters requested a more detailed description of "target conditions" 
for the aquatic ecosystem and a comparison of current conditions to these targets 
using HCPs, completed watershed analyses, and other documents.  Several 
commenters desired more quantification in the analysis. 


 
Response: 


The target condition for aquatic resources is a properly functioning aquatic 
ecosystem as described by the USFWS and NMFS in their respective matrices of 
pathways and indicators (NMFS, 1996; USFWS, 1998).  Additional discussion 
has been included in Section 3.7.3 and Appendix B of the EIS.  However, 
summarization of data included in HCPs, watershed analyses, and other reports 
was not included in the EIS because such detailed site-specific information would 
not provide decision-makers a means to distinguish among the alternatives.  
Furthermore: 1) many of the (few) completed watershed analysis have occurred in 
areas of highest concern and might not be representative of other areas; and 2) 
many of the watershed analyses have been performed in areas covered by HCPs 
which may require different prescriptions than those considered for new Forest 
Practices Rules.   Status reviews of the listed and candidate species have already 
been conducted by the NMFS and USFWS, which concluded that many distinct 
population segments were in need of federal protection and forest practices, 
among other factors, have contributed to degraded habitat conditions in many 
parts of the Pacific Northwest.  It would be extremely difficult, if not impossible, 
to quantify outcomes throughout the state under each of the alternatives for 
measures included in the agencies matrices of pathways and indicators.  However, 
the riparian and sediment EBAIs have allowed some level of quantification using 
indices for comparison of prescriptions provided in the alternatives to protect the 
function of several ecosystem components. 
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Subject Area: Fish 
Issue: Temperature. 
Number of Individual Comments: 8 
 


Comment Summary: 
Many comments suggested the Draft EIS did not include sufficient discussion on 
the affects of air temperature on water temperature. One commenter suggested 
that regulatory and other targets for stream temperature are inappropriate for 
assessing the effectiveness of riparian prescriptions because they are largely based 
upon laboratory experiments.  A commenter also suggested that prescribed 
buffers for Type N streams under Alternative 2 would provide adequate 
protection to Type S and F streams because results from Caldwell et al. (1991) 
suggest that any temperature increases in Type N streams would be mitigated by 
shading along the Type S and F streams and the lower portions of Type N stream 
which would allow temperatures to equilibrate to ambient conditions. One 
comment implied the fish effects section should have more discussion on the 
influence of air temperature on stream temperature in addition to the effects of 
shade.  One comment suggested that Alternative 2 is not sufficiently protective of 
small (< 15 feet wide on the east side, <10 feet on the west side) fish-bearing 
streams and that it was inappropriate to have different buffer widths for different 
size streams. 


 
Response: 


The EIS does not directly address water temperature effects to fish quantatively 
because effects would be highly site-specific.  Instead, the EIS evaluated the level 
of shade each alternative would provide to streams (Page 3-129). 
 
Caldwell et al. (1991) suggested that increased temperature effects to Type 4 
streams had negligible effects on Type 3 streams because temperatures 
equilibrated rapidly (within about 500 feet) to shaded conditions found in the 
Type 3 reach.  The ISR (2000), in its review of the Forests and Fish Report, 
disputes the general applicability of the findings in Caldwell et al. (1991) because: 
 
1) the studied streams had extremely low flows averaging 0.02 cfs which is 
substantially less than the maximum 0.3 cfs criteria for a Type 4 stream; and  
 
2) lands adjacent to the Type 3 receiving waters were not mature unmanaged 
stands and consequently the streams may have represented elevated temperatures 
(i.e., the differences in temperatures between the Type 3 and 4 streams should 
have been larger prior to equilibration). 
 
In selecting study sites, Caldwell et al. (1991) attempted to use 3 criteria: a)  Type 
4 streams that provided at least 15 percent of the Type 3 stream flow, b) the Type 
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4 stream crossed an area with timber harvest less than 5 years old, and c) 
homogeneous riparian and stream conditions for 1500 feet above the confluence 
for both of the Class 3 and 4 streams or the transition from Type 4 to Type 3.  
However, they found it impossible to meet all of these criteria.  In particular, they 
found that most Type 3 streams were much larger than the Type 4 streams. 
 
It is unknown how representative the sizes of the Type 3 and Type 4 streams in 
the Caldwell et al. (1991)  were for all commercial timber lands in western 
Washington, but their difficulty in finding streams that met their criteria may 
suggest that most Type 4 are relatively small compared to the Type 3, 2, or 1 
streams into which they drain.  In addition, the combined canopy and brush shade 
levels in the Caldwell et al (1991) for the Type 3 receiving waters ranged from 20 
to 98 percent. Given the uncertainty in the degree of representiveness for the 
study sites in Caldwell et al. (1991), additional literature review has been 
conducted to evaluate the extent to which adverse temperature effects in Type N 
streams can be of transported to Type S and F streams. 
 
Additional text has been included about the effectiveness of the shade screening 
tool to meet state water quality standards. In addition, more discussion has been 
presented in the EIS about the effects of air temperature on stream temperature, 
and the role of stream size in conserving heat in water.  Related comments and 
responses can be found categorized under Water Quality/Temperature and 
Riparian/Shade. 
 
Small streams have a tendency for water temperature to equilibrate to 
environmental conditions more rapidly than large streams due to the lower heat 
capacity associated with smaller volumes of water.  However, as described in 
Appendix B, small streams may receive effective shading from shrubs and young 
trees, relatively soon after harvest, compared with large streams (Beschta et al., 
1987, and others).  Consequently, it is logical that smaller streams are effectively 
shaded by smaller buffers. 


 
Subject Area: Fish 
Issue: Turbidity/fine sediment. 
Number of Individual Comments: 3 
 


Comment Summary: 
In reference to fine sediment, one commenter inquired why uncertainty on the 
effectiveness of protection along Type N streams under Alternative 2 would effect 
fish since Type N streams, by definition, do not have fish.  The Independent 
Science Review Committee (2000) suggested that increases in sediment load of 
about 100 percent over background would occur under Alternative 2 and that this 
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increase would likely result in suspended sediment exposure durations that could 
have moderate or higher adverse effects from these increases. 


 
Response: 


Fine sediment can be rapidly transported out of Type N reaches and deposited in 
Type S or F reaches.  Consequently, the high uncertainty in the effectiveness of 
Type N stream protection in areas that will not have RMZs means that if the 
protection measures (i.e., equipment limitation zone (ELZ) and mitigation for 
greater than 10 percent soil disturbance of the ELZ area) prove to be not as 
effective as expected, then fine sediment delivered to Type N streams could be 
transported to Type S or F streams and result in adverse effects to fish habitat. 
 
The ISRC (2000) report accurately reported the results of Newcombe and Jensen 
(1996), but the analysis suggesting that physiological stress would occur is faulty. 
First, it is not clear how the ISR estimated that sediment loads would increase 100 
percent other than their professional judgement.  Second, their manipulation of 
the data from Rothacher et al. (1967) is inappropriate; merely doubling the 
sediment concentration values from a cumulative frequency plot would not 
necessarily depict an accurate exposure duration curve even if loads did increase 
by 100 percent.  Finally, the graph based upon Rothacher et al. (1967) suggests 
that peak sediment levels occur at most for 1 to 3 days, and these are likely not 
continuous exposures.  Based upon Newcombe and Jenson (1996) for a 
continuous two-day exposure period, suspended sediment levels would need to be 
20 mg/l for moderate physiological stress, but would need to be 403 mg/l for 
major physiological stress.  Even the crude extrapolation by the ISRC (2000) to 
80 mg/l is substantially lower than this amount.   Even if reduced feeding did 
occur for a two- or even 3-day period it is unclear how this would affect the 
overall condition of fish. 


 
Subject Area: Fish 
Issue: Type N streams. 
Number of Individual Comments: 3 
 


Comment Summary: 
One comment indicated there was no citation provided to support the statement 
that narrow type Np streams would receive some shade protection from 
overhanging shrubs and young trees within about 10 years of harvest.  The 
Yakama Indian Nation noted that the EIS concluded moderate to high risk of 
adverse effects to downstream fish habitat might occur from protection levels 
prescribed to Type N streams under Alternative 2. 
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Response: 
The literature on shade protection requirements along small streams is not robust.  
Therefore, conclusions regarding shade protection along Type Np streams were 
based on the literature cited in Appendix B and professional judgment.  The 
discussion of shade in Type Np streams, and transport of heated water and LWD 
from Type N to Type S and F streams has been expanded in Appendix B and the 
riparian and water quality sections of the EIS including additional citations.  
Related responses and comments can be found under the Riparian/shade, 
Riparian/Type N streams, and  Water Quality/Temperature categories. 


 
Subject Area: Forest Chemicals 
Issue: Available data/data incorporated 
Number of Individual Comments: 7 
 


Comment Summary: 
Chapter 3 of the draft EIS states that there are no readily available data that focus 
on forest pesticide applications.  A few comments challenge that statement 
directly and do provide references to some available studies (some outside of 
Washington State however), which have been incorporated in the Final EIS.   
In addition, the applicability of information from groundwater contamination 
studies referenced in the Draft EIS is questioned.  The comments state that the 
chemicals detected in these studies usually are common agricultural or urban 
chemicals and should not be assumed to have originated from forest applications. 


 
Response: 


The Final EIS text has been modified to reflect additional information that has 
been gathered and reviewed since publication of the Draft EIS.  The statement 
that "there are no readily available data" has been modified accordingly.  
However, sufficient data are not available to fully assess the impacts of current 
forest practices on water quality across all regions for all application scenarios.  
The new information incorporated into the Final EIS (including some data cited in 
the comment letters) sheds additional light on the expected risk of impacts from 
forest applications but is not comprehensive enough to support a statewide 
quantitative impact assessment.  Such an all-inclusive assessment is beyond the 
scope of this EIS. 
 
Likewise, although the Draft EIS cites studies that detected significant levels of 
chemicals commonly associated with agricultural practices, the discussion of 
these data also makes it clear that most of the chemicals detected were not 
chemicals typically used in forest practices.  Moreover, the text explains that the 
few chemicals detected that are used for multiple purposes (e.g., forestry, 
agriculture, urban lands) should not be assumed to have originated entirely or 
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even in part from forest applications (see Draft EIS, Appendix J, pages J-10 and J-
11).  This section of the Draft EIS simply evaluates the potential for chemicals to 
contaminate water resources and does not evaluate any of the alternatives 
specifically.  The Final EIS text has been modified to make these points clearer. 


 
Subject Area: Forest Chemicals 
Issue: Riparian/pesticide benefits 
Number of Individual Comments: 11 
 


Comment Summary: 
Several comments raise issues regarding the benefits of forest chemical use on 
riparian communities, stating that chemical use generally is necessary to help 
manage riparian areas by sustaining desirable species and suppressing invasive 
species.  The comments stress that riparian areas may need special attention 
because they provide specific benefits to aquatic systems.  Thus, forest chemical 
applications may be necessary or even preferred (over mechanical thinning, for 
example) to help establish and maintain healthy riparian communities and reduce 
both short-term and long-term water quality impacts. 


 
Response: 


Chapter 2 of the  Draft EIS (Alternatives Including the Proposal; specifically, 
pages 2-29 and 2-32, as well as Appendix J, page J-3), explains that each 
alternative includes measures to help ensure proper riparian growth and function 
while minimizing the risk of chemical contamination.  Although Alternatives 2 
and 3 place more stringent restrictions on chemical applications within riparian 
management zones (compared to Alternative 1), both alternatives are designed to 
enable forest managers to effectively manage riparian areas to maximize riparian 
health and function while protecting water quality.  Specifically, Alternative 2 
allows for the application of pesticides for hardwood or noxious weed control, 
while Alternative 3 requires alternative plans in cases where forest pesticides are 
necessary to help restore riparian management zone function.  The alternative 
plans will be defined on a case-by-case basis, with the dual purpose of protecting 
riparian areas as well as minimizing water quality impacts.  Finally, the text of the 
Final EIS has been modified to further emphasize the benefits of riparian areas, 
the need for effective management procedures, and the potential impacts of 
alternative management plans (e.g., mechanical thinning). 
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Subject Area: Forest Chemicals 
Issue: Chemical toxicity 
Number of Individual Comments: 4 
 


Comment Summary: 
Specific data and ratings regarding the toxicity of a few of the chemicals 
discussed in detail in the Draft EIS are questioned.  Comments also point out the 
complexity of determining true toxicity in the field due to the variability in 
exposure time, method of exposure, concentration, etc. 


 
Response: 


Some of the information on chemical toxicity has been modified in the Final EIS 
to reflect more recent studies or to clarify where toxicity data were not consistent 
or clear across studies.  However, the Draft EIS states in several places that the 
information presented for specific chemicals (in particular, Table 4, Appendix J) 
represents general statements about the expected impacts on most species of fish 
and wildlife.  The information presented was compiled from a variety of sources 
using a variety of study designs and test organisms, and is not intended as a 
comprehensive statement on the absolute toxicity to all fish and wildlife (because 
toxicity can vary greatly among different species).  Moreover, the Draft EIS 
acknowledges that laboratory results often cannot be directly applied to field 
conditions because environmental factors can significantly influence toxicity.  
Instead, the specific information presented in the draft EIS on a few of the more 
common chemicals is of a general nature and is intended to illustrate the range of 
chemical properties among some of these more common chemicals.   
 
In addition, the Draft EIS does not state that the results are entirely laboratory-
based.  Rather, the summary information is a compilation of study data including 
both field and laboratory tests.  Note also that the nature and scope of the EIS do 
not require or even warrant a detailed analysis of all possible chemicals and 
scenarios. 


 
Subject Area: Forest Chemicals 
Issue: Disturbed channels. 
Number of Individual Comments: 1 
 


Comment Summary: 
This comment suggests that disturbances to Type N streams from forest practices 
and the application of forest chemicals to dry streambeds would result in efficient 
transport of these chemicals and significant adverse water quality effects. 
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Response: 
A discussion of effects of forest practices on erosion and sediment production 
along Type N streams is provided in Section 3.2 of the EIS. Note that dry 
streambeds cannot be disturbed under any of the alternatives and therefore cannot 
be left in a disrupted state.  The different alternatives do allow for varying levels 
of ground disturbance, which result in varying degrees of erosion and sediment 
transport.  The impacts of varying erosion and sediment transport under each 
alternative are discussed in the sediment sections of the EIS (Section 3.2).  Any 
decreases in contaminated sediment loading to surface waters among the 
alternatives will also result in minor decreases in forest chemical contamination in 
streams. 


 
Subject Area: Forest Chemicals 
Issue: Model use. 
Number of Individual Comments: 3 
 


Comment Summary: 
Comments suggest that the EIS should apply the AgDRIFT model, not merely the 
results from studies performed by the Spray Drift Task Force. 


 
Response: 


A Washington Department of Agriculture representative specifically 
recommended against using the spray drift model for this EIS and instead 
recommended and provided the documents produced by the Spray Drift Task 
Force in 1997, referenced in the EIS.  These documents provide extensive 
information on spray drift under a wide variety of application methods and 
conditions, and hence are applicable to the range of conditions under 
consideration in the EIS. 
 


Subject Area: Forest Chemicals 
Issue: Effects on domestic water supplies. 
Number of Individual Comments: 1 
 


Comment Summary: 
The comment points out that domestic water supplies serving 9 residences or 
fewer do not get the same amount of protection as salmonids. There is concern 
over the amount of protection given to streams that supply water to small 
domestic users.  The definition of small domestic users (domestic water supplies 
serving less than 10 residences) is also considered to be arbitrary. 


 
Response: 


Because domestic water supplies need to be perennial, it is unlikely that they 
would be located on Type N streams.  The regulations regarding forest chemicals 
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on Type N and S streams proposed under Alternative 2 would be more stringent, 
and thus more protective, than under current conditions. The analysis of risk to 
small domestic water supplies has been expanded in the Final EIS. 


 
Subject Area: Forest Chemicals 
Issue: Erosion focus 
Number of Individual Comments: 1 
 


Comment Summary: 
The comment implies that the Draft EIS is deficient because it incorporates an 
"erosion-centric" focus in evaluating the fate and transport of forest chemicals. 


 
Response: 


The EIS text has been modified to further address and clarify this issue.  The EIS 
does not assume or imply that erosion is the major pathway of chemical transport 
following chemical applications.  When viewed with the supporting text in the 
EIS (Appendix J), the sections specifically referenced in this comment are clearly 
part of larger statements about chemical transport that also include the effects of 
runoff in transporting forest chemicals. 
 


Subject Area: Forest Chemicals 
Issue: Nozzle Brand. 
Number of Individual Comments: 2 
 


Comment Summary: 
The comments suggest that the rule should not specify a name brand, implying 
that the state endorses a particular brand of product. 


 
Response: 


The EIS text has been modified to also describe the essential features of the 
preferred spray nozzle types. 


 
Subject Area: Forest Chemicals 
Issue: Miscellaneous comments. 
Number of Individual Comments: 20 
 


Comment Summary: 
Several comments address very specific items or items that were misunderstood 
or taken out of context. 
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Response: 
Text has been modified in the Final EIS to reflect additional information where 
applicable. 


 
Subject Area: Forest Chemicals 
Issue: Other applicable regulations 
Number of Individual Comments: 7 
 


Comment Summary: 
The comments suggest that the Draft EIS fails to consider related local, state, and 
federal regulations regarding pesticide use and application.  The comments also 
imply that the Department of Natural Resources does not have the authority to 
regulate forest chemical applications. 


 
Response: 


Page J-3 of the Draft EIS acknowledges the potential overlap with other 
applicable regulations and cites sections of the Washington Administrative Code 
for specific details.  However, the EIS does not consider all applicable 
regulations, because many apply to specific scenarios or specific chemicals, 
whereas the alternatives under consideration apply statewide to all forest 
chemicals.  The EIS focuses on an evaluation of each alternative with the purpose 
of making comparisons among the three alternatives and is not intended to include 
a discussion of all forest chemical regulations. The Draft EIS also acknowledges 
that the Forest Practice Rules do not override other more restrictive regulations.  
However, the Washington Department of Natural Resources does have the 
authority to regulate pesticide applications on lands subject to the Forest Practices 
Act.  The Final EIS text has been modified to clarify some of these issues. 


 
Subject Area: Forest Chemicals 
Issue: Other chemicals. 
Number of Individual Comments: 1 
 


Comment Summary: 
The comment questions why performance targets listed in the draft EIS for 
chemical contamination consider only the effects of pesticides and not other 
[unspecified] sources of chemical contamination. 


 
Response: 


As the Draft EIS explains on page J-1 and J-7, the EIS discusses the potential 
impacts of pesticide applications only, because no changes are proposed to other 
chemical application rules under any of the alternatives.  Thus, the EIS focuses 
specifically on the relative risk of impacts resulting from alternative pesticide 
application guidelines considered under the three alternatives, with limited 
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discussion of other chemical contamination issues that are the same for all 
alternatives (e.g., fertilizers). 


 
Subject Area: Forest Chemicals 
Issue: Risk over-estimated. 
Number of Individual Comments: 28 
 


Comment Summary: 
The comments question the level of risk or impacts identified, in particular for 
Alternative 1.  Several references are made to past studies that found generally 
low levels of contamination following forest applications.  The comments assert 
that the relatively infrequent application of forest chemicals (on the order of 
decades) should prevent much in the way of significant cumulative impacts.  The 
common implication of these comments is that the impacts associated with 
Alternative 1 are overstated and that deficiencies in the Draft EIS have led to this 
conclusion.  In addition, several comments present data for a specific chemical or 
situation in order to challenge a statement of potential risk in the EIS. 


 
Response: 


Based on further research on forest chemical applications (including studies cited 
in several comment letters), the EIS has been revised to expand the analysis and 
to clarify and further detail the level of risk associated with Alternative 1.  In 
general, the statements regarding the risk of impacts in the Draft EIS are accurate 
and are not significantly altered in the Final EIS.  Much of the discussion of 
impacts in the Draft EIS acknowledges that in general, impacts are low.  
However, due to the limited protective measures and BMPs specified under 
Alternative 1 (as discussed in the Draft EIS), Alternative 1 does allow for a 
potential risk of contamination or impacts on water resources. 
   
The specific studies cited by the comment letters, as well as those cited in the 
Draft EIS, indicate a general (but not complete) absence of data that correlate 
forest chemical applications with impacts on surface waters.  However, a lack of 
data identifying actual impacts does not guarantee that the risk is negligible, nor 
does it refute information indicating the presence of a risk of impacts.  In other 
words, it is uncertain whether forest chemical applications have, or have not, 
resulted in actual adverse effects to surface waters.  Likewise, studies that have 
found no impact on aquatic resources using specific chemicals under specific 
conditions do not support a conclusion that application of any chemical under 
similar (but not identical) conditions would also have no impact.  Thus, such 
findings of specific studies do not necessarily have general implications for the 
wide range of environmental conditions and chemicals being considered in the 
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EIS.  The EIS must consider the broader risk associated with each alternative and 
evaluate the potential risks or benefits associated with each.   
The text of the final EIS has been modified to include new information gathered 
from additional studies on pesticide impacts  and to clarify the level of risk for 
each alternative.  The revised text suggests a lower risk of impacts under 
Alternative 1 (compared to the draft EIS conclusions) but still a smaller risk of 
potential impacts under Alternatives 2 and 3 (compared to Alternative 1). 


 
Subject Area: Forest Chemicals 
Issue: Purpose and goal of EIS. 
Number of Individual Comments: 4 
 


Comment Summary: 
The comments suggest that the EIS must demonstrate that Alternative 1 does not 
currently meet the goals of the EIS and that Alternatives 2 and 3 would meet 
those goals.  One comment letter states that Appendix J fails to show any 
deficiencies in the ability of Alternative 1 to meet the desired goals, and that 
Alternatives 2 and 3 are ultimately no better at meeting the goals. 


 
Response: 


The EIS does not establish “goals” for pesticide use.  The purpose and need of the 
EIS is outlined on pages 1-3 and 1-4 of the EIS.  In general, the purpose of the 
EIS is to provide impartial analysis of significant environmental impacts and to 
inform decision-makers and the public of reasonable alternatives, including 
mitigation measures, that would avoid or minimize adverse impacts or enhance 
environmental quality (WAC 197-11-400(2)).  Appendix J in particular is 
designed to evaluate the relative degree of protection of water resources from 
forest chemical applications provided under three alternative rule scenarios.  It is 
not incumbent upon the EIS to “show that Alternative 1 is not now meeting the 
goals in addition to showing that Alternative[s] 2 and 3 would meet those goals” 
(Comment No. AF-1).  The EIS evaluates the potential impacts or risk of impacts 
associated with each alternative and makes comparisons among the alternatives to 
assist the Forest Practices Board in determining “whether and how to modify the 
current rules through amending or repealing current rules, or adopting new rules” 
(Page 1-4, EIS). 
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Subject Area: Forest Chemicals 
Issue: Scope. 
Number of Individual Comments: 7 
 


Comment Summary: 
Several comments question the level of detail of the analysis presented in the EIS 
suggesting that a more detailed quantitative evaluation is warranted. 


 
Response: 


As stated in the EIS, a detailed analysis of all possible scenarios is beyond the 
scope of the EIS.  Likewise, it would be inappropriate to rely only on the most 
common scenarios or studies of specific chemicals, without considering the less 
likely but potentially higher-impact chemicals or scenarios.   
 
Studies that have found no impact on aquatic resources using specific chemicals 
under specific conditions do not support a conclusion that application of any 
chemical under similar (but not identical) conditions would also have no risk of 
impact.  Thus, such findings of specific studies do not necessarily have general 
implications for the wide range of environmental conditions and chemicals being 
considered in the EIS.  The EIS relies on a more general analysis supported by 
applicable data to evaluate and compare the risk of impacts among the 
alternatives.  Moreover, in order to facilitate decision-making, the evaluation is 
focused on the differences between the alternatives rather than on the full range of 
potential impacts associated with forest chemical applications statewide, many of 
which are the same or similar for all of the alternatives. 


 
Subject Area: Forest Chemicals 
Issue: Seasonal stream protection 
Number of Individual Comments: 5 
 


Comment Summary: 
The comments express concern regarding the practice allowing forest chemical 
applications over dry portions of some ephemeral streams.  One concern is that 
persistent chemicals will remain on the dry streambed long enough to be present 
in runoff when flows return to the stream.  In addition, several comments stress 
that other valuable aquatic organisms may still reside in the damp substrate or 
subsurface flows of temporarily dry ephemeral stream segments. 


 
Response: 


Several sections of the EIS discuss the potential risks of applying pesticides over 
dry segments of ephemeral streams.  In addition, the Final EIS has been modified 
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to further elaborate on the variety and extent of the risks associated with 
applications over dry streambeds.  However, none of the alternatives under 
consideration provide any greater or lesser degree of protection for dry stream 
segments; therefore the issue does not influence the selection of a preferred 
alternative. 


 
Subject Area: Forest Chemicals 
Issue: Source of data. 
Number of Individual Comments: 2 
 


Comment Summary: 
The commenters questioned the sources of the pesticide information presented in 
Appendix J.  The commenters interpreted a footnote to suggest that a limited 
number of sources were contacted for information used in the analysis. 


 
Response: 


The comments incorrectly assumed that the table note in Table 4 represents all 
personnel contacted.  Rather, the note is used to specifically indicate the sources 
of information regarding those products identified as making up a large majority 
of the applications.  Additional contacts that were not listed, either qualitatively 
confirmed these statements or referred to the listed contacts for specific 
information, or requested not to be cited.  Moreover, not all contacts are cited in 
the text, as specific information from each contact is not included in the text.  No 
information was found to challenge the generally high use identified for the 
products highlighted in Table 4, as substantiated by the three specific references 
listed. 


 
Subject Area: Hydrology 
Issue: Adaptive management 
Number of Individual Comments: 2 
 


Comment Summary: 
These comments state that the hydrologic evaluation should take into account the 
fact that hydrology is a high priority for adaptive management. 


 
Response: 


Comment noted.  The ability of the adaptive management program to identify 
needed changes in the rules through feedback from research and monitoring is 
considered in developing conclusions.   
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Subject Area: Hydrology 
Issue: Alternative 3 
Number of Individual Comments: 2 
 


Comment Summary: 
These comments expressed support of Alternative 3 as the preferred alternative, 
noting that it has much more stringent requirement meant to prevent increased 
peak flows during rain-on-snow events. 


 
Response: 


Comments noted. 
 
Subject Area: Hydrology 
Issue: Beneficial hydrological effects. 
Number of Individual Comments: 1 
 


Comment Summary: 
This comment states that the "beneficial"  hydrological effects of timber harvest 
are ignored. 


 
Response: 


It is true that increased base flow and increased overall water yield are 
documented effects of vegetation management in some ecoregions of the United 
States and this effect is sometimes considered “beneficial”  However, the 
significance of these effects in Pacific Northwest watersheds is not well 
understood, and thus their status as "beneficial" from the perspective of aquatic 
habitat is not assured.   
 
Chapter 3 (Hydrology) of the EIS (3.3.2.1 and 3.3.2.2) acknowledges that 
increased lowflows in summer months may sometimes benefit the aquatic system 
(3.3.2.2).  However, increased water yield indicates a fundamental change in the 
hydrologic regime (with associated changes in in-channel erosion and sediment 
transport rates), which could be detrimental to some life stages of aquatic 
organisms, and is thus not necessarily beneficial. 
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Subject Area: Hydrology 
Issue: Cumulative effects. 
Number of Individual Comments: 4 
 


Comment Summary: 
These comments express the following concerns over the treatment of cumulative 
hydrologic effects under Alternative 2: (1) because the hydrology module in 
watershed analysis exclusively focuses on the effect of timber harvest on 
snowmelt rates (without consideration of the hydrologic maturity of forest stands 
outside the rain-on-snow zone), it does not provide an adequate method for 
assessing harvest-related cumulative hydrologic effects at the basin scale; (2) 
Alternative 2 would remove DNR’s authority to limit the size of clearcut logging 
causing damaging increases in peak flows. 
 


Response: 
The EIS recognizes that development of an effective adaptive management 
program will be necessary to reduce the risk of cumulative hydrologic effects in 
the long-term.  The commenter is correct that if the prescriptions proposed under 
Alternative 2 are, in fact, inadequate, then some level of cumulative hydrologic 
effects are likely in the short-term until feedback from the adaptive management 
program results in corrective actions. The EIS in Chapter 3.11 recognizes 
substantial uncertainty under Alternative 2 for addressing cumulative effects 
primarily because incentives for conducting Watershed Analysis are reduced and 
prescriptive phases are eliminated for several modules.  
 
The adaptive management program under Alternative 2 makes areas where there 
is the greatest uncertainty the first priority.  Appendix I has been revised to clarify 
these points which were also considered in the EIS analysis.  Additionally, it has 
been recognized that current hydrologic assessments could be strengthened.  In 
light of this, systematic hydrologic investigations are a priority for adaptive 
management research.  Long-term, scientifically rigorous studies are required to 
adequately assess cumulative effects during widely varying hydrologic 
conditions. 
 
In addition to adaptive management’s role in addressing cumulative effects, it 
should be noted that under many circumstances, cumulative effects must be 
analyzed and discussed as a requirement of the SEPA.  Cumulative effects are 
also addressed in Alternative 2 through the establishment of the overall 
performance goals listed in Schedule L-1. Appendix I has been revised to clarify 
these points which were also considered in the EIS analysis. 
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In response to the comment, the EIS has been modified to discuss the potential for 
timber harvest to cause increased peak flows in rain- and snowmelt-dominated 
watersheds. 
 
Contrary to what was stated in the comments, DNR does maintain its authority to 
limit the size of harvest units under Alternative 2 in some cases:  “The department 
shall condition the size of clearcut harvest applications in the significant rain-on-
snow zone where the department determines, using local evidence, that peak 
flows have resulted in material damages to public resources.” (WAC 222-22-100). 


 
Subject Area: Hydrology 
Issue: General. 
Number of Individual Comments: 14 
 


Comment Summary: 
These comments discuss various aspects of hydrologic processes in relation to 
timber harvest activities.  These comments do not comment directly on the Draft 
EIS, but merely provide information that pertains to various discussions contained 
within it. 


 
Response: 


Comments noted. 
 
Subject Area: Hydrology 
Issue: Groundwater. 
Number of Individual Comments: 5 
 


Comment Summary: 
Several comments expressed concern about the effects of timber harvest on 
groundwater temperature. 


 
Response: 


It is unlikely that timber harvest increases the temperature of groundwater.  There 
is no known study documenting this occurrence. 
 
St-Hilaire et al. (2000) extended a mechanistic water temperature model, 
CEQUEAU, by including the effects of soil heating on interflow (horizontal 
movement of water above the water table) that results from removing upslope 
canopy cover (i.e., from a clearcut).  Their model has been calibrated using 
existing data from a small New Brunswick, Canada, watershed (12,864 acres), but 
its predictive ability has not been tested against independent data (St-Hilaire et al., 
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2000).  It is unclear to what extent their results are applicable to Pacific Northwest 
conditions. Nevertheless, under assumptions for a severe tropical storm event 
during August, the model predicted small increases in stream heating (<0.5°C) 
when canopy cover is reduced about 10 percent over the watershed. Under 50 
percent and 100 percent canopy removal assumptions, temperatures were 
predicted to increase 0.9°C and 4.0°C, respectively (St-Hilaire et al., 2000).  
Consequently under the conditions and assumptions used, their model suggests 
that relatively large levels of canopy removal are necessary to cause substantial 
increases in water temperature. 
 


Subject Area: Hydrology 
Issue: Hydrologic effect of timber harvest and roads. 
Number of Individual Comments: 2 
 


Comment Summary: 
These comments concerned the various potential hydrologic effects of timber 
management, including the base flow increase, decrease, peak flow increases, and 
road-related changes. 


 
Response: 


As stated in the Draft EIS, the most well understood effect of timber harvest is 
increased peak flows during rain-on-snow events.  Other potential harvest-related 
(e.g., harvest timing or unit size) effects were not discussed due to poor 
understanding of the processes involved. 
 
The comment suggests that because there are conflicting results regarding road-
related effects on peak flows, that other factors are responsible.  Other watershed 
or storm event parameters are likely involved, but that does not mean that roads 
do not have an effect. 


 
Subject Area: Hydrology 
Issue: Peak flow. 
Number of Individual Comments: 21 
 


Comment Summary: 
The primary issues with this set of comments is the risk of increased peak flow 
during rain-on-snow events, and whether the proposed Forest Practices Rules in 
Alternative 2 are stringent enough to deal with this issue.  Many of the comments 
refer to the Forests and Fish Report, and not specifically to the Draft EIS. One 
comment related to the lack of guidelines for the east side. 
 
In addition, one comment stated that the Draft EIS did not consider that some 
studies have suggested timber harvest has little or no effect on peak flows (the 
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comment cites Thomas and Megahan, 1998; Duncan, 1986; and early work by 
Rothacher and Harr). 


 
Response: 


Some comments refer to a performance goal (peak flows no greater than 20 
percent above background) identified in the Forests and Fish Report that is to be 
measured through adaptive management in Alternative 2.  The goal of Alternative 
2 is to disconnect the road system from the stream system. The rules would also 
address peak flows related to timber harvest by allowing conditioning of the size 
of clearcut harvests in the significant rain-on-snow zone of a watershed where 
peak flows have resulted in material damages to public resources and watershed 
analysis has not been performed.   
 
The Draft EIS concludes that the risk of increased peak flows related to timber 
harvest under Alternative 2 is similar to that under Alternative 1.  This takes into 
account the changes in watershed analysis, which is expected to result in a lower 
rate of implementation under Alternative 2.  The level of uncertainty  is such that 
it is not possible to refine this statement further at this point.   
 
It is recognized that there is a  slightly greater risk of increased peak flows under 
each of the alternatives on the east side. 
 
While it is true that some research has provided conflicting results in documenting 
the link between timber harvest and increased peak flows, the EIS analysis team 
has concluded through its review of the literature that there are sufficient data to 
support a cause and effect relationship in some watersheds. 
 


Subject Area: Hydrology 
Issue: Rain-on-snow. 
Number of Individual Comments: 1 
 


Comment Summary: 
This comment mentions that current DNR guidelines on rain-on-snow are 
"applied rigorously". 


 
Response: 


Text will be added to discuss the rain-on-snow guidelines and their 
implementation (see WAC 222-22-100). 
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Subject Area: Hydrology 
Issue: Roads. 
Number of Individual Comments: 1 
 


Comment Summary: 
This comment states that Alternative 3 would not necessarily reduce road density, 
but require no net increase in roads. 


 
Response: 


With the completion and enforcement of the road maintainenance and 
abadonment plans, it is likely that some amount of roads would be 
decommisioned, thereby effectively decreasing road density, although potentially 
only slightly. 


 
Subject Area: Hydrology 
Issue: Stream flow. 
Number of Individual Comments: 3 
 


Comment Summary: 
These comments point out that studies (specifically, Cheng, 1989; and Beaudry 
and Sagar, 1995) have shown there may be signficant hydrologic effects in rain-
dominated and snowmelt-dominated watersheds, which are not addressed in the 
Draft EIS analysis which focuses exclusively on impacts associated with timber 
harvest in the rain-on-snow zone. 


 
Response: 


Additional references regarding increased peak flows in rain-dominated and 
snowmelt-dominated watersheds were reviewed and this information was 
incorporated into the EIS (see 3.3.2.3). 


 
Subject Area: Hydrology 
Issue: Watershed analysis. 
Number of Individual Comments: 2 
 


Comment Summary: 
These comments concerned how Alternative 2 would prevent changes to 
hydrologic processes. 


 
Response: 


While the comments imply that landowners would be just as inclined to conduct 
watershed analysis (and thus design prescriptions for hydrology), it presents no 
reasoning or evidence to support this. With only 10 percent of WAUs having 
completed and approved watershed analysis, and since these are quite costly, it 
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appears unlikely that landowners would be inclined to conduct them without the 
current incentives available under Alternative 1.  Additional rationale for 
concluding that watershed analysis is less likely to be performed in the future 
under Alternative 2 is provided in Section 3.11 of the EIS. 


 
Subject Area: Other 
Issue: Funding. 
Number of Individual Comments: 1 
 


Comment Summary: 
One commenter expressed concern about adequate funding to implement 
Alternative 2. 


 
Response: 


The evaluation of the alternatives was based upon the assumption that all 
components would be funded adequately for full implementation of the proposed 
rules.  It is recognized that incomplete funding could delay or reduce the 
effectiveness of any of the alternatives, especially pertaining to implementation of 
the adaptive management program. 
 


Subject Area: Other 
Issue: Miscellaneous comments. 
Number of Individual Comments: 37 
 


Comment Summary: 
Many commenters provided general thoughts, perspectives, or information about 
forested lands, streams and aquatic fauna, the timber industry, and forest 
management that were not specific to the alternatives considered in the EIS.  
Some commenters provided specific examples of habitat degradation to provide 
context to their comments. 


 
Response: 


Comments noted. 
 
Subject Area: Other 
Issue: Independent Science Review (ISR). 
Number of Individual Comments: 31 
 


Comment Summary: 
Many commenters suggested the EIS should consider the comments contained in 
the report by the Independent Science Review Committee (ISRC, 2000). One 
comment noted that clarification was needed in the role of the Society for 
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Ecological Restoration and the American Fisheries Society in preparation and 
support of this report (ISRC, 2000). 


 
Response: 


The Society for Ecological Restoration (SER) used funds from various grants to 
sponsor an independent science review of the Forest and Fish Report.  Both the 
SER and the American Fisheries Society (AFS) Western Division provided names 
to a committee (within the SER) that selected the anonymous ISR team. Neither 
the SER nor the AFSWD officially endorse the findings contained in the 
independent review report (ISRC, 2000). 
 
The report (ISRC, 2000) was released shortly (about one month) before 
distribution of the Draft EIS and it was not possible to give full consideration to 
their comments in the time available.  The report by the ISRC (2000) has been 
considered during the revision of the Draft EIS and preparation of the Final EIS.  
The report included a main body of comments on the Forest and Fish Report, as 
well as a substantial appendix of notes and individual comments.  The EIS 
analysis team assumed the appendix was incorporated into the main body of the 
report and has only provided responses to the main body of the report. 
 
In addition, it should be recognized that the ISR was a review of the Forest and 
Fish Report and not all of the components included in Alternative 2. 


 
Subject Area: Other 
Issue: Risk analysis. 
Number of Individual Comments: 23 
 


Comment Summary: 
One commenter (WFPA) suggested the EIS should include evaluation of more 
than just the environmental effects (e.g., economic viablility) because the Forest 
Practices Act requires the Forest Practices Board to consider a variety objectives 
during rulemaking.  In addition, the comment suggested that limiting the EIS to 
environmental effects would result in less-than-full disclosure of considerations 
used to develop the Forests and Fish Report. 
 
One commenter suggested the EIS should recognize that all potential effects from 
forest practices are not equal in severity (i.e., surface erosion from harvest are 
generally less severe than surface erosion from roads). 
 
Perspectives on the appropriateness of risk calls were varied.  Some commenters 
suggested the EIS generally over-estimated the risk of environmental effects of 
Alternative 2 while other commenters suggested the EIS generally under-
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estimated the risk of environmental effects of Alternative 2.  Some comments 
were simple recapitulations of risk calls made in the Draft EIS. 
 
One commenter was concerned about how the term "risk" was used in the EIS and 
desired more complete definitions on their usage in the document. 
 
The Muckleshoot Indian Tribe suggested that some protection level calls were 
made without much information supporting the conclusion, but were not specific 
about where this occurred in the EIS. 
 
One commenter suggested that the baseline for comparing the alternatives should 
be pre-Euro-American settlement conditions. 


 
Response: 


Comments noted.  The scope of this EIS is restricted to the environmental effects 
of the alternatives.  Economic effects are analyzed in the Small Business EIS and 
Cost Benefit Analysis.  The EIS has been revised in Chapter 3.1 to explain how 
the terms "risk" and "uncertainty" are used in the EIS.  Risk calls were made 
based upon the available data, the analytical tools described in the EIS, peer-
reviewed and "gray" literature, and professional judgement.  The fact that 
comment perspectives on risk calls often fell on both sides of a call suggests, at 
least partially, that the calls may be appropriate. 
 
The DNR recognizes that some mechanisms for adverse effects are more 
dominant than others when viewed at a coarse scale.  However, on a reach or site 
specific basis this general scale of severity may be false.  For example, a stream 
reach that is experiencing harvest-related surface erosion and sediment delivery 
may not necessarily be experiencing any road-related surface erosion.  In such a 
scenario, it is irrelevant that road related surface erosion more generally has larger 
adverse effects than harvest related surface erosion.  Forest Practices Rules are 
required to address all sources of sediment delivery that may significantly degrade 
water quality. 


 
Subject Area: Other 
Issue: Summary of/conclusions from detailed comments 
Number of Individual Comments: 45 
 


Comment Summary: 
Some oral comments referred to written comments previously submitted.  Many 
comments were conclusions based upon other detailed comments or sections of 
attachments or provided an overall conclusion about the level of risk provided by 
one of the alternatives. 
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Response: 
Comments noted. 


 
Subject Area: Other 
Issue: The Draft EIS is incomplete or inadequate. 
Number of Individual Comments: 7 
 


Comment Summary: 
Several commenters suggested the EIS should have considered management 
recommendations in other plans such the NMFS 1998 draft proposal for 
upgrading Oregon's Forest Practices Rules and the WDFWs Wild Salmonid 
Policy.  Several comments suggested specific types of data should be included in 
the EIS so that readers could better evaluate the alternatives.  One commenter 
suggested the EIS ommitted a discussion of the uncertainties of Alternative 2 
prescriptions.  One commenter suggested that the Draft EIS was selective in its 
use of references to support statements. The Washington Environmental Council 
(WEC) suggested the Draft EIS anlaysis was not complete because the Forest and 
Fish Report was incomplete and vaguely worded.  The WEC was also suggested 
that the EIS should address comments made on portions of the NMFS 4(d) rule 
and provided a list (their Appendix A) of analyses they believed were incomplete.  
One commenter suggested the Draft EIS was incomplete because the rationale for 
defining “long-term” as a 50-year period and “short-term” as a 10-year period was 
not provided. 


 
Response: 


Comments noted. The information contained in these plans will be considered 
during revision of the EIS.  Additional data requests will be considered during 
revision of the EIS. However, some of the requests were for data that is not 
readily available throughout the state (e.g., stream widths).  The EIS notes the 
uncertainties of the effectiveness of Alternative 2 prescriptions throughout the EIS 
where appropriate.  The use of references was reviewed during revision of the 
EIS. As explained in a comment summary and response below (subject area: 
Other, Issue: The Forests and Fish Report is incomplete), the EIS analysis was 
conducted on Alternative 2, not just the Forest and Fish Report.  Consequently, 
the completeness of the EIS analysis should be based upon Alternative 2. Each of 
the items listed by the WEC in their Appendix A are addressed in either the body 
of the EIS document or as a response to comment,  The rationale for defining 
“long-term” and “short-term” has been added to Section 3.1 of the EIS. 
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Subject Area: Other 
Issue: The Forest and Fish Report was negotiated/not science-based. 
Number of Individual Comments: 15 
 


Comment Summary: 
Many commenters were concerned that Alternative 2 (the Forests and Fish 
Report) resulted from negotiations.  Some viewed this as inadequate because 
other factors than science may have been incorporated.  Other commenters 
viewed this as adequate because a balance could be achieved between forest 
industry viability and meeting ESA and CWA requirements.  Some commenters 
suggested the Forests and Fish Report was not science-based because it included 
little documentation of the scientific rationale behind prescriptions. 
 


Response: 
It is the purpose of this EIS to analyze the significant environmental effects of the 
proposal and its alternatives.  This process is based on science.  In addition, the 
scientific basis of the Forests and Fish Report was reviewed in reports by Ch2M 
Hill (2000) and by ISRC (2000). 


 
Subject Area: Other 
Issue: Comment unrelated to EIS scope. 
Number of Individual Comments: 18 
 


Comment Summary: 
These comments were unrelated to the EIS scope. 


 
Response: 


Comments noted.  No response was needed for these comments. 
 


Subject Area: Other 
Issue: The Forest and Fish Report is incomplete. 
Number of Individual Comments: 7 
 


Comment Summary: 
Many commenters were concerned that the Forest and Fish Report was 
incomplete. 


 
Response: 


The EIS evaluated Alternative 2 not the Forests and Fish Report.  Alternative 2 is 
based upon the Forest and Fish Report, ESHB 2091, and refinements introduced 
during the rule-making process.  Alternative 2 is described in Chapter 2 of the 
EIS. 
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Subject Area: Other 
Issue: General introductory/closing comments. 
Number of Individual Comments: 66 
 


Comment Summary: 
Many comment letters included general opening or closing remarks. 


 
Response: Comments noted. 


 
Subject Area: Other 
Issue: Hardwood conversion. 
Number of Individual Comments: 3 
 


Comment Summary: 
One commenter suggested there should be more incentives provided for 
landowners to convert hardwood dominated riparian areas to conifers.  Several 
commenters suggested the EIS does not adequately describe the beneficial effects 
of hardwood conversion under Alternative 2. 


 
Response: 


A discussion of the hardwood conversion option under Alternative 2 has been 
added to the Riparian chapter of the EIS. 


 
Subject Area: Other 
Issue: Miscellaneous comments. 
Number of Individual Comments: 37 
 


Comment Summary: 
One commenter suggested the EIS needs to bear in mind that the ESA only 
requires federal agencies to have activities that help to recover listed species, 
private entities are only prohibited from take. 
 
Several commenters suggested the Forest Practices Board should also consider the 
effects of timber harvest on the use and aesthetics of public hiking trails. 
 
Several commenters suggested that 50 years is too long to be locked into the plan 
proposed under Alternative 2. 
 
Several commenters were concerned about the potential for Alternative 2 to 
become a Habitat Conservation Plan. 
 
Several commenters were concerned that existing approved Timber Practice 
Applications (TPAs) would be implemented under the old rules. 
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One commenter was concerned that fewer opportunities to review and comment 
on TPAs would be available under Alternative 2. 
 
One commenter suggested the Forest and Fish Report does not meet the 
requirements of the ESA and CWA because it did not include scientific 
documentation. 
One commenter asked which section of ESA the Forest Practices Rules are 
intending to comply with. 
 
One commenter suggested the NMFS needs to better define "harvestable" (how 
many fish and by whom) to understand Goal 2 of the EIS Purpose and Need. 
 
One commenter suggested Forest Practice Rules should include requirements for 
conducting biological surveys such as the Benthic Index of Biotic Integrity or 
surveys similar to those required for "Survey and Manage Species" on Federal 
lands included under the Northwest Forest Plan. 
 
The Muckleshoot Indian Tribe disagreed with statement on page 3-125 of the 
Draft EIS states that "the forest practice rules are designed to protect public 
resources to an acceptable level while maintaining an economically viable 
commercial forest industry", and suggested it conflicts with the purpose 
statements on page 1-4. 
 
Several commenters provided interpretations on standards (e.g., ESA or CWA) to 
which the Forest Practices Rules should comply. 
 
One commenter suggested the Forest Practices Board goals should be expanded to 
include avoidance of future ESA listings and maintenance of biodiversity for both 
aquatic and terristrial species. 
 
One comment suggested that the potential benefits (assumed to be environmental) 
of Alternative 2 would be realized more rapidly than those under Alternative 1. 
 
The Yakama Indian Nation (YIN) were concerned that under Alternative 2 stream 
widths for small versus large streams are defined differently for eastern and 
western Washington.  The YIN implied that streams on the east side greater than 
10 feet wide rather than greater than 15 feet should be used to define large 
streams having the wider inner zone no-harvest buffers.  The YIN also requested 
an additional 60 days to review and provide comments on the Draft EIS. 


 







 
 
  
 
 
 


Final EIS Responses to Comments on the Draft EIS 
 


Appendix K 


K-67 


Response: 
Comments noted.  These comments will be considered during revision of the EIS 
and by the Forest Practices Board while making their decision. 
 
Chapter 1 describes ESA sections pertinent to the EIS.  One purpose of the 
Alternatives is to avoid the "Take" prohibition of the ESA (Section 9, Prohibited 
Acts). 
 
The effects of timber harvest on public hiking trails were not considered in the 
EIS because these trails were not part of the goals stated in the purpose and need 
described in Section 1.3.  In addition, the effects of timber harvest on public 
hiking trails were not identified as a significant issue during the scoping process 
(Section 1.5.2).  
 
The details of a Habitat Conservation Plan (HCP) for State Forest Practices Rules 
will be negotiated by the state in the future.  When an HCP is developed, a federal 
EIS is required for that plan and its associated Incidental Take Permit and 
Implementation Agreement which are expected to last for a term of 50 years.  The 
current EIS does not evaluate Alternative 2, or any of the alternatives, as the basis 
of an HCP.  Currently, the NMFS has incorporated Washington State Forest 
Practices Rules (so long as they are as protective as the Forests and Fish Report 
prescriptions) within the ESA 4(d) Rule take limits.  The Forest Practices Rules 
are represented by Alternative 2 in the EIS.  Consequently, from the perspective 
of the NMFS,  Alternative 2 would meet the requirements of ESA.  Alternative 2 
and the future HCP will both include adaptive management programs that will 
provide mechanisms for the modification of Forest Practices Rules. 
 
Unless site specific information indicates there is likely to be unmitigated material 
damage to public resources, approved harvest applications are entitled to proceed.  
Most existing applications did not raise resource protection issues because they 
were processed under the emergency water typing and salmonid rules. 
 
The statement on page 3-125 of the Draft EIS is consistent with the goals on page 
1-4.  The phrase "protect public resources to an acceptable level" is intended to 
encompass the first three goals on page 1-4. 
 
Under Alternative 2, riparian prescriptions were developed separately for eastside 
and westside streams.  The stream sizes are not intended to mean "large" or 
"small" streams, but are stream widths negotiated under the Forests and Fish 
Report as regulatory devices for implementing specific eastside or westside 
riparian prescriptions.  The rationale for these stream widths has been added to the 
EIS. 
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Subject Area: Other 
Issue: Shorelines Management Act (SMA) 
Number of Individual Comments: 3 
 


Comment Summary: 
One comment suggested the EIS mis-interpreted, or inaccurately described the 
SMA requirements concerning allowed selective harvest amounts.  One 
commenter suggested that inconsistances between SMA requirements and 
Alternative 2 will result in lower protections to riparian areas and wetlands 
adjacent to Type S waters. 


 
Response: 


The EIS analysis team believes the general description of the SMA in Chapter 1 is 
consistent with the SMA.  The Forest Practices Board and the DNR are not 
responsible for implementation of the SMA.  The Forest Practices Rules apply to 
forest practices regardless of whether the activity is also subject to the SMA.  The 
activity would need to comply with both programs, and the more protective 
requirement would control. 


 
Subject Area: Other 
Issue: Small landowners. 
Number of Individual Comments: 16 
 


Comment Summary: 
One commenter suggested that one class of small landowners, those converting 
forested lands zoned as residential property, should be required to follow county 
rules rather than Forest Practices Rules when logging their land.  One commenter 
suggested that small landowner concerns should be remedied by financial 
incentives rather than rule exemptions.  Other commenters also suggeted that 
smaller landowner viability should be considered in the analysis.  One commenter 
suggested the Draft EIS did not have a complete description of small landowner 
prescription requirements under all alternatives.  Several commenter were 
concerned that  the small landowner exemption would result in watershed 
degradation in areas with a large proportion of small landownership. 
 


Response: 
Comments noted. Accurate data on the demographics of small landowners is 
currently not available. For example, it is unclear what proportion of small 
landowners are planning to implement forest practices on their lands within the 
lifespan of Alternative 2.  Consequently, a quantitative assessment of the potential 
cumulative effects resulting from the small landowner exemption under 
Alternative 2 is difficult.  The Small Forest Landowner Office in DNR’s Forest 
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Practices has initiated preliminary work to compile a database to fulfill the 
legislative intent for nonindustrial private forestland demongraphics, cumulative 
effects analysis of Alternative Plans and serving as a focal point on nonindustrial 
private forestland issues.  Nevertheless, a qualitative discussion of the effects of 
the small landowner exemption has been expanded in several resource sections of 
the EIS and in Appendix A.  Included in this expanded discussion is a rough 
estimate of the proportion of forest lands subject to Forest Practices Rules that 
would qualify for the small landowner exemption.   Similar to commercial 
landowners, the economics of small landowners are not considered in this EIS, 
but are considered in the the small business economic impact statement and cost 
benefit analysis and will play a role in rule implementation decisions by the 
Forest Practices Board. 
 
Also, the legislature has provided a process for local government assumption over 
the regulation of certain forest practices (RCW 76.09.240) and direction on 
conversions (RCW 76.09.050).  However, local governments must meet or exceed 
the standards in the Forest Practices Rules. 


 
Subject Area: Riparian 
Issue: Blowdown. 
Number of Individual Comments: 10 
 


Comment Summary: 
Many commenters expressed concern about the need for windfirmness of riparian 
buffers.  One commenter suggested that over 50 percent of trees left in riparian 
buffers under the Forests and Fish Report could blow down or be cut for yarding 
corridors.  The commentor also provided references suggesting that up to one-
third of trees with stream buffers could experience windthrow within 10 years of 
an adjacent clearcut harvest.  The Independent Science Review (2000) suggested 
that blowdown of riparian buffers could lead to "boom or bust" cycles of LWD 
loading to streams. 
 


Response: 
Yarding corridors, when needed, could remove up to 20 percent of an RMZ, but 
yarding corridors across fish-bearing RMZs often reduce the need for riparian 
roads (See Comment/Response Riparian/Yarding and Road Corridors).  Further, 
trees cut for yarding corridors provide a good opportunity for placement of LWD 
in streams to provide for short-term LWD needs.  Under Alternative 2, basal 
requirements must still be met in an RMZ, regardless whether yarding corridors 
are present or not. 
 
Blowdown is a natural event that can occur even in pristine forests.  RMZs can 
have a higher exposure to wind that increases the risk of blowdown.  However, 
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under the proper conditions RMZs can remain windfirm (Moore, 1977).  In some 
areas, blowdown can be significant in RMZs (Andrus and Froehlich, 1991; 
Grizzel and Wolf, 1998) and in Oregon the level of blowdown was related to the 
level of bogginess and conifer vegetation in the buffer, the orientation of the 
buffer, and the shape of the hillslope (Andrus and Froehlich, 1991), but buffer 
width was not included in the statistical analysis. Neither of these studies (Andrus 
and Froehlich, 1991; Grizzel and Wolf, 1998) were intended to compare the level 
of blowdown in buffers to stream reaches without any adjacent clearcut harvest.  
Consequently, it is not clear to what extent the blowdown observed was in excess 
to what would be present in a pristine stand.  While the statement (suggesting 50 
percent riparian tree loss) may represent possible occurrances of blowdown and 
yarding in RMZs, it appears to considerably over-estimate the general risk of 
riparian loss which averages about 15 percent or less based upon studies reported 
in Grizzel and Wolf (1998).  The DNR believes that the ISR (2000) perspective 
on blowdown is extreme.  The ISR (2000) suggests that extreme LWD loading 
cycles will occur on a general basis.  While the DNR agrees that increased 
blowdown and LWD loading to streams may occur at some locations, it is 
inaccurate to portray these circumstances as occuring on a general basis.  In some 
situations, blowdown may actually improve short-term levels of LWD, but at the 
expense of long-term supply. 
 
Nevertheless, the discussion of blowdown effects has been expanded in Section 
3.4.3.2 of the EIS. 


 
Subject Area: Riparian 
Issue: Comparison to other plans. 
Number of Individual Comments: 12 
 


Comment Summary: 
Several commenters suggested that the amount of riparian protection provided 
under Alternative 2 (the Forests and Fish Report) is substantially lower than 
recently proposed or enacted state or federal plans (e.g., Option 8 of the 
President's Forest Plan, WDFW's Wild Salmonid Policy) in the Pacific Northwest. 
It was implied that since scientists gave Option 8 only a 28 percent chance of 
ensuring salmonids would be well distributed across federal lands, the Forests and 
Fish Report was unlikely of ensuring salmonids would be well distributed across 
state and private forests. 


 
Response: 


Comments noted. 
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The fact that some state and federal conservation plans include buffers on all 
streams should not necessarily be a standard for comparing Alternative 2 because 
different plans usually have different goals.  For example the President's 
Northwest Forest Plan was designed for the protection of more than endangered 
salmonids.  It included spotted owls, salmonids, amphibians, and numerous other 
fauna on National Forest lands. Spence et al. (1996) recognized that different 
levels of protection could be provided under different conservation plans with 
different goals.  For example, Spence et al. (1996) does not specifically 
recommend buffers of any particular size for all streams.  Instead, Spence et al. 
(1996) recommends: "that habitat conservation plans and other conservation 
agreements include a comprehensive plan (emphasis added) for protecting 
riparian areas along all fish-bearing and nonfish-bearing streams, including 
ephemeral channels".  Furthermore, Spence et al. (1996) also recommends that 
"The effectiveness of riparian buffers can be best evaluated within the context of 
specific protection goals.  For example, riparian standards desgned to protect only 
salmonid habitats would likely differ substantially from standards to protect other 
riparian-dependent species, including amphibians, birds, mammals and reptiles. 
Consequently it is reasonable to expect more conservative riparian protection 
strategies for a mult-species HCP than for one designed for protecting only 
salmonids."  Although Alternative 2 does not include no-harvest buffers on all 
stream reaches, it does require some level of protection via an equipment 
limitation zone when no buffers are present and mitigation when soil disturbance 
exceeds 10 percent of the area in that zone. 


 
Subject Area: Riparian 
Issue: DFC/Site potential tree height. 
Number of Individual Comments: 28 
 


Comment Summary: 
Many commenters attached, cited, or referenced additional information about the 
rationale for selecting a particular DFC (including those in Alternative 2), but 
were not specific criticisms of the analyses in the EIS. 
 
One commenter was concerned that the description of DFC for the east side was 
vague in the Forests and Fish Report.  Several commenters suggested it was 
inappropriate for the Forests and Fish Report to utilize a Desired Future Condition 
(DFC) for mature forest stands to be represented by trees 140 years old and to 
utilize Site Potential Tree Heights for trees at 100 years old to determine buffer 
widths in Alternative 2 and for determining risk within the EIS.  Some 
commenters were confused about whether multiple entries can be made to harvest 
trees within the inner or outer zone. 
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The Independent Science Review (ISR, 2000) noted that based upon McArdle et 
al. (1930) basal area for westside stand requirements under Alternative 2 (Forests 
and Fish Report Schedule B-2) were for 80 year old trees rather than 140 year old 
trees.  The ISR (2000) suggested that the resolution of Site Class maps may be too 
coarse to accurately identify changes in Site Class that might occur near medium-
sized streams.  The ISR (2000) suggested that inner zone widths would tend 
towards the minimum as older core zones increasingly accounted for the bulk of 
the basal area needed to meet stand requirements. 


 
Response: 


Stand characteristics for the west side that define Desired Future Condition (DFC) 
and Site Potential Tree Height (SPTH) were negotiated and agreed upon by 
parties to the Forests and Fish Report (see Section 1.2.1) as adequate for meeting 
the goals of the Forests and Fish Report.  The DFC was defined as a 140 year-old 
stand because it was midpoint between an 80 year-old and 200 year-old stand 
agreed to be the range for a mature riparian forest.  Eighty years represents the 
approximate age for the peak number of Douglas fir trees per acre greater than 12 
inches in diameter on Site Class III  (McArdle, 1930).  A 200 year-old stand was 
chosen for the upper range because it is near the age when old-growth 
characteristics start to become more prevalent.  
 
The 100-year SPTH was chosen because most riparian functions are met with 
over 90 percent of total effectiveness.  For example, according to the model and 
observations reported within McDade et al. (1990), old-growth conifers would 
reach 100 percent of debris pieces at a distance of about 55 m (180 feet) from the 
stream bank. In that study, tree heights in old-growth forests ranged from 50 to 80 
m (164 to 262 feet) and averaged 57.6 m (189 feet).  The understanding of the 
NMFS is that 80 year-old stands begin to show functional riparian components. 
 
The ISRC (2000) incorrectly assumed that the DFC basal areas are inconsistent.  
The McArdle (1930) information on Douglas fir stand characteristics was based 
upon fully stocked stands.  Examination of plot data during development of the 
Forests and Fish Report prescriptions suggested that stands were about 20 percent 
below what could be considered fully stocked because of the presence of 
unsuitable land, such as rock outcrops, and the presence of hardwoods.  
Consequently, DFC basal area requirements reflect empirical measurements that 
stands are not fully stocked.  It is coincidental that the basal area values for a less-
than-fully-stocked stand are about the same as an 80 year-old fully stocked stand. 
 
The Forest Practices Rules under Alternative 2 do not limit the number of entries 
for the harvest of trees in the inner and outer RMZs, so long as stand requirements 
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are met or exceeded.  However, for practical purposes, it is unlikely that RMZs 
will be re-entered during the 50-year lifespan of the new rules. 
 
Additional information provided by commenters was considered during EIS 
revision. 


 
Subject Area: Riparian 
Issue: Down wood. 
Number of Individual Comments: 1 
 


Comment Summary: 
The Columbia River Inter-Tribal Fish Commission expressed concern that 
Alternative 2 included no down wood requirements for the west side. 


 
Response: 


Under Alternative 2, down wood guidelines for the east side and west side, in 
addition to requirements stated in Appendix B of the Forests and Fish Report, are 
present in Schedule B-4.  For the west side, down wood requirements are 194 
logs/acre distributed over a range of size categories. 


 
Subject Area: Riparian 
Issue: Large woody debris - Functional wood size. 
Number of Individual Comments: 4 
 


Comment Summary: 
Some commenters suggested that Alternative 2 is inadequate because it does not 
provide protection for all trees that may provide wood to streams.  One 
commenter suggested that the definition of functional LWD should be broader 
than that used in the EIS and include any piece large enough to provide cover for 
fish.  One comment suggested that for small streams, functional wood could be 
delivered within 25 to 40 years due to the small size (Hall et al., 1985). One 
comment suggested that the scientific literature indicates that timber harvest 
results in smaller LWD with reduced function. 


 
Response: 


The Draft EIS states that smaller streams will require shorter periods of time to 
achieve minimum size pieces for “functioning” LWD.  The lengthy period of time 
needed before the potential for active recruitment of functioning pieces of LWD 
to fish-bearing streams is acknowledged and is one reason that Alternative 2 
includes wood placement strategies that can be used to enhance existing fish 
habitat (Section 3.7.3.2). The focus of the EIS analysis was on long-term sources 
of LWD and consequently the EIS chose to use a definition of functional LWD as 
pieces large enough to form pools.  While small woody debris may provide some 
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level of cover for fish, particularly when clumped with other small and large 
pieces, they tend to be short-term because they can be more easily transported 
downstream and degrade faster than large pieces. Sediment storage can be a 
significant function of LWD in large streams even if the frequency of storage sites 
declines with increasing stream size.  The statement concerning the length of time 
that streams might be deficient in wood has been modified for clarity. 


 
Subject Area: Riparian 
Issue: Large woody debris - Performance targets. 
Number of Individual Comments: 3 
 


Comment Summary: 
Several commenters suggested that performance targets should be based upon 
more than stand basal area requirements.  Commenters were concerned that the 
performance standard for in-stream LWD under Alternative 2 is not related to the 
amount of LWD in-stream or the specific amounts needed to provide salmon and 
trout habitat.  Commenters also suggested that 85 percent of recruitment potential 
is not enough, it should be 100 percent.  It was also suggested that reference 
conditions for expected levels of LWD should be used. 


 
Response: 


Comments noted. 
 
Under Alternative 2, performance targets (Schedule L-1) are present for riparian 
basal area, instream LWD recruitment potential (west side only), and litter fall.  
The effectiveness of these performace targets are priorities of the adapive 
management program. 


 
Subject Area: Riparian 
Issue: Large woody debris - Protection levels. 
Number of Individual Comments: 29 
 


Comment Summary: 
Many commenters suggested that the EIS conclusion on level of protection for 
LWD recruitment was inadequate under Alternative 2. Reasons for their 
conclusion included: 
 
1) SPTH based on 100 years is too young. 
 
2) Yarding corridors could remove up to 20 percent of long-term LWD sources 
and stream parallel roads prevent wood from getting into streams. 
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3) Analysis uses maximum buffer width (not a range as is allowed) and does not 
account for any harvest within buffer (as is also allowed.) 
 
4) Wood provided will be far below natural rate (41 percent) and will take 
centuries to be delivered. 
  
5) 50-foot buffers on nonfish-bearing streams would provide less wood than the 
Draft EIS suggests. 
 
6) McDade is inappropriate for most of these streams and overestimates the 
needed buffer width by only counting wood from sources that could be identified. 
 
7) The functional definition of wood was too narrow. 
 
8) Does not consider the fact that most riparian stands are currently in early seral 
stage.  
 
However, other commenters suggested protection levels would be greater under 
Alternative 2 than predicted under the EIS because fish distribution is greater, and 
sensitive areas are more common that what is detectable by the Draft EIS 
assessment tool.  It was also suggested that Type N streams are adequately 
protected in terms of LWD recruitment to Type S and F streams because the most 
likely sources, the lower reaches, have 50 foot no-harvest buffers and small 
streams do not have sufficient stream power to float large logs downstream.  One 
commenter suggested the EIS should not imply that there is an "optimal" level of 
LWD number and size within a stream.  It was also suggested that the Draft EIS 
did not adequately consider stream bank erosion and mass wasting as sources of 
LWD. 
 
Many thought that Alternative 2 would allow older riparian forest to be replaced 
with dense young trees that would meet basal area standards, but with little or no 
LWD recruitment potential.  Other commenters felt that the analysis 
overestimated the necessary buffer width, and that the assessment tools were not 
sensitive enough to include all buffers that would exist for areas with fish 
distribution and sensitive areas.  The Washington Environmental Council 
suggested that the EIS was using a flawed LWD threshold criteria of 50 percent of 
natural levels. 


 
Response: 


The EIS was designed to evaluate the alternatives for long term management of 
private and state timberlands.  Alternative 2 represents the requirements in House 
Bill 2091 and the Forest and Fish Report which resulted from negotiations 
between members of the Timber, Fish and Wildlife Group (composed of  
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Washington Department of Natural Resources, timber industry representatives, 
tribal representatives, and other groups) to formulate plans that would be 
acceptable to a wide range of perspectives.  However, the environmental caucas 
walked out of the negotiations and did not approve or sign the Forest and Fish 
Agreement.  The DFC was also a negotiated assessment level that was deemed 
appropriate for a management plan with a 50-year effectiveness. 
 
Harvest in the RMZ was dealt with extensively in Appendix D, Table 5 and was 
the impetus behind developing the EBAI.  The McDade (1990) curves are 
commonly used in LWD recruitment analyses within the Pacific Northwest.  In 
addition, they are near the mean curve reported by the ISRC (2000).  Windthrow 
and streambank erosion are the two main mechanisms for LWD recruitment 
observed in McDade et al. (1990) and are therefor included in the curve used to 
assign recruitment potential.  Mass wasting or debris flows  were not mechanisms 
observed by McDade et al. (1990) during their study.  The analysis figures in the 
Draft EIS are based on models of representative map sections for comparison of 
the alternatives and are not designed to capture site specific information on state 
and private forested lands that is not broadly available in GIS layers. 
 
The majority of LWD recruited to streams originates from an area within one 
SPTH from the stream edge (Pollock, 1999).  Yarding and road corridors were not 
considered in the analysis because: 1) GIS data layers on road locations are often 
incomplete and 2) yarding corridors across Type S and F streams are atypical 
situations and would require site specific information (see comment/response 
category Riparian/Yarding and Road Corridors). The EIS acknowledges that there 
will be a significant time lag before the majority of the protected areas will deliver 
functionally sized LWD to streams because many riparian areas are currently in 
early seral stage.  The conclusion of the Large Woody Debris component of 
Section 3.7.3.2 states that wood placement strategies are recommended for areas 
lacking in LWD with early seral stage riparian zones. The risk ratings for LWD 
recruitment, and fine sediment storage include high uncertainty statements about 
the potential lack of protection for nonfish-bearing streams.  Text was added to 
the Final EIS to address the issue of roads blocking wood delivery to streams. 


 
Subject Area: Riparian 
Issue: Large woody debris - Recruitment from upstream sources. 
Number of Individual Comments: 7 
 


Comment Summary: 
Many commenters expressed concern about the effects of the alternatives on the 
recruitment potential of LWD from Type N streams to Type S and F streams and 
the sediment storage potential within nonfish-bearing streams. Comments 
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suggested that the number of Type N upstream sources cumulatively make a 
significant contribution to downstream LWD loading.  Many commenters cited 
studies suggesting that nonfish-bearing streams were more important for 
providing LWD (Veldhuisen, 1990), and storing sediment behind LWD (Heede, 
1972; Montgomery and Buffington, 1993) to benefit downstream fish-bearing 
streams than was identified in the Draft EIS.  On the other hand, some 
commenters stated that LWD inputs from nonfish-bearing streams were 
insignificant to fish-bearing waters. 


 
Response: 


The Draft EIS recognized the role of nonfish-bearing streams in providing 
sediment storage and LWD to downstream fish-bearing streams and it is incorrect 
to suggest that the Draft EIS did not consider upstream LWD recruitment in its 
analysis.  Upstream recruitment was not considered quantitatively in the EBAI 
analysis, but was considered as a qualitative factor in the overall conclusion.  In 
section 3.7.3.2 it is acknowledged that there is considerable uncertainty about the 
level of importance of wood from nonfish-bearing streams to fish-bearing 
streams, as is reflected by the conflicting references cited in the above comments.  
For example, the analysis reflects this ambiguity by stating that there is “high 
uncertainty regarding the impact of low LWD recruitment along small nonfish-
bearing streams to downstream fish habitat.” 


 
Subject Area: Riparian 
Issue: Leaf and needle litter. 
Number of Individual Comments: 14 
 


Comment Summary: 
Some commenters stated that there was no definition provided for “full 
protection” of leaf and needle litter and that there was no information on 
requirements for the character of the litterfall.  Some commenters suggested the 
EIS overestimated the risk of reduce leaf and litter input because buffers on Type 
N streams were designed to provide riparian function (including leaf and litter 
inputs) at locations that would most influence fish-bearing waters and because 
vegetative recovery in areas of timber harvest would rapidly offset any negative 
effects of timber harvest.  However, other commenters suggested risk was high 
because of concerns about the potential impacts of decreases in allocthonous 
inputs to nonfish-bearing streams, including reductions from herbicide use on 
ephemeral streams, and the resultant effects on fish-bearing streams.  A few 
commenters suggested a larger difference in risk was present between 
Alternatives 2 and 3 than stated in the Draft EIS.  Many commenters attached, 
cited, or referenced additional leaf and needle litter information to consider when 
revising the EIS, but were not specific criticisms of the analyses in the EIS. 
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Response: 
FEMAT (1993) defined full protection for leaf litter inputs to be reached with 
buffers out to 0.5 SPTH from the stream.  Their professional judgement of full 
protection was based primarily upon the benthic invertebrate work of Erman et al. 
(1977) because no direct leaf and litter recruitment data was available. Erman et 
al. (1977) reported that the composition of benthic invertebrate communities in 
northern California streams with riparian buffers greater than 100 feet were 
similar to those in streams flowing through unlogged watersheds.  Erman et al. 
(1977) suggested that differences in the composition and volume of organic debris 
from vegetation was one of the most important factors contributing to differences 
in invertebrate communities observed in buffered and unbuffered streams. These 
criteria were used in the Draft EIS to define the width of riparian buffers required 
for full protection of leaf litter inputs. The one-half 100-year SPTH ranges from 
45 to 100 feet on the west side and 30 to 65 feet on the east side depending on the 
site class.  The one-half 250-year SPTH ranges from 50 to 124 feet on the west 
side and 43 to 98 feet on the east side. 
   
Many studies describe inputs of leaf and needle litter as a single group that 
provides nutrient inputs for aquatic systems (Knutson and Naef, 1997; Beschta et 
al., 1987).  The analysis in the Draft EIS does not require the differentiation of 
litter and leaf inputs into separate vegetative groups.   
 
Concerns about the lack of complete protection for nonfish-bearing streams in 
Alternative 2 are reflected in the Draft EIS risk rating of moderate for perennial 
nonfish-bearing streams and high for seasonal nonfish-bearing streams.  Gregory 
et al. (1987) reported that annual litterfall to streams from a mature forest 
decreases from 300-400 g/m2 to less than 100 g/m2 following removal of the 
forest canopy and these effects may last 10 to 20 years after harvest.  In addition, 
retention of coarse particulate organic matter (from litter) may be less than 30 
percent of that deposited during a season and transported to downstream reaches 
or deposited in floodplains (Richardson, 1992).  The lack of required buffers on 
50 percent of nonfish-bearing streams is noted as a key feature in the EIS 
analysis.  Transport of nutrients downstream from these reaches and retained in 
fish-bearing streams can be important for nutrient cycles involving aquatic and 
riparian primary productivity. The EIS analysis recognizes the potential for risk of 
changes in leaf and needle litter recruitment to downstream fish-bearing waters if 
reductions occur in leaf and needle litter inputs to nonfish-bearing waters. 
   
Differentiation is made in the Draft EIS between the level of protection provided 
by Alternatives 2 and 3 in the form of the risk ratings for each alternative.  
Alternative 3 provides greater protection for leaf and needle litter recruitment for 
all streams and is given a very low risk rating.  Alternative 2 provides adequate 
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direct protection for fish-bearing streams, which is reflected in the low risk rating, 
but less protection for nonfish-bearing streams, as shown by the moderate and 
high risk ratings (Section 3.4.3.2 Leaf and Needle Litter Production, p. 3-65). 
   
The Draft EIS contains relevant data supporting the importance of leaf and needle 
litter delivery to streams, including nonfish-bearing streams.  Shrub and forb 
vegetation will return rapidly to the streamsides, however, the inputs of conifer 
litter provide a longer-lasting, more consistent input source, and tree crowns 
supply most of the litter to stream systems. 
 
Additional information provided by commenters will be considered during EIS 
revision. 


 
Subject Area: Riparian 
Issue: Literature summarization. 
Number of Individual Comments: 12 
 


Comment Summary: 
Many commenters supplied citations, references, and summaries of literature 
about riparian function. 


 
Response: 


This information will be considered during revision of the EIS. 
 
Subject Area: Riparian 
Issue: Large woody debris −  mitigation. 
Number of Individual Comments: 1 
 


Comment Summary: 
One comment suggested the discussion of the LWD enhancement strategies 
should both beneficial and adverse effects. 


 
Response: 


The discussion of LWD enhancement strategies has been expanded in Section 3.7. 
 
Subject Area: Riparian 
Issue: Microclimate. 
Number of Individual Comments: 9 
 


Comment Summary: 
Some commenters suggested that the effects of changes in microclimate on the 
aquatic system (if any) are poorly understood and that any assignment of risk 
within the Draft EIS is highly speculative and should be deleted.  The WDFW 
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indicated microclimate effects were a topic to be investigated under the adaptive 
management program and that a low risk call for Type F and S streams was 
premature.  Other commenters suggested it is logical to expect changes in the 
aquatic ecosystem as a result of microclimate changes documented in several 
studies (Brosofske et al., 1997; Chen, 1991; Chen et al., 1993). 


 
Response: 


Of the three papers (Brosofske et al., 1997; Chen, 1991; Chen et al., 1993), only 
Brosofske et al. (1997) specifically examined microclimates in riparian zones 
while Chen (1991) and Chen et al. (1993) examined microclimates upslope from 
streams.  Notably, Brosofske et al. (1997) observed statistically significant 
changes between pre- and post-harvest for several microclimate variables (air 
temperature, soil temperature, relative humidity), but no significant relationship 
between stream water temperature and stream buffer width was observd except at 
the site with the smallest (nearly non-existent) buffer.  However, significant 
positive linear correlations between water temperature and upslope soil 
temperatures were documented and Brosofske et al. (1997) suggested the results 
indicated a causal relationship because their study occurred along 1st order 
streams that received groundwater that passed through upslope soils. However, 
the focus of the paper by Brosofske et al. (1997) was not water heating and 
hydrology; neither interflow or groundwater temperatures were measured.  
Overall, the results from Brosofske et al. (1997) and Chen (1991) and Chen et al. 
(1993) are provocative and suggest effects that may be important to amphibians 
and other riparian-dependent species, but the strength of an effect, if any, on 
aquatic ecosystems is unclear.  For this reason, the determination of risk to fish in 
the EIS did not rely on the microclimate analysis from the Riparian Section, but 
focused on the effects from changes in level of shade.  Because microclimate was 
not considered, some level of uncertainty is present in the risk analysis.  If future 
research demonstrated a strong relationship between adverse riparian 
microclimate changes and stream temperatures, then risks to the fishery resource 
would be higher than presented in the EIS.  The EIS has been modified to further 
discuss this uncertainty in both the Fish, Riparian, and Water Quality Sections. 


 
Subject Area: Riparian 
Issue: Miscellaneous comments. 
Number of Individual Comments: 44 
 


Comment Summary: 
Many commenters referred to the buffers under Alternative 2 as "phantom 
buffers" because many riparian areas are currently in early-seral stage and do not 
provide adequate riparian function.  Many also suggested that Alternative 2 is 
high risk because not all streams receive no-harvest buffers and thinning is 
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possible within the riparian management zone (RMZ) along Type S and F 
streams.  The Independent Science Review (2000) suggested it was inappropriate 
to allow salvage of trees that blow into the core zone. 
 
Several commenters made general statements that riparian buffers were 
inadequate or that they were concerned that various riparian functions would not 
be adequately protected under Alternative 2.  Some commenters suggested 
riparian buffer widths different than those within the three alternatives should be 
implemented. 
 
One commenter suggested that the EIS should provide recognition that riparian 
stands can benefit from forest practices throughout a watershed by reducing the 
risk of wildland fire and the creation of multi-aged stands across the landscape.  
One commenter suggested that forest practices have increased riparian vegetation 
diversity in some locations.  Several commenters suggested the alternatives 
should be discussed in light of the current condition of riparian stands (i.e 
distribution of seral-stages). 
 
One commenter suggested the use of early-, mid-, and late-seral stages 
oversimplified the ecological function of managed forests, especially on the east 
side where uneven-aged management is often used. In addition, it was suggested 
that early- and mid-seral stages also provide valuable ecological function. 
 
Several comments suggested riparian stand requirements should be based upon 
more than basal area. 
 
Many commenters attached, cited, or referenced additional information to 
consider when revising the EIS, but were not specific criticisms of the analyses in 
the EIS.  Other comments restated information already present in the EIS.  One 
commenter provided additional information on salvage logging, downed wood 
retention, the LWD placement strategy, and sensitive sites that was not a specific 
comment on the EIS analysis. 
 
One commenter was concerned that no height or basal area requirements are 
present under Alternative 2 for the minimum 20 trees/acre (10 trees/acre if LWD 
placement occurs) to be left in the outer zone.  The comment also suggested some 
confusion existed over clumping/dispersion strategies in outer zones and around 
sensitive sites. 
 
Several commenters stated preferences for Alternative 3 riparian prescriptions 
and/or rejection of Alternative 2 riparian prescriptions.  One commenter 
expressed concern about the complex nature of the riparian prescriptions under 
Alternative 2. 
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Response: 
Comments noted.  Additional information provided by commenters was 
considered during EIS revision. 
 
A concluding section to the riparian chapter has been added to the EIS and 
discussion of the alternatives in light of the current seral stage distribution in 
riparian zones has been included in that section.  However, the proposed rules 
under any of the alternatives are not intended to provide compensation for any 
perceived lack of protection or degraded conditions from past harvesting.  New 
forest practice rules are only intended to regulate future forest management. 
 
Under Alternative 2, riparian leave trees in the outer zone may be dispersed or 
clumped, must be conifers a minimum of 12 inches dbh and remain uncut 
throughout all future harvests.  Leave trees for sensitive sites are to be clumped, 
may be conifers or hardwoods, and must be a minimum of 8 inches dbh. 
 
For analytical reasons, seral stage information was necessarily simplified to three 
seral stages.  However, the EIS team recognizes the ecological function of all 
seral stages and the discussion of seral stages has been expanded. 
 
The prescriptions under Alternative 2 allow salvage logging, however this can 
only occur if fallen logs were from trees that were not counted as part of the 
original riparian stand requirements and are surplus to down wood requirements. 
 
The riparian prescriptions under Alternative 2 include minimum leave tree 
requirements (trees per acre) for the inner and outer zones.  In addition, Option 1 
requires that smaller trees be preferentially harvested, thus allowing the largest 
trees as to remain as leave trees. 
 
A comment/response discussion on the complexity of the rules can be found 
under the Enforcement Subject Area. 
 


Subject Area: Riparian 
Issue: Other. 
Number of Individual Comments: 1 
 


Comment Summary: 
One commenter suggested specific riparian buffer widths that should be 
implemented different than those within the three alternatives. 
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Response: 
The DNR recognizes there is a range of buffer sizes recommended by various 
stakeholders, interested groups, and individuals.  The EIS only evaluates the 
riparian prescriptions contained with the three alternatives developed during the 
scoping process and approved by the Forest Practices Board. 


 
Subject Area: Riparian 
Issue: Riparian EBAI. 
Number of Individual Comments: 3 
 


Comment Summary: 
One commenter criticized the EBAI model because it has not been peer reviewed. 
It was also suggested that the EBAI underestimated LWD recruitment potential 
under Alternative 2 because it did not account for nonuniformity of fish and 
aquatic habitat distribution throughout the stream system.  Commenters suggested 
the use of McDade et al. (1990) to define the relationship between distance and 
LWD recruitment potention was inappropriate because it overestimated LWD 
recruitment.  One commenter suggested McDade et al. (1990) underestimated 
LWD recruitment.  One commenter suggested use of the ORGONON model was 
inappropriate because it has not been validated for riparian stands. 


 
Response: 


A previous version of the EBAI model for LWD recruitment has been used 
successfully in an EIS considering alternative management scenarios for a Habitat 
Conservation Plan and land exchange between the Pacific Lumber Company and 
federal agencies in California (U.S. Fish and Wildlife Service and the California 
Department of Forestry and Fire Protection, 1999).  The model received 
considerable scrutiny from state and federal agencies and the public during the 
preparation of that EIS.  However, the EBAI has been modified to specifically 
meet the needs of the current EIS (e.g., incorporating channel migration zones).  
As pointed out in the comment, fish and aquatic habitat is not uniformly 
distributed across the landscape.  However, it is not possible to accurately model 
(nor is the EBAI designed to consider) site specific characteristics over a large 
landscape basis because site specific data is not available.  As explained in 
Appendix D, the EBAI model is designed to be used as a tool to determine the 
relative effectiveness of different riparian management strategies.  Assumptions 
used to describe each of the strategies within the model are explained in Appendix 
D and the rationale for using the McDade curve.  While the EBAI was an 
important component to the riparian analysis, other factors (e.g., the location of 
buffers on Type N streams) were considered when making risk calls.  A 
discussion of the ORGANON model and its limitations and assumptions has been 
added to Appendix D. 
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Subject Area: Riparian 
Issue: Risk analysis. 
Number of Individual Comments: 6 
 


Comment Summary: 
Several commenters suggested that the risks to riparian function were 
overestimated while several others suggested that the risks were underestimated.  
The Pacific Rivers Council suggested that the level of risk concluded in many 
sections of the Draft EIS means that Alternative 2 will not meet the goals of the 
Forest Practices Board. 
 
One commenter suggested it is inappropriate to use FEMAT riparian function 
curves as a basis for drawing conclusions on the likelihood of adverse affects of 
the alternatives because they were 1) generalized and 2) not based on real data. 


 
Response: 


Comments noted. 
 
The FEMAT riparian function curves  were based upon a combination of the 
available scientific literature and scientific knowledge of the Aquatic Ecosystem 
Team for FEMAT.  Construction of generalized curves from numerous studies is 
a common scientific practice.  Those curves, based more on the professional 
judgement of the FEMAT team, could be considered hypotheses.  However, the 
functional relationships displayed have generally withstood scrutiny by 
independent reviews (e.g., Spence et al., 1996). 
 


Subject Area: Riparian 
Issue: Shade. 
Number of Individual Comments: 28 
 


Comment Summary: 
Many commenters suggested that the riparian buffers proposed in the Forests and 
Fish Report will supply less shade (as much as 25 percent less) to fish-bearing 
streams relative to natural levels and that maximum effective shade is a desirable 
target condition.  Other comments suggested that the Forests and Fish Report was 
inadequate because only sensitive sites with perennial flows would be identified 
for protection and no sensitive site would be identified for the east side.  Some 
commenters were also concerned about the effect of yarding corridors and roads 
on shade. One commenter suggested the performance target for stream shade was 
inadequate because it does not consider any existing stream water quality 
degradation or cumulative effects. Some commenters were concerned that state 
water quality standards would not be met for all waters of the state.  Some 
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commenters agreed with the Draft EIS finding that most riparian areas are in early 
seral stages and unlikely to provide complete effective shade in the near-term.  
Some commentors suggested that risk levels under Alternative 2 for adverse 
effects to water temperatures resulting from shade levels on Type N streams were 
underestimated.  In contrast, others commenters suggested that the risk of adverse 
effects should be low or nil because Type N streams don't require buffers 
everywhere to protect fish-bearing waters.  Some comments suggest the EIS 
should provide more discussion and consideration on the role of air temperature in 
determining water temperature.  The WDFW noted that implementation of the 
shade rule was inaccurately described in the EIS and one commenter suggested 
there was no discussion of the shade rule in Section 3.4.3.2.  Many commenters 
attached, cited, or referenced additional shade and heat energy information to 
consider when revising the EIS, but were not specific criticisms of the analyses in 
the EIS. 
 
The Columbia River Intertribal Fish Commission (CRITFC) requested more 
description of the shade rule and also disputed the effectiveness of the shade rule 
and the methods for its implementation.  The CRITFC also questioned why 
anadromous fish were provided less shade protection than bull trout.  They also 
noted that the bull trout rules did not preclude removal of trees less than 75 feet 
from the stream if they did not provide shade. 
 
The WDFW agreed with the low risk call for shade on the west side, but 
suggested the level of risk was higher on the east side. 


 
Response: 


The Draft EIS analyzed the level of shade protection using a 0.75 SPTH as the 
criteria for full protection along perennial streams. This criteria was based upon a 
figure provided in FEMAT (1993) and recommended in Spence et al. (1996). As 
noted in FEMAT (1993) and Beschta (1987) buffers of 100 feet or more have 
been found to provide as much shade as an old growth stand (i.e., about 90 
percent complete shade). 
 
Under Alternative 2 in western Washington, the 50-foot core zone widths along 
Type S and F streams, the 50-foot no-harvest zones for sensitive sites (headwall 
seeps, side-slope seeps, side-slope springs, stream initiation points) that have 
perennial flows, and the 50-foot no-harvest zones along at least 50 percent of 
Type Np streams would provide roughly between 66 percent and 85 percent of the 
shade that might be possible from an old-growth stand, depending upon site class. 
 
In addition, under Option 1 for the west side, the inner zones for Type S and F 
streams, that would allow some selective harvest would meet the 0.75 SPTH 
criteria for streams greater than 10 feet, but would be 0.66 SPTH for streams less 
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than 10 feet.  As indicated in the EIS there is some uncertainty concerning the 
added shading effectiveness from a zone containing selective harvest outside of a 
no-harvest core zone. The EIS also points out that additional stream shading 
would occur from trees and vegetation within a CMZ and that small streams 
(assumed to be <5 feet) can be effectively shaded by overhanging shrubs and 
other small woody vegetation.  Beschta (1987) notes: "Whereas small streams 
may be quickly overtopped by brush and effectively shaded from direct-beam 
solar radiation, larger streams, which require the canopies of tall conifers for 
shade protection, require longer periods."  In addition, under Alternative 2, shade 
is measured at the edge of the CMZ, if present, which provides a higher level of 
protection than Alternative 1, if the channel location moves.  Furthermore, under 
the shade rule only trees that provide shade are considered.  Consequently, along 
Type S and F streams any shade provided by shrubs and small woody vegetation 
would be in addition to that provided by trees. 
 
The risk analysis for shade considered both the proposed buffer widths and 
implementation of the shade rule WAC 222-30-040 for maintanence of stream 
temperature along fish-bearing streams (as discussed in Section 3.4.3.2 of the 
EIS). This requirement must be met even with the presence of yarding corridors 
and roads.  A method for implementation of the shade rule is described in the 
Forest Practices Board Manual which can be found on the Internet at 
http://www.wa.gov/dnr/htdocs/fp/fpb/fpbmanual/fpbmintro.html.  The discussion 
on its implementation has been corrected in the Final EIS. 
 
The EIS states that Alternative 2 would not provide 100 percent effective shade at 
all locations and that there was a moderate to high level of risk associated with 
loss of shade on Type N streams.  Although risk calls were moderate to high (west 
side) or very high to high (east side) for shade loss and increased water 
temperatures on Type N streams, risk calls for water temperature for fish were 
low (west side) and low to moderate (east side).   The EIS (Page 3-106, Box)  
states that there is some uncertainty about how loss of shade along Type N 
streams would effect downstream Type F and S stream temperature, but goes on 
to state that cumulative effects could be important in watersheds already 
experiencing elevated stream temperature.  Nevertheless, the EIS has been 
modified to further clarify the level of risk to Type N streams and the level of 
uncertainty of downstream effects.  Discussion has also been expanded on the role 
of air temperature in determining water temperature and use of the shade rule. 
 
Alternative 2 provides more shade protection to areas with bull trout because bull 
trout require cooler temperatures than salmon and steelhead.  The CRITFC is 
correct in stating that the bull trout rules only protect trees providing existing 
shade.  Consequently, for eastside riparian areas, trees that lie between 30 feet 
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(the core zone) and 75 feet which do not provide shade to the stream may 
potentially be harvested under some circumstances.  
 
Additional information provided by commenters was considered during EIS 
revision. 


 
Subject Area: Riparian 
Issue: Small landowners. 
Number of Individual Comments: 4 
 


Comment Summary: 
Several commenters suggested that exemptions to small landowners (parcels <20 
acres owned by landowners with less than 80 acres statewide) under Alternative 2 
would contribute to cumulative riparian degredation and loss of effective shade. 


 
Response: 


The Draft EIS has been modified to further address the effects (and the level of 
uncertainty) of the small landowner exemption on riparian function. 


 
Subject Area: Riparian 
Issue: Thinning below the floor. 
Number of Individual Comments: 1 
 


Comment Summary: 
In Appendix A of the Washington Environmental Council's (WEC) comments it 
is suggested that the following analysis is missing from the EIS: "Impacts of 
thinning below the floor: no agreement on "thinning below the floor: amongst 
Forests and Fish parties.  No analysis of the resulting risks." 


 
Response: 


The WEC is referring to statements in Schedule B-2 indicating that discussions 
that may occur between parties to the Forests and Fish Report to allow thinning in 
the area between the core zone and the floor. The floor is described in Chapter 2 
of the EIS.  Thinning in the "floor" area is not part of Alternative 2. Consequently, 
it was not included in the risk analysis. 


 
Subject Area: Riparian 
Issue: Type N streams. 
Number of Individual Comments: 28 
 


Comment Summary: 
Several commenters suggested that all streams should have buffers (some 
comments specified a particular width) because they are included in several 
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unidentified federal and state plans and because it is recommended within the 
Mantech Report (Spence et al., 1996).  It was suggested there is no technical 
justification for differentiating perennial and seasonal streams for riparian 
protection.  In addition, one comment suggested that "sensitive sites" should not 
be limited to areas with perennial flows.  It was suggested that insufficient buffers 
on Type N streams would prevent the development of stable, well distributed fish 
populations across watersheds.  Other commenters suggested that large trees were 
not critical near small, confined seasonal channels and that adequate LWD could 
be provided from normal mortality of a managed stand plus the debris generated 
during harvest operations. 
 
Several commenters suggested that 75 percent of streams (i.e., portions of Type 
Np and 100 percent of Type Ns) in watersheds would receive no buffers while 25 
percent (Type S and F) would receive buffers.  Several commenters also 
suggested that leave tree requirements on the east side would be inadequate to 
maintain bank stability and shade in partial cut areas. 
 
The Columbia River Inter-Tribal Fish Commission noted that a potential loophole 
exists in the Alternative 2 rules for prescriptions along Type Np streams on the 
east side.  They indicated that the rules under the clear-cut strategy which require 
a no-cut zone along the stream equal in size to the clear-cut area do not specify 
the current condition of the no-cut zone.  That is, the no-cut zone could have been 
previously harvested prior to implementation of new rules.  
 
Many commenters attached, cited, referenced, or stated without reference, 
additional information to consider when revising the EIS, but were not specific 
criticisms of the analyses in the EIS. 


 
Response: 


Comments noted.  Please see comment/response categorized under 
Riparian/Comparison to Other Plans for additional discussion of other state and 
federal plans. 
 
Most conservation plans in the Pacific Northwest (including the FEMAT Option 
9) make a destinction between fish-bearing streams, perrenial nonfish-bearing 
streams, and ephemeral or intermittant streams because these stream types have 
different functions within the stream network. Consequently, there appears to be 
considerable evidence of technical justification for considering these stream types 
separately in terms of protection needs. 
 
A substantial amount of Type Np and Type Ns streams will not receive a buffer 
under the Forests and Fish Report.  However, the proportion of the stream 
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network that will not receive a buffer is unclear.  Furthermore, the statement that 
"75 percent of streams would receive no riparian protection" is simplistic because 
it provides no context for the level of protection that is needed to meet the goals 
of the Forests and Fish Report. 
 
All streams receive some level of riparian disturbance protection.  Type Ns and 
Type Np streams as a minimum, have a 30-foot equipment limitation zone and 
requirements for mitigation for disturbance of more than 10 percent of the stream 
width. 
 
The percentages presented in the comments were based upon a draft 1999 analysis 
prepared by M. Pollock while at the 10,000 Year Institute.  The analysis utilized a 
GIS model to delineate stream channels within two westside watersheds.  The 
GIS model used by the commenter for delineating a stream network is unlikely to 
be the same as that under development by the DNR.   No evidence was provided 
to demonstrate that the GIS model used accurately depicted fish-bearing and 
nonfish-bearing stream networks although the commenter claimed the model 
underestimates stream length.  Consequently, the basis for the buffer analysis 
conducted and its results are also unverified. 
 
The analysis by Pollock (1999) included several assumptions that could bias the 
results. 
 
First, the analysis assumed that all fish-bearing streams would include yarding 
corridors that occupy 20 percent of their length.  While the Forests and Fish 
Report does provide flexibility for yarding corridors within RMZ's to include up 
to 20 percent of the RMZ length, the assumption that all fish-bearing streams will 
have the maximum amount of yarding corridors is unreasonable.  In addition, 
yarding across streams may result in a reduction in the need for roads and stream 
crossings within riparian areas. 
 
Second, the analysis was only conducted on two western Washington watersheds 
(Tolt River and Squire Creek).  The author implied that these watersheds were 
representative of those throughout western Washington.  No evidence was 
supplied that would indicate that these watersheds totaling 312 km2 were 
representative of the more than 32,000 km2 of forested land in western 
Washington. 
 
The scientific literature supports the hypothesis that the size of functional LWD is 
related to stream size (Bilby and Ward, 1989; Bisson et al., 1987). Timber 
harvesting operations can contribute a large pulse of small woody debris that can 
provide some level of function to small Type N streams.  However, smaller wood 
also degrades more quickly than larger wood and is more likely to be transported, 
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even in small streams (Harmon et al., 1986).  Degradation rates will also be 
higher in Type Ns streams for LWD that is wet for only a portion of the year 
compared to woody debris that is submerged year-round.  Type N streams that do 
not receive buffers will grow new trees that will eventually supply recruitable 
LWD, however, a young forest stand along a small Type N stream would have a 
lower in-stream woody debris recruitment rate than an older stand that is more 
susceptible to branch or bole breakage resulting from senescence (Franklin and 
Spies, 1991).  Mature stands that exhibit more breakage and fallen trees (age 80 - 
140 years, FEMAT, 1993) are also those approaching their next harvest cycle.  
Consequently,  Type N streams without buffers are likely to experience short-term 
inputs of woody debris from harvest operations followed by losses due to 
downstream transport and decay.  This suggests there is some long-term risk of 
loss of woody debris function in Type N streams without buffers. 
 
The language described by the Columbia River Inter-Agency Fish Commission 
would not exist in the final rules.  The exact wording of the rules goes through 
several revisions prior to being finalized.  The draft proposed rules do not contain 
this language. 
 
Additional information provided by commenters was considered during EIS 
revision. 


 
Subject Area: Riparian 
Issue: Watershed analysis. 
Number of Individual Comments: 3 
 


Comment Summary: 
Some commenters were concerned that some riparian areas protected by 
prescriptions developed under a completed watershed analysis would be available 
for harvest under Alternative 2. 


 
Response: 


Comments noted.  With the exception of exempt 20-acre parcels, prescriptions 
prepared as part of watershed analysis would be superceded by new riparian 
prescriptions under Alternative 2.  In some cases this would result in smaller 
riparian buffers being implemented.  However, in most cases the riparian 
prescriptions under Alternative 2 would provide greater protection than those 
resulting from watershed analysis (M. Hunter, WDFW, personal communication, 
January 2, 2001). 
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Subject Area: Riparian 
Issue: Yarding and road corridors 
Number of Individual Comments: 14 
 


Comment Summary: 
Several commenters were concerned about the effects of yarding and road 
corridors in RMZs on LWD recruitment and shading to streams.  One commenter 
suggested that the discussion of existing roads in the Riparian Affected 
Environment section was confusing and should be dropped from the EIS.  Many 
commenters attached, cited, or referenced additional information about yarding 
and road corridors to consider when revising the EIS, but were not specific 
criticisms of the analyses in the EIS. 
 


Response: 
All three alternatives allow yarding and road corridors through RMZs to provide 
flexibility to landowners to harvest and transport timber from their lands.  
Consequently, this issue will not provide any substantial distinction among the 
alternatives for decision-makers.  These practices are sometimes necessary due to 
variation in topography, landing and stream location, forest condition, etc., and 
can reduce the need to build roads.  Yarding across a Type S or F stream requires 
an HPA from WDFW and logs generally must be fully suspended unless the HPA 
has different requirements.   New roads cannot always avoid crossing streams 
which would necesitate at least a road corridor perpendicular to the stream.  New 
stream-adjacent parallel roads cannot be built in RMZs unless alternative routes 
are demonstrated to have a greater risk of resource damage (Forests and Fish 
Report Section D.2(c)).  Trees cut for yarding corridors must remain on site 
unless the site exceeds stand requirements; they provide a good opportunity for 
placement of LWD from the yarding corridor in the stream to provide for short-
term LWD needs.  However, no compensation is made for shade lost as a result of 
creating yarding or road corridors. 
 
Under Alternative 2, the minimum stand basal area must be met even if stream-
parallel roads are present with the inner or core zone, unless the landowner 
chooses to implement an instream LWD placement strategy.  Except under the 
LWD placement strategy, the tree basal area within inner or core zones that would 
have been present in areas occupied by existing stream-parallel roads would be 
included as leave trees elsewhere in the inner or outer zone (Sections B.4(a)(iv) 
and B.4(b)(ii)(D) of the Forests and Fish Report).  However, these riparian leave 
trees may contribute less to riparian function than trees that would exist in the 
road location if they are further from the stream than the road because riparian 
function declines in a non-linear fashion at increasing distance from the stream 
(see Section 3.4).  Consequently, the strategy to account for riparian trees lost 
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from roads is equitable from a basal area standpoint, but may not provide 
complete compensation for lost riparian function.  
 
The EIS has been modified to provide a greater explanation of the likely effects of 
yarding and road corridors that could result from each of the three alternatives. 
 
The scientific literature shows that historically, road building in riparian areas has 
been detrimental (Knutson and Leaf, 1997; Beschta et al., 1995; Furniss et al., 
1991) even if gradual improvements occur in road maintenance and construction 
practices. 
 
Additional information provided by commenters will be considered during EIS 
revision. 


 
Subject Area: Roads 
Issue: Adaptive management. 
Number of Individual Comments: 1 
 


Comment Summary: 
This comment states that adaptive management, as provided for in Alternative 2, 
would assess the effectiveness of surface erosion and road prescriptions. 


 
Response: 


The commenter correctly points out that the adaptive management program will 
investigate the effectiveness of surface erosion and road prescription. 


 
Subject Area: Roads 
Issue: Citations 
Number of Individual Comments: 1 
 


Comment Summary: 
This comment noted that a publication cited in the text was not included in the 
reference list. 
 


Response: 
The EIS has been modified. 
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Subject Area: Roads 
Issue: Clean Water Act. 
Number of Individual Comments: 1 
 


Comment Summary: 
This comments questions the compliance of Alternative 2 with the Clean Water 
Act.  The comment states that there is no mechanism for complying with this Act. 


 
Response: 


The overall goals of meeting water quality standards would drive the DNR to 
work within the framework of the Forest Practices Rules to meet these goals.  
However, some temporary exceedances of water quality standards could occur, 
until the DNR works to adjust and improve each landowner’s RMAPs.  The text 
was modified to reflect the short-term risk.  It is possible that some waterbodies 
will not meet standards even after implementation of RMAPs because non-timber 
related sources also contribute to water quality.  The Department of Ecology is 
required to develop Total Maximum Daily Load requirements for 303(d) listed 
waters that do not meet water quality standards. Under Alternative 2, adjustments 
to Forest Practices Rules to meet TMDL requirements in mixed-use watersheds 
(other than through the adaptive management process) will not occur before July 
1, 2009 (Schedule M-2 of the Forest and Fish Report).  The adaptive management 
program will be used to identify necessary changes in the Forest Practices Rules 
to meet the needs of TMDL requirments when they are developed.   


 
Subject Area: Roads 
Issue: Culvert spacing 
Number of Individual Comments: 5 
 


Comment Summary: 
These comments concern culvert spacing under Alternative 2.  There were several 
aspects of the comments: (1) Weaver and Hagans (1994) guidelines, used in 
Appendix E, are not valid because they were not developed in Washington State; 
(2) a paper published on work in Washington State (Montgomery, 1994) should 
be used; (3) culvert spacing in the Forest Practices Rules fail to meet the 
guidelines in Weaver and Hagans (1994); and (4) culvert spacings in Weaver and 
Hagans (1994) are designed for the 25-year storm event. 


 
Response: 


Weaver and Hagans’ (1994) guidelines were developed in northern coastal 
California which has many unstable soils and a climate similar (slightly warmer 
temperatures, similar precipitation) to that in western Washington.  Unlike 
Montgomery (1994), Weaver and Hagans’ (1994) guidelines have already been 
implemented at the watershed scale (e.g., PALCO) and have received agency 
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approval.  However, Montgomery (1994) and other proposed guidelines for 
culvert spacing were consulted as part of this EIS assessment. 
 
The proposed spacing of culverts is based on consideration of the parameters that 
are understood to be most important to ditch-related erosion. These include ditch 
slope, side-slope, distance above stream, precipitation zone, road surface 
condition and use, and soil erosion potential.  In the majority of cases, the culvert 
spacings in the proposed Forest Practices Rules do in fact fall within the Weaver 
and Hagans (1994) recommended spacings. 


 
Subject Area: Roads 
Issue: Culvert sizing and replacement. 
Number of Individual Comments: 8 
 


Comment Summary: 
These comments concern various aspects of culvert sizing and replacement under 
Alternative 2:  (1)  lack of consideration of erosion at culvert outfalls; (2) failure 
of the Forest Practices Rules to require replacement/repair of existing culverts that 
can pass fish but otherwise represent a signficant risk to fish; (3) adequacy of 
culvert sizing, given the lifespan of the typical culvert; (4) the planned life of 
stream crossings contributing to increased risk of failure; and (5) the length of 
time allowed (15 years) to correct sediment problems. 


 
Response: 


The Draft EIS specifically stated that consideration of slope stability at culvert 
outfalls would not be required under Alternative 2. The Draft EIS acknowledged 
that road drainage to unstable slopes is not addressed in the new rules and that this 
represents a risk of sediment delivery.  Because the RMAPs are intended to 
address all road-related erosion, this potential sediment source is addressed 
indirectly through the assessment of RMAPs and was taken into account in the 
risk assessment.    
 
Under Alternative 2, an existing culvert must pass the following three 
requirements in order to not be replaced now:  (1) pose "little risk to public 
resources"; (2) "have been properly maintained"; and (3) be "capable of passing 
fish" (WAC 222-24-050).  The RMAPs to be implemented under Alternative 2 
are intended to prevent failure of existing culverts by requiring maintenance and 
replacement of culverts that pose a significant threat to public resources.  It should 
be noted that not all existing culverts are on type S & F streams.  There are many 
existing culverts on type Np and Ns streams.  If the public resources threat is 
imminent, the existing culvert must be replaced sooner, rather that later.   
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The fish passage replacement timing will be negotiated with DNR, WDFW and 
the landowner with the RMAP.  With active road haul for an application, existing 
culverts will be brought up to standard before the hauling begins (Terry Ruff, 
DNR, personal communication February 23, 2001). 
 
One comment cites (but did not include a complete reference to) a USFS (1998) 
study that reported that culverts intended to last 30 years and designed to pass a 
100-year flood have more than a 20 percent chance of failure during the design 
life. The EIS analysis team could not evaluate the applicability of the failure rate 
referred to in the report (USFS, 1998). However, due to recent improvements in 
design standards for culverts intended to pass significant flood events (e.g., design 
must include ability to pass debris likely to be encountered during a 100-year 
event), it is anticipated that the risk of failure will be less than 20 percent for new 
culverts.  A quantitative risk level for culvert failure has not been calculated given 
the standards required under Alternative 2. This uncertainty is something that 
could be addressed through research performed as part of the adaptive 
management program.  Additional text has been added to the EIS to discuss risk 
of culvert failure more fully than was discussed in the Draft EIS  
 
With regard to the 15-year time frame for implementation of RMAPs, the EIS 
recognizes an inherent short-term risk of sediment delivery associated with 
Alternative 2 compared to the shorter time frame requirement proposed under 
Alternative 3.  However, it is important to note that Alternative 2 does require that 
road improvement work performed to meet the new standards be prioritized to 
achieve the largest benefits to public resources early in the period (WAC 222-24-
010).  With this prioritization requirement, the 15-year time frame balances 
critical resource needs with a realistic understanding of how quickly large 
landowners would be able to address culvert and other road-related sediment 
issues on thousands of miles of roads. 


 
Subject Area: Roads 
Issue: Enforcement/monitoring 
Number of Individual Comments: 2 
 


Comment Summary: 
The comments point out that there would be a heavy reliance on policy goals, not 
enforcement, and that there are no monitoring criteria, and that while the point is 
raised in the Draft EIS that drainage onto unstable slopes is not addressed by any 
alternative, there is no discussion of the impact. 


 
Response: 


The Draft EIS did consider the fact that drainage onto unstable slopes is not 
addressed by any alternative in the risk assessment in the Sediment section.  
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Additional text has been added to the EIS to further discuss both the potential 
impacts, as well as the differences between performance-based rules and 
prescription-based rules. 


 
Subject Area: Roads 
Issue: Fish passage 
Number of Individual Comments: 1 
 


Comment Summary: 
The comment states that WDFW regulates fish passage (an HPA is required for 
culvert installation, removal and maintenance) and that DNR policies on fish 
passage must be consistent with existing WDFW regulations.  Additionally, the 
comment notes that trash racks (screens designed to keep debris from clogging 
culverts) can present a barrier to fish and their use should not be encouraged. 


 
Response: 


Text has been added to the EIS to clarify the issue of agency responsibilities 
related to fish passage.  It is true that WDFW regulates fish passage on individual 
crossings through the HPA process; however, DNR is also involved in the 
regulatory process through establishment of basin-wide performance-based rules 
that include specific objectives for fish passage that must be consistent with 
WDFW requirements.   
 
The Draft EIS acknowledges that trash racks may have harmful effects to fish 
(Appendix F) and that proper maintenance is needed to avoid these effects.  
Additional text was added to the EIS that specifically acknowledges that trash 
racks may present a barrier to fish in some settings; however, their use was not 
discouraged.   


 
Subject Area: Roads 
Issue: Hydrology. 
Number of Individual Comments: 2 
 


Comment Summary: 
These comments concern how the Forests and Fish Report protects against 
increased peak flows due to roads. 


 
Response: 


The issue of peak flows due to roads is a priority topic that will be addressed 
under adaptive management program.  The ability of adaptive management to 
address this issue is considered in the EIS.   The proposed Forest Practices Rules 
do not use a specific threshold to regulate timber harvest activities, except in some 
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situations for the rain-on-snow zone.  The overall objective of maintaining natural 
hydrologic patterns and meeting water quality standards is the primary basis of 
protection under the Alternative 2. 


 
Subject Area: Roads 
Issue: Interception of surface and subsurface flow 
Number of Individual Comments: 2 
 


Comment Summary: 
These comments state the road surface erosion section of the Draft EIS did not 
include consideration of how roads affect hydrology through (1) the interception 
of subsurface flow at road cuts, and (2) diversion of water from one drainage to 
another (“drainage piracy”). 


 
Response: 


The interception of subsurface flow by the road prism was discussed in the Draft 
EIS (3.3.2.3).  The effect of the alternatives was evaluated with regard to the 
overall requirement in Alternative 2 to eliminate the hydrologic connection 
between forest road systems and drainage networks.  Additional text has been 
added to discuss the impact of diverting water from one drainage to another.  
 
Additionally, interception of subsurface flow and diversion of water result 
primarily in hydrologic effects, with little road surface erosion attributed to this 
process. Although local increases in flow may cause increased channel erosion, 
very little work has been conducted to date that specifically documents increased 
road surface erosion as a significant secondary effect of these processes. 


 
Subject Area: Roads 
Issue: Mass wasting. 
Number of Individual Comments: 8 
 


Comment Summary: 
These comments discuss various issues associated with road-related mass 
wasting. Several of the comments (or portions of them) provide general 
statements of support of Alternative 2 or 3 in the context of road-related mass 
wasting, without directly commenting on the DEIS.  One of the comments 
concerns the lack of consideration under all alternatives of road drainage onto 
unstable slopes as a cause of mass wasting.    
 
Comments directed at the DEIS include: 1) road density limitations under 
Alternative 3 are accepted as reducing landslide potential without justification; 
2) Alternative 2 does not depict a clear standard that will prevent or avoid damage 
to public resources; 3) Alternative 2 does not specify the level of expertise upon 
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which the DNR will rely to determine whether slopes are unstable and the DNR 
may not have adequate funding to provide technical experts; 4) disagreement with 
the DEIS conclusion that recent research (Toth, 1991 and Robison et al., 1999) 
suggests that upgraded roads have lower rates of failure; and 5) disagreement with 
the risk call in the DEIS for road-related landslides under Alternative 2. 


 
Response: 


Comments noted. 
 
The EIS specifically states that consideration of slope stability at culvert outfalls 
would not be required under the proposed FPRs (please see response to Roads - 
Culvert Sizing and Replacement). 
 
The EIS analysis team acknowledges that in some locations there may not be a 
significant correlation between road density and sediment delivery, that an 
existing correlation may be subject to change due to improved construction 
techniques, and that the functional relationship, if present, may vary from 
watershed to watershed.  However, for a programmatic analysis such as this, the 
assumption that road density is correlated with sediment delivery is appropriate 
and supported by the literature (e.g., Cederholm and Reid, 1996). 
 
As stated elsewhere, the goal for road management under Alternative 2 is to 
disconnect the road system from the stream system, including the effects of roads 
on mass wasting.  Research undertaken as part of the adaptive management 
program will investigate whether the proposed rules are sufficient to achieve this 
goal. 
 
The DNR would use qualified experts to map unstable slopes.  The DNR employs 
scientists that are ‘qualified experts’ under the FPRs and considers funding of this 
effort to be a high priority (please see additional notes on the topic under Unstable 
Slopes - Mapping).  
 
Available research supports the hypothesis that recent improvements in road 
construction techniques are linked to decreased failure rates (Toth, 1991 and 
Robison et al. 1999).  While it is true, as stated in the comment, that these studies 
do not have the benefit of a long study period to test this assertion; the EIS 
analysis team concluded that available research supports the hypothesis that 
failure rates are likely to decrease, even over long time periods, with improved 
construction techniques. 
 
Two comments dispute the risk call made in the DEIS for sediment delivery from 
road-related landslides under Alternative 2, suggesting that despite a stated goal 
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of reducing landslide rates to natural levels, landslides from forest roads alone are 
expected to remain several 100 to 1000s of percent over levels in unmanaged 
forests.  The review of the available information by the EIS analysis team 
supports the risk call made in the EIS.  As stated previously, the goal for road 
management under Alternative 2 is to disconnect the road system from the stream 
system, including the effects of roads as linked to mass wasting events that deliver 
sediment to streams. 


 
Subject Area: Roads 
Issue: Monitoring. 
Number of Individual Comments: 2 
 


Comment Summary: 
These comments concern the adequacy of monitoring of roads in terms of RMAP 
implementation  and water quality. 


 
Response: 


Section 3.2.3.2 describes how monitoring is a necessary part of sediment control.  
It notes that there is a risk of sediment delivery due indirectly to the lack of clear 
monitoring strategies.  However, the EIS analysis team concludes that the 
evolving adaptive management process coupled with the legislative directive 
[RCW 76.09.370(7)] to include regular monitoring will be sufficient to ensure 
that policy objectives related to roads are achieved through RMAPs over time.  


 
Subject Area: Roads 
Issue: Orphan roads. 
Number of Individual Comments: 6 
 


Comment Summary: 
These comments deal with the adequacy of treatment of orphan roads. 


 
Response: 


The risk of sediment delivery from orphaned roads is recognized in the EIS (but 
also see additional responses to comments concerning orphaned roads below). 


 
Subject Area: Roads 
Issue: Orphaned roads - amount of sediment 
Number of Individual Comments: 1 
 


Comment Summary: 
This comment cites Robison et al. (1999) to suggest that landslides associated 
with “old” roads are typically smaller than landslides triggered by active roads, 
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implying orphan roads would not contribute significant volumes of sediment to 
streams. 


 
Response: 


A study by Brunengo and Bernath (1990) of  roads in Washington State 
concluded that orphaned roads represent a significant threat to public resources.  
This study is more specific in its treatment of orphaned roads in Washington State 
than the study cited in the comment and thus is assumed to better reflect local 
conditions. 


 
Subject Area: Roads 
Issue: Risk evaluation criteria 
Number of Individual Comments: 1 
 


Comment Summary: 
This comment refers to Table 1 (page F-9) in the Draft EIS which reports the 
"overall risk of sediment delivery" for Alternative 2 as moderate.  The commenter 
assumes that “overall delivery” includes surface erosion and landslide sediment 
and implies that, if this is indeed the case, there is a contradiction about what the 
actual risk is under Alternative 2 that is not resolved in the DIES.   


 
Response: 


A note has been added to the table in the EIS and to the mainbody of the 
document to resolve this apparent inconsistency. 


 
Subject Area: Roads 
Issue: Road density 
Number of Individual Comments: 2 
 


Comment Summary: 
These comments suggest that road density and sediment are not correlated. 


 
Response: 


There are several studies that have linked road density with sedimentation of 
spawning gravels (e.g., Cedarholm and Reid, 1996).  However, the functional 
relationship between road density and measures of adverse effects (such as 
sedimentation) may vary among different regions because of diffences in soil 
types, precipitation, and topography. Nevertheless, for a programmatic analysis 
such as an EIS, road density is often one of the few variables that can be used as a 
criterion.  Note that the reference cited in the comment did not actually measure 
sediment delivery, but estimated based on road surveys. 
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Subject Area: Roads 
Issue: Road Management and Abandonment Plans. 
Number of Individual Comments: 26 
 


Comment Summary: 
These comments address the adequacy of the implementation of the RMAP aspect 
of Alternative 2. 


 
Response: 


There are thousands of miles of forest roads that would need to inventoried; the 
length of time for submission of RMAPs, along with the 10 years to implement 
the RMAPs provides a reasonable time frame for achieving the Forest Practices 
Rule goals.  The additional requirement that 20 percent of all roads on ownerships 
greater than 500 acres would ensure timely progress.   
 
Although there are no explicit  requirements to immediately fix unstable portions 
of roads (or other features identified in the RMAPs), it is important to note that 
Alternative 2 does require that road improvement work performed to meet the 
new standards be prioritized to achieve the largest benefits to public resources 
early in the period (WAC 222-24-010).  With this prioritization requirement, the 
15-year time frame balances critical resource needs with a realistic understanding 
of how quickly large landowners would be able to address multiple road 
management issues on thousands of miles of roads. 
 
Additionaly, the DNR is charged with the overall goals of meeting water quality 
standards, and so can make such requirements of landowners during the review of 
RMAPs.  The proposed Forest Practices Rules do not present a specific road 
inventory technique; rather that it left to the landowner.  It would be  the 
responsibility of the DNR to review the adequacy of the methods used. 
 
Note that the Draft EIS concludes that there would be a risk of sediment delivery 
in the short term (see Water Quality, p. 3-92). 


 
Subject Area: Roads 
Issue: Surface erosion. 
Number of Individual Comments: 8 
 


Comment Summary: 
This set of comments concerns the delivery of road-related sediment to streams, 
and how the road surface runoff is handled in the Forest Practices Rules and how 
this issue is analyzed in the Draft EIS. Several comments state that the 
requirement of 50 percent reduction in sediment is not scientifically based and 
likely to be insufficient to protect water quality. 
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One comment states that hydrologic decoupling of the road and drainage systems 
is only possible for streams located more than 200 feet from a culvert because 
WFPB (1997) indicates at least 10 percent sediment delivery is expected when 
culvert outfall occurs within 200 feet of the stream. 


 
Response: 


The requirement of  50 percent reduction in sediment was present in the Forests 
and Fish Report, but is not part of Alternative 2.  The standard of meeting state 
water quality objectives remains the overall goal. 
 
While the new rules cannot guarantee complete decoupling of the road system 
from the drainage network, the objective of the rule is to meet water quality 
standards.  Unless water quality standards are measured on very small streams, 
the effect of runoff that is diverted to vegetated, unchanneled hillsides will be 
negligible.  Water quality is typically monitored at locations on streams where the 
upstream area is large.  Thus, a small amount of sediment that does not settled out 
on a hillslope will not likely diminish water quality significantly. 
 
The EIS analysis team agrees that the issue of protection from sediment delivery 
within 200 feet of culvert outfalls is not addressed under any of the alternatives. 


 
Subject Area: Roads 
Issue: Other. 
Number of Individual Comments: 15 
 


Comment Summary: 
These comments do not directly comment on the Draft EIS, but merely provide 
information that pertains to various discussions already contained within it. 


 
Response: 


Comments noted. 
 
Subject Area: Sediment 
Issue: Adaptive management 
Number of Individual Comments: 1 
 


Comment Summary: 
This comment states that the adaptive management program would address the  
effectiveness of road surface erosion control measures under Alternative 2.  
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Response: 
The ability of the adaptive management program to address the effectiveness of 
these measures was considered in the EIS evaluation. 


 
Subject Area: Sediment 
Issue: Citations 
Number of Individual Comments: 3 
 


Comment Summary: 
These comments discuss various aspects of the literature cited in the Sediment 
section. 


 
Response: 


Although it is true that many of the papers cited in the Draft EIS refer to research 
conducted in other states, the results are relevant and applicable to Washington 
State.  In most cases, the climate and watershed processes are similar to those in 
Washington state.  Additionally, regional scale studies are appropriate for a 
programmatic analysis of activities which are regional and general in nature.   
 
Please note that several additional citations (e.g., Montgomery et al., 1998; 
Paulson, 1997; Reynolds and Paulson, 1999) have been added to the EIS to  
include relevant local research and to more fully reflect the fact that results of 
many sediment-related studies have been inconsistent. 
 
With some notable exceptions, the information provided by individual watershed 
analyses is generally descriptive in nature with “results” that are largely 
conjectural and are not derived through use of the scientific method.  Although 
thorough analysis of results of selected invidual watershed analyses might provide 
valuable data for incorporation into process oriented studies, it was beyond the 
scope of the EIS to undertake this task. 


 
Subject Area: Sediment 
Issue: Cumulative sediment delivery risk 
Number of Individual Comments: 3 
 


Comment Summary: 
Several comments relate to the additive effect of various sediment sources, which 
individually may be acceptable, but which combined may make achieving water 
quality standards difficult or impossible. 


 
Response: 


The proposed Forest Practices Rules have a two-pronged approach.  The first and 
foremost is the goal of achieving water quality standards.  The second is the 
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regulation of individual sediment sources, such as road surface erosion and timber 
harvest related mass wasting.  The overall goal of achieving water quality 
standards requires additional limitations on factors contributing sediment to 
streams.   
 
There is a risk that if cumulative sediment delivery exceeds expectations, water 
quality standards for turbidity would not be met; however, there is sufficient 
feedback that actions causing sedimentation could be addressed by further DNR 
actions. 
 
The Cumulative Effects section of the Draft EIS acknowledges that there is a risk 
of cumulative effects in the short term due to the effects of recent high timber 
harvest levels. 


 
Subject Area: Sediment 
Issue: General. 
Number of Individual Comments: 8 
 


Comment Summary: 
These comments discuss various aspects of sediment production related to timber 
harvest activities.  However, most of these comments do not comment directly on 
the Draft EIS, but merely provide information that pertains to various discussions 
contained within it.  One comment suggested the sediment affected environment 
section was too cursory and overemphasized papers with a regional scope. 


 
Response: 


Comments noted.  The alternative Forest Practices Rules will affect timber 
practices throughout the state.  Consequently, broad-based, regional approach is 
appropriate. 


 
Subject Area: Sediment 
Issue: Risk evaluation criteria 
Number of Individual Comments: 1 
 


Comment Summary: 
This sub-issue deals with risk assessment related to sediment delivery. This 
comment states that risk evaluation criteria for sediment are based on overly 
simplistic ecological relationships that emphasize the presence of no-harvest 
buffers and widths of RMZs but fail to account for other variables that are 
influenced by alternative forest practices. 
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Response: 
The Final EIS will include risk assessment specific to road surface erosion. The 
Final EIS has been altered to include risk assessment specific to road surface 
erosion (3.2.3.2).   
 
Timber harvest area and buffer width were selected as appropriate predictive tools 
available for a complex programmatic analysis.  Site-specific factors could not be 
used because of the high variability. Additionally, other references have 
concluded that these two factors are the most significant factors affecting surface 
erosion and sediment delivery. 
 


Subject Area: Sediment 
Issue: Sediment delivery risks overstated. 
Number of Individual Comments: 1 
 


Comment Summary: 
This comment states that forest management decreases sediment delivery. 


 
Response: 


We are not aware of any studies documenting decreases in sediment load due to 
timber harvest. Most studies on the subject, in fact, indicate the opposite, that 
timber harvest increases sediment delivery.  While proper implementation of 
BMPs may decrease sediment load due to timber harvest, no study has shown that 
these measures reduced sediment delivery to zero.  Another issue is which BMPs 
are used, and the amount of enforcement.  These factors were considered when 
evaluating the alternatives. 


 
Subject Area: Sediment 
Issue: Surface erosion - harvest related. 
Number of Individual Comments: 2 
 


Comment Summary: 
These comments concern aspects of the timber harvest-related erosion analysis of 
Alternative 2. One coment specifically states that the selected evaluation criteria 
(i.e., timber harvest area and buffer width) are not appropriate.  The comment 
refers to several specific harvest-related site factors thought to more strongly 
influence harvest-related surface erosion (e.g., sediment transport distance below 
erosion sources, such as roads and skid trails; volume of sediment transported; 
volume and concentration of runoff; and the density of sediment trapping 
obstructions on the forest floor) (Megahan and Ketcheson, 1996; Packer, 1967; 
Burroughs and King, 1989; Haupt, 1959a and 1959b).  
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Another comment discusses other factors influencing sediment delivery from 
harvested areas, highlighting the benefits of timber harvest on sediment reduction 
through reduction in fire risk. 


 
Response: 


Timber harvest area and buffer width were selected as appropriate predictive tools 
available for a complex programmatic analysis.  Site-specific factors could not be 
used because of the high variability. Additionally, other references have 
concluded that these are the two most significant factors affecting surface erosion 
and sediment delivery. 
 
While the comment discussing the effects of fire on sedimentation correctly notes 
that active forest management may reduce the risk of wildfire in some instances, 
the significance of the benefit associated with reduction in fire risk may not be 
high relative to the impacts of harvest and associated road construction and use.  
Historically, wildfire in unmanaged watersheds of Washington typically resulted 
in large episodic pulses of sediment for a discrete time period.  Aquatic species 
evolved within this natural system.  Current and past forest practices often result 
in chronically elevated sediment levels within a watershed.  These chronically 
elevated levels have been shown to be harmful to fish.   
 
The text was modified to explain more fully the factors involved in harvest-
related erosion.  However, this did not change the evaluation of alternatives. 


 
Subject Area: Sediment 
Issue: Surface erosion - road related. 
Number of Individual Comments: 4 
 


Comment Summary: 
These comments concerned several aspects of delivery of road-generated 
sediment.  One comment concerned a threshold mentioned in the Forests and Fish 
Report which stated that sediment from roads must be reduced by 50 percent.  
Another comment concerned how Alternative 2 would meet water quality 
standards, particularly the way roads are connected to the drainage network. 


 
Response: 


The requirement of 50 percent reduction in sediment was present in the Forests 
and Fish Report, and is a measure to be used in adaptive management.  However, 
the standard of meeting state water quality objectives remains the overall goal. 
 
The objective of the rule is to meet water quality standards by decoupling the road 
system from the drainage network.  Unless water quality standards are measured 
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on very small streams, the effect of runoff that is diverted to vegetated, 
unchanneled hillsides will be negligible.  Water quality is typically monitored at 
locations on streams where the upstream area is large.  Thus, a small amount of 
sediment that does not settle out on a hillslope will not likely diminish water 
quality significantly. 
 


Subject Area: Sediment 
Issue: Type N streams not protected. 
Number of Individual Comments: 4 
 


Comment Summary: 
These comments concerned the vulnerability of type N streams to sediment under 
Alternative 2.  The concern was that type Ns streams (seasonal) do not receive a 
buffer that would filter sediment from adjacent eroding areas.  The comments also 
mention that these streams form a substantial portion of the drainage network.  


 
Response: 


Under Alternative 2, the overall goal of meeting water quality standards would 
serve as a mechanism for additional sediment control measures, should they be 
needed.  A maximum of 10 percent of the equipment limitation zone, which 
extends 30 feet from the bankfull stream channel edge within the unbuffered 
portion of a harvest unit, would be allowed to be disturbed; any greater amount 
would require erosion control measures.  Because timber harvests are spread out 
over time and space within a given watershed, the actual amount disturbed at any 
given time would be relatively small, particularly with larger watersheds size. 
 
Section 3.2.3.2 of the EIS states that there would be a moderate level of risk of 
sediment delivery under this alternative. 


 
Subject Area: Stream Channels 
Issue: Bank stability criteria inappropriate 
Number of Individual Comments: 3 
 


Comment Summary: 
These comments concerned the discussion of bank stability, including the 
characterization of nonfish-bearing streams, use of the FEMAT root strength 
curve, the use of 100 versus 250-year site potential tree heights (SPTHs) for 
measuring buffer widths, and the effectiveness of no-harvest buffers at protecting 
streambank stability. 


 
Response: 


The comments state that "protective measures" are present along the full length  
of nonfish-bearing streams. However, protective measures that do not retain 
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sufficient root strength to maintain bank stability increase the risk of streambank 
failure.  The equipment limitiation zones (ELZs) provided under Alternative 2 do 
not protect for root strength, even though they decrease direct streambank 
disturbance, relative to normal logging operations under Alternative 1. 
 
The process of bank failure is similar to that of a debris avalanche, althougth the 
triggering mechanism is usually removal of lateral support by stream erosion; the 
role of root strength is similar.  Therefore the FEMAT curve is applicable. 
 
The discussion of bank stability is now based on SPTHs in the range of 100 to 
250 years.  Conclusions in the Final EIS are valid for buffer widths based in 
SPTHs in this range. 
 
One comment suggests that second growth forests would enhance bank stability.  
There is no known study which documents increased root strength after harvest.  
In fact, nearly all studies on the subject show that landslide occurrence increases 
after harvest.  Should bank stability be enhanced to the point where it is armored 
relative to natural conditions, secondary channel effects could theoretically result.  
The optimum case for bank stability would be one where the natural rate of bank 
failure is maintained or restored. 


 
Subject Area: Stream Channels 
Issue: Bank stability. 
Number of Individual Comments: 3 
 


Comment Summary: 
These comments concern the protection given to ephemeral stream channels.  
They state that there is a risk of sedimentation due to the lack of stream bank 
protection. 


 
Response: 


Given the size of watersheds at which water quality is measured (on the order of 
50,000 acres), it is unlikely that six percent of the stream channel network would 
be directly disturbed.  Additionally, this level of disturbance is not likely to cause 
a violation of water quality standards.  The 10 percent maximum disturbance level 
for equipment limitation zones would be superceded by the overall objective of 
achieving water quality standards. 
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Subject Area: Stream Channels 
Issue: Other. 
Number of Individual Comments: 4 
 


Comment Summary: 
These comments discuss various aspects of stream bank stability related to timber 
harvest activities.  However, These comments do not comment directly on the 
Draft EIS, but merely provide information that pertains to various discussions 
contained within it. 


 
Response: 


Comments noted. 
 
Subject Area: Stream Channels 
Issue: Type N streams. 
Number of Individual Comments: 3 
 


Comment Summary: 
These comments concern the amount of protection afforded Type N streams by 
Alternative 2.  One comment concerned the protection given to Type N streams 
from debris flows.  It stated that the buffers at the confluence of two Type N 
streams are not adequate to protect against sediment delivery from debris flow 
events. 


 
Response: 


Although forested buffers are not required for Type Ns streams or all portions of 
Type Np streams (unless specific conditions are present such as unstable slopes) , 
Alternative 2 does require that no more than 10 percent of the area adjacent to 
these streams be left in a disturbed or untreated state.  Erosion control methods 
will be required to treat disturbed areas.  If less than 10 percent of the Equipment 
Limitation Zone is disturbed, these disturbed areas would occur in small areas 
relative to large drainage basins.  Notably, there are no guidelines for the actual 
treatment of disturbed slopes.  DNR staff would have the responsibility of 
reviewing and enforcing the measures used. 
 
The EIS analysis team recognized the risk of debris flows reaching Type N, S, 
and F streams, as well as  the risk of sediment delivery to Type N streams, in its 
analysis. 
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Subject Area: Unstable Slopes 
Issue: Adaptive management. 
Number of Individual Comments: 2 
 


Comment Summary: 
These comments infer that adaptive management would have various research 
priorities that would help deal with unstable slopes. 


 
Response: 


The ability of adaptive management to address any necessary changes in Forest 
Practices Rules concerning unstable slopes was considered in the EIS evaluations. 


 
Subject Area: Unstable Slopes 
Issue: Alternative 3 
Number of Individual Comments: 2 
 


Comment Summary: 
These comments state that Alternative 3 should be the preferred alternative, and 
that it best addresses those process which impact fish habitat. 


 
Response: 


Comments noted. 
 
Subject Area: Unstable Slopes 
Issue: Blowdown. 
Number of Individual Comments: 2 
 


Comment Summary: 
These comments point out that buffers left for many functions, including to 
maintain slope stability, may be compromised by short-term wind losses.  The 
comments suggest that because the Forest Practices Rules do not require 
provisions for windfirm mass wasting leave areas, buffer functions are at risk of 
being impaired.  


 
Response: 


The Final EIS has been revised to incorporate descriptions of the risk of 
windthrow affecting unstable slope buffers. 
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Subject Area: Unstable Slopes 
Issue: Deep-seated landslides 
Number of Individual Comments: 3 
 


Comment Summary: 
Deals with the omission of this type of landslide from the "unstable landforms" 
list in the new Forest Practices Rules. 


 
Response: 


Deep seated landslides are specifically included in the proposed Forest Practices 
Rules. 
 


 
Subject Area: Unstable Slopes 
Issue: Effect of landslides on riparian zones 
Number of Individual Comments: 1 
 


Comment Summary: 
This comment suggests that the Draft EIS failed to consider the influence of 
landslides on riparian vegetation. 


 
Response: 


Text has been added (see 3.2.2.2) to include this impact in the discussion of 
sediment inputs related to timber harvest and the effects of debris torrents on 
riparian areas. 


 
Subject Area: Unstable Slopes 
Issue: The Forest and Fish Report is incomplete. 
Number of Individual Comments: 3 
 


Comment Summary: 
These comments state that without a wind-protection buffer, buffers for unstable 
slopes could be affected, rendering 50 percent ineffective. 


 
Response: 


Text has been added to Section 3.2 to address this issue. 
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Subject Area: Unstable Slopes 
Issue: General. 
Number of Individual Comments: 4 
 


Comment Summary: 
These comments point out that mass wasting may contribute at least as much 
sediment as roads, which previously have been thought to be the main source of 
anthropogenic sediment inputs. 


 
Response: 


The EIS has been revised to include references relevant to this discussion (e.g., 
Montgomery et al., 1998; Paulson, 1997). 


 
Subject Area: Unstable Slopes 
Issue: Improving trend criteria is insufficient 
Number of Individual Comments: 1 
 


Comment Summary: 
This comment was concerned with the Forest and Fish Report’s performance 
criteria for mass wasting.  They point out that simply having an "improving trend" 
is insufficient to protect salmon habitat 


 
Response: 


Comment noted.  This is a subject that would be addressed through adaptive 
management. 
 


Subject Area: Unstable Slopes 
Issue: LWD contribution 
Number of Individual Comments: 1 
 


Comment Summary: 
This comment concerns the contribution of landslides to LWD in streams, stating 
that LWD recruitment would be maintained, provided enough landslides occur. 


 
Response: 


Very little is known about the contribution of LWD from landslides.  The vast 
majority of studies show that most, but not all LWD comes from the riparian area 
adjacent to the stream, and not from upstream. 
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Subject Area: Unstable Slopes 
Issue: Mapping and DNR review of unstable slopes. 
Number of Individual Comments: 16 
 


Comment Summary: 
There were a number of comments regarding the status of mapping of mass 
wasting potential.  Concern was expressed that mapping would either be 
insufficient, or DNR was not qualified to do it. Several commenters expressed 
concern about the level and type of review given unstable slopes by the DNR. 


 
Response: 


The new rules do not prohibit use of existing watershed analyses for prescriptions.  
Rather, the existing prescriptions that specifically deal with unstable slopes in an 
approved watershed analysis are exempt from the Class IV special review.  Any 
modification of existing prescriptions in an approved watershed analysis would 
have to go through the Class IV special review. 
 
Additionally, under the proposed rules, broad classes of potentially unstable 
landforms are used as a screen which would automatically trigger a detailed 
review (Class IV-special and SEPA review); this in turn would provide somewhat 
greater protection from unstable landforms than is currently provided 
 
The slope triggering special review is appropriately set at 70 percent.  This is 
approximately the angle of repose, above which slopes are unstable.  Modification 
of a 70 percent slope, for example, by removing timber, and thus root strength, 
would decrease the factor of safety.  Some landslides could be triggered on slopes 
less than 70 percent, but the mechanism of failure in debris avalanches, the most 
common type of mass wasting in inner gorges, is more closely tied to the angle of 
repose. 
 
Additionally, the standard of protection of public resources is actually higher in 
the draft Forest Practices Rules.  The proposed Forest Practices Rules state:  
"Timber harvest, or construction of roads, landings, gravel pits, rock quarries, or 
spoil disposal areas, on potentially unstable slopes or landforms… that has the 
potential to deliver sediment or debris to a public resource or that has the potential 
to threaten public safety...”, will be considered a Class IV-special application.  
Previously, as the commentors point out, the phrase "significant impact to public 
resources" was used.  Under the new rules, potential delivery of sediment or 
debris, no matter what the significance of impact is, triggers a Class IV special 
review. 
 
DNR would use qualified experts to map unstable slopes.  DNR employs 
scientists that are ‘qualified experts’ under the Forest Practices Rules. 
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Subject Area: Unstable Slopes 
Issue: Mass wasting from timber harvest vs. roads. 
Number of Individual Comments: 1 
 


Comment Summary: 
Montgomery et al. (1988) is cited as saying the timber harvest related landslides 
are at least as frequent as road-related landslides. 


 
Response: 


Text will be added to reflect the results of this study. 
 
Subject Area: Unstable Slopes 
Issue: Proposed Forest Practices Rules allow logging on high risk slopes 
Number of Individual Comments: 22 
 


Comment Summary: 
These comments describe the proposed Forest Practices Rules as allowing logging 
on highly unstable slopes.  Additionally, some comments state that exempting 
current watersheds that have mass wasting prescriptions from the proposed mass 
wasting review would allow timber harvest related mass wasting on these 
watersheds. 


 
Response: 


By screening each timber harvest application for unstable landforms such as inner 
gorges, Alternative 2 would allow for greater review than under Alternative 1, and 
as such represents a decrease in the risk of timber harvest-induced mass wasting. 
 
Those watersheds with completed watershed analysis (about 10 percent) have 
already undergone detailed, regionally tailored analysis.  A review of the 
watershed analyses already conducted is scheduled for every 5 years.  This 
provides the opportunity to modify prescriptions based on additional data.  
However, as stated in the Draft EIS, it is unclear how many watershed analyses, 
or reviews, would be completed in the future, given that under Alternative 2, there 
would be fewer incentives for incuring the cost of completing them.  This 
uncertainty represents a risk in itself. 
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Subject Area: Unstable Slopes 
Issue: Risk analysis. 
Number of Individual Comments: 5 
 


Comment Summary: 
These comments address the analysis of slope stability under the three 
alternatives, particularly the potential identification of unstable areas. 


 
Response: 


Table 1 in Appendix E was used as a tool to determine if there would be 
significant incidental protection of unstable areas through RMZs.  It was 
determined that only a slightly higher protection would be gained through this 
indirect measure, under Alternative 2. 
 
The main criteria of the Draft EIS for determining mass wasting risk was the 
degree of analysis conducted by the DNR. It was determined that due to the 
higher level of scrutiny of unstable areas under Alternative 2, that the risk of 
sediment delivery due to mass wasting would be low. 


 
Subject Area: Unstable Slopes 
Issue: Risk assessment of unstable slopes. 
Number of Individual Comments: 12 
 


Comment Summary: 
These comments discuss the various means of avoiding risk of sediment delivery 
under the proposed alternative. 


 
Response: 


Comments noted. 
 
Subject Area: Unstable Slopes 
Issue: Risk of sediment delivery 
Number of Individual Comments: 1 
 


Comment Summary: 
This comment points out that in Appendix F, the "overall" risk of sediment 
delivery is moderate, while on page 3-16, the risk of sediment delivery is "low to 
moderate". 


 
Response: 


Actually, the "overall" risk mentioned in Appendix F, Forest Roads, refers to risk 
of sediment delivery from roads.  Additionally, on page 3-16, the Draft EIS states 
that there would be a slight to moderate risk of sediment delivery from timber 
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harvest related landslides.  The two section are discussing different sediment 
sources, and do not contradict each other. 


 
Subject Area: Unstable Slopes 
Issue: Road-related landslides 
Number of Individual Comments: 2 
 


Comment Summary: 
This set of comments relates to landslides due to roads.  Specfically, these 
comments concern road location as a cause of mass wasting; and the DNR's 
ability to identify and adequately define unstable areas. 


 
Response: 


The Draft EIS uses road siting as an evaluation criterion.  Alternative 2 provides 
sufficient review of road location that the effect would be a decreased risk of 
road-related landslides.  Unstable areas (including inner gorges) would 
automatically be included for review under SEPA, including site-specific stability 
review.  It is true that there is no standard procedure for stability review presented 
in Alternative 2.  However, WAC 222-10-30 provides some guidance to DNR for 
evaluating potentially unstable slopes or landforms. 


 
Subject Area: Unstable Slopes 
Issue: Variability across the state. 
Number of Individual Comments: 1 
 


Comment Summary: 
This comment states that the Draft EIS’ analysis of Alternative 2 did not take into 
account natural variation in landslides across the state, citing Everest et al. (1987) 
and data from several watershed analyses to conclude that landsliding is a 
relatively low risk in eastern Washington. 


 
Response: 


The fact that there is regional variability in landslide rates was acknowledged in 
the Draft EIS (see Appendix E’s reference to “regional variations in physiography 
around the state”).  The claim that the total volume of sediment delivered from 
eastside landslides is lower than west side is probably reasonable.  However, it 
does not necessarily follow that the risks from sediment impacts are also lower on 
the east side. The EIS team concluded that within the scope of this programmatic 
analysis, the risk associated with regional variations of landslides have not yet 
been well enough defined for incorporation into the formal analysis. 
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Climatic and geologic differences make landslide prediction based on landform 
variables alone more difficult in eastern Washington. To address this, DNR is 
reconfiguring SMORPH to model eastside slope stability (Laura Vaugeois, DNR, 
personal communication, 1/24/01). 
 
Note that the reference cited in the comment (Everest et al., 1987) does not 
discuss the relationship of landslides to geographic area.   


 
Subject Area: Unstable Slopes 
Issue: Watershed analysis. 
Number of Individual Comments: 3 
 


Comment Summary: 
These comments state that the new Forest Practices Rules would supercede 
prescription for unstable slopes developed under watershed analysis. 


 
Response: 


Existing prescriptions from a watershed analysis for unstable slopes would remain 
in effect under Alternative 2.  However, if a prescription from watershed analysis 
for unstable slopes is not location-specific, a Class IV-special application would 
be triggered.  Otherwise, the specific unstable slope prescription from the 
watershed analysis would remain in effect. 


 
Subject Area: Water Quality 
Issue: Clean Water Act. 
Number of Individual Comments: 3 
 


Comment Summary: 
These comments concern the list of impaired water bodies. 


 
Response: 


Text will be added to reflect the relevant changes made to the 303(d) list by EPA, 
and that some streams are not monitored. 
 
One comment noted that there are no specific plans for dealing with 303(d) listed 
streams.  The overall goals of Alternative 2 are to meet water quality standards.   
One of the primary goals of the Forests and Fish process has been to help remove 
streams from the 303(d) list.  The proposal is a specific plan for doing this. 
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Subject Area: Water Quality 
Issue: Forest Chemicals 
Number of Individual Comments: 1 
 


Comment Summary: 
The comment concerns the use of forest chemicals (herbicides and pesticides, 
mainly).  It includes the concern that characterization of use of these chemicals is 
incorrect. 


 
Response: 


Text will be added to reflect the studies presented. 
 
Subject Area: Water Quality 
Issue: Forestry perspective 
Number of Individual Comments: 2 
 


Comment Summary: 
These comments concern the EPA's 305(b) report on sources of water quality 
violations. 


 
Response: 


The context of the report cited is a national water pollution study.  More 
important is how timber practices affect water quality in salmon-bearing regions 
of the Pacific Northwest. 


 
Subject Area: Water Quality 
Issue: General. 
Number of Individual Comments: 5 
 


Comment Summary: 
These comments address a variety of issues, including the affected environment 
description of water quality. 
 
The EIS analysis team appreciates the suggestions for improving the text and 
additional literature to be reviewed as part of the water quality sections, and these 
were considered during revision. 


 
Response: 


New references were added, including the draft review of the temperature water 
quality standards for Washington State by Hicks (2000). 
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Subject Area: Water Quality 
Issue: Risk levels overestimated. 
Number of Individual Comments: 2 
 


Comment Summary: 
These comments state that the Draft EIS is too overestimates the level of risk in 
the evaluation of effects on water quality. 


 
Response: 


The Type N streams are shown to comprise a major portion of the stream network 
in large basins.  The risk calls were based in part on this fact.  The basis for this 
determination is the fact that a large amount of stream channel would be affected; 
there would be minimal protection against sediment delivery on significant 
portions of Type Np streams and all of Type Ns streams. 


 
Subject Area: Water Quality 
Issue: Supporting water quality information. 
Number of Individual Comments: 9 
 


Comment Summary: 
These comments are grouped together because each discusses various aspects of 
water quality without directly commenting on the Draft EIS.  Rather, they provide 
information that pertains to various discussions already contained within the Draft 
EIS. 


 
Response: 


Comments noted. This information was considered in the development of the 
Final EIS. 


 
Subject Area: Water Quality 
Issue: Temperature - effects on aquatic species 
Number of Individual Comments: 2 
 


Comment Summary: 
One comment noted that the temperatures at which various aquatic species are 
susceptible to harm is higher than DOE figures.  Another comment suggested that 
current Water Quality Standards may not be sufficiently protective of all species 
and life stages and that a water temperature performance target under Alternative 
2 based on these standards was inadequate. 


 
Response: 


The draft review of water temperature effects on salmonids by Hicks (2000)  was 
consulted and text modified in Section 3.6 to reflect any discrepancies found.  The 







 
 


 


 


 


Responses to Comments on the Draft EIS Final EIS 


 


Appendix K


K-120


performance target for water stream temperature under Alternative 2 includes 
allowances for future changes in the Washington State stream temperature 
criteria. 


 
Subject Area: Water Quality 
Issue: Temperature - general 
Number of Individual Comments: 16 
 


Comment Summary: 
One comment includes a description of the factors affecting stream temperature.  
Several comments suggested the EIS analysis did not adequately consider air 
temperature and groundwater effects on water temperature. Other comments refer 
to the risk of stream temperature increases on fish-bearing streams due to 
increases on nonfish-bearing streams and the lack of cumulative effects analysis 
that considers current water temperature conditions prior to harvesting riparian 
trees. 


 
Response: 


Comments noted. 
 
The EIS discussion on air temperature and groundwater effects on water 
temperature is present in Appendix B, Section 3.4, and Section 3.6.  
 
Section 3.6.3.2 of the Draft EIS points out that under Alternative 2, there would 
be a risk of elevated stream temperature in streams due to lack of shade on 
nonfish-bearing streams. According to Caldwell et al. (1991), elevated 
temperatures in Type N streams are expected to revert to background levels 
within 500 feet of entering the RMZ below the junction of the two streams.  
However, the ISR (2000) disputes the general applicability of Caldwell et al. 
(1991).  Given the existing lack of shade in many watersheds, and the uncertainty 
of cumulative effects of Ns streams with potentially elevated temperatures, there 
remains a low to moderate risk of increased stream temperatures.  The discussion 
of water temperatures in Type N streams and the transport of heat to Type F and S 
streams has been expanded in the EIS. 
 
Under Alternative 1, the RMZs do not meet the criteria for adequate shade 
protection; additionally, the documented violations of water quality standards 
occur under existing Forest Practices Rules.  Therefore the risk of impairment 
under Alternative 1 is high. 
 
Related comments and responses can found categorized under Riparian/Shade and 
Fish/Temperature. 
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Subject Area: Water Quality 
Issue: Turbidity measurement 
Number of Individual Comments: 1 
 


Comment Summary: 
This comment regards the proper definition of NTUs. 


 
Response: 


Text will be added to reflect necessary changes in the definition used. 
 
Subject Area: Water Quality 
Issue: Turbidity/Sediment. 
Number of Individual Comments: 3 
 


Comment Summary: 
These comments have to do with the goals of the Forest and Fish Report for 
turbidity/sediment. 


 
Response: 


It is not established that sediment loads would increase by 100 percent.  The 
criteria that allows a 50 percent increase in sediment over background, from 
roads, is present in the Forest and Fish Report, but is not part of the proposed 
Forest Practices Rules or Alternative 2.  Additionally, the outcome-based goal of 
achieving water quality standards would allow for additional DNR oversight, and 
feedback in the review of forest practices applications. 
 
The risk to water quality under Alternative 2 is pointed out in the Draft EIS, and 
includes moderate risk in the short term and low risk in the long term.  Best 
Management Practices presented in RMAPs would be subject to the review by 
DNR. 


 
Subject Area: Water Typing 
Issue: EIS analysis. 
Number of Individual Comments: 1 
 


Comment Summary: 
One commenter disagreed with the use of emergency water typing rules in 
developing the alternative analysis. 


 
Response: 


The use of the emergency water typing rules to delineate stream types under the 
Forest Practices Rules proposed in the Forests and Fish Report was necessary 
because the water typing model is not available or sufficiently complete for use in 
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the EIS analysis. The proceedure to convert the existing stream typing system to 
the system proposed in the Forests and Fish Report is fully described in Appendix 
C.  The modeling approach for defining fish-bearing streams in the EIS probably 
over-estimates the amount of fish-bearing waters and under estimates the Type N 
perennial streams.  Nevertheless, this approach is reasonable given the available 
information.  The Final EIS has been revised to discuss the effects this bias might 
have on the results of the analysis. 


 
Subject Area: Water Typing 
Issue: Model validity and verification. 
Number of Individual Comments: 23 
 


Comment Summary: 
Several commenters suggested the typing system proposed under Alternative 2 
does not provide a rational basis for justifying different riparian prescriptions 
based on different water types.  Several commenters noted that the proposed 
stream typing model will be based upon existing fish presence data that could be 
incomplete or erroneous, does not consider geomorphic function or resource 
sensitivity, and will have too high of a potential for mis-typing. In addition, it was 
suggest there is no mechanism is specified for correcting fish typing errors.  
Several commenters expressed concern that stream typing would be inaccurate 
because streams that are currently nonfish-bearing, historically had fish but 
habitat degradation such as loss of LWD has eliminated usable habitat.  One 
commenter suggested the level of protection to fish-bearing could not be analyzed 
because the stream typing model was incomplete under Alternative 2 and that the 
amount of streams identified as fish-bearing could not be determined. 


 
Response: 


The most important criteria in the proposed typing system will be the presence or 
absence of a sensitive resource (fish habitat).  In fact, the presence of fish habitat 
is intimately tied the geomorphic function of the stream.  In addition, the model 
currently under development will likely include several geomorphic parameters 
such as drainage area and channel gradient that are factors related to geomorphic 
function.  Finally, riparian prescriptions are not exclusively driven by the 
proposed stream typing system.  For example, the lower portions of Type Np 
streams and alluvial fans include riparian prescriptions.  
 
The stream typing model is currently under development and will include 
cooperation with the Washington Department of Fish and Wildlife and 
Department of Ecology, and consultation with affected Tribes. Consequently, it is 
not possible at this time to determine its overall adequacy for identifying fish and 
nonfish-bearing streams.  Development of the stream typing model is a priority 
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for Adaptive Management under Alternative 2 and will include review by the In-
stream Scientific Advisory Group, a subcommittee of Cooperative Monitoring, 
Evaluation and Research (CMER).  The model will not necessarily be based on 
just existing data and the quality of the data used to develop the model will be 
considered during the developmental process.  The model, when fully developed, 
is intended to be the standard method when no existing data is available, but can 
be adjusted by in-field observations of fish (through non-lethal means) or 
observations of a natural blockage to access (Appendix B, Section II, B.1(b)). 
 
The potential for error in the model is not known at this time, but the negotiated 
target for the fish/habitat model is to correctly identify the demareation between 
fish and nonfish-bearing streams with 95 percent accuracy, and to ensure that 
errors will be equally likely to over- and under-estimate the demareation location. 
 
The commenter is correct in stating that the actual amount of fish-bearing streams 
under Alternative 2 can not be known until the water typing model is complete.  
However, the level of protection can still be estimated in the EIS based upon the 
available information and the assumptions made to estimate stream miles under 
the different stream typing systems proposed under the alternatives.  The EIS 
analysis team believes these are reasonable estimates. 


 
Subject Area: Watershed Analysis 
Issue: Cumulative effects. 
Number of Individual Comments: 9 
 


Comment Summary: 
These comments expressed concern that the proposed modifications to watershed 
analysis under Alternative 2 would result in insufficient cumulative effects 
analysis. 


 
Response: 


Section 3.11.1.2 of the Draft EIS raises this concern also.  Although there would 
be no systematic way of analyzing cumulative effects on a watershed scale, the 
assumption is that cumulative effects will be satisfactorily addressed under the 
upgraded set of rules.  Watershed analysis is only part of the cumulative effects 
approach within WAC 222-12-046.  Additionally, long-term scientifically 
rigorous studies would likely be initiated to further address this issue statewide 
and changes could be made through adaptive management.  Systematic long-term 
studies are required to adequately assess cumulative effects during widely varying 
hydrologic conditions.  The watershed analysis process is still available on a 
voluntary basis to private landowners, and DNR will continue to complete them 
as funding is available.   
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Subject Area: Watershed Analysis 
Issue: Other. 
Number of Individual Comments: 15 
 


Comment Summary: 
Some commenters disagreed with the Draft EIS conclusion that watershed 
analysis was less likely to occur under Alternatives 2 and 3 than Alternative 1, 
pointing out that some landowners have HCPs that require preparation of 
watershed analyses.  Others suggested that the implementation and completion of 
watershed analyses has declined in some regions such as the South Puget Region 
and that the likelihood for starting new watershed analyses in the near future 
under Alternative 2 was low.  The WFPA suggested the Draft EIS calculation of 
how long it will take to complete watershed analyses is in error and should be 87 
years. 


 
Response: 


The EIS recognizes that watershed analysis would continue under Alternatives 2 
and 3.  On some lands, implementation of watershed analysis would probably 
continue at the same rate as before because landowners are required to complete 
them as part of their HCP agreements.  In addition, the DNR would continue, as 
required under law, to perform watershed analysis as funding is available.  
However, funding is uncertain and other efforts may be higher priorities.   
 
The EIS also recognizes that a major assumption under Alternatives 2 and 3 is 
that most cumulative effects would be prevented by implementation of standard 
rules, the major exception being hydrologic effects.  Consequently, watershed 
analysis under Alternatives 2 and 3 is primarily a tool for documenting current 
watershed conditions.  Considering the costs (about $150,000 per watershed 
according to the Washington Forest Protection Association) and benefits to 
landowners for conducting watershed analysis under Alternatives 2 and 3, and the 
recent decline in the preparation of voluntary watershed analyses for lands 
without HCP or other requirements, the EIS analysis team believes there is little 
incentive for landowners to voluntarily conduct watershed analysis.  
 
Although there appears to be little incentive for landowners to voluntarily conduct 
watershed analysis, except where required by HCP agreements, landowners are 
likely to voluntarily use portions of the methodology that can efficiently guide 
effective forest management (e.g., mass wasting hazard zonation, road inventory 
and sediment modeling, and westside hydrology modeling).  Thus, partial 
assessments are more likely to occur. 







 
 
  
 
 
 


Final EIS Responses to Comments on the Draft EIS 
 


Appendix K 


K-125


Subject Area: Wetlands 
Issue: Buffers. 
Number of Individual Comments: 2 
 


Comment Summary: 
Two commenters disagreed with the risk ratings as applied to wetland buffers. 


 
Response: 


Low, moderate, and high risk ratings are necessarily broad categories. However, 
the attempt was made to categorize risks to the environment based on key 
evaluation criteria. Both quantitative (acreage impacted and protected) and 
qualitative evaluations and best professional judgment were used to produce a risk 
rating. Evaluation criteria for wetlands included fish and wildlife habitat, water 
quality, and hydrological support functions.  
 
For non-forested wetlands Alternatives 1 and 2 were rated low to moderate risk. 
However, they do allow impacts to all wetlands less than 0.25 acre and Type B 
wetlands from 0.25 to 0.50 acres would receive no buffers. However, because 
Alternatives 1 and 2 provide buffers for most Type A and Type B wetlands, 
Alternatives 1 and 2 did not justify a moderate risk rating but were rated slightly 
lower, low to moderate risk. 
 
In contrast, Alternative 3 provides protection of all non-forested wetlands with 
relatively large buffers.  This comprehensive protection would constitute a low 
risk to wetland functions. 
 
The Draft EIS and public comments highlight the fact that buffer width 
determination is not an exact science. A recent study (McMillan, 2000, The 
Science of Wetland Buffers and Its Implications for Management of Wetlands, 
Masters Thesis, Evergreen State College, Washington Department of Ecology) 
completed after the Draft EIS was published provides a comprehensive review of 
wetland buffer science. The review of numerous studies identified the general 
variability of buffer widths reported in the literature. The author summarizes that 
buffer effectiveness generally increases with width, but that the law of 
diminishing returns applies to the effectiveness of removing pollutants 
somewhere in the range of 30-50 meters.    
 
The author proposes a new "advance buffer determination method" to prescribe a 
buffer width that is more tailored to specific site characteristics rather than relying 
on standard buffer widths. This type of buffer determination methodology may be 
an appropriate adaptive strategy under Alternative 2. This methodology would 
likely provide larger buffers than those proposed for non-forested wetlands in 
Alternatives 1 and 2. 
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Subject Area: Wetlands 
Issue: Editorial comments. 
Number of Individual Comments: 3 
 


Comment Summary: 
Several commenters suggested specific editorial changes or noted errors in the 
text. 


 
Response: 


Suggested editorial changes were considered during revision of the EIS and noted 
errors were corrected. 


 
Subject Area: Wetlands 
Issue: Forested wetlands, microclimate, groundwater, and water temperatures. 
Number of Individual Comments: 15 
 


Comment Summary: 
Several commenters suggested that in addition to the direct effects to small 
forested wetlands that receive no buffers, timber harvests would cumulatively 
affect forested wetland water temperature and hydrology indirectly which would 
in turn affect Type N, S and F streams and microclimate features important for 
amphibian habitat.  Other commenters suggested there is little evidence to suggest 
significant degradation of forested wetlands on commercial forestlands.  One 
commenter suggested that one of the few benefits under Alternative 2 for forested 
wetlands is that the filling threshold for the requirement of a Class IV-special 
permit has been lowered. 


 
Response: 


Several commenters suggested that harvesting will increase surface and 
groundwater temperatures.  In the cited studies, soil temperatures were measured 
only at 5 or 10 cm below the surface in clearcuts and stream buffers. This data 
does not necessarily translate to higher shallow groundwater temperatures, 
because the majority of subsurface groundwater flow, or interflow, occurs in a 
deeper portion of the ground profile. In fact one of the papers cited, Brosofske, et 
al. (1997) stated that their results for comparing effects of soil temperature to 
stream temperature "is highly variable depending on site specific conditions, so 
extreme caution should be used in applying these results generally".  Although 
harvesting may affect soil microclimate, this affect is not likely to be significant 
to forested wetlands.  Additional information is presented in Appendix D. 
 
It is acknowledged that there is a paucity of studies that document significant 
degradation of forested wetlands on commercial forestlands in Washington.  
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However, this lack of information does not imply that there are no effects from 
harvesting forested wetlands. 
 
Comments were made on the cumulative effects on basin-level hydrology from 
harvesting forested wetlands. This comment is based on the supposition that by 
removing the forest canopy evapotranspiration rates will decrease and result in 
increased surface runoff and peak flows. This statement is accurate if applied to 
an entire watershed. However, there is little documentation specific to 
management of northwestern-forested wetlands. This highlights the need for an 
adaptive management process.  The adaptive maangement process in Alternative 
2 and the functional classification method in Alternative 3 would decrease the 
likelihood of an adverse effect on stream flows because these methods can be 
used to understand the hydroperiod of a different wetland types or complexes 
prior to developing harvest plans. 
 
For example, a primary function of wetlands is to store and attenuate flood 
waters.  This function is important in riverine impounding and in depressional 
forested wetlands in western Washington (Hruby et al., 1998).  These wetlands 
have storage capacity that varies with the season and precipitation events.  
Riverine-impounding wetlands are wetlands along stream and rivers that are 
subject to frequent-flooding but retain floodwaters long after the flood event.  
Depressional wetlands occur in topographic depressions that have closed contours 
and elevations that are lower than surrounding landscapes (Hruby et al., 1998). 
 
In western Washington, most precipitation occurs from November to March. 
These are times of peak stream flows and when wetland storage capacity is high 
or full.  Riverine impounding wetlands will provide some flood storage during 
significant events.  Depressional wetlands will discharge surface water in excess 
of their storage volume.  During this period, interflow, or shallow subsurface 
flows, are recharged.  It is also a time of cool temperatures and low 
evapotranspiration. During this time of the year, the removal of the forest canopy 
will have little effect on wetland hydrology, wetland discharge, and in turn on 
surface water temperatures in streams. 
 
At some point in spring impounding or depressional wetlands will cease to 
discharge surficially.  Harvesting of the canopy will increase solar radiation into 
wetland surface water.  This effect will only occur during the warmer months and 
will occur only until the shrub canopy has increased sufficiently to shade open 
water and saturated soils.  At some point the detained water will evaporate to a 
point where water levels cannot provide sufficient hydrostatic pressure to cause 
infiltration, or interflow, into the surrounding soil.  This point in time will vary 
depending on many factors, including geomorphic setting, aspect, precipitation 
regime, soil type, and vegetation type, among others.  Beyond this point many 
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wetlands in western Washington will dry up by the time dry season stream flows 
need to be maintained (Hruby et al., 1998). 
 
Other forested wetland types in western Washington include riverine flow-
through and slope wetlands.  Riverine flow-through wetlands are closely 
associated with the active stream or river channel.  These wetlands do not 
contribute significant groundwater; rather their hydroperiod tends to reflect 
stream or river levels.  This type of wetland would be afforded protection by the 
riparian management zone. 
 
Slope wetlands are discharge wetlands that do not store water nor do they have 
obvious surface water inflows.  These wetlands are the equivalent of seeps.  
Because these are groundwater discharge wetlands, canopy removal should have 
no effect on groundwater.  However, surface discharge may warm somewhat 
depending on the time period this flow is exposed to the solar radiation before it 
either reinfiltrates or enters a surface channel. 
 
It is noted that not all forested wetlands associated with Type N streams or 
isolated, forested wetlands are protected under all alternatives. 


 
Subject Area: Wetlands 
Issue: General. 
Number of Individual Comments: 7 
 


Comment Summary: 
Several commenters indicated a preference for a particular alternative.  One 
commenter suggested there was need for more wetlands research in forested 
areas. 


 
Response: 


Comments noted. 
 


Subject Area: Wetlands 
Issue: Incomplete analysis. 
Number of Individual Comments: 2 
 


Comment Summary: 
Two commenters suggested that wetland protection was not adequately addressed 
in the Draft EIS. 


 
Response: 


Comment noted. 
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Subject Area: Wetlands 
Issue: Mitigation ratios. 
Number of Individual Comments: 3 
 


Comment Summary: 
Three comments suggested that proposed mitigation in Alternative 2 was 
insufficient. 


 
Response: 


Mitigation sequencing will be applied for all alternatives. The mitigation 
sequence is hierarchical and begins with the avoidance of wetlands by roads and 
landings where possible. If impacts are unavoidable they will be minimized 
through reduction of the road or landing profile in the wetland. Disturbed wetland 
areas will be restored where feasible. Wetlands will be replaced, or the impacts 
will be compensated by creating or enhancing wetlands so that there is no net loss 
of wetland function. Alternative 1 specifies a 1:1 replacement. Alternatives 2 and 
3 specify 2:1 replacement. This mitigation ratio is an increase over current 
practices (Alternative 1). A 2:1 replacement to impact ratio is regularly used as a 
mitigation ratio in many Western Washington counties and cities for impacts to 
forested wetlands, and it has been used by the US Corps of Engineers in their 
mitigation requirements. 
 


Subject Area: Wetlands 
Issue: Other. 
Number of Individual Comments: 3 
 


Comment Summary: 
Three commenters suggested the EIS underestimated wetland acreages within 
forested areas. 


 
Response: 


Wetlands were mapped using the DNR database including wetland and hydric soil 
layers. The wetland layer was based on NWI mapping which can be inaccurate in 
forested wetlands. The Draft EIS methodology included the hydric soil layer to 
refine the NWI layer. The Draft EIS acknowledged that this methodology was not 
as accurate as field methods. However, a recent study, Evaluation of National 
Wetland Inventory Maps In A Heavily Forested Region In The Upper Great 
Lakes (Wetlands Vol. 20:4;  Kudray and Gale, 2000) reported that almost 91 
percent of forested wetlands were accurately identified by NWI. It is 
acknowledged that field delineation of wetlands using the 1987 Corps Wetland 
Delineation Manual would increase the accuracy of wetland mapping, but it 
would be time and cost prohibitive. 
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Subject Area: Wetlands 
Issue: Risk levels over- or underestimated. 
Number of Individual Comments: 3 
 


Comment Summary: 
Several commenters suggested the EIS over- or underestimated the actual level of 
risk to wetlands. 


 
Response: 


For non-forested wetlands, Alternatives 1 and 2 were rated low to moderate 
because harvesting activities could still occur up to 30 feet of all stream types, 
except Ns streams. Also small wetlands are not protected. In contrast, Alternative 
3 would preclude harvesting within 70 feet, and would be rated a low risk to the 
resource.  
 
Alternative 2 only requires those forested wetlands 3 or more acres in size are 
mapped. These wetlands would then be subject to the mitigation guidelines for no 
net loss of wetland functions.  Therefore, forested wetlands under 3 acres would 
have little protection.  
 
Alternative 3 does propose a new classification system, but it is proposed to be 
based on the hydrogeomorphic approach that is becoming widely accepted.  This 
system could be appropriate for state and private forestlands. However, it would 
be time consuming and expensive to type all the wetlands on these lands.    
Additional response concerning timber industry viability under the three 
alternatives is provided in the Economics section. 
 
The comment that Alternative 3 would be, in effect, a no harvest alternative for 
forested wetlands is noted.   


 
Subject Area: Wetlands 
Issue: Site class. 
Number of Individual Comments: 1 
 


Comment Summary: 
One commenter suggested that timber harvests in forested wetlands would change 
the site class. 


 
Response: 


Removal of the trees from a wetland is not expected to change the site class.  Site 
class is based on the growth potential of the site in accordance with USDA soil 
surveys. 
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Subject Area: Wildlife 
Issue: Alternative 3 
Number of Individual Comments: 1 
 


Comment Summary: 
Commenter expresses the opinion that Alternative 3 would provide better 
protection of riparian habitat than Alternative 2 


 
Response: 


Comment noted. 
 
Subject Area: Wildlife 
Issue: Analysis too general/superficial/incomplete. 
Number of Individual Comments: 4 
 


Comment Summary: 
Several commenters noted that the Draft EIS failed to address all wildlife species 
with the potential to be adversely affected by forestry practices within riparian 
areas.  Some comments questioned the risk evaluation process for species other 
than the six identified target amphibians. 


 
Response: 


Table 3.8-1 identifies wildlife species that are strongly associated with riparian 
habitats, and whose population viability in Washington State is presently a matter 
of concern.  This concern is reflected by their inclusion in various lists that confer 
regulatory or other protection to these species.  Many other species may be 
affected by changes in the quality and quantity of suitable riparian habitats that 
would result from implementation of any of the alternatives.  However, these 
other species are not considered to have the potential to be significantly affected 
by the alternatives because (1) they are associated with, but not dependent upon, 
riparian habitats, and/or (2) their populations are either stable or increasing, or 
have not been studied enough to differentiate among the effects of the 
alternatives.  Thus, Table 3.8-1 identifies all wildlife species that may be subject 
to significant effects of forestry practices in and near riparian areas. 
 
With regard to risk evaluation for riparian-associated species, the Draft EIS states 
that risk determinations were based on a qualitative comparison of the protections 
proposed under Alternatives 2 and 3 versus the current level of protection under 
existing Forest Practices Rules (page 3-166).  Substantially more riparian habitat 
would receive protection under Alternatives 2 and 3 than under Alternative 1, thus 
these alternatives would result in a substantially lower risk to populations of 
riparian-associated species.  The intent of the Draft EIS is to provide a general 
indication of the effects of the alternatives to a wide variety of species.  Thus, 
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although the effects of the alternatives may vary from species to species, the 
assessments in the Draft EIS serve as an overall indication of the risks anticipated 
under each alternative. 


 
Subject Area: Wildlife 
Issue: Cumulative effects. 
Number of Individual Comments: 2 
 


Comment Summary: 
Two comments noted that the Draft EIS does not account for the increased level 
of risk to riparian-associated amphibian species resulting from the current small 
amount of late-seral forest within riparian areas on state and private lands. 


 
Response: 


The Cumulative Effects section (3.11) of the Draft EIS acknowledges the risk of 
cumulative effects in the short term due to the effects of recent high timber 
harvest levels. 


 
Subject Area: Wildlife 
Issue: General. 
Number of Individual Comments: 1 
 


Comment Summary: 
One commenter noted that existing Forest Practices Rules provide adequate 
protection to fish and wildlife, and that implementation of new rules would 
threaten that protection. 


 
Response: 


Comment noted. 
 
Subject Area: Wildlife 
Issue: Literature cited 
Number of Individual Comments: 1 
 


Comment Summary: 
One commenter stated that the Draft EIS failed to use WDFW management 
recommendations for riparian habitats 


 
Response: 


Both the Riparian and Wildlife sections of the Draft EIS cite WDFW 
Management Recommendations for Riparian Habitats (Knutson and Naef, 1997). 
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Subject Area: Wildlife 
Issue: Microclimate. 
Number of Individual Comments: 2 
 


Comment Summary: 
Two commenters noted that site-specific microclimatic conditions may not follow 
generally anticipated trends in all cases. 


 
Response: 


Comment noted. 
 
Subject Area: Wildlife 
Issue: Other. 
Number of Individual Comments: 5 
 


Comment Summary: 
Several comments pointed to a need for clarification of statements made in the 
Draft EIS.  For instance, one commenter noted that none of the six target 
amphibian species is associated with wetlands, thus wetland buffers should not be 
assessed in the unique habitat feature discussion.  Another pointed out that torrent 
salamanders are associated with high-gradient streams, while the Draft EIS 
emphasizes effects of sedimentation in low-gradient streams.  Another comment 
stated that the Draft EIS overestimates the risk of the alternatives to Van Dyke's 
salamanders, because this species is not limited to nonfish-bearing streams. 


 
Response: 


Benefits to target amphibians of wetland protection measures - The Final EIS has 
been revised to clarify the unique habitat associations of the target amphibian 
species.    
 
Torrent salamanders - The Final EIS has been revised to clarify the potential for 
timber harvest to imapct torrent salamander populations. 
 
Van Dyke's salamander - The potential effects of forest practices on Van Dyke’s 
salamander populations deserves considerably more study than has occurred to 
date.  As is stated on page 3-158 of the Draft EIS, "exactly how disturbance types, 
timber harvest prescriptions, or potential RMZ prescriptions may affect 
persistence of Van Dyke's salamanders in the landscape is unknown."  It is true 
that Van Dyke’s salamanders are not restricted to nonfish-bearing streams, and 
that some populations may benefit from buffers along small, fish-bearing streams.  
However, the historically low level of protection of nonfish-bearing streams has 
likely had negative impacts on populations that do occur in such streams. 


 







 
 


 


 


 


Responses to Comments on the Draft EIS Final EIS 


 


Appendix K


K-134


Subject Area: Wildlife 
Issue: Review of Forests and Fish Report 
Number of Individual Comments: 2 
 


Comment Summary: 
These comments appear as part of a timber industry review of the Forests and 
Fish Report, but were not specific comments on the EIS.  One comment suggests 
that discontinuous stream buffers located where groundwater is expected can 
provide high quality habitat and refugia for amphibians. 


 
Response: 


Comments noted. 
 


Subject Area: Wildlife 
Issue: Riparian leave trees 
Number of Individual Comments: 1 
 


Comment Summary: 
This comment observes that none of the alternatives provides for the retention of 
Wildlife Reserve Trees in riparian zones in eastern Washington. 


 
Response: 


All of the alternatives provide for the retention of all Wildlife Reserve Trees 
(WRTs) within Riparian Management Zones (RMZs) in eastern Washington 
timber harvest units.  Consequently, the level of protection to WRTs is dependent 
upon the RMZ width provided in each alternative.  Consequently, streamside no-
harvest buffers under Alternatives 2 and 3 would be expected to result in the 
retention of more WRTs than under Alternative 1.  Because no logging activity 
would occur within no-harvest buffers, Alternatives 2 and 3 would reduce the 
number of potential WRTs that would have to be removed to comply with state 
safety regulations, compared to Alternative 1.  In addition, no-harvest buffers 
would be applied along more stream miles than would receive RMZs under 
Alternative 1.  Based on the sample data presented in Appendix C, Tables 2 and 3, 
approximately 19 percent of streams on state and private lands in eastern 
Washington would be classified as Type 1, 2, or 3 under Alternative 1, and would 
thus require RMZs.  In contrast, approximately 35 percent of such streams would 
be classified as Type S or F under Alternative 2, and would thus be protected by 
30-foot no-harvest buffers plus additional areas with specific leave tree 
requirements.  Under Alternative 3, all streams would receive no-harvest buffers. 
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Subject Area: Wildlife 
Issue: Risk levels over- or underestimated. 
Number of Individual Comments: 6 
 


Comment Summary: 
Several commenters took issue with the determinations of risk to the six target 
amphibian species under each of the alternatives.  Some said the Draft EIS 
overestimated the risk, because site-specific microhabitat conditions may not 
always follow generally anticipated trends after timber harvest in riparian areas.  
Others said the Draft EIS underestimated the risk, because buffers on streams 
would not provide sufficient protection of the habitat conditions on which these 
species depend.  One comment also observed that only about 30 percent of any 
given watershed is likely to consist of open-canopy forest at any given point in 
time, and that the Draft EIS therefore overestimates the risk to amphibians from 
the different stream buffering proposals. 


 
Response: 


The Draft EIS and public comments highlight the fact that buffer width 
determination is not an exact science.  Clearly, post-harvest microclimate at any 
particular site may not always follow trends observed within the context of large-
scale studies.  However, prudent land management dictates that application of 
management standards over an area as large as the state and private forestlands of 
Washington State should depend on observations with the widest possible 
applicability.  Thus, the Draft EIS relies on studies conducted at a larger scale 
than the four nest sites documented by Blessing et al. (1999) or unpublished data 
from Port Blakely Tree Farms. 
 
The risk assessments in the Draft EIS take into account the fact that the potential 
impacts of timber harvest are dispersed through the landscape at any given time.  
However, the patchy distribution of some amphibian species, as well as the 
potential long-lasting effects of LWD loss and fine sediment input, necessitate a 
conservative assessment of the potential risks posed by the alternatives.  Thus, 
Alternative 1 is characterized as posing a high risk to target amphibian 
populations, and Alternatives 2 and 3, with increasingly wider riparian buffers on 
most streams, are characterized as posing a moderate and low risk, respectively. 
 


Subject Area: Wildlife 
Issue: Species-specific comment. 
Number of Individual Comments: 9 
 


Comment Summary: 
Comments include observations about habitat requirements of target amphibian 
species, but were not specific comments to the EIS.  One commenter also 
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observed that literature regarding the sensitivity of target amphibian species to 
timber harvest is variable and inconclusive, and that different species may react 
differently to various practices. 


 
Response: 


Comments noted. 
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WATERSHED ANALYSIS 
 
 


Introduction 
Watershed analysis is an approach adopted by the Washington Forest Practices Board in 1992 to 
address the cumulative effects of forest practices on fish, water quality, and public improvements.  It 
is currently applied to Watershed Administrative Units (WAUs) 10,000-50,000 acres in size (WAC 
222-22-020, in WFPB 1998).  Watersheds generally subject to watershed analysis include WAUs 
that meet each of the following criteria: 


(a) not classified as “agricultural lands”; 


(b) < 80 percent Federal ownership; and 


(c) >1,000 acres of forested lands.  


Of the approximately 800 WAUs that have been delineated across Washington State, approximately 
610 (or roughly 75 percent) meet these criteria.   


The stated goals of watershed analysis are: 


“… to address [the] cumulative effects of forest practices on the public resources of fish, water, and 
capital improvements of the state or its political subdivisions.  The long-term objective of this rule is 
to protect and restore these public resources and the productive capacity of fish habitat adversely 
affected by forest practices while maintaining a viable forest products industry. … This system also 
allows for monitoring, subsequent watershed analysis, and adaptive management.” (WAC 222-22-
020, in WFPB 1998). 


The purpose of this appendix is to consider watershed analysis in the context of the three proposed 
alternatives.  Specifically, the objective is to assess how well each of the alternatives meet the 
original goals of the watershed analysis approach adopted by Washington’s Forest Practices Board.  
Before doing that, it is necessary to briefly describe the current process, outline the proposed 
changes to watershed analysis under each alternative, and describe the extent to which watershed 
analysis has been applied to private and state forest lands over the past eight years. 


Watershed Analysis under Each Alternative 
Before assessing how well each of the alternatives meet the original goals of watershed analysis, it is 
first necessary to describe how Alternative 2 and 3 differ from the existing process under Alternative 
1.  Table 1 summarizes the major changes and additions proposed under each alternative in terms of 
modules included and prescription requirements.  Under each alternative, watershed analysis would 
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be mandatory for DNR as funding allows and voluntary for landowners.  Substantive differences 
between the alternatives are described below.   


Table 1.  Proposed Changes to Watershed Analysis Under each Alternative. 
Alternative 1 
(No Action = 


Current Rules) 


Alternative 2 
(Proposed Action = 


Forest & Fish Report) Alternative 3 
 Mandatory for DNR 


as funding allows 
 Mandatory for DNR as 


funding allows 
 Mandatory for DNR as 


funding allows 
 Voluntary for 


landowners 
 Voluntary for landowners  Voluntary for landowners 


 Nine modules 
currently included 


 The same nine modules in 
Alternative 1 would be 
included, plus others (see 
below). 


 The same nine modules in 
Alternative 1 would be 
included, plus others (see 
below). 


 Prescriptions written 
for all hazard 
modules 


 No prescriptions required for 
riparian function, mass 
wasting, and surface erosion 
modules 


 No prescriptions required for 
riparian function, mass 
wasting, and surface erosion 
modules. 


 Eastside hydrology 
module developed 
 Water quality 


module revised to 
meet CWA 
requirements 


 


 Eastside hydrology module 
developed 
 Water quality module 


revised to meet CWA 
requirements 
 Addition of cultural 


resources and restoration 
modules 
 Use in effectiveness 


monitoring 
 
 5-year permit available to 


landowners within 
completed watersheds 


 


 Eastside hydrology module 
developed 
 Water quality module revised 


to meet CWA requirements 
 
 Required restoration plans for 


new assessments  
 
 Required monitoring as part of 


all new watershed analyses 
 Use in effectiveness 


monitoring 
 5-year permit available to 


landowners within completed 
watersheds 


 
 
Alternative 1 
Under Alternative 1, watershed analysis includes the original nine modules:  mass wasting, surface 
erosion, hydrology, riparian, stream channel, fish habitat, water quality, water supply/public works, 
and routing.  An eastside hydrology module would be developed.  The team of analysts completing 
the modules describe situations needing protection and a team made up of managers and analysts 
determines the required and voluntary forest practices (prescriptions) for each identified area of 
resource assessment.   


Alternative 2 
In an effort to simplify certain modules of the watershed analysis process by applying knowledge 
accumulated through past assessments, the riparian and surface erosion modules would not include a 
prescription phase under Alternative 2.  Instead, the standard rules, in part based upon the results of 
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previously completed watershed analyses, are expected to address riparian and surface erosion 
concerns at both the site and cumulative watershed scales.  Effectiveness monitoring under the 
adaptive management program will evaluate the adequacy of these rules for meeting their 
performance targets.  In addition, the necessity for hazard mapping in the mass wasting module 
would be eliminated (contingent on adequate funding and completion of statewide hazard mapping).   


To strengthen existing gaps in the current process, the following new modules would be developed 
and incorporated into the process: eastside hydrology, restoration, monitoring, and cultural 
resources.  The assessment phase of these new modules would be required; however, 
implementation would be voluntary for the restoration and monitoring modules.  Implementation 
would be required for eastside hydrology and cultural resources.1   


Alternative 3 
Under Alternative 3, the existing modules would remain the same and watershed analysis would be 
mandatory with prescriptions written for all modules.  An eastside hydrology module would be 
developed.  There would not be cultural resources modules; however, the degree of incidental 
protection provided for riparian habitat and wetlands would be expected to increase significantly.  A 
monitoring effort would be voluntary for WAUs with completed watershed analyses and required as 
part of all new assessments.  A restoration plan would also be required as part of future watershed 
analyses. 


Current Status of Implementation 
Watershed analysis has been conducted on approximately 10 percent of the private and state forested 
lands of Washington since the program was implemented in 1992.  DNR estimates a reasonable rate 
of completion to be roughly 10 assessments per year (N. Sturhan, personal communication).  Using 
this estimate, it would take at least 60 years to complete the process on all remaining eligible 
WAUs. 


Watershed analysis provides a process for landowners in a watershed to conduct forest practices in 
areas of resource sensitivity without further conditioning of FPAs by the DNR, as long as 
prescriptions developed for the watershed analysis are implemented. 


Attainment of Goals Set Forth by the Forest Practices Rules 
The purpose of this section is to compare how successful each of the alternatives is in meeting the 
stated goals of watershed analysis (see Introduction).  Specifically, the following management goals 
were considered:   


(a) cumulative effects assessment methodology; 


(b) watershed restoration tool; and. 


(c) adaptive management strategy (see Appendix I). 


 


                                                           
1 Unless otherwise required by existing laws and regulations or by an HCP implementation agreement. 
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Collins and Pess (1997) provide perhaps the most comprehensive evaluation of the effectiveness of 
Washington State’s existing watershed analysis process in meeting these management goals in their 
report entitled, “Critique of Washington’s Watershed Analysis Program” (1997).  The authors 
analyzed land management prescriptions developed for the first 20 watershed analyses (those 
completed by June 1995).  


(a) Providing a Cumulative Effects Assessment Methodology 
Watershed analysis describes two types of cumulative effects, resulting: (1) “from the accumulation 
of the small effects of many forest practices that are insignificant at any one site, including practices 
conducted over time or space;” and (2) “from changes in dominant watershed processes, even when 
activities triggering effects are limited in spatial extent" (WFB, 1994, p. xv). 


Collins and Pess (1997) state that a strength of the current cumulative effects assessment method is 
in identifying and reducing the dominant, direct physical effects of forest land uses on salmonid 
habitat.  They suggest this could be further strengthened by placing more emphasis on identifying 
problems that can be immediately remedied (e.g., identifying road erosion and landslide trigger 
sites; correctly locating fish-bearing waters, and identifying anthropogenic fish passage 
impediments).  Collins and Pess (1997) also suggest that the cumulative effects assessment could be 
improved by “more effectively assessing and integrating changes from more than one type of input 
to streams ... and examining whether assumptions about those inputs are scientifically defensible.” 


Collins and Pess (1997) suggest that to better address cumulative effects, assessment methods 
should include “all relevant inputs (e.g., effects of forest practices on spring snowmelt hydrology, 
which currently has no methodology) and develop necessary assessment tools (e.g., effects of peak 
flows on stream channels), and correct assumptions that are inconsistent with the scientific literature 
(e.g., the functions of large woody debris is the same in all types of stream channels).” 


Table 2 summarizes how each of the alternatives meets the goal of providing a cumulative effects 
assessment methodology for WAUs that are impacted by forest practices. 


Table 2.  Summary of How Each Alternative Meets the Goal of Providing a Cumulative Effects 
Assessment Methodology 


Alternative 1 
(No Action = 


Current Rules) 


Alternative 2 
(Proposed Action = 


Forest & Fish Report) Alternative 3 
 Same success rate in 


meeting goals of 
providing a 
Cumulative Effects 
Assessment Tool as 
currently exists.  See 
discussion above. 


 
 


 Incorporates new modules; 
improvement in capturing “all 
relevant inputs”  


 
 Elimination of Riparian & Mass 


Wasting modules assumes 
standard rules are going to be 
sufficient to minimize cumulative 
effects 


 


 Essentially the same 
as Alternative 1 


 
 Required monitoring 


should improve 
efforts to address 
cumulative effects 
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Alternative 1 
Watershed analysis was developed as “a principle but not an exclusive section of the forest practice 
rules” that addresses cumulative effects (WFPB 1994).  Under Alternative 1, the strength of the 
cumulative effects assessment method is in identifying and reducing the dominant, direct physical 
effects of forest land uses on salmonid habitat.  In terms of the criteria put forth by Collins and Pess 
(1997), the process would be slightly improved through the incorporation of an eastside hydrology 
module. 


Alternative 2 
Under Alternative 2, new modules would be incorporated into the watershed analysis process.  The 
intent of these new modules is to strengthen the ability of the process to capture all relevant inputs in 
the context of cumulative effects of forest practices on fish habitat and general water quality.  There 
is an inherent assumption that streamlining the process by standardizing the prescriptions (through 
upgraded riparian, unstable slope, and forest road rules) for the riparian, mass wasting, and surface 
erosion modules will not result in decreased protection of these resources because of less site-
specific analysis.  


DNR intends to complete statewide hazard mapping to the same level of quality as accomplished 
through the current mass wasting module.  Long-term studies could test the assumption that 
cumulative effects are adequately addressed with the standard rules. 


Alternative 3 
Alternative 3 is essentially the same as Alternative 1 in terms of providing a cumulative effects 
assessment methodology.  The resource assessment phase would be improved by the development of 
an eastside hydrology module. 


(b) Providing a Watershed Restoration Tool 
In their evaluation of Washington’s program of watershed analysis, Collins and Pess (1997) 
conclude that of the three stated management objectives, watershed analysis is  


“least well developed as a restoration assessment and planning tool.”  The suggest that for the 
program to meet its goal of providing a tool to guide watershed restoration, it “needs defined goals 
and critical assessment methods,” including an assessment of historic productivity. 


Table 3 provides a summary of how each of the alternatives meets the goal of providing a 
restoration tool. 


Table 3.  Summary of How Each Alternative Meets the Goal of Providing a Restoration Tool 
Alternative 1 
(No Action = 


Current Rules) 


Alternative 2 
(Proposed Action = 


Forest & Fish Report) Alternative 3 
 Same success rate in 


meeting goals of providing 
a Restoration Tool as 
currently exists.  See 
discussion. 


 Development of 
restoration module 


 A restoration plan would be 
required for all new 
assessments 
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Alternative 1 
As stated above, Collins and Pess (1997) found the current watershed analysis approach to be 
severely lacking as a restoration assessment and planning tool.  There would not be an improvement 
to this aspect of watershed management under Alternative 1. 


Alternative 2 
Under Alternative 2, a restoration module would be developed and incorporated into the watershed 
assessment process.  This should result in a significant improvement to providing a restoration 
assessment and planning tool for all WAUs.  With limited knowledge of how the results of this 
module would be implemented on the ground, it is difficult to compare it to Alternative 3’s 
requirement of a “restoration plan” for all future watershed analyses. 


Alternative 3 
Under Alternative 3, a restoration plan would be required for all new watershed analyses.  This 
should result in a significant improvement to providing a restoration assessment and planning tool 
for all WAUs.  With limited knowledge of how the results of this module would be implemented on 
the ground, it is difficult to compare it to Alternative 2’s requirement of a “restoration module” for 
all future watershed analyses. 


(c) Providing an Adaptive Management Strategy 
Watershed analysis complements the Adaptive Management Strategy of the Forest Practices Rules.  
See Appendix I for a detailed discussion of Adaptive Management. 
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This chapter describes and compares the alternatives under consideration by the Forest 
Practices Board, including the proposed action.  The first section describes the process 
followed to formulate the alternatives.  The next section describes the alternatives that were 
considered but eliminated from detailed study.  This section is followed by a description of 
the alternatives considered in detail.  A comparison of the alternatives, including how each 
alternative addresses the significant issues, is the final section in this chapter. 


2.2 ALTERNATIVE DEVELOPMENT 
In response to imminent listings of several salmon species in Washington under ESA, as 
well as new information indicating that riparian protection was not adequate, the timber, 
fish, and wildlife (TFW) participants reconvened in 1997 to develop a comprehensive plan 
to address salmon and other aquatic species on forest lands (see Section 1.2).  
Representatives from federal agencies and counties also joined the TFW participants.  
After several months of negotiation, representatives of environmental interests withdrew 
from negotiations.  


The resultant approach is summarized in the Forests and Fish Report (April 29, 1999).  
This approach is based upon agreement among five of the six caucuses including some 
Tribes, landowners, and local, state, and federal agencies.  The Forests and Fish Report 
environmental caucus withdrew from the forestry module process before the Forests and 
Fish Report was completed.  In addition, several Tribes in the Tribal caucus withdrew.  The 
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environmental caucus and three Tribes, including the Puyallup, Muckleshoot, and Yakama, 
then developed their own separate proposals. 


In June 1999, the Washington governor signed the “Salmon Recovery Bill” (ESHB 2091) 
into law.  The bill recommends that the Forest Practices Board adopt permanent forest 
practices rules consistent with the Forests and Fish Report, as modified by the bill, on or 
before June 30, 2001.  As part of this bill, landowners with 80 acres or less of forest land 
statewide will not have to leave expanded riparian buffers (as described in the Forests and 
Fish Report) on parcels of 20 acres or smaller.  Instead, these landowners must comply 
with the permanent forest practices rules in effect January 1, 1999, but may also have to 
leave some trees adjacent to streams, comprising no greater than 15 percent of the timber 
volume in a managed 50-year-old stand. 


The Forests and Fish Report proposal, as modified by the legislation (ESHB 2091) and 
additional refinements, was identified as the preferred alternative by the Forest Practices 
Board and is referred to as Alternative 2 in this EIS.  The no action alternative was defined 
as the current permanent rules, and is referred to as Alternative 1 in this EIS.  In addition, 
the Forest Practices Board identified a third alternative (Alternative 3) based on the 
environmental caucus and the three Tribal proposals.  Thus, Alternative 3 in this EIS was 
developed to expand the range of the alternatives under consideration.  It was designed to 
represent a feasible alternative that meets the proposals and objectives, with a higher 
degree of environmental protection.  It incorporates many of the features of the 
environmental caucus and Tribal proposals that differ from Alternative 2.  Specific aspects 
of the environmental caucus and tribal proposals were selected for Alternative 3, based on 
reasonableness (as defined under SEPA) and on their degree of consistency with the Forest 
Practices Board’s goals, including the economic viability goal, identified in Section 1.3. 


2.3 ALTERNATIVES CONSIDERED BUT ELIMINATED FROM DETAILED 
STUDY 
In addition to the alternative based on the Forests and Fish Report (Alternative 2) and the 
alternative based on the existing permanent rules (Alternative 1), four other proposals were 
considered by the Forest Practices Board.  These proposals included separate proposals 
from the Puyallup, Muckleshoot, and Yakama Tribes, as well as a proposal from the 
environmental caucus.  As noted above, Alternative 3 was developed by the Forest 
Practices Board, based on these four proposals. 


Although most elements of the individual proposals identified below were incorporated 
into Alternative 3, the proposals were not analyzed individually in detail because they were 
not considered to be “reasonable.”  Under SEPA, a reasonable alternative is a feasible 
alternative that meets the proposal’s objective at a lower environmental cost (SEPA 
Handbook 1998).  A number of elements in each proposal were not considered to be 
feasible because it is believed that they would not meet the economic viability goal, 
identified in Section 1.3. 
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2.3.1 Washington Environmental Council/Audubon or “Environmental 
Caucus” Proposal 


This alternative proposes a number of key changes to existing forest practices rules with 
the expressed intent of using a low-risk strategy for meeting the first three forest module 
goals.  The proposal is described in the following document: 


“The Salmon Recovery Proposal:  A Low-Risk Strategy for Protecting and Restoring 
Salmon Habitat In Washington’s Forested Watersheds” (December 1998) by the 
Washington Environmental Council and the National Audubon Society.  


The key features of this proposal are as follows: 


• Water Typing—Streams would be typed as either perennial or intermittent waters.  
Perennial streams would include both fish-bearing and nonfish-bearing waters as well 
as shorelines. 


• Riparian Habitat—Perennial streams would receive buffers of 250 feet and 
intermittent streams would receive buffers of 105 to 250 feet for Douglas-fir forests 
and 50 to 250 feet for ponderosa pine forests, depending on site class.  Stream buffers 
would not be managed for commercial timber harvest.  Harvest would only be 
permitted to improve riparian function.  Buffers would be measured from the edge of 
the channel migration zone (CMZ), beaver habitat zones (BHZs), or channel 
disturbance zone (CDZ).  Small landowners would not be exempted from the riparian 
habitat rules. 


• Unstable slopes—A geomorphologist would have to identify unstable slopes, and an 
annual evaluation of failing slopes would be required.  No harvest or road building 
would be allowed within 50 feet of high hazard slopes, and moderate hazard slopes 
would be defined differently than in both current rules and the Forests and Fish Report.  
Public safety would be factored into unstable slope analyses. 


• Forest Roads—Road construction would be discouraged in riparian management 
zones (RMZs), such that allowed disturbance within RMZs would be decreased to 
5 percent, and any new roads in RMZs would be considered Class IV-Special 
Activities.  Orphan road inventories and assessments would be required within 5 years 
and then incorporated into road maintenance and abandonment plans, which would 
have to be planned and completed within 10 years. 


• Wetlands—All forest canopy in forested wetlands within RMZs would be retained.  
The SEPA threshold for filling of wetlands would be reduced to 0.25 acre.  A new 
typing system would be developed. 


• Watershed analysis—Watershed analysis would be modified to include mandatory 
monitoring plans and incorporate assessment modules for cultural and wildlife 
resources and a restoration module.  The water quality module would be upgraded. 


• Adaptive Management—The adaptive management process would be tied directly to 
the Forest Practices Board.  TFW would have no specific role.  A new stakeholder 
committee would be instituted that would not work on a consensus basis for facilitating 
public participation, and the state science team would be used for peer review. 
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• Forest Pesticides—No aerial spraying of pesticides would be allowed within RMZs.  
Unique to this proposal, pesticide-use training of operators and landowners involved in 
pesticide applications would be required. 


• Cultural Resources—This proposal would add a cultural resources module to 
watershed analysis. 


2.3.2 Puyallup Tribal Proposal 
This alternative is very similar to the Muckleshoot Tribal proposal described below.  It also 
proposes a number of key changes to existing forest practices rules with the overall goal of 
maintaining, protecting, and restoring the habitat that will sustainably provide the 
commercially harvestable fish, wildlife, and plant resources upon which the Tribe depends.  
The proposal is described in the following document: 


“A Tribal Proposal for New Forest Practices Rules to Comply with the Endangered 
Species Act and the Clean Water Act” (January 1999) by the Puyallup Tribe of 
Indians. 


The key features of this proposal are as follows: 


• Water Typing—Stream typing would be based on stream geomorphic characteristics 
(i.e., stream gradient).  Streams with gradient between 0 and 20 percent would be 
considered fish-bearing streams; streams between 20 and 30 percent gradient would be 
considered coarse sediment storage and large woody debris (LWD) sources; and 
streams with greater than 30 percent gradient would be considered the CDZ and LWD 
source. 


• Riparian Habitat—Fish-bearing streams would receive 200-foot buffers.  Streams 
with a 20 to 30 percent gradient would receive 100-foot buffers and streams with a 
greater than 30 percent gradient would receive 70-foot buffers.  Stream buffers would 
not be managed for commercial timber harvest.  It includes options for harvest to 
improve riparian condition.  Buffers would be measured from the edge of the CMZ, 
BHZs, or CDZs. Small landowners would not be exempt from the riparian habitat 
rules. 


• Unstable slopes—Unstable slopes would be regulated in a manner similar to the 
Washington Environmental Council /Audubon proposal.  Public safety would not be 
factored into unstable slope analyses.  


• Forest Roads—Road construction in RMZs would be managed similar to the 
Washington Environmental Council/Audubon proposal.  Orphan road inventories and 
assessments would be required within 2 years, depending on their potential for impact, 
and then incorporated into road maintenance and abandonment plans, which would 
have to be planned and completed within 10 years.  Road density would be reduced to 
2 mi/mile2. 


• Wetlands—The SEPA threshold for filling of wetlands would be reduced to 0.25 acre.  
A new typing system would be developed.  An interim buffer would be established 
around certain wetlands that would be up to one site potential tree height in width and 
would be based on Ecology’s classification system. 
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• Watershed Analysis—Watershed analysis would be used to adjust rules to site-
specific situations.  In addition, certain mandatory monitoring efforts would be 
prescribed as default for landowners operating under current rules.  A cultural 
resources module would be developed. 


• Adaptive Management—The adaptive management process would be tied directly to 
the Forest Practices Board.  TFW would have no specific role.  A fully funded state-
wide monitoring plan would be implemented. 


• Forest Pesticides—No aerial spraying of pesticides would be allowed within the 
RMZs. 


• Cultural Resources—Unique to this proposal, a new process would be defined for 
protecting Tribal cultural resources in riparian areas using Tribally acceptable 
assessment and mitigation approaches.  A cultural resources module would be added to 
watershed analysis. 


2.3.3 Muckleshoot Tribal Proposal 
This alternative also proposes a number of key changes to existing forest practices rules 
with the overall goal of maintaining, protecting, and restoring habitat that can provide a 
sustainable commercially harvestable fishery resource and sustainable wildlife and plant 
resources on which the Tribes depend.  It is very similar to the Puyallup Tribal proposal.  
The Muckleshoot Tribal proposal is described in the following document: 


“A Tribal Proposal for New Forest Practices Rules to Protect Public Resources, 
Produce Harvestable Number of Salmon in accordance with the State of Washington 
Salmon Recovery Plan and to comply with the Endangered Species Act” (January 
1999) by the Muckleshoot Indian Tribe Fisheries Department. 


The key features of this proposal are as follows: 


• Water Typing—Stream typing would be similar to that proposed in the Puyallup 
proposal described above. 


• Riparian Habitat—Riparian habitat protection would be similar to that proposed in 
the Puyallup proposal described above.  


• Unstable slopes—Unstable slopes would be regulated in a manner similar to the 
Puyallup proposal.   


• Forest Roads—Forest roads would be managed in a manner similar to the Puyallup 
proposal. 


• Wetlands—Wetlands would be managed in a manner similar to the Puyallup proposal.  
• Watershed analysis—Watershed analysis would be similar to that described in the 


Puyallup proposal, except that a new cultural resources module would not be required. 
• Adaptive Management—Adaptive management would be similar to that described in 


the Puyallup proposal.  
• Forest Pesticides—No aerial spraying of pesticides would be allowed within the 


RMZs. 
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• Cultural Resources—No specific cultural resources recommendations were presented. 


2.3.4 Yakama Nation Proposal 
This alternative also proposes a number of key changes to existing forest practices rules 
with the overall objective of providing sufficient habitat and water quality conditions to 
support harvestable populations of fish, riparian-dependent wildlife, and plant communities 
important to the Tribes, the federal government, and the state of Washington.  The proposal 
is described in the following document: 


“A Tribal Strategy for New Forest Practice Regulations to Provide Sufficient Habitat 
and Water Quality Conditions Necessary for Healthy and Harvestable Populations of 
Aquatic Biota and Riparian-dependent Wildlife (February 1999) by the Yakama Indian 
Nation. 


The key features of this proposal are as follows: 


• Water Typing—Streams would be typed using a system that is similar to the system 
proposed in the Forests and Fish Report.  


• Riparian Habitat—Rivers and large streams would receive 330-foot buffers, and 
medium and small fish-bearing streams would receive 165-foot buffers.  Perennial 
streams would receive 100-foot buffers, and intermittent streams would receive 70-foot 
buffers.  Stream buffers would not be managed for commercial timber harvest.  Cutting 
in riparian buffers would be prohibited except for removal of up to 20 percent of the 
merchantable volume of timber in a 50-year period.  Buffers would be measured from 
the edge of the CMZ, BHZs, or CDZ.  Small landowners would not be exempt from 
the riparian habitat rules. 


• Unstable slopes—Unstable slopes would be regulated in a manner similar to that 
described for the Puyallup proposal.  


• Forest Roads—Forest roads would be managed in a manner that would be similar that 
described for the Puyallup proposal. 


• Wetlands—Wetlands would be managed in a manner similar to that described for the 
Puyallup proposal.  An exception would be that buffer widths would be wider, ranging 
from 70 to 200 or more feet, depending on wetland category.   


• Watershed analysis—Watershed analysis would be conducted in a manner similar to 
the Puyallup proposal.  However, both wildlife and cultural resources modules would 
be added to the watershed analysis process. 


• Adaptive Management—Adaptive management would be similar to that described in 
the Puyallup proposal.  


• Forest Pesticides—No aerial spraying of pesticides would be allowed within the 
RMZs. 


• Cultural Resources—This proposal would add a cultural resources module to 
watershed analysis. 
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2.4 ALTERNATIVES CONSIDERED IN DETAIL 
The Washington Forest Practices Rules (WAC 222) are adopted by the Forest Practices 
Board under the authority of the Washington Forest Practices Act (RCW 76.09) and are 
administered and enforced by DNR.  These rules apply to all non-federal forest lands 
(primarily state and private), with the exception of certain HCPs and certain urban growth 
areas, primarily in western Washington.  State-managed forest lands in western 
Washington are not governed by most of these rules because of the DNR HCP, which 
applies to anadromous fish and wildlife on the westside (Appendix A). 


The rules have been categorized into a number of topics.  The three alternatives considered 
in detail in this EIS include different assemblages of rule concepts associated with nine 
specific topics.  The alternatives are described below with reference to each of the topics.  
In addition, Table S-1 presents a summary comparison of how each rule topic is addressed 
in each alternative. 


2.4.1 Alternative 1 
Alternative 1 represents the No Action Alternative.  It entails continuing with the existing 
permanent forest practices rules and does not include the revisions to these rules produced 
by the water typing, salmonid, or forests and fish emergency rules.  SEPA requires that the 
No Action Alternative in an EIS should be based on only permanent rules, not temporary 
rules.  The No Action Alternative is defined in the Washington Forest Practices Rule Book, 
dated November 1998.  A summary of these rules is provided below. 


2.4.1.1 Water Typing 
Under Alternative 1, water typing rules would be the same as existing rules (WAC 222-16-
030).  Five water types are recognized as follows: 


• Type 1Major waterways of the state including rivers, lakes, and saltwater.  They 
include all waters inventoried as “shorelines of the state” (RCW 90.58). 


• Type 2Waters, not classified as Type 1, which have high fish, wildlife, or human 
use.  They generally are streams wider than 20 feet. (measured between the ordinary 
high water marks) with a gradient of less than 4 percent. 


• Type 3Waters, not classified as Types 1 or 2, which have moderate to slight fish, 
wildlife, or human use.  They generally are less than 20 feet and greater than 5 feet 
wide, with a gradient of less than 12 percent.  


• Type 4Waters not classified as Types 1, 2, or 3, which are important for protecting 
downstream water quality.  They generally are streams wider than 2 feet and less than 
5 feet. 


• Type 5Waters not classified as Types 1, 2, 3, or 4.  They are generally seasonal 
headwater streams, less than 2 feet wide. 


2.4.1.2 Riparian Habitat 
Under Alternative 1, RMZs are identified along Type 1, 2, and 3 streams (WAC 222-30).  
These zones are measured horizontally from the ordinary high-water mark.  They are 
different in western Washington and in eastern Washington.  Harvest is limited within 
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RMZs; leave trees for wildlife and fisheries habitat are left unharvested as prescribed 
below.   


The number, size, species, and ratio of leave trees (conifer to deciduous), is determined by 
the water type, stream width, and the bed material.  Leave trees are generally to be evenly 
distributed with some clumping.  The presence of stream-adjacent parallel roads in the 
RMZs does not affect RMZ widths or leave-tree requirements. 


In addition to the RMZ requirements identified in this section, Type 1 waters are given 
additional protection under the Shoreline Management Act.  Restrictions under the Act 
include a 200-foot shoreline management zone (SMZ), measured from the ordinary high 
water mark, that is implemented and enforced at the county level.  Within the SMZ, a 
landowner may remove no more than 30 percent of the available merchantable trees every 
10 years using a selective harvest strategy. 


Western Washington RMZs 
In western Washington, the outer edge of an RMZ is defined as the line where vegetation 
changes from wetland to upland plant community, or the line required to leave sufficient 
shade (see section below), whichever is greater, but no less than 25 feet wide, nor more 
than the maximum widths defined in Table 2-1.  RMZ widths are to be expanded as 
necessary to include wetlands or ponds adjacent to the stream.  In addition to the leave-tree 
requirements in Table 2-2, an average of five of the largest trees per acre (at the ratio of 
one coniferous to one deciduous tree) is to be left within the zone for wildlife habitat. 


Table 2-1. Western Washington RMZ Widths and Leave Tree Requirements   
(Alternative 1) 


# Trees / 1,000 Feet Each Side 
Water Type and 
Average Width 


RMZ Minimum 
and Maximum 


Widths 


Ratio of Conifer to Deciduous 
Trees and Minimize Size of 


Leave Trees 
Gravel or Cobble 


<10" Diameter 
Boulder or 


Bedrock 
Type 1 and 2 water 


75 feet and over 
25 to 100 feet Representative of stand 50 trees 25 trees 


Type 1 and 2 water 
75 feet and over 


25 to 75 feet Representative of stand 100 trees 50 trees 


Type 3 water 
5 feet and over 


25 to 50 feet 2 to 1 ratio 
12 inches or next largest available 


75 trees 25 trees 


Type 3 water 
less than 5 feet 


25 feet 1 to 1 ratio 
6 inches or next largest available 


25 trees 25 trees 


RMZs are not required along Type 4 and 5 waters.  However, riparian leave-tree areas are 
sometimes required along Type 4 waters where such practice is necessary to protect public 
resources.  In these cases, 25 conifer or deciduous trees, at least 6 inches in diameter at 
breast height (dbh), are to be left within 25 feet of each side of the stream per 1,000 feet of 
stream length. 


Eastern Washington RMZs 
In eastern Washington, the outer edge of an RMZ is defined as the line where vegetation 
changes from wetland to upland plant community, or the line required to leave sufficient 
shade (as defined in the section below), whichever is greater, but no less than 30 feet wide, 
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nor more than the maximum widths defined in Table 2-2.  RMZ widths are to be expanded 
as necessary to include wetlands or ponds adjacent to the stream. 


RMZs are not required along Type 4 and 5 waters.  However, under special circumstances, 
riparian leave-tree areas are required, as described for western Washington RMZs. 


Table 2-2. Eastern Washington RMZ Widths and Leave Tree Requirements   
(Alternative 1) 


# Trees/Acre 
4" dbh or Larger 


Harvest 
Type 


RMZ 
Minimum 


and 
Maximum 


Widths 


Gravel or 
Cobble <10" 


Diameter 
Boulder or 
Bedrock Additional Requirements 


Partial  
Cutting 


 
30 to 50 feet 


Even- 
Aged 


30 to 300 
feet 


 
135 trees 


 
 


 
75 trees 


16 conifers 12 to 20 inches dbh/acre 
3 conifers >20 inches dbh/acre 


3 deciduous trees 12 to 16 inches dbh/acre 
2 deciduous trees >16 inches dbh/acre 


 
Sufficient Shade 
Sufficient shade is defined by graphs found in Section 1 of the Forest Practices Board 
Manual (Washington Forest Practices Board, 1998).  The graphs define a minimum percent 
canopy cover that must be maintained if harvest is to take place within the RMZ.  The 
minimum is based on elevation and the water quality temperature classification (16 or 18 
degrees C) of the stream. 


Retention of Wildlife Leave Trees and Down Logs 
In addition to the leave-tree requirements associated with RMZs and shade defined above, 
the current rules require a minimum of two to three wildlife reserve trees per acre, two 
green recruitment trees per acre, and two down logs per acre to be left throughout each 
harvest unit. 


Salvage Logging within RMZs   
No specific restrictions on salvage logging in RMZs are included under Alternative 1. 


Cable Yarding 
No timber is to be cable-yarded in or across Type 1, 2, or 3 waters, except where the logs 
will not materially damage the bed of waters, banks, or RMZs, and the removal has a 
hydraulic project approval from WDFW.  


2.4.1.3 Unstable Slopes 
Under Alternative 1, unstable slopes are reviewed as part of the forest practices 
application.  Unstable areas are defined as slide prone areas.  Slide prone areas are 
determined by DNR and are generally defined as excessively steep or unstable soils.  DNR 
determines whether slopes are unstable using available soils information, from evidence of 
geologically recent slumps or slides, where the natural slope exceeds the angle of repose 
for the particular soil types present, or where springs or seeps may indicate unstable 
conditions are present.  If the unstable slope has the potential to deliver sediment to a 
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public water body, the application would be processed as a Class IV-Special and becomes 
subject to SEPA rules (WAC 222-16-050 (1)*(d)and*(e)) (see Section 1.4.1).  


2.4.1.4 Forest Roads 
Under Alternative 1, road maintenance and road construction standards would remain the 
same as the current forest practices rules (chapter 222-24 WAC).  Road maintenance and 
abandonment plans would only be required based on watershed analysis prescriptions or 
DNR request. 


2.4.1.5 Wetlands 
Under Alternative 1 (WAC 222-3-020*(6)and*(7)), two categories of wetlands are defined:  
forested and nonforested.  Non-forested wetlands are then subdivided into two types:  Type 
A and Type B.  Type A wetlands are those with open water and include nonforested 
wetlands that are greater than 0.5 acre in size and bogs or fens (which may be forested) 
greater than 0.25 acre in size.  Type B wetlands are mostly vegetated, nonforested wetlands 
greater than 0.5 acre in size.  Both types of wetlands require the establishment of variable-
width wetland management zones (WMZs) ranging from 25 to 200 feet.  In contrast, 
forested wetlands receive less protection than nonforested wetlands.  WMZs are not 
established on forested wetlands; however, harvest methods are limited to low-impact 
harvest or cable systems.  Road and landing construction within either forest or 
nonforested wetlands require the use of a mitigation sequence. 


2.4.1.6 Watershed Analysis 
In general, watershed analysis is a process whereby watershed-specific resource 
sensitivities are identified, based on the results of a number of resource assessments.  Once 
these sensitivities are defined, management prescriptions are developed to address them in 
a prioritized manner in the watershed.  Monitoring may or may not be incorporated into the 
process. 


Under Alternative 1 (chapter 222-22 WAC), watershed analysis is voluntary for private 
landowners, but is required to be conducted by DNR on all watersheds of the state, as 
funding allows.  The watershed analysis process is based on the Washington Forest 
Practices Board Manual:  Standard Methodology for Conducting Watershed Analysis.  
This manual was created by a consortium of individuals associated with the TFW process 
and supervised by TFW’s Cooperative Monitoring Evaluation and Research Committee 
(CMER).  Nine resource assessments (modules) are defined under the current process 
including the following:  mass wasting, surface erosion, hydrology, riparian, stream 
channel, fish habitat, water quality, water supply/public works, and routing.  No modules 
addressing cultural resources, restoration, or wildlife are currently included in the state 
watershed analysis process, and monitoring is optional. 


2.4.1.7 Adaptive Management 
Under Alternative 1 (WAC 222-08-035(2) and 222-12-045), adaptive management is a 
process for changing forest practices rules in response to cooperative research, monitoring, 
and evaluation.  DNR is required to report opportunities to modify forest practices rules to 
the Forest Practices Board when baseline data, monitoring, evaluation, or the use of 
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interdisciplinary teams indicate that changes will better meet the purposes and policies of 
the Forest Practices Act.  TFW CMER projects have provided input used to make 
improvements in the past.  However, there are no specific timelines or procedures for 
ensuring that necessary changes are made to the rules. 


2.4.1.8 Forest Pesticides 
Pesticide rules (chapter 222-38 WAC) under Alternative 1 regulate primarily the handling, 
storage, and application of pesticides to prevent impacts to public health, lands, fish, 
wildlife, aquatic habitat, and water quality.  These rules are consistent with Washington 
State Department of Agriculture regulations.  Several other laws and regulations apply to 
the conduct of forest practices (chapter 222-50 WAC), some of which are administered by 
other agencies and may require permits from such agencies prior to the conduct of certain 
forest practices.   


Under current rules, pesticides cannot be applied within 200 feet of residences or within 
100 feet of other properties (e.g., farmland).  In addition, pesticides cannot be ground-
applied with power equipment within 25 feet of all nonforested wetlands, as well as all 
other typed waters, excluding Type 4 and 5 waters with no surface water.  Pesticides 
cannot be aerially applied within a 50-foot buffer established on all typed waters, 
excluding Type 4 and 5 waters with no surface water and other areas of open water, such 
as ponds or sloughs.  Pesticides may be used in either RMZs or WMZs; however, they 
must be applied by hand.  Direct entry of pesticides into any typed waters, except segments 
of Type 4 and 5 waters with no surface water, is prohibited. 


2.4.1.9 Cultural Resources 
Under Alternative 1, cultural resources are protected relative to forest practices in three 
ways.  First, forest practices involving lands containing archaeological or historic sites 
registered with the Washington State Office of Archaeology and Historic Preservation, or 
on sites containing evidence of North American cairns, graves, or glyptic records, are 
categorized as Class IV-Special Practices (WAC 222-16-050(i)(g)).  These practices 
require an environmental checklist in compliance with SEPA, as they have the potential for 
a substantial impact on the environment.  Additional information including a detailed 
environmental statement may also be required.  A Class IV-Special Application must be 
filed with DNR.  DNR consults with affected Indian Tribes in identifying cultural sites.   


Second, forest practices involving lands containing cultural, historic, or archaeological 
resources which, at the time the application or notification is filed are a) listed or are 
eligible for listing with the National Register of Historic Places, or b) have been identified 
to DNR as being of interest to an affected Indian Tribe, are categorized as Class III 
practices (WAC 222-16-050(5)(k)).  These practices require a Class III application which 
has to be approved by DNR.  For Class III applications, the landowner must meet with the 
appropriate Indian Tribe to determine which cultural resources are present and discuss their 
protection. 


Third, cultural resources are protected incidentally because of the protections provided for 
riparian habitat and wetlands (described above under Riparian Habitat).   
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2.4.1.10 Hydrology 
Current forest practices rules can condition the size of a clearcut in the significant rain-on-
snow zone of a watershed where peak flows have resulted in material damages to public 
resources (WAC 222-22-100*(2)).  


2.4.2 Alternative 2 
Alternative 2 represents the alternative defined by the Forests and Fish Report (April 29, 
1999), as supplemented by ESHB 2091 and as subsequently refined.  The groups 
contributing to the development of this report included state agencies (DNR, WDFW, and 
Ecology), federal agencies (USFWS, NMFS, and EPA), the Colville Confederated Tribes, 
the Northwest Indian Fisheries Commission, the Washington State Association of 
Counties, the Washington Forest Protection Association, and the Washington Farm 
Forestry Association. 


Under the Forest and Fish Report and ESHB 2091, the Governor’s office is granted the 
authority to negotiate an HCP with USFWS and NMFS.  Under the Forest and Fish Report, 
this plan would be targeted for a 50-year period. However, this should not be construed to 
mean that Alternative 2 would actually be implemented for a 50-year period.  The 50-year 
time period is not a requirement of ESHB 2091, and the actual time span for an HCP would 
be an issue for negotiation between Washington State and USFWS and NMFS.  
Nevertheless, a 50-year time span is the principal period considered for Alternative 2 and 
the EIS in general. 


2.4.2.1 Water Typing 
Under Alternative 2, the following three water types are recognized: 


• Type S:  All waters inventoried as “shorelines of the state.” 
• Type F:  Waters not classified as Type S, which contain fish habitat.  It also includes 


some waters diverted for domestic and fish hatchery use.  
• Type N:  Waters not classified as Type S or F, which are either perennial streams or 


are physically connected by an above-ground channel system to downstream waters 
such that water or sediment initially delivered to such waters will eventually be 
delivered to a Type S or F water.  Type N waters include two subcategories:  seasonal 
and perennial streams. 


Streams of the state would be classified according to this system by DNR in cooperation 
with WDFW and Ecology, and in consultation with affected Indian Tribes.  The mapping 
would be based on a multiparameter, field-verified GIS logistic regression model.  This 
model would be habitat-driven and use geomorphic parameters.  Until these water type 
maps are available, an interim typing system would be used.  Fish habitat water types 
would be updated every 5 years based on observed field conditions. 


2.4.2.2 Riparian Habitat 
Under Alternative 2, RMZs are identified along all streams.  These zones are measured 
horizontally from the bankfull width or CMZ, whichever is greater.  The CMZ is defined 
as the area where the active channel is prone to move and where such movement would 
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result in a potential near-term loss of riparian forest adjacent to the stream.  RMZs differ 
according to which side of the state they occur on, as defined in Figures 2-1 and 2-2.  RMZ 
dimensions also vary depending on the stream type, the site class of the land adjacent to the 
typed water, the management harvest option, and the stream size.  


This section provides a general description of the riparian measures incorporated into 
Alternative 2.  A detailed description of the riparian habitat components of Alternative 2 
and the emergency rules that are currently in effect are provided in the Forests and Fish 
Report (April 1999). 


In addition to the RMZ requirements identified in this section, Type S waters are given 
additional protection under the Shoreline Management Act.  This additional protection 
would be the same as that described under Alternative 1 (Section 2.4.1.2). 


Western Washington—Type S and F Waters 
In western Washington, RMZs for Type S and F waters are divided into three zones:  the 
core zone is closest to the water or CMZ, the inner zone is the middle zone, and the outer 
zone is farthest from the water.   


CORE ZONE 
The core zone in western Washington is 50 feet in width.  With the exception of road 
crossings and yarding corridors, no timber harvest or construction is allowed in the core 
zone.  Any trees cut for or damaged by yarding corridors must be left on site. 
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Figure 2-1. RMZ Width and Degree of Protection Provided for the West Side By 
Alternative 
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Figure 2-2. RMZ Width and Degree of Protection Provided for the East Side by 
Alternative 
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INNER ZONE 
The inner zone varies from 10 to 100 feet in width, depending on stream size, site class, 
and the management option (described below).  Timber harvest in the inner zone is 
permitted only when riparian habitat can be maintained or improved; therefore, only limited 
harvest is allowed if the existing stand exceeds the stand requirement.  The stand 
requirement is the number of trees per acre, basal area per acre, and the proportion of 
conifer, in the combined inner zone and adjacent core zone, that will provide target riparian 
stand conditions when the stand is 140 years old.  This future stand is referred to as the 
desired future condition (DFC) and varies with the site class.  Growth modeling is 
necessary to calculate whether a particular stand meets the stand requirement and is on a 
trajectory towards the DFC.  The appropriate growth model is to be based on stand 
characteristics and on specific components identified in the Forest Practices Board Manual. 


When the existing stands in the combined core and inner zone do not meet stand 
requirements, no harvest is permitted in the inner zone, except for the purpose of hardwood 
conversion (see below). Two management options are available when basal area exceeds 
the stand requirement.  Widths of inner and outer zones differ between Option 1 and 
Option 2.  


Option 1 for Inner Zones—Thinning from Below.  If trees can be harvested and 
removed from the inner zone because of surplus basal area consistent with the stand 
requirement, then Option 1, referred to as “thinning from below,” can be implemented.  
The objective of thinning is to distribute leave trees in such a way as to shorten the time 
required to meet large wood fish habitat and water quality needs.  This is achieved by 
increasing the potential for leave trees to grow larger than they otherwise would without 
thinning.  Trees harvested under Option 1 must comply with the following: 


a) Residual trees left in the combined core and inner zones must meet stand 
requirements necessary to be on a trajectory to desired future condition.  


b) Thinning must be from below, meaning the smallest diameter (in dbh) trees will be 
selected for harvest first, then progressing to successively larger diameters. 


c) Thinning cannot decrease the proportion of conifer in the stand. 
d) Shade retention to meet the shade rule must be confirmed by the landowner for any 


harvest inside of 75 feet from the bankfull width or CMZ, whichever is greater. 
e) The number of residual trees per acre in the inner zone will equal or exceed 57. 


Two other factors affect the amount of harvest under Option 1:  the presence of stream-
adjacent parallel roads within the inner or core zone and the use of use of yarding corridors 
across the RMZ.  In both cases, the shortfall of basal area due to these factors has to be 
accounted for by reducing harvest.  Implementation of an acceptable LWD placement plan 
can be used to make up for shortfalls due to roads.  


Table 2-3 identifies the width of each zone within an RMZ in which Option 1 is 
implemented, given the stream width and site class of adjacent land. 
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Table 2-3. Option 1, Thinning from Below 
Inner Zone Width 


(measured from outer 
edge of core zone) 


Outer Zone Width 
(measured from outer 


edge of inner zone) Site 
Clas


s 
RMZ 


Width 


Core Zone Width 
(measured from 


Bankfull width or 
CMZ of water) 


Stream 
Width <10' 


Stream 
Width >10' 


Stream 
Width <10' 


Stream 
Width>10' 


I 200' 50' 83' 100' 67' 50' 
II 170' 50' 63' 78' 57' 42' 
III 140' 50' 43' 55' 47' 35' 
IV 110' 50' 23' 33' 37' 27' 
V 90' 50' 10' 18' 30' 22' 


 
Option 2 for Inner Zones—Leaving Trees Closest to the Water.  If trees can be 
harvested and removed from the inner zone because of surplus basal area consistent with 
the stand requirement, then Option 2 can be implemented.  Option 2 applies only to RMZs 
on site classes I, II, and III on streams that are less than or equal to 10 feet wide and to 
RMZs on site classes I and II for streams greater than 10 feet wide.  Harvest must comply 
with the following:  


a) Harvest is not permitted within 30 feet of the core zone for streams less than or 
equal to 10 feet wide, and harvest is not permitted within 50 feet of the core zone 
for streams greater than 10 feet wide. 


b) Residual leave trees in the combined core and inner zone must meet the stand 
requirements needed to be on a trajectory to the desired future condition. 


c) A minimum of 20 riparian leave trees per acre will be retained in any portion of the 
inner zone where harvest occurs.  These riparian leave trees are not to be counted 
or considered towards meeting applicable stand requirements, nor can the number 
be reduced below 20 for any reason.  


d) Trees are selected for harvest starting from the outermost portion of the inner zone 
first, then progressively closer to the stream. 


e) If the existing stand conditions in the core and inner zones result in surplus basal 
area per the stand requirement, the landowner may take credit for the surplus by 
harvesting additional riparian leave trees required to be left in the adjacent outer 
zone on a basal-area-for-basal area basis.  The number of leave trees in the outer 
zone cannot be reduced below 10 trees per acre (except for CMZ credit). 


As is the case for Option 1, the presence of stream-adjacent parallel roads within the inner 
or core zone and the use of use of yarding corridors across the RMZ also affect the amount 
that can be harvested under Option 2.  In both cases, the shortfall of basal area due to these 
factors has to be accounted for by reducing harvest.  Implementation of an acceptable 
LWD placement plan can be used to make up for shortfalls due to roads.  


Table 2-4 identifies the width of each zone within an RMZ in which Option 2 is 
implemented, given the stream width and site class of adjacent land. 
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Hardwood Conversion for Inner Zones.  Landowners have the option of conducting 
hardwood conversion in the inner zone of the RMZ on the west side only.  The riparian 
areas must be hardwood-dominated stands with evidence that conifers were dominant in 
the past.  The objective of the hardwood conversion rule is to improve long-term riparian 
function by allowing landowners to remove hardwoods in the conversion area and restock 
the area with conifers. There are numerous restrictions to implementing hardwood 
conversion.  These include the following: 


a) The combined core and inner zone do not meet stand requirements. 


b) There are fewer than 57 conifer trees 8 inches or larger dbh per acre. 


c) There are fewer than 100 conifer trees 4 inches or larger dbh per acre. 


d) Conifer trees greater than 20 inches dbh shall not be harvested in the conversion 
area. 


e) No more than 10 percent of the conifer trees greater than 8 inches dbh may be 
harvested. 


f) The conversion area must be restocked with conifers and provided with post-
harvest treatment. 


g) Conversion areas are limited to 500 feet in length. 


h) Landowners must own the land 500 feet above and below the conversion area. 


i) No stream parallel roads are present in the core or inner zone. 


j) Restrictions for the protection of shade apply (See WAC 222-30-021 for details). 


The rule includes a component for tracking conversion rates on a watershed basis.  The 
adaptive management program is charged with identifying adverse-effect thresholds for 
conversion levels on a watershed basis. 


OUTER ZONES 
Timber harvest in the outer zone must leave 20 riparian leave trees per acre after harvest.  
Riparian leave trees are trees that must be left after harvest in the outer zone in western 
Washington and are identified in Table 2-5.  These trees must be left uncut throughout all 
future harvests. 
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Table 2-4. Option 2, Leaving Trees Closest to Water 
Inner Zone Width2/ Outer Zone Width3/ 


Site 
Class 


RMZ 
Width 


Core 
Zone 


Width1/ 
Stream 


Width <10'4/ 
Stream 


Width >10' 5/ 
Stream 


Width <10'1/ 
Stream 


Width >10' 
I 200' 50' 84'4/ 84'5/ 50' 66' 
II 170' 50' 64'4/ 70'5/ 50' 50' 
III 140' 50' 44'4/ 6/ 2/ 6/ 


1/  Measured from bankfull width or CMZ, whichever is greater. 
2/  Measured from outer edge of Core Zone. 
3/  Measured from outer edge of Inner Zone. 
4/  Under Option 2, harvest is not permitted within 30 feet of the core zone for streams less than or equal to 


10 feet wide. 
5/  Under Option 2, harvest is not permitted within 50 feet of the core zone for streams greater than 10 feet 


wide. 
6/  Option 2 is not permitted for Site Class III on streams greater than 10 feet wide. 


 


Table 2-5. Outer Zone Riparian Leave Tree Requirements for Western 
Washington 


Application 
Leave Tree 


Spacing Tree Species 
Minimum dbh  


Required 
Outer zone  Dispersed Conifer 12-inch dbh or greater 
Outer zone Clumped Conifer 12-inch dbh or greater 
Protection of 
sensitive features 


Clumped Trees representative of the 
overstory including both 
hardwood and conifer 


8-inch dbh or greater 


 
The riparian leave trees must be left on the landscape according to one of the following 
two strategies.  The third strategy is available to landowners who agree to an LWD 
placement plan. 


a) Dispersal strategy.  Riparian leave trees, which means conifer species with a dbh 
of 12 inches or greater, must be left dispersed approximately evenly throughout the 
outer zone.  


b) Clumping strategy.  Riparian leave trees must be left clumped in the following 
way:  clump trees, with a dbh of 8 inches or greater, in or around sensitive features 
(primarily seeps and springs, forested wetlands, areas that would provide 
windthrow protection, small unstable slopes, or archaeologic or historic sites) to 
the extent these are present in the outer zone.  If sensitive features are not present, 
then clumps must be well distributed throughout the outer zone, and the leave trees 
must be at least 12 inches dbh in size.   


c) LWD in-channel placement strategy.  A landowner may design an LWD placement 
plan in cooperation with WDFW.  The landowner may reduce the number of trees 
that have to be left in the outer zone to the extent provided in the approved LWD 
placement plan, but not below a minimum of 10 trees per acre (except for CMZ 
credit).  
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The 20 riparian leave trees can be reduced in number in two situations:  1) if a landowner 
agrees to implement a placement strategy as described in the preceding paragraph, or 2) if 
trees are left in an associated CMZ.  In the latter case, the landowner may reduce the 
number of trees that have to be left according to specified rules (see Emergency Rules, 
March 20, 2000, WAC 222-30-021*(1)(c)). 


Western Washington—Type N Waters 
In western Washington, RMZs for Type N waters are defined in two ways.  First, an 
equipment limitation zone (ELZ) is defined for all Type N waters.  Second, a 50-foot-wide 
buffer is required for at least 50 percent of Type N perennial streams.  These are described 
below. 


EQUIPMENT LIMITATION ZONES—TYPE N WATERS  
The area between the bankfull width edge of a Type N water and a line 30 feet from such 
an edge will be established as an ELZ.  Landowners must mitigate for the disturbance of 
more than 10 percent of the soil within any ELZ as a result of the use of ground-based 
equipment, skid trails, stream crossings (other then road crossings) or partially suspended 
cabled logs.  A number of other rules designed to reduce soil disturbance, apply to cable 
yarding, skid trail location and construction, and other logging activities. 


NO-HARVEST BUFFERS—TYPE N PERENNIAL WATERS   
For Type N perennial streams, a 50-foot, no-harvest buffer will be established along each 
side of the stream for at least 50 percent of the stream length.  The locations for these 
buffers will include a 500-foot length upstream from the junction of the Type N stream 
with a Type S or F stream and a specified area associated with sensitive sites (including 
soil zones perennially saturated from a headwall seep, a side-slope seep, a headwater 
spring of perennial flow for a Type N perennial water, an alluvial fan, or the point of 
intersection of two or more Type N perennial streams).  If these sensitive sites do not add 
up to 50 percent of the stream, then the landowner must add buffers in specified priority 
areas.  Additional acres equal to the number of acres occupied by an existing stream-
adjacent parallel road within a specified sensitive site buffer or priority area must also be 
added.  Landowners are also required to, the extent reasonably practical, avoid creating 
yarding corridors and road crossings through sensitive sites and avoid soil compaction and 
vegetation removal in perennially moist areas. 


Eastern Washington—Type S and F Waters 
In eastern Washington, RMZs for Type S and F waters are also divided into three zones:  
the core zone is closest to the water or CMZ, the inner zone is the middle zone, and the 
outer zone is farthest from the water.   


CORE ZONE 
The core zone in eastern Washington is 30 feet wide.  With the exception of road crossings 
and yarding corridors, no timber harvest or construction is allowed in the core zone.  Any 
trees cut for or damaged by yarding corridors must be left on site. 
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INNER ZONE 
The inner zone varies from 45 to 70 feet wide, depending on stream size.  The degree of 
timber harvest permitted in the inner zone varies by habitat type.  Three habitat types are 
defined for eastern Washington based on elevation:  Ponderosa pine (0 to 2,500 feet), 
mixed conifer (2,501 to 5,000 feet), and high elevation (greater than 5,000 feet) habitat 
types.  Tables 2-6 and 2-7 present RMZ widths for eastern Washington areas, relative to 
stream size and the site class of adjacent lands.   


Ponderosa Pine Habitat Type.  RMZ widths are as defined in Tables 2-6 and 2-7.  No 
harvest within the inner zone is permitted unless the basal area of conifer and hardwoods is 
greater than 110 square feet per acre for trees greater than 6 inches dbh, or unless the basal 
area of conifer and hardwoods is less than 60 square feet per acre for trees greater than 6 
inches dbh (Table 2-8). 


Two other factors that must be considered relate to down wood and stream-adjacent 
parallel roads.  At least 12 tons of down wood per acre must be left behind, with 
restrictions on size.  Also, when a stream-adjacent parallel road is present in the inner zone, 
and the minimum required basal area cannot be met due to the presence of the road, then 
inner zone harvest is restricted based on the stream size and the proximity of the road to the 
stream. 


Mixed Conifer Habitat Type.  RMZ widths are as defined in Tables 2-6 and 2-7 below.  
No harvest is permitted within the inner zone unless the basal area of conifer and 
hardwoods for trees greater than 6 inches dbh is as follows: 


• Greater than 110 or less than 70 square feet per acre on low site indexes (site index less 
than 90) 


• Greater than 130 or less than 90 square feet per acre on medium site indexes (site index 
between 90 and 110) 


• Greater than 150 or less than 110 square feet per acre on high site indexes (site index 
greater than 110) 


If the basal area meets the maximum requirements above, then harvest is permitted.  
Harvest must leave at least 50 trees per acre with at least a basal area of 70 square feet per 
acre on low site indexes, or 90 square feet per acre on medium site indexes, or 110 square 
feet per acre on high site indexes as shown in Table 2-9.  If basal area is below the 
minimum and there are more than 120 trees per acre, the stand can be thinned down to 120 
trees per acre. 
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Table 2-6. Eastern Washington RMZ Widths for Streams Less than or Equal to 
15 Feet Wide 


Site Class 
Total RMZ 


Width Core Zone Width1/ 
Inner Zone 


Width 
Outer Zone 


Width 
I 130' 30' 45' 55' 
II 110' 30' 45' 35' 
III 90' 30' 45' 15' 
IV 75' 30' 45' 0 
V 75' 30' 45' 0 


1/  Measured from bankfull width or CMZ, whichever is greater. 
 


 
Table 2-7. Eastern Washington RMZ Widths for Streams Greater than 15 Feet 


Wide 


Site Class 
Total RMZ 


Width Core Zone Width1/ 
Inner Zone 


Width 
Outer Zone 


Width 
I 130' 30' 70' 30' 
II 110' 30' 70' 10' 
III 100' 30' 70' 0 
IV 100' 30' 70' 0 
V 100' 30' 70' 0 


1/ Measured from bankfull width or CMZ, whichever is greater. 
 


 
Table 2-8. Inner Zone Harvest Prescriptions for the Ponderosa Pine Habitat Type 


Inner Zone 
Basal Area and 
Trees per Acre 
(trees > 6” dbh) 


Is Inner 
Zone 


Harvest 
Permitted ?


 
 
 


Prescription 
<60 sq. ft. /acre and 
<100 trees/acre 


No 
 


Not applicable. 


<60 sq. ft. /acre and 
>100 trees/acre 


Yes Leave at least 100 trees/acre; the 100 trees/acre must 
contain the 50 largest trees/acre; other restrictions on 
leave trees also apply. 


>60  to 110 sq. ft. /acre  No Not applicable. 
>110 sq. ft. /acre Yes Leave at least 50 trees/acre and a basal area of at least 60 


sq. ft./acre; the 50 trees/acre must contain the 21largest 
trees/acre; other restrictions on leave trees also apply. 
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Table 2-9. Inner Zone Harvest Prescriptions for the Mixed Conifer Habitat Type 


Site 
Index 


Inner Zone Basal 
Area (trees >6” 


dbh) 


Is Inner 
Zone 


Harvest 
Permitted ? Prescription 


Low 
(<90) 


<70 sq. ft./acre and 
>120 trees/acre 


 
Yes 


 


Leave at least 120 trees/acre; the 120 trees/acre 
must contain the 50 largest trees/acre; other 
restrictions on leave trees also apply. 


Low 
(<90) 


70 to 110 sq. ft./ 
acre 


No Not applicable. 


Low 
(<90) 


>110 sq. ft./acre Yes Leave at least 50 trees/acre and a basal area of at 
least 70 sq. ft./acre; the 50 trees/acre must contain 
the 21largest trees; other restrictions on leave 
trees also apply. 


Medium 
(90-110) 


<90 sq. ft./acre and 
>120 trees/acre 


Yes Leave at least 120 trees/acre; the 120 trees/acre 
must contain the 50 largest trees/acre; other 
restrictions on leave trees also apply. 


Medium 
(90-110) 


90 to 130 sq. ft./ 
acre 


No Not applicable. 


Medium 
(90-110) 


>130 sq. ft. /acre Yes Leave at least 50 trees/acre and a basal area of at 
least 90 sq. ft./acre; the 50 trees/acre must contain 
the 21largest trees; other restrictions on leave 
trees also apply. 


High 
(>110) 


<110 sq. ft./acre 
and >120 trees/acre 


Yes Leave at least 120 trees/acre; the 120 trees/acre 
must contain the 50 largest trees/acre; other 
restrictions on leave trees also apply. 


High 
(>110) 


110 to 150 sq. ft./ 
acre 


No Not applicable. 


High 
(>110) 


>150 sq. ft./acre Yes Leave at least 50 trees/acre and a basal area of at 
least 110 sq. ft./acre; the 50 trees/acre must 
contain the 21largest trees; other restrictions on 
leave trees also apply. 


 
 


Two other factors that must be considered relate to down wood and stream-adjacent 
parallel roads.  At least 20 tons of down wood per acre must be left behind, with 
restrictions on size.  Also, when a stream-adjacent parallel road is present in the inner zone, 
and the minimum required basal area cannot be met due to the presence of the road, then 
inner zone harvest is restricted based on the stream size and the proximity of the road to the 
stream. 


High Elevation Habitat Type.  RMZ widths are as defined in Tables 2-6 and 2-7 above.  
Restrictions on harvest within the inner zone for RMZs in eastern Washington high 
elevation habitat types are as defined for western Washington RMZs.  However, only 
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Option 1 is permitted because the narrower core and inner zone widths in eastern 
Washington do not make Option 2 feasible. 


Two other factors that must be considered relate to down wood and stream-adjacent 
parallel roads.  At least 30 tons of down wood per acre must be left behind, with 
restrictions on size.  Also, when a stream-adjacent parallel road is present in the inner zone, 
and the minimum required basal area cannot be met due to the presence of the road, then 
inner zone harvest is restricted based on the stream size and the proximity of the road to the 
stream. 


Stream-adjacent Parallel Roads.  As is the case for western Washington, the presence of 
stream-adjacent parallel roads within the inner or core zone also affects the amount of 
timber that can be harvested.  The shortfall of basal area due to these factors has to be 
accounted for by reducing harvest or implementing an acceptable LWD placement plan. 


Wildlife Reserve Trees.  All wildlife reserve trees (WRTs) are to be retained in the inner 
zone, providing they are not a safety hazard.  Live WRTs can count towards leave tree 
requirements.  


OUTER ZONE 
This zone has three categories based on timber habitat type: Ponderosa pine, mixed conifer, 
and high elevation.  The width of this zone is 0 to 55 feet depending on the site class and 
stream width.   


Tree counts that must be left per acre, regardless of the presence of an existing stream-
adjacent parallel road in the zone, are as follows: 


• Ponderosa pine habitat type—10 dominant or codominant trees. 
• Mixed conifer habitat type—15 dominant or codominant trees. 
• High elevation habitat type—See requirements for western Washington Type S and F 


waters. 
An additional restriction for trees in the high elevation habitat type is that they must be left 
on the landscape according to one of two strategies:  dispersal or clumping strategies. 


Eastern Washington—Type N Waters 
In eastern Washington, RMZs for Type N waters are defined in two ways.  First, an ELZ is 
defined for all Type N waters.  Second, a buffer is required for Type N perennial streams.  
These are described below. 


EQUIPMENT LIMITATION ZONES—TYPE N WATERS  
The area between the bankfull width edge of a Type N water and a line 30 feet from such 
edge will be established as an ELZ.  Landowners must mitigate for the disturbance of more 
than 10 percent of the soil within any ELZ as a result of the use of ground-based 
equipment, skid trails, stream crossings (other than road crossings) or partially suspended 
cabled logs.  
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BUFFERS—TYPE N PERENNIAL WATERS   
For Type N perennial streams, within 50 feet of the bankfull width, the landowner must 
identify either a partial cut and/or clearcut strategy for each unit to be harvested as follows:  


• For partial cutsBasal areas must meet the timber-type-dependent basal areas required 
for the eastern Washington RMZ inner zone.  The trees to be included in the basal area 
determination and left after harvest must include the 10 largest trees per acre, an 
additional 40 trees must be greater than or equal to 10 inches dbh or must be the largest 
of the remaining trees, and the other remaining 50 trees also have size and other 
restrictions. 


• For clearcutsThe streamside boundary of the clearcut must not exceed 30 percent of 
the total stream reach in the harvest unit, must not exceed 300 continuous feet in 
length, must not be located within 500 feet of the intersection of a Type S or F water, 
and must not occur within 50 feet of a defined sensitive site.  Also, the landowner must 
simultaneously designate a no-cut zone buffer that is equal in area to the clearcut 
portion of the stream reach in the harvest unit. 


Additionally, if a road exists in an RMZ for a Type N perennial water and the basal area 
required to be left cannot be met within 50 feet of the stream due to the presence of the 
road, then the shortfall of basal area has to be eliminated by shifting the RMZ location 
according to specified rules.   


Riparian Management Zones for Exempt 20-acre Parcels 
On parcels of 20 contiguous acres or less, landowners with total parcel ownership of less 
than 80 forested acres do not have to leave the riparian buffers described above.  These 
landowners are subject to the permanent RMZ rules in effect as of January 1, 1999, plus an 
additional 15 percent volume.  ESHB 2091 gave the Forest Practices Board the authority to 
make this extra leave-tree requirement. 


WESTERN WASHINGTON RMZS FOR EXEMPT 20-ACRE PARCELS   
RMZs are measured from the bankfull width of a Type S or F water and extend to the line 
where vegetation changes from wetland to upland plant community, or the line required to 
leave sufficient shade, whichever is greater.  RMZs must be at least 29 feet wide and no 
wider than the widths shown in Table 2-10.  The RMZ width is expanded as necessary to 
include wetlands or ponds adjacent to the stream.  


Within the RMZ, trees are to be left for wildlife and fisheries habitat, as provided for in 
Table 2-10.  Fifty percent or more of the trees are to be live and undamaged on completion 
of the harvest.  The leave trees are to be randomly distributed where feasible; some 
clumping is allowed to accommodate operational considerations. 
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Table 2-10. Western Washington Riparian Leave Tree Requirements for Exempt 
20-acre Parcels 


# Trees/1,000 ft. each side 
Water Type/ 


Average Width 


RMZ 
Maximum 


Width 


Ratio of Conifer to 
Deciduous/Minimum 


Size Leave Trees 
Gravel/Cobble 
<10" Diameter 


Boulder/Bed
rock2 


Types S and F water 
75 feet and over 


115 feet 
 


Representative of stand 58 trees 
 


29 trees 
 


Types S and F water 
under 75 feet 


86 feet 
 


Representative of stand 115 trees 
 


60 trees 
 


Type F water 
5 feet and over 


58 feet 
 


2 to 1/12 inches or next 
largest available1/ 


86 trees 
 


29 trees 
 


Type F water 
less than 5 feet 


29 feet 
 


1 to 1/6 inches or next 
largest available1/ 


29 trees 
 


29 trees 
 


1/  “Or next largest available” requires that the next largest trees to those specified in the rule be left standing when   
  those available are smaller than the sizes specified. 


2/    Ponds or lakes which are Type S or F waters shall have the same leave tree requirements as boulder/bedrock 
  streams. 


 
An average of five undisturbed and uncut wildlife trees per acre are to be left at the ratio of 
one deciduous tree to one conifer tree equal in size to the largest existing trees of those 
species within the zone.  Other specific requirements exist and the trees left according to 
this requirement may be included in the number of required leave trees in Table 2-11. 


Table 2-11. Down Wood Guidelines for Salvage Logging in Western Washington 
and Eastern Washington High Elevation Habitat Type RMZ Inner 
Zones 


Structural Class I & II  
(Scale I-III) 


< 1 foot 
Diameter 


1-2 foot 
Diameter 


> 2 foot 
Diameter 


 
Total 


Number of logs/acre 85 83 26 194 
 
For clearcuts of 20 acres or less, if the area in RMZs for Type S or F waters or WMZs, 
considered together, comprises 10 percent or more of the harvest unit, then not less than 50 
percent of the trees required in Table 2-11 is to be left. 


EASTERN WASHINGTON RMZS FOR EXEMPT 20-ACRE PARCELS   
RMZs are measured as for western Washington except the minimum and the maximum 
widths are as described below, provided that the RMZ width shall be expanded as 
necessary.  Within the RMZ, trees are to be left for wildlife and fisheries habitat (see 
below).  The condition of the trees and their distribution are to follow the requirements for 
western Washington.  


The width of the RMZ is based on the adjacent harvest type as follows: 


• Partial cutting—The RMZ width ranges from 35 to 58 feet on each side of the stream. 
• Other harvest types—The RMZ width is an average 58 feet and ranges from 35 to 345 


feet on each side of the stream. 


Specific leave-tree requirements within the RMZ of Type S or F waters include the 
following:  a) leave all trees 12 inches or less dbh; b) leave 18 live conifer trees between 12 
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inches and 20 inches dbh per acre; and c) a number of other specific leave-tree 
requirements.  The minimum total leave-tree requirements per acre for Type S and F waters 
are as follows:  


(a) On streams with a boulder/bedrock bed, the minimum leave tree requirement is 75 
trees/acre, 4 inches dbh or larger. 


(b) On streams with a gravel/cobble (less than 10 inches in diameter) bed, the 
minimum leave-tree requirement is 155 trees/acre, 4 inches dbh or larger. 


(c) On lakes or ponds, the minimum leave-tree requirement is 86 trees/acre, 4 inches 
dbh or larger. 


Finally, for harvest units of 20 acres or less, if the area in RMZs for Type S or F waters or 
WMZs, considered together, comprises 10 percent or more of the harvest unit, then not less 
than 50 percent of the trees required above is to be left. 


RIPARIAN LEAVE TREES FOR TYPE N WATERS ON EXEMPT 20-ACRE PARCELS   
Trees are to be left along Type N perennial waters where such practices are necessary to 
protect public resources.  Where such practices are necessary, at least 29 conifer or 
deciduous trees, 6 inches dbh or larger, are to be left on each side of every 1,000 feet of 
stream length within 29 feet of the stream.  The leave trees may be arranged to 
accommodate the operation. 


Shade Requirements to Maintain Water Temperature 
DETERMINATION OF ADEQUATE SHADE   
The method described below is to be used to determine appropriate shade levels for 
flowing Type S and F waters within 75 feet of the bankfull width or CMZ of the stream, 
whichever is greater, to prevent excessive water temperatures which may have detrimental 
impact on aquatic resources.   


For the bull trout range in eastern Washington, all available shade will be retained within 
75 feet of bankfull width or CMZ of the stream.  


TEMPERATURE PREDICTION METHOD 
In addition to the RMZ requirements, leave trees are retained in RMZs on flowing Type S 
and F waters as provided by a specified method (described in the Forest Practices Board 
Manual), which includes the following considerations: 


a) Minimum shade retention requirements 


b) Regional water temperature characteristics 


c) Elevation 


d) Temperature criteria defined for stream classes in chapter 173-201A WAC 


LEAVE-TREE REQUIREMENTS FOR SHADE 
The method described above is used to establish the minimum required shade cover based 
on site-specific characteristics.  When site-specific data indicate that pre-harvest conditions 
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do not meet the minimums established by the method, no additional shade removal from 
RMZs is allowed. 


No tree may be harvested from the inner zone of any Type S or F water if, according to the 
temperature prediction method, the tree is providing shade to the typed water.  These shade 
requirements must be satisfied whether or not the inner zone includes a stream-adjacent 
parallel road.  However, nothing precludes or limits the harvest of shade trees in 
connection with the construction and maintenance of road crossings or the creation and use 
of yarding corridors.  


Salvage Logging within RMZs   
Salvage logging within an RMZ is based upon the zone (core, inner, or outer) in which the 
tree was originally located, applicable riparian stand requirements, and the extent of 
previous harvest activities in the zone. 


SALVAGE LOGGING WITHIN THE BANKFULL WIDTH OF ANY TYPED WATER 
No salvage may take place within the bankfull width of any typed water. 


SALVAGE LOGGING IN A CORE ZONE OR CHANNEL MIGRATION ZONE 
No salvage may take place within the RMZ core zone or a CMZ, including any portion of 
those trees that may have fallen outside of these zones. 


SALVAGE LOGGING IN THE INNER ZONE 
Salvage may not take place within the inner zone if the stand requirements cannot be met 
by the residual stand.  If the proposed salvage involves down tree(s) that originated from 
the inner zone, salvage of down wood may only be permitted if the down wood was not 
needed to meet stand requirements in the inner zone.  Salvage of any existing down wood 
may not take place if the unremoved balance of down wood is insufficient to meet the 
regional down wood guidelines in Tables 2-11 and 2-12.  Salvage within the inner zone 
must be conducted to protect residual undamaged trees.  Down wood guidelines for salvage 
in RMZ inner zones are given in Table 2-11 for western Washington and in Table 2-12 for 
eastern Washington. 


For eastern Washington, RMZ inner zones would have down wood requirements for any 
timber harvest, whether it is salvage or not (see above).  Table 2-12 summarizes these 
general down wood requirements. 
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Table 2-12. Down Wood Requirements for all Timber Harvest in Eastern 
Washington RMZ Inner Zones 


Habitat Type Down Wood Requirements 
Ponderosa Pine Leave at least 12 tons/acre of down wood, including at least six 


pieces >16 inches in diameter and 20 feet long, and four pieces >6 
inches diameter and 20 feet long. 


Mixed Conifer Leave at least 20 tons/acre of down wood, including at least eight 
pieces >16 inches in diameter and 20 feet long, and eight pieces 
>6 inches in diameter and 20 feet long. 


High Elevation Leave at least 30 tons/acre of down wood, including at least eight 
pieces >16 inches in diameter and 20 feet long, and eight pieces >6 
inches in diameter and 20 feet long. 


 
SALVAGE LOGGING IN THE OUTER ZONE 
Salvage may not take place within the outer zone if the leave-tree requirements cannot be 
met by the residual stand.  If the proposed salvage involves down trees that originated from 
the outer zone, salvage may only be permitted if the down wood was not needed to meet 
leave-tree requirements in the outer zone. 


Cable Yarding 
No timber is to be cable-yarded in or across Type S or F waters except where the logs will 
not materially damage the bed of waters, banks, or RMZs.  If yarding across Type S and F 
waters is permitted, aerial methods must be used, and an hydraulics project approval 
(HPA) is required from WDFW.  Yarding corridors must be no wider or more numerous 
than necessary to accommodate safe and efficient transport of logs.  Generally, yarding 
corridors must be located no closer to each other than 150 feet and must be no wider than 
30 feet.  Additional specifications on yarding are also required. 


2.4.2.3 Unstable Slopes 
Under Alternative 2, unstable slopes are specifically defined by slope gradient and 
geomorphic feature (i.e., convergent headwalls, inner gorges, bedrock hollows, toes of 
deep seated landslides, groundwater recharge areas for glacial deep-seated landslides, outer 
edge of a meander bend along a valley wall, or a high terrace in a CMZ).  After a forest 
practices application is made, and unstable slope screens are applied, field verification may 
take place by a DNR forester.  If the application is classified as a Class IV-Special (see 
Section 1.4.1 for a description) because of unstable slopes, the landowner must submit a 
geotechnical evaluation prepared by a qualified expert of the unstable slopes.  If the high 
hazard unstable slope has the potential to deliver sediment to a public resource or to 
threaten public safety, the application would be processed as a Class IV-Special.  SEPA 
requirements would have to be fulfilled for any Class-IV application submitted to DNR.   


Additional high hazard areas in certain regions of the state would be identified in the future 
and included in the high hazard landform list to be identified in forest practice applications.  
Moderate hazard landforms and appropriate management guidelines for forest practices on 
those landforms would be developed. 
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2.4.2.4 Forest Roads 
Under Alternative 2, there have been substantial changes to forest road management, 
design, and construction.  The policy regarding forest roads has changed from one of 
prescriptive standards to a performance-based standard of protection of water quality and 
fish habitat. The new rules provide standards and BMPs that are intended to help 
landowners design and maintain roads that reduce sediment delivery to streams.  Rule 
changes designed to meet this policy objective include new road location and design and 
new road and landing construction requirements.  Some of these include the following: 


• Improved standards on Type 4 and Type 5 stream crossings.  Future improvements in 
standards for Type 4 and Type 5 stream crossings developed jointly between the 
adaptive management program and WDFW have the goal of being sufficiently 
protective to eventually eliminate the need for an HPA.  


• Culverts must be designed or replaced (if necessary to protect public resources) to pass 
a 100-year flood rather than a 50-year flood, with consideration for the passage of 
debris likely to be encountered. 


• Closer spacing of ditch relief culverts to minimize runoff to streams. 
• Required erosion control for new roads where there is a potential for soil to enter a 


stream.   
• No sidecast construction within the 100-year floodplain. 


In addition, road maintenance and abandonment plans would be required for all 
landowners.  Landowners with less than 500 acres of land would have to submit a plan for 
their ownership with its first forest practices application under the Alternative 2 rules.  
Those landowners with more than 500 acres of land will have 5 years to produce road 
maintenance and abandonment plans for their entire ownership.  Road maintenance and 
abandonment identified in the plans must be accomplished by 2015.  The road maintenance 
and abandonment plans are intended to repair and/or maintain fish passage (i.e., culverts), 
reduce sediment-laden road drainage, reduce potential mass wasting of roads, and improve 
hydrologic continuity.  Sites would be prioritized for repair based on the road assessment.  
As part of the road maintenance and abandonment plans, landowners would submit 
standard road practices; pre-storm planning, emergency, and post-storm restoration 
practices; an inventory of risk to public resources; and a detailed work plan. 


An inventory and assessment of orphan road for all landowners has to be completed by 
2005.  Orphan roads are roads that were constructed prior to 1974 and not used since 1974 
for forest practices.  Following the assessment, an evaluation would be conducted to 
determine if repairs and abandonment of orphan roads should occur.  The question of 
whether it would be necessary to request public funding for repairs and abandonment of 
orphan roads would also be considered. 


2.4.2.5 Wetlands 
For Alternative 2, changes to current rules (Alternative 1) have been proposed to increase 
protection of wetlands, primarily through refinements in wetland mapping as well as 
assessment and protection of forested wetland functions.  As part of the improvements 
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proposed for wetland mapping under this alternative, landowners would have to map all 
forested wetlands that are 3 or more acres in size.  Further, they would have to identify and 
map all forested wetlands and Type A and B wetlands where more than 0.1 acre of such 
wetlands would be impacted by filling.  They would also have to identify and map all 
forested wetlands within RMZs, regardless of size.  Filling or draining more than 0.5 acre 
of a wetland would require replacement be substitution or enhancement of the lost wetland 
function.  Replacement would generally be on a two-for-one basis.  The current rule 
requiring a mitigation sequence for road and landing construction in wetlands would also 
be clarified under this alternative such that mitigation would be determined on the basis of 
“no net loss” of wetland functions. 


DNR would also incorporate wetlands into a specific GIS layer.  In addition, a wetlands 
working group would be established to conduct research and, through the adaptive 
management process, provide recommendations directed at improving protection of 
forested wetlands.  If an assessment by the wetlands working group indicates that harvest 
impacts cannot be adequately mitigated or recovered and that changes in the forest 
practices rules should be considered, adaptive management would be used for developing 
additional or refining current rules to provide adequate protection of such wetlands.  


2.4.2.6 Watershed Analysis 
As for Alternative 1, watershed analysis under Alternative 2 would be voluntary for private 
landowners and mandatory for the state (DNR).  However, a number of changes to the 
existing watershed analysis process (Alternative 1) have been proposed under Alternative 2 
as follows: 


• Two new modules would also be added to the watershed analysis process:  cultural 
resources and stream restoration. 


• Resource assessments would still be required for all current modules, but no 
prescription process would be required for riparian function, mass wasting, and surface 
erosion (roads); however, the mass wasting and surface erosion prescriptions would be 
phased out only after unstable slopes are mapped in each basin, and road maintenance 
and abandonment plans are completed by landowners.  


• SEPA analysis on a non-project basis would be required for all watershed analyses. 
• Any landowner within a watershed administrative unit (WAU) would be allowed to 


apply for a multiyear permit to conduct forest practices according to the watershed 
analysis prescriptions where 5-year reviews are conducted.  Within 30 days of 
completion of the 5-year review of the assessment and prescriptions, the landowners 
would have to update the current multiyear permit by including any prescription 
changes.  If necessary, the proposed forest practices in the permit would be modified to 
comply with the new prescriptions. 


• Improvements would be made to the hydrology and water quality modules.  For 
hydrology, an eastside-specific hydrologic assessment process would be developed.  
For water quality, improvements would be made so that water quality meets Clean 
Water Act requirements, with particular emphasis on water temperature. 
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• If a road maintenance and abandonment plan has not been developed for a landowner 
within a WAU, then the watershed analysis surface erosion resource assessment would 
provide information for the development of such a plan.  If a road maintenance and 
abandonment plan has been developed, however, then watershed analysis would 
simply review/assess the plan, but no new prescriptions would be developed. 


2.4.2.7 Adaptive Management 
Under Alternative 2, the Forest Practices Board would adopt rules requiring and defining 
an adaptive management process and establish resource objectives for “aquatic resources” 
in consultation with TFW.  The Forest Practices Board would establish the CMER 
committee and would designate a Scientific Review Committee (SRC) (also in consultation 
with TFW) to be accountable for the process.  The CMER committee would conduct 
validation and effectiveness monitoring and research to facilitate achieving the resource 
objectives.  The SRC would provide peer review of CMER’s work.  As funding allows, 
DNR would hire an adaptive management program administrator (in consultation with 
TFW) who would report to the Forest Practices Board.   


If any disputes arise during the process, the Forest Practices Board will make the final 
determination subject to the rights of appeal.  Notably, the TFW Policy Group would 
continue to play a significant role in the adaptive management process on a consensus basis 
before recommendations are provided to the Forest Practices Board. 


2.4.2.8 Forest Pesticides 
One of the main goals of Alternative 2 with respect to application of forest pesticides is to 
ensure that use of pesticides would be managed to meet water quality standards and label 
requirements and to avoid harm to riparian vegetation.  Alternative 2 does not propose any 
changes to rules regarding use of fertilizers or other forest chemicals beyond pesticides.  
Recognizing that zero drift and zero entry of aerially applied forest pesticides into water 
are the goals under this alternative, the rules and Forest Practices Board manual would be 
amended to implement BMPs designed to 1) eliminate direct entry of pesticides into 
streams, while minimizing off-target drift and 2) minimize entry of pesticides into riparian 
zones that would cause significant damage to riparian vegetation.  Overall, under this 
alternative, no pesticides would be applied, regardless of application method, within the 
core zone of any Type S or F waters, unless specifically required for hardwood or noxious 
weed control.  Aerial application of pesticides would also be prohibited within the inner 
zones of Type S or F waters and within WMZs.  For Type N waters and Type B wetlands 
less than 5 acres in size , aerial application of pesticides would be prohibited within 
variable-width buffers, depending on specific wind conditions and application nozzle 
types.  Similar to current rules, ground application of pesticides with power equipment 
would prohibited within 25 feet of any nonforested wetland or surface water, excluding dry 
stream segments at the time of application.  Also similar to current rules, hand-applied 
pesticides would only be used on specific targets; however, in contrast to current rules, 
application of all pesticides (whether hand applied or not) would be prohibited within 
RMZ core areas. 
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2.4.2.9 Cultural Resources 
Under Alternative 2, the protections provided under Alternative 1 would still be in place.  
However, the degree of incidental protection provided to cultural resources in riparian 
habitats and wetlands would be increased in proportion to the increase in the amount of 
area protected in these habitats under Alternative 2.  In addition, a cultural resources 
module would be added to the state watershed analysis procedures.  Thus, cultural 
resources would receive additional protection in those watersheds which undergo 
watershed analysis. 


2.4.2.10 Hydrology 
As for the other alternatives, under Alternative 2, a new eastern Washington hydrology 
module would be developed to be applied to eastside watersheds that undergo watershed 
analysis. 


2.4.3 Alternative 3 
Alternative 3 is representative of the alternatives produced by groups that were not among 
the authors of the Forests and Fish Report.  Separate proposals were made by an 
environmental caucus (led by the Washington Environmental Council and the Audubon 
Society) and by the Muckleshoot Indian Tribe, the Yakama Indian Nation, and the 
Puyallup Indian Tribe.  Elements of these proposals are incorporated into Alternative 3. 


2.4.3.1 Water Typing 
Under Alternative 3, a geomorphic-based system consisting of three water types is 
recognized as follows: 


• Streams with a gradient between 0 and 20 percentthese are channels considered to be 
important for fish. 


• Streams with a gradient between 20 and 30 percentthese are channels considered to 
be important for coarse sediment storage and as a source of LWD. 


• Streams with a gradient greater than 30 percentthese are channels considered to be 
important because they are prone to channelized landslides and are sources of LWD.  


2.4.3.2 Riparian Habitat 
This section describes the riparian habitat protection provided by Alternative 3.  In addition 
to this protection, major waterways designated as “shorelines of the state” are given 
additional protection under the Shoreline Management Act.  This additional protection 
would be the same as that described under Alternative 1 (Section 2.4.1.2). 


RMZ Description 
Under Alternative 3, buffers are identified along all streams.  These zones are measured 
horizontally from the bankfull width, CMZ, BHZ, or CDZ, whichever is greater.  They are 
generally the same on both sides of the state.  Buffer widths are shown in Table 2-13.  
These are considered no-cut buffers, except for improving riparian function through 
thinning as defined below. 
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Table 2-13. Riparian Buffer Widths under Alternative 3 
Channel Gradient Minimum Buffer Width Expanded Buffers 


0 to 20 % 200 ft. Channel migration zone, Beaver habitat zone1 


20 to 30 % 100 ft. Channel disturbance zone2 
>30% 70 ft. Channel disturbance zone2 


1/  BHZ is the area occupied by beaver ponds and adjacent riparian areas that are currently used   by beavers or have 
potential beaver habitat. 


2/  CDZ is the area within 30 feet of the lateral extent of an expected channelized landslide. 
 
Limited thinning would be allowed within these buffers, but only in the specific case of 
converting a hardwood-dominated stand to one that is conifer-dominated (Option 1), or 
facilitating the development of 200-year-old stand conditions (Option 2).  These options 
are further described below.   


No harvest is allowed within 30 feet of the bankfull width in any stand or within the BHZ.  
In addition, no harvest is allowed of functionally sized wood, which is determined using 
the method in Bilby and Ward (1989) for stream channels with bankfull widths of 50 feet 
or less, or the method in Abbe (1997) for channels greater than 50 feet. 


All cut trees are to remain within the riparian area, until monitoring reveals the 
prescriptions are effectively meeting riparian and channel objectives.   


Landowners wishing to follow either option would be subject to a Class IV-Special permit, 
which requires SEPA review.  In addition, a monitoring program must be implemented to 
document conditions within the riparian area and adjacent stream channel prior to and after 
riparian treatments. 


Either option will be limited to 10 percent of the total stream length within an individual 
ownership over the first 5 years.  No more than 20 percent of the total stream length within 
an individual ownership shall be treated until effectiveness monitoring indicates that 
riparian and channel goals are being met. 


OPTION 1—HARDWOOD CONVERSION 
Where converting hardwood-dominated riparian areas to conifer vegetation is necessary, 
only trees in excess of the 140 largest trees per acre can be harvested. 


OPTION 2—CONIFER STAND DEVELOPMENT 
Where facilitating the development of 200-year stand condition is desired while providing 
sufficient near-term recruitment potential, a maximum of 15 percent understory conifer 
removal is permitted. 


Salvage Logging within RMZs   
Salvage logging within an RMZ under Alternative 3 would be restricted as described for 
Alternative 2. 


Cable Yarding 
Cable yarding within an RMZ under Alternative 3 would be restricted as described for 
Alternative 2. 
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2.4.3.3 Unstable Slopes 
Under Alternative 3, high-hazard unstable slopes would be defined as in Alternative 2; 
however, one more landform would be added to the high hazard geomorphic feature list; 
the landform is all planar slopes greater than 80 percent slope.  If the high hazard unstable 
slope has the potential to deliver sediment to a public resource or to threaten public safety, 
no forest practices would be allowed on the high hazard landform or within 50 feet of the 
high hazard landform.  Moderate hazard landforms would include all slopes greater than 50 
percent.  Management prescriptions for moderate landforms would be developed.  


2.4.3.4 Forest Roads 
The rules for forest roads under Alternative 3 would be similar to Alternative 2 in respect 
to the requirements for new road location and design and new road and landing 
construction requirements.  Road maintenance and abandonment plans would also be 
required; however, the plans would be implemented by 2010.  In addition, under this 
alternative, there would be no net increase in roads within an ownership or within a basin.  
Whenever a new road is proposed, an equivalent amount of road on the same property or 
the same basin would have to be abandoned with the abandonment guidelines in the 
current rules.  Orphan roads would also be inventoried and assessed.  In addition, orphan 
roads would also have to be abandoned using the abandonment guidelines in the current 
rules. 


2.4.3.5 Wetlands 
Under Alternative 3, a new hydrogeomorphic wetland classification system would be 
developed and adopted.  In addition, in contrast to current rules that require a variable-
width WMZ on nonforested wetlands, fixed-width WMZs would be established on 
nonforested wetlands under this alternative.  Open water wetlands, including bogs, would 
receive a managed 200-foot buffer, and other nonforested wetlands would receive a 100-
foot managed buffer.  In forested wetlands, similar to current rules, no WMZ would be 
established; however, snags, non-merchantable trees, understory vegetation, and 70 percent 
of the canopy cover would be retained. 


2.4.3.6 Watershed Analysis 
Under Alternative 3, all aspects of the watershed analysis process would be the same as 
under Alternative 2.  In addition, under Alternative 3, post-watershed analysis monitoring 
would still be voluntary for those watershed analyses that are completed, but would be 
required for all new watershed analyses conducted.  Likewise, restoration plans for 
degraded instream and riparian areas with the potential to supply critical habitat 
requirements would be required in all WAUs. 


2.4.3.7 Adaptive Management 
Under Alternative 3, the adaptive management process would be linked directly to the 
Forest Practices Board.  The Forest Practices Board would take direct control over all 
effectiveness and validation monitoring and any research projects needed to answer 
questions relevant to forest practices.  In contrast to TFW, a new stakeholder advisory 
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committee would be established that does not work on a consensus basis, and opportunities 
for public participation would occur at all points in the program. 


2.4.3.8 Forest Pesticides 
Under Alternative 3, three main changes to current forest practice rules would be adopted.  
First, plants with cultural value specifically would be protected from forest pesticides.  
Second, hand-application of forest pesticides would be prohibited within 50 feet of all 
typed waters.  Finally, in cases where forest pesticides are necessary to help restore RMZ 
function, an alternative plan would be needed to proceed. 


2.4.3.9 Cultural Resources 
Under Alternative 3, the protections provided under Alternative 1 would still be in place.  
However, the degree of incidental protection provided to cultural resources in riparian 
habitats and wetlands would be increased in proportion to the increase in the amount of 
area protected in these habitats under Alternative 3.  As for Alternative 2, a new cultural 
resources module would be added to the state watershed analysis procedures.   


2.4.3.10 Hydrology 
As for the other alternatives, under Alternative 3, a new eastside hydrology module would 
be developed to be applied to eastside watersheds that undergo watershed analysis.  In 
addition, a landscape rule would be applied to all applications to limit the amount of early 
seral land within a watershed in the rain-on-snow zone.  The rule would maintain a 
minimum of two-thirds of lands, by ownership, within the rain-on-snow zone of a basin 
1,000 acres or more in size, in stands that are at least 25 years old.  


2.5 ALTERNATIVE COMPARISON 
A more detailed summary and comparison of the environmental effects of the three 
alternatives considered in detail is displayed in Table 2-14.  These tables show the major 
conclusions regarding the effects of the alternatives without the supporting rationale.  The 
analyses and rationale supporting these conclusions are provided in Chapter 3, the Affected 
Environment and Environmental Effects.  


Most of the significant differences among the alternatives occur in the width and degree of 
protection provided in RMZs.  For comparison purposes, these RMZ widths and the degree 
of protection provided are displayed graphically for each alternative on the west side in 
Figure 2-1 and on the east side in Figure 2-2. 


Table 2-14. Summary and Comparison of the Environmental Effects of the Alternatives 
(Page 1 of 8) 


Criteria 
Alternative 1 


(No Action = Current Rules) 


Alternative 2 
(Proposed Action = 


Forest & Fish Report) 


Alternative 3 
(Based on the 


WEC/Audubon and Tribal 
Proposals) 


Sediment 
Road Surface 
Erosion 


Generally a high risk of fine 
sediment delivery to streams, 


Substantial reduction in risk of 
sediment delivery to streams relative 


Similar to Alternative 2, except 
there would be additional 
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except where watershed 
analysis is applied.  Rules are 
prescriptive and do not directly 
limit resource damage.  In 
addition, road maintenance and 
abandonment plans (RMAPs) 
are generally not required, and 
rules and BMPs that address 
road drainage are generally not 
adequate. 


to Alternative 1 because of 1) 
improved BMPs; 2) implementation 
of RMAPs by 2015; 3) an outcome-
based and enforceable policy 
statement that requires resource 
protection.  However, if they are to 
be successful, outcome-based rules 
require continual monitoring; it is 
unclear that monitoring under 
Alternative 2 would be sufficiently 
integral to ensure the success of the 
outcome-based system.   


reduction in risk of sediment 
delivery to streams, over the 
short-term as well as the long-
term, due to the requirement of 
no net increase in forest roads 
and a shorter time frame for 
implementation of RMAPs (10 
years). 


Road-related 
Landslides 


Continued moderate risk of 
road-related landslides because 
1) most landforms with a high 
potential for mass wasting 
would be identified during the 
application process and 
avoided, but some would be 
missed and not avoided; 2) the 
rules and BMPs that address 
road drainage are inadequate; 
3) there are generally no 
requirements for RMAPs; and 
4) road drainage onto unstable 
slopes is not addressed. 


Low to moderate risk of road-related 
landslides because 1) the unstable 
slope screening process would be 
refined; 2) the rules and BMPs that 
address road drainage would be 
substantially strengthened; and 3) 
implementation of RMAPs would be 
required by 2015.  However, road 
drainage onto unstable slopes is not 
addressed, but could be added 
through the adaptive management 
process. 


Similar to Alternative 2, except 
there would be additional 
reduction in risk of mass 
wasting due to the requirement 
of no net increase in forest 
roads and a shorter time frame 
for implementation of RMAPs 
(10 years).  However, road 
drainage onto unstable slopes 
is not addressed. 


Landslides 
Related to 
Timber Harvest 


Continued moderate risk of 
mass wasting because 1) most 
landforms with a high potential 
for mass wasting would be 
identified during the 
application process and 
avoided, but some would be 
missed and not avoided; and 2) 
there would be minimal 
incidental protection of 
unstable areas in RMZs along 
small steep streams.   


Slight to moderate risk of harvest-
related landslides delivering to 
streams because 1) a more consistent 
screening process would result in the 
identification and avoidance of a 
greater majority of unstable 
landforms than under Alternative 1, 
and 2) greater incidental protection 
of unstable areas in RMZs and 100-
foot by 100-foot no-harvest buffer at 
intersections of perennial nonfish-
bearing streams.  


Similar to Alternative 2, except 
there would be much greater 
incidental protection of 
unstable areas in RMZs 
because of greater RMZ 
widths, especially on steep 
gradient streams. 


Table 2-14. Summary and Comparison of the Environmental Effects of the Alternatives 
(Page 2 of 8) 


Criteria 
Alternative 1 


(No Action = Current Rules) 


Alternative 2 
(Proposed Action = 


Forest & Fish Report) 


Alternative 3 
(Based on the WEC/Audubon 


and Tribal Proposals) 
Hillslope 
Erosion Related 
to Timber 
Harvest 


Nearly full protection from 
hillslope erosion reaching fish-
bearing streams.  A relatively 
high risk of sediment delivery 
because of lack of RMZs along 
nonfish-bearing streams; 
watershed analysis reduces the 
risk.  The equivalent buffer area 
index (EBAI) for sediment was 


Full protection from hillslope 
erosion reaching fish-bearing 
streams.  A low risk of hillslope 
sediment entering nonfish-bearing 
streams.  The EBAI for sediment 
was estimated at an average of 
80% for all streams under this 
alternative. 


Full protection from hillslope 
erosion reaching all streams.   
The EBAI for sediment was 
estimated at an average of 100% 
for all streams under this 
alternative. 
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estimated at an average of 62% 
for all streams under this 
alternative. 


Harvest Effects 
on Bank 
Stability 


Moderate degree of protection of 
bank stability along fish-bearing 
streams.  Low degree of 
protection along nonfish-bearing 
streams. 


Full protection of bank stability 
along fish-bearing streams.  
Moderate degree of protection 
along nonfish-bearing streams, 
which would all have ELZs. 


Full protection of bank stability 
along all streams. 


Hydrology 
Timber Harvest 
Influence on 
Peak Flows 


Moderate risk of effects on peak 
flows because they are only 
addressed through watershed 
analysis or DNR intervention. 


Similar to Alternative 1 in terms 
of risk of effects on peak flows, 
because landowners would have 
less incentive to conduct 
watershed analyses; however, 
road drainage would be 
improved. 


Lowest risk of effects on peak 
flows, relative to Alternative 1, 
because of landscape rule 
limiting cumulative harvest in 
rain-on-snow zones. 


Road Influence 
on Peak Flows 


Moderate risk of effects on peak 
flows because the rules would 
not reduce road drainage into 
streams and due to the extent of 
road-building in areas without 
watershed analysis. 
 


Reduction in risk of road 
influence on peak flows due to 
improved rules and BMPs related 
to road drainage and 
implementation of RMAPs by 
2015. 


Similar to Alternative 2, except 
additional reduction in risk due 
to requirement of no net increase 
in forest roads and a shorter time 
frame for implementation of 
RMAPs (10 years). 
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Table 2-14. Summary and Comparison of the Environmental Effects of the Alternatives 
(Page 3 of 8) 


Criteria 
Alternative 1 


(No Action = Current Rules) 


Alternative 2 
(Proposed Action = 


Forest & Fish Report) 


Alternative 3 
(Based on the WEC/Audubon 


and Tribal Proposals) 
Riparian Habitats 
Effects on LWD 
Recruitment 


High risk of effects on LWD 
recruitment potential along fish-
bearing streams, except along 
some Type 1 streams where the 
SMA provides supplemental 
protection.  EBAI for LWD 
(based on a site class II stand) 
was estimated at 38 to 48% of 
full  recruitment potential for 
fish streams on the west side and 
20 to 27% on the east side.  Very 
low LWD recruitment potential 
on nonfish-bearing streams. 


The risk of diminished LWD 
recruitment along fish-bearing streams 
would be low on the west side and 
moderate on the east side (potentially 
high on the east side outside the bull 
trout range).  Risk along nonfish-
bearing streams would be moderate to 
high for perennial streams and high for 
seasonal streams on both the west side 
and east side.  Less protective rules 
specific to small landowners would 
produce an increased level of concern. 
There is a high degree of uncertainty 
regarding the effect of diminished LWD 
recruitment in small nonfish-bearing 
streams on downstream fish habitat.  
EBAI for LWD (based on a Class II 
stand) was estimated at 81 to 96% of 
maximum recruitment potential for fish 
streams on the westside and 54 to 73% 
on the east side.  Long-term modeling 
showed that the best management 
option for long-term LWD production 
depends on size of stream and site class 
of riparian stand.   


Low risk of effects on LWD 
recruitment potential due to 
increased RMZ widths, 
addition of CMZs, BHZs, and 
CDZs, and prohibition of 
harvest.  EBAI for LWD 
(based on a Class II stand) 
was estimated at 95 to 100% 
of full recruitment potential 
for fish streams.  High LWD 
recruitment potential would 
occur along nonfish-bearing 
streams. 


Effects on 
Stream Shade 
 


Moderate to high risk of 
diminished shade along fish-
bearing streams and a very high 
risk along nonfish-bearing 
streams. 


Low to moderate risk of diminished 
shade along fish-bearing streams, 
moderate risk along perennial nonfish-
bearing streams, and high risk along 
seasonal nonfish-bearing streams.  Less 
protective rules specific to small 
landowners would produce an increased 
level of concern. 


Low risk of diminished shade 
along fish-bearing and 
nonfish-bearing streams.  


Effects on Leaf 
and Needle 
Litter 
Production 


Moderate risk of diminished leaf 
and needle litter recruitment 
along fish-bearing streams and 
very high risk along nonfish-
bearing streams. 


Low risk of diminished leaf and needle 
litter recruitment along fish-bearing 
streams, moderate risk along perennial 
nonfish-bearing streams, and high risk 
along seasonal nonfish-bearing streams.  
Less protective rules specific to small 
landowners would produce an increased 
level of concern. 


Very low risk of diminished 
leaf and needle litter 
recruitment along fish-bearing 
and nonfish-bearing streams.  


Effects on 
Microclimate 


Moderate to high risk of 
microclimate effects would 
occur along all streams.  
Essentially no protection along 
nonfish-bearing streams. 


Moderate risk of microclimate effects 
would occur along fish-bearing streams 
and a high to very high risk would 
occur along nonfish-bearing streams. 


Low to moderate risk of 
microclimate effects along low 
and moderate gradient 
streams.  Moderate to high 
risk along high gradient 
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Table 2-14. Summary and Comparison of the Environmental Effects of the Alternatives 
(Page 4 of 8) 


Criteria 
Alternative 1 


(No Action = Current Rules) 


Alternative 2 
(Proposed Action = 


Forest & Fish Report) 


Alternative 3 
(Based on the WEC/Audubon 


and Tribal Proposals) 
Wetlands 
Effects on Non-
forested 
Wetlands 


Low to moderate risk of impacts 
associated with harvest adjacent 
to nonforested wetlands (WMZ 
width is 25 to 200 feet).  No 
protection for small wetlands 
(<0.25 acre).  Mitigation is 
required for road/landing 
development. 


Low to moderate risk of impacts 
associated with harvest adjacent 
to nonforested wetlands (WMZ 
width is 25 to 200 feet).  No 
protection for small wetlands 
(<0.25 acre).  Mitigation is 
required for road/landing 
development with no net loss in 
functions. 


Low risk of impacts associated 
with harvest adjacent to 
nonforested wetlands (WMZ 
width is 100 to 200 feet).  No 
protection for small wetlands 
(<0.25 acre).  Mitigation is 
required for road/landing 
development with no net loss in 
functions.   


Effects on 
Forested 
Wetlands 


Harvest of forested wetlands is 
permitted with some exceptions.  
Limited protection to forested 
wetlands is provided incidentally 
in RMZs and WMZs.  
Mitigation is required for 
road/landing development. 


Similar to Alternative 1, except 
forested seeps and springs with 
connections to perennial nonfish-
bearing streams are protected.  
Slightly greater incidental 
protection is provided in RMZs 
and WMZs than under 
Alternative 1.  Mitigation is 
required for road/landing 
development with no net loss in 
functions. 


High degree of protection 
because minimum of 70% canopy 
closure along with understory, 
snags, and non-merchantable 
timber is to be retained.  Higher 
incidental protection is provided 
in RMZs and WMZs than under 
Alternative 2.  Mitigation is 
required for road/landing 
development with no net loss in 
functions.  


Water Quality 
Effects on 
Water 
Temperature 


Low to moderate risk of stream 
temperature increases along fish-
bearing streams.  The lack of 
RMZs along nonfish-bearing 
streams would result in high 
overall risk of stream 
temperature effects. 


Low risk of stream temperature 
increases along fish streams and a 
moderate to high risk along 
nonfish-bearing streams.  
However, the magnitude of the 
effect of temperature increases in 
nonfish-bearing streams on fish 
streams, has high uncertainty and 
could be important in watersheds 
with a high degree of past 
harvest. 


Low risk of stream temperature 
increases along all streams. 


Effects on 
Sediment Levels 


Generally a high risk of 
sediment-related water quality 
impacts to streams, except where 
watershed analysis is applied.   


Moderate risk of sediment-related 
water quality impacts to streams 
in the short-term and a low to 
moderate risk in the long-term; 
there is a moderate degree of 
uncertainty associated with this 
conclusion.  


Moderate risk of sediment-related 
water quality impacts to streams 
in the short-term and a low risk in 
the long-term; there is a moderate 
degree of uncertainty associated 
with this conclusion. 


Effects on 
Contaminant 
Levels 


Low to moderate risk of 
localized surface water 
contamination with pesticides.  
No impacts on ground water 
expected.  Long-term impacts 
could occur from continued 
application of persistent 


Low risk of localized surface 
water contamination with 
pesticides.  No impacts on ground 
water expected.  Long-term 
impacts could occur from 
continued application of 
persistent pesticides. 


Low risk of localized surface 
water contamination with 
pesticides.  No impacts on ground 
water expected.  Long-term 
impacts could occur from 
continued application of 
persistent pesticides. 
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Table 2-14. Summary and Comparison of the Environmental Effects of the Alternatives 
(Page 5 of 8) 


Criteria 
Alternative 1 


(No Action = Current Rules) 


Alternative 2 
(Proposed Action = 


Forest & Fish Report) 


Alternative 3 
(Based on the WEC/Audubon 


and Tribal Proposals) 
Fish 
Effects of 
Coarse 
Sediment on 
Fish 
Habitat 


Generally high risk of adverse 
effects on fish habitat in many 
areas from coarse sediment 
delivery to streams. 


Low to moderate risk of adverse 
effects on fish habitat in some 
areas from coarse sediment 
delivery to streams.  In the short 
term, existing roads would 
continue to have sediment effects 
with reductions over time due to 
RMAPs. 


Low to moderate risk of adverse 
effects on fish habitat in some 
areas from coarse sediment 
delivery to streams.  In the short 
term, existing roads would 
continue to have sediment 
effects with reductions over time 
due to RMAPs. 


Effects of Fine 
Sediment on 
Fish 
Habitat 


Generally high risk of adverse 
effects on fish habitat in many 
areas from fine sediment 
delivery to streams. 


Moderate risk of adverse effects 
on fish habitat in some areas from 
fine sediment delivery to streams 


Low to moderate risk of adverse 
effects on fish habitat in some 
areas from fine sediment 
delivery to streams. 


Effects of 
Hydrology on 
Fish Habitat 


Moderate risk of effects on fish 
habitat from timber 
management-related increases in 
peak flows.   
 


Moderate risk of effects on fish 
habitat from timber management-
related increases in peak flows. 
Watershed analysis would likely 
be conducted with less frequency 
and no other rules would directly 
address cumulative watershed 
harvest; however, road drainage 
to streams would be reduced 
relative to Alternative 1. 


Low risk of effects on fish 
habitat from timber 
management-related increases in 
peak flows. 
 


Effects of Large 
Woody Debris 
(LWD) on Fish 
Habitat 


High risk of effects on fish 
habitat due to diminished LWD 
recruitment in both fish-bearing 
and nonfish-bearing streams.  
No active wood placement 
strategies are available for 
meeting short-term LWD needs 
in fish-bearing streams. 


Low risk of effects on fish habitat 
due to diminished LWD 
recruitment in fish-bearing 
streams on the westside.  
Moderate risk of effects on the 
eastside (potentially high outside 
the bull trout range).  Moderate to 
high risk of diminished 
recruitment in nonfish-bearing 
streams.  There is a high degree 
of uncertainty regarding the effect 
of diminished LWD recruitment 
in these small streams on fish 
habitat in downstream fish-
bearing streams.  Active wood 
placement strategies  are 
important for meeting short-term 
LWD needs in fish-bearing 
streams. 


Low risk of effects on fish 
habitat due to diminished LWD 
recruitment in both fish-bearing 
and nonfish-bearing streams. 
However, no active wood 
placement strategies would be 
available to meet short-term 
needs in degraded streams. 
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Table 2-14. Summary and Comparison of the Environmental Effects of the Alternatives 
(Page 6 of 8) 


Criteria 
Alternative 1 


(No Action = Current Rules) 


Alternative 2 
(Proposed Action = 


Forest & Fish Report) 


Alternative 3 
(Based on the WEC/Audubon 


and Tribal Proposals) 
Effects of Leaf 
and Needle 
Litter 
Recruitment on 
Fish Habitat 


Moderate to very high risk of 
effects on fish habitat due to 
diminished leaf and needle litter 
recruitment in both fish-bearing 
and nonfish-bearing streams.  
There is a high degree of 
uncertainty regarding the 
significance of these effects. 


Low risk of effects on fish habitat 
due to diminished leaf and needle 
litter recruitment in fish-bearing 
streams.  Moderate to high risk of 
diminished recruitment in 
nonfish-bearing streams.  There is 
a high degree of uncertainty 
regarding the effect of diminished 
leaf and needle litter recruitment 
in these small streams on 
downstream fish habitat and on 
the significance of reductions.  


Very low risk of effects on fish 
habitat due to diminished leaf 
and needle litter recruitment in 
both fish-bearing and nonfish-
bearing streams.   


Effects on 
Floodplains and 
Off-channel 
Areas 


High risk to floodplains and off-
channel fish habitats. 


Low risk to floodplains and off-
channel habitats because of 
protection for CMZs and wider 
RMZs than Alternative 1. 


Very low risk to floodplains and 
off-channel habitats because of 
protection for CMZs, BHZs, and 
much wider RMZs than 
Alternative 1. 


Effects of 
Water 
Temperature on 
Fish 


Moderate risk of adverse effects 
on fish due to temperature 
increases in fish-bearing 
streams. There is a high degree 
of uncertainty regarding the 
effect of temperature changes in 
small streams on temperatures in 
downstream fish-bearing 
streams. 


Low to moderate risk of adverse 
effects on fish due to temperature 
increases in fish-bearing streams.  
There is a high degree of 
uncertainty regarding the effect of 
temperature changes in small 
streams on temperatures in 
downstream fish-bearing streams. 


Low risk of adverse effects on 
fish due to temperature increases 
in fish-bearing streams. 


Effects of 
Forest 
Chemicals on 
Fish 


Low to moderate risk of 
localized pesticide 
contamination of surface waters; 
ground water contamination 
would not be expected. 


Low risk of localized pesticide 
contamination of surface waters; 
ground water contamination 
would not be expected. 


Low risk of localized pesticide 
contamination of surface waters; 
ground water contamination 
would not be expected. 


Effects on Fish 
Passage 


Low potential for improvement 
of fish passage at existing 
culverts that are passage 
barriers.  Fish passage is 
protected across new roads. 
Culvert flow criteria may be too 
high for trout. 


High potential for improvement 
of fish passage at existing 
culverts that are passage barriers.  
Fish passage is protected across 
new roads.  Culvert flow criteria 
may be too high for trout. 


High potential for improvement 
of fish passage at existing 
culverts that are passage 
barriers.  Fish passage is 
protected across new roads.  
Culvert flow criteria may be too 
high for trout. 
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Table 2-14. Summary and Comparison of the Environmental Effects of the Alternatives 
(Page 7 of 8) 


Criteria 
Alternative 1 


(No Action = Current Rules) 


Alternative 2 
(Proposed Action = 


Forest & Fish Report) 


Alternative 3 
(Based on the WEC/Audubon 


and Tribal Proposals) 
Wildlife 
Effects on 
Amphibian 
Microhabitat 
Variables 


High risk for amphibian 
microhabitat variables (e.g., 
microclimate, stream 
temperature, LWD) along larger 
streams and essentially no 
protection along smaller streams. 


Moderate risk for amphibian 
microhabitat variables (e.g., 
microclimate, stream temperature, 
LWD) along larger streams and 
high risk along smaller streams. 


Low risk for amphibian 
microhabitat variables (e.g., 
microclimate, stream 
temperature, LWD) along larger 
streams and low to moderate risk 
along smaller streams. 


Effects on 
Unique 
Amphibian 
Habitats 


High risk of impacts to refugia 
and unique habitats for target 
amphibians. 


Low to moderate risk of impacts 
to refugia and unique habitats for 
target amphibians. 


Low risk of impacts to refugia 
and unique habitats for target 
amphibians. 


Effects on 
Other Riparian-
associated 
Wildlife 


High risk associated with habitat 
for most other riparian-
associated wildlife.  


Low to moderate risk associated 
with habitat for most other 
riparian-associated wildlife.  


Low risk associated with habitat 
for most other riparian-
associated wildlife.  


Fire 
Effects on Risk 
of Wildfire 


Risk of fire initiation and spread  
would be similar to current 
conditions. 


Risk of fire initiation and spread 
would be slightly higher than 
under Alternative 1. 


Risk of fire initiation and spread 
would be moderately higher than 
under Alternative 2. 


Cultural Resources 
Protection of 
Cultural 
Resources 


Protection afforded through the 
forest practices application 
process.  Minimal incidental 
protection of undiscovered 
resources in RMZs and WMZs. 


Protection afforded through the 
forest practices application 
process.  Significant incidental 
protection of undiscovered 
resources in RMZs and WMZs. 


Protection afforded through the 
forest practices application 
process.  Incidental protection of 
undiscovered resources in RMZs 
and WMZs would be greater 
than under Alternative 2. 
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Table 2-14. Summary and Comparison of the Environmental Effects of the Alternatives 
(Page 8 of 8) 


Criteria 
Alternative 1 


(No Action = Current Rules) 


Alternative 2 
(Proposed Action = 


Forest & Fish Report) 


Alternative 3 
(Based on the WEC/Audubon 


and Tribal Proposals) 
Cumulative 
Effects on 
Aquatic 
Ecosystem 


Cumulative effects on the 
aquatic ecosystem would be 
addressed in watersheds that 
undergo watershed analysis.  
Cumulative effects would also 
be addressed through SEPA 
review for those forest practices 
applications that are categorized 
as Class IV-Special. However, 
cumulative impacts would occur 
in other watersheds, especially 
those with high levels of past 
harvest or other disturbances; 
the rules under this alternative 
are not sufficiently protective to 
prevent cumulative effects in 
these watersheds.  
 


Cumulative effects on the aquatic 
ecosystem would be addressed in 
watersheds that undergo 
watershed analysis, but only to a 
limited degree, since riparian and 
other prescriptions would not be 
modified as a result of the 
analysis.  In addition, landowner 
incentive to conduct watershed 
analysis would be less under 
Alternative 2, so their rate of 
implementation would be lower. 
Cumulative effects would also be 
addressed through SEPA review 
for those forest practices 
applications that are categorized 
as Class IV-Special. There would 
be very few other rules that 
directly address cumulative 
effects.  Although the riparian, 
forest roads, and unstable slope 
rules under this alternative would 
be substantially more protective 
than under Alternative 1, they are 
unlikely to be sufficiently 
protective to prevent cumulative 
effects in watersheds containing 
high levels of past harvest or 
other disturbances.  In particular, 
there is a high degree of 
uncertainty regarding the 
potential for cumulative effects 
relative to the lack of RMZs on 
many perennial and all seasonal 
nonfish-bearing streams.  This 
uncertainty is increased in 
watersheds with a high level of 
recent past harvest. 


Alternative 3 would also address 
cumulative effects on the aquatic 
ecosystem to some degree 
through watershed analysis; 
again, however, riparian and 
other prescriptions would not be 
modified as a result of the 
analysis and landowners would 
have less incentive to conduct 
watershed analyses, thus 
lowering their implementation 
rate.  Under Alternative 3, some 
additional rules address 
cumulative effects (e.g., rule 
limiting increases in road 
density, rule limiting cumulative 
harvest in the rain-on-snow 
zone) and the riparian rules 
would be substantially more 
protective than under 
Alternatives 1 or 2.  Therefore, 
cumulative effects are unlikely, 
except in watersheds with the 
highest level of past harvest or 
other disturbances. 
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SLOPE STABILITY ANALYSIS  
 
 


Introduction 
Mass wasting is the movement of hillslope sediment and debris due to such processes as slumps, 
earthflows, and soil creep.  Slumps and earthflows generally develop in deeply weathered soils and 
tend to be deep-seated and move slowly; debris slides typically occur in shallow non-cohesive soils 
on steep slopes overlying less permeable bedrock (Beschta et al., 1985).  Landslides are the 
dominant erosional processes in steep forested slopes throughout the Pacific Northwest (Swanson et 
al., 1987).  Conditions causing landslides include: 1) zones of weakness in soil or bedrock; 2) 
deformation caused by soil creep; 3) drag caused by seepage pressure; and 4) removal of slope 
support by undercutting (Spence et al., 1996).  When a landslide enters and moves down the channel 
network, it can scour the channel and cause extensive damage to fish habitat, riparian areas, and 
other public resources (i.e., public works and water quality). 


Forest practices can alter both physical and biological (vegetative) slope properties that influence 
slope stability and the occurrence of shallow rapid landslides.  Physical alterations can include slope 
steepening, slope-water effects, and reduction in soil strength by loss of root strength.  Most physical 
alterations are a result of roads and skid roads.  On a unit-area basis, roads have the greatest effect 
on slope stability of all activities on forest lands (Sidle et al., 1985).   


Vegetation can also have both hydrological and mechanical effects on slope stability (Greenway, 
1987).  Hydrologic effects of vegetation on the hillslope include interception of precipitation by tree 
leaves and needles, evapotranspiration, and water routing.  The primary mechanical effects of 
vegetation on slope stability include root reinforcement and buttressing and arching (i.e., trees at the 
base of a potential slide can act like piles and stabilize the slope [ODF, 1999]). 


Identification and classification of unstable slopes provide a foundation for forest management and 
the protection of soil and water resources.  Both deep-seated and shallow landslides can be initiated 
on naturally unstable or marginally stable slopes in riparian and upland areas by management 
activities such as the presence of existing and construction of new roads and timber harvest.  As with 
stream typing, the classification or definition of unstable slopes partly guides the management 
prescriptions on those areas.  Thus, different slope classifications and associated management 
prescriptions for the same terrain can result in varying levels of resource protection.  


The purpose of this analysis is to discuss the differences between the alternatives in regard to 
unstable slopes.  This includes a detailed description of how unstable slopes are addressed by the 
existing permanent Forest Practices Rules and the alternatives, and provides an estimate of the 
percentage of land that may receive some incidental protection because of RMZs.  The rules and 
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changes within the Washington Department of Natural Resources (DNR) (institutional changes) are 
also evaluated. 


Description of Alternatives 
Alternative 1, Existing Permanent Forest Practices Rules 
Under Alternative 1, unstable slopes are reviewed during the processing of forest practices 
applications (FPAs).  Unstable areas are defined in the rules as slide prone areas; slide prone areas 
are determined by the DNR and are generally defined as “excessively steep or unstable soils.”  DNR 
assesses mass wasting hazards using the following criteria: (1) available soils information; or (2) 
evidence of geologically recent slumps or slides; or (3) where the natural slope exceeds the angle of 
repose for the particular soil types present; or (4) where springs or seeps may indicate unstable 
conditions.  If movement on the unstable landform has the potential to deliver sediment to a public 
resource, the application would be processed as a Class IV-Special, and State Environmental Policy 
Act (SEPA) review and appropriate documentation would accompany any Class IV-Special 
application submitted to the DNR.  In addition, any application for forest practices on snow 
avalanche slopes within areas designated by DNR as high avalanche hazard would be classified as 
Class IV-Special. 


Class IV-Special applications are those that are considered to have some level of activity that is 
considered to have a potential “significant” impact on the environment.  Applications to conduct 
forest practices on unstable slopes that have the potential to damage public resources (e.g., water 
quality, fisheries, bridges, water supply intakes, wetlands) require an environmental checklist to 
comply with SEPA, and SEPA guidelines.  Forest practices in an area of resource sensitivity 
identified in a watershed analysis, that deviates from the prescriptions (which may include an 
alternate plan) in the watershed analysis, are also classified as IV-special.  It may be determined that 
additional information or a detailed environmental statement is required before these practices may 
be conducted.  In current rules, there is no specific SEPA guidance in the review of Class IV-Special 
applications for unstable slopes or landforms. 


Once the application is processed as a Class IV-Special, a determination of significance, non-
significance, or mitigated significance is made.  DNR’s threshold determination is subject to a 15-
day public review period.  Then the DNR has 30 days to approve, disapprove, or approve with 
conditions, the application.  However, if an EIS has to be prepared then the Commissioner of Public 
Lands can allow more time for DNR to approve or disapprove the application. 


Alternative 2, Forest and Fish Report 
Under Alternative 2, unstable slopes would be specifically defined by slope gradient and 
geomorphic features.  The following landforms have been identified and defined from field 
experience and in the scientific literature as highly susceptible to mass wasting and considered in the 
rules to be potentially unstable: 


• convergent headwalls (especially when stacked roads are present) 


• inner gorges 
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• bedrock hollows 


• toes of deep seated landslides 


• groundwater recharge areas for glacial deep-seated landslides 


• outer edges of meander bends along a valley wall or high terrace in a channel migration zone.   


Under Alternative 2, these landforms would be considered areas of potential mass wasting.  Once a 
landowner submits a FPA, it would be reviewed by the DNR.  The DNR then would field-verify the 
application or may request more information from the landowner to see if there is a potential threat 
of slope instability.  If there is a threat of mass wasting and delivery of sediment to a public resource 
in a way that threatens public safety or causes adverse impacts, an expert would verify the instability 
and its potential for delivery to a stream.  If it is decided that a slope would likely fail and deliver or 
threaten public safety, then the application would be processed as a Class IV-Special and the 
application, if not withdrawn or modified to exclude the area in question by the landowner, would 
go through the SEPA process.  Unstable slopes that have potential to deliver to a public resource or 
to threaten public safety would be classified as Class IV- special. 


Once classified as a Class IV- special, SEPA guidance would require that the applicant provide 
DNR with an analysis by a qualified expert that identifies: 


1. the likelihood that the proposed forest practices would result in the failure of the identified 
potential unstable slopes or landforms, or contribute to further movement of a potentially 
unstable slope or landform; 


2. the likelihood of delivery of sediment or debris to any public resources in a manner that would 
threaten public safety; were such slopes to fail; and 


3. any possible mitigation for the identified hazard. 


SEPA guidance would also provide assistance to DNR on how to review the completed proposal 
with its qualified expert, with a goal of keeping mass-wasting that delivers to public resources (or 
threatens public safety) at, or near, natural rates, and how to make the required threshold 
determination.  


DNR would review the application with its technical experts, and make a threshold determination as 
to whether the proposed forest practices: (i) are likely to increase the probability of a movement that 
would deliver sediment and debris to public resources or in a manner that would threaten public 
safety, and (ii) are likely to cause significant adverse impacts.  If the DNR determines the proposed 
forest practices are likely to have a probable significant adverse impact on the environment, a 
revised application would be required with technical analysis and solutions sufficient for DNR to 
issue a determination of non-significance or the preparation of an EIS.  If an EIS is required, in 
addition to assessing the risk of mass-wasting that results in the delivery of sediment to public 
resources, the EIS process would be used to develop and implement measures that are likely to 
prevent a significant increase in the risk of mass-wasting that results in delivery of sediment to 
public resources.  Tribes and other agencies would be afforded the opportunity to participate in the 
development of such measures. 
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As in Alternative 1, DNR's threshold determination would be subject to a 15-day public comment 
period.  After completion of all required compliance with SEPA, DNR would make a determination 
to: (1) approve, (2) approve with conditions (restrictions) or (3) disapprove the proposed application.  
A proposed forest practices application would not be processed as a Class IV-Special permit as a 
result of unstable slopes if: (i) the permit covers forest practices to be conducted in a watershed 
administrative unit subject to an approved watershed analysis, (ii) it is to be conducted in accordance 
with an approved prescription from such watershed analysis, and (iii) the applicable watershed 
prescription is a specific prescription, such as a "no-harvest" prescription or a prescription that 
requires the retention of a certain numbers of trees (in contrast to a prescription that requires 
additional analysis).  If the applicable watershed analysis prescription included in any application is 
a prescription that requires additional analysis, the procedures in the rule governing unstable slopes 
would apply to such application. 


Non-rule based changes in slope stability: 
Additional unstable landforms in certain regions of the state would be identified in the future and 
included in the list of potentially unstable landforms to be identified in FPAs.  Moderate hazard 
landforms and appropriate management guidelines for forest practices on those landforms would be 
developed.  A refined GIS screening tool for unstable slopes (currently in development) would be 
used and adjusted for regional variations in physiography around the state.  In addition, field 
personnel would be trained in the identification of the potentially unstable landforms and slopes. 


Alternative 3 
Under Alternative 3, high-hazard unstable slopes would be defined as in Alternative 2.  One more 
landform would be added to the geomorphic feature list; the landform is all planar slopes steeper 
than 80 percent slope (39o).  Unlike Alternative 2, any application that has a high or moderate 
hazard slope will automatically be classified as a Class IV-special regardless of whether the high or 
moderate hazard unstable slope has the potential to deliver sediment to a public resource or threaten 
public safety.  In addition, no forest practices would be allowed on the high hazard landform or 
within 50 feet of it.  Moderate hazard landforms would include all slopes steeper than 50 percent 
(26o).  Management prescriptions for moderate landforms would be developed.  As in Alternative 2, 
additional screening tools would be developed. 


Analysis Approach 
To analyze the differences between the alternatives, it was necessary to broadly identify the 
potentially unstable slopes within the project area.  The SMORPH model (Shaw and Johnson, 1995) 
was used, with 30 meter digital elevation models, for the sample sections of the project area to 
identify potential mass wasting areas.  The SMORPH model identifies potentially unstable areas 
using a GIS algorithm that determines a hazard ranking of slope stability based upon gradient and 
curvature.  The model identifies areas as high, moderate, and low potential for mass wasting, and 
only considers shallow rapid debris slides.  This classification is based on management criteria used 
in watershed analysis for mass wasting potential (WFPB, 1997).  The high hazard classification 
from the model includes many landforms that would be considered high hazard under Alternatives 2 
and 3 including bedrock hollows, inner gorges, etc.  The SMORPH model has been calibrated to 
landslide inventories for several basins on the west side of the state.  The limitations of the 
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SMORPH model are described in detail in Shaw and Vaugeois (1999).  The calibration criteria used 
in the model were applied to the appropriate sections located within those regions (see Shaw and 
Vaugeois, 1999).  Although the SMORPH model has not been calibrated on the east side, the most 
restrictive calibration criteria for the west side (E. Fork Lewis River) were used as a proxy for the 
east side (Laura Vaugeois, pers. comm., 1999). 


The information obtained from the model are used in this assessment as a comparative tool to assess 
prescriptions of the same potentially unstable areas.  The area delineated by SMORPH is combined 
with the RMZ prescriptions by alternative to assess the relative effects of forest practices based upon 
management prescriptions.  This model is only a preliminary screening tool for areas with a high 
and moderate failure potential.  The model does not predict whether the high and moderate hazard 
areas have the potential to deliver sediment to public resources or threaten public safety.  In 
addition, the model only predicts the stability in relation to shallow rapid debris slides.  SMORPH is 
used in this analysis to identify areas that would require further field review before management 
activity could be occur.  Only a certain proportion of the potentially unstable slopes the model 
predicts would be considered for forest practices by a landowner.  


Results 
Approximately 6 percent of the west side and 4 percent of the eastside forests are on potentially high 
hazard mass wasting areas (Figure 1).  Approximately 12 percent of the west side and 5 percent of 
the east side are on moderate hazard mass wasting areas (Table 1, Figure 1).  The results are a 
minimum of potentially unstable slopes as the model does not predict deep seated slope features. 


Alternative 1 
Under Alternative 1, there would be less than one percent of the high and moderate mass wasting 
potential area landscape on the east side and west side that is provided incidental protection with 
RMZs (Table 1).  The rules are not specific in identifying unstable slopes, except for snow 
avalanche chutes, as Alternatives 2 and 3.  However, unstable slopes that have the potential to 
impact the environment should be identified in the screening process of applications.  The tools and 
information available to screen the applications are rudimentary which reduces the chance of further 
environmental review of these practices as Class IV-Special applications.  Therefore, the current 
rules present a moderate risk of mass wasting in regard to slope stability.  In addition, the current 
rules do not require that public safety be addressed in the application process, though the DNR has 
discretion to reject an application that may present a danger to the public.  
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Figure 1.  Mass Wasting Potential of Forestlands in Washington 
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Table 1.  Acres of Forested Lands in RMZs and Upland Areas for Each Hazard Class by Alternative 


ALTERNATIVE 1 
Low Hazard Moderate Hazard High Hazard 


East Side RMZ Upland RMZ Upland RMZ Upland 
Middle Columbia 0.9% 92.8% 0.0% 3.3% 0.0% 3.1% 
Snake 2.8% 92.4% 0.0% 3.6% 0.0% 1.2% 
Upper Columbia - Downstream of Grand Coulee 0.6% 83.9% 0.0% 7.4% 0.0% 8.1% 
Upper Columbia - Upstream of Grand Coulee 1.7% 93.4% 0.0% 3.2% 0.1% 1.6% 
GRAND TOTAL 1.2% 90.0% 0.0% 4.6% 0.0% 4.2% 


      
West Side       
Lower Columbia 1.9% 89.6% 0.1% 4.6% 0.1% 3.8% 
Olympic Coast 6.2% 82.6% 0.4% 5.1% 0.2% 5.6% 
Puget Sound 4.4% 75.3% 0.6% 10.5% 0.4% 8.8% 
Southwest 4.4% 72.5% 0.6% 19.1% 0.1% 3.2% 
GRAND TOTAL  4.0% 78.3% 0.5% 11.3% 0.2% 5.7% 


      
ALTERNATIVE 2/1 


Low Hazard Moderate Hazard High Hazard 
East Side RMZ Upland RMZ Upland RMZ Upland 
Middle Columbia 3.2% 90.4% 0.2% 3.1% 0.0% 3.1% 
Snake 5.6% 89.7% 0.1% 3.7% 0.0% 1.2% 
Upper Columbia - Downstream of Grand Coolee 1.4% 83.1% 0.2% 7.3% 0.0% 8.1% 
Upper Columbia - Upstream of Grand Coolee 3.5% 91.7% 0.1% 3.2% 0.0% 1.6% 
GRAND TOTAL  2.8% 88.4% 0.2% 4.6% 0.0% 4.2% 


      
West Side       
Lower Columbia 6.3% 85.2% 0.2% 4.5% 0.1% 4.5% 
Olympic Coast 10.7% 78.2% 0.9% 5.2% 3.1% 26.3% 
Puget Sound 8.2% 71.8% 1.0% 11.0% 0.9% 11.4% 
Southwest 9.4% 69.2% 2.5% 19.7% 0.2% 0.9% 
Grand Total 8.4% 74.7% 1.3% 11.6% 0.5% 5.9% 


      
ALTERNATIVE 3 


Low Hazard Moderate Hazard High Hazard 
East Side RMZ Upland RMZ Upland RMZ Upland 
Middle Columbia 15.9% 77.7% 0.6% 2.7% 0.4% 2.7% 
Snake 25.7% 69.5% 1.1% 2.4% 0.3% 0.9% 
Upper Columbia - Downstream of Grand Coolee 16.7% 67.8% 1.0% 6.4% 1.0% 7.1% 
Upper Columbia - Upstream of Grand Coolee 16.1% 79.0% 0.4% 2.8% 0.2% 1.4% 
Grand Total 16.5% 74.7% 0.6% 4.0% 0.5% 3.7% 


      
West Side       
Lower Columbia 27.9% 63.5% 1.7% 3.1% 1.3% 2.5% 
Olympic Coast 24.4% 64.3% 2.3% 3.2% 1.9% 3.9% 
Puget Sound 17.6% 62.2% 3.1% 7.9% 2.2% 7.0% 
Southwest 30.0% 47.0% 11.3% 8.5% 1.4% 1.9% 
Grand Total 24.3% 58.0% 5.2% 6.5% 1.7% 4.1% 
/1 This data does not include unstable areas in Alternative 2 Type N stream RMZs. 
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Alternative 2 
The most substantial changes in the rules between Alternative 2 and Alternative 1 is the specificity 
of the SEPA review process and rules that guide the identification of unstable slopes.  The specific 
definitions of potentially unstable slopes do not preclude a more rigorous assessment of slope 
stability because any unstable slope that poses a threat to damage a public resource should be 
identified.  It is anticipated that a greater but unknown number of forest practices applications would 
get additional review under Class IV-special.  The specific SEPA guidance in the processing of 
Class IV- special applications would reduce the risk of mass wasting and impact on public resources 
and public safety because it provides a process for review and scrutiny that does not currently exist 
in Alternative 1.  The number of landslides that would be prevented under these rules cannot be 
predicted.  


The voluntary efforts of improved screening tools and training of field personnel would likely have 
the greatest effect in reducing the potential environmental effects and threats to public safety.  These 
efforts are currently in the implementation stage within the DNR. 


The RMZs under Alternative 2 will provide slightly more incidental protection of potentially 
unstable slopes than Alternative 1 because 2 percent of west side and less than 1 percent on the east 
side of the potentially high and moderate hazard areas of landscape would be in Alternative 2 RMZs 
(Table 1).  


Alternative 3 
Alternative 3 provides the greatest protection for potentially unstable slopes because it precludes any 
timber harvest on a high-hazard mass wasting area and requires SEPA review for all forest practices 
on high- and moderate-hazard slopes.  In addition, a 50-foot no-harvest buffer is required on all 
high-hazard areas regardless of whether there is a potential to affect public resources or threaten 
public safety.  Approximately 7 percent of the landscape on the west side and 1 percent on the east 
side would represent potentially high hazard and moderate unstable slopes protected by no-harvest 
RMZs (Table 1).   


In addition, the same voluntary effects of Alternative 2, which include improved screening tools and 
training of field personnel, would also reduce the potential environmental effects and threats to 
public safety. 
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DESCRIPTION OF AREA AFFECTED BY 
WASHINGTON’S FOREST PRACTICES RULES AND 


SAMPLING  
 


Introduction 
The Forest Practices Rules are enforced on most nonfederal forest lands within Washington State.  
In some cases, specific Forest Practices Rules can be replaced by other rules governing the lands.  
This can be the case for riparian and other rules on lands within the boundary of some federally 
recognized habitat conservation plans (HCP) that address fish and, in certain urban growth areas. 


Because of the large amount of land addressed by this EIS, it was necessary to select a sample area 
for the purpose of quantitatively comparing the water typing, riparian habitat, and other rules among 
the alternatives.  This appendix describes a set of lands assumed to be subject to the Forest Practices 
Rules for this EIS, and the sample selected to represent them.   


In order to improve the ability to discuss and analyze how the alternatives affect the state, it was 
stratified into 10 regions, 5 in western Washington and 5 in eastern Washington.  The 10 regions 
were identified on the basis of major river basin boundaries; major river basins were grouped 
together to form the regions primarily on the basis of the distribution of threatened or endangered 
fish and broad physiographic zones.  The 10 regions are shown in Figure 1 and the forested lands 
assumed in this EIS to be subject to Forest Practices Rules are shown with the regions in Figure 2. 


Washington Lands Assumed to be Subject to Forest Practices Rules 
The state of Washington includes approximately 67,608 square miles of land, including 24,534 
square miles in western Washington and 43,074 square miles in eastern Washington (Table 1).  The 
majority of these lands are in private ownership and federal ownership makes up the second largest 
area.  State and other ownerships make up the remainder.  Approximately 83 percent of western 
Washington and approximately 41 percent of eastern Washington are forested (Table 2).   


As noted above, the lands in Washington state assumed to be subject to all Forest Practices Rules for 
this EIS include all private and state-owned forest lands with the exception of those lands within the 
boundaries of certain large HCPs, primarily in western Washington, and certain urban growth areas.  
State-managed forest lands in western Washington were not included in the analysis because of the 
DNR HCP which applies to anadromous fish and wildlife on the west side.  Table 3 identifies the 
acreage of lands subject to all Forest Practices Rules.  The table stratifies these lands by ownership 
and by region of the state, including west side versus east side.  This table indicates that there are 
approximately 9,483 square miles of forest lands subject to Forest Practices Rules on the west side, 
all  
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Figure 1.  Ten Regions of Washington Used for Analysis in this EIS 
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Appendix A 
Figure 2.  Forested Lands Assumed to be Subject to Washington Forest Practices Rules (shown as 
cross-hatched or solid) in this EIS and the Ten Regions 
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Table 1.  Washington State Land Areas by Ownership and Region (in square miles) 


Total Land Areas 
 Private   State   Federal  Other   Total  


Region  (sq. mi.)  (sq. mi.)  (sq. mi.)  (sq. mi.)   (sq. mi.) 
West Side      
Puget Sound         6,391         1,092         5,407            307        13,196  
Islands            157              14                3                2             176  
Olympic Coast            778            471         1,134            365          2,748  
Southwest          2,938            392            208              25          3,563  
Lower Columbia         2,733            443         1,668                7          4,852  
TOTAL       12,997         2,412         8,420            706        24,535  


      
East Side       
Middle Columbia         4,795            886         2,478         1,962        10,121  
Snake         6,287            273            582                7          7,150  
Upper Columbia - Below G.C. Dam         3,508         1,035         5,112            675        10,330  
Upper Columbia - Above G.C. Dam         6,203            539         2,329         1,757        10,828  
Columbia Basin         3,518            240             861              26          4,645  
TOTAL       24,311         2,974       11,363         4,426        43,074  


    
GRAND TOTAL       37,309         5,385       19,783         5,131        67,608  


 
 
 


Table 2.  Washington State Forest Land Areas by Ownership and Region (in square miles) 


 Total Forest Land Areas  
 Percent 


of   
 Private   State   Federal  Other   Total   Region  


Region  (sq. mi.)  (sq. mi.)  (sq. mi.)  (sq. mi.)   (sq. mi.)  Forested 
West Side       
Puget Sound         4,464         1,004         4,418            248        10,135 77% 
Islands            128              11                2                1             143 81% 
Olympic Coast            705            464         1,032            334          2,535 92% 
Southwest         2,532            375            203              22          3,132 88% 
Lower Columbia         2,309            434         1,562                6          4,311 89% 
TOTAL       10,138         2,289         7,217            611        20,255 83% 


      
East Side       
Middle Columbia         1,360            488         1,810            914          4,572 45% 
Snake            346              33            491                1             871 12% 
Upper Columbia - Below G.C. Dam            655            469         4,073            268          5,465 53% 
Upper Columbia - Above G.C. Dam         2,685            440         2,241         1,442          6,808 63% 
Columbia Basin                0                0                0                0                 0 0% 
TOTAL         5,046         1,430         8,616         2,625        17,717 41% 


   
GRAND TOTAL       15,184         3,719       15,833         3,236        37,972 56% 
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Table 3.  Acreage of Washington State Forest Lands Subject to Forest Practices Rules 


 
Total  
Forest 


Total State & 
Private Forest Lands Chosen for Sampling 


Lands Forest Lands  Private   State   Total  
West Side (sq. mi.) (sq. mi.) (sq. mi.) (sq. mi.) (sq. mi.) 
Puget Sound 10,135 5,468 3,983     -    3,983 
Islands 143 202 127     -    127 
Olympic Coast 2,535 1,169 700     -    700 
Southwest 3,132 2,879 2,493     -    2,493 
Lower Columbia 4,311 2,863 2,179     -    2,179 
TOTAL 20,255 12,582 9,483     -    9,483 


 -     -    
East Side  -     -    
Middle Columbia 4,572 1,665 1,171 488 1,659 
Upper Columbia - Downstream of 
Grand Coulee 871 1,124 655 469 1,124 
Upper Columbia - Upstream of Grand 
Coulee 5,465 3,125 2,685 440 3,125 
Columbia Basin 6,808 0 0 0 0 
Snake 0 407 346 33 379 
TOTAL 17,717 6,321 4,857 1,430 6,287 


    
GRAND TOTAL 37,972  18,903 14,340 1,430 15,770  
 
on private lands, and 6,287 square miles on the east side, 77 percent of which are private lands and 
23 percent are state. 


Random Sample 
In order to represent the lands shown in Figure 1 and tabulated in Table 3, a sample was selected 
using a GIS random sampling method applied to one-mile square sections of the state.  The sample 
was stratified by ownership (private vs. state) and the side of the state (west side vs. east side).  The 
requirements were that the sections had to contain some forested lands and private or state 
ownership.  As a result, three categories of land within Washington state were randomly sampled.  
The categories were (1) Eastside State, (2) Eastside Private, and (3) Westside Private.  The 
categories sampled were limited to these three because they represent the vast majority of lands in 
Washington state subject to Forest Practices Rules.  As noted above, no westside state trust lands 
were sampled because these lands are under an HCP which determines the natural resource 
protection level for these lands.  


A total of 182 sections was selected, including 93 sections containing private forest land on the west 
side, 65 sections containing private forest land on the east side, and 24 sections containing state 
forest land on the east side.  Table 4 itemizes the number of sections sampled and the acres selected 
in each region of the state. 


The analyses we conducted that required spatial measurements were evaluated on these sample 
sections.  Geographic information system (GIS) coverages used in the analyses included 
hydrography (streams by type), soils (including site class), vegetation (including seral stage), 
topography (from digital elevation models), and others.  The analyses conducted using these sample 
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sections are described in Appendix C (Water Type Modeling), Appendix D (Riparian Habitat 
Modeling), and Appendix E (Unstable Slope Modeling). 


 
Table 4.  Acreage and Number of Sample Sections Selected to Represent Washington State Forest Lands
 Subject to Forest Practices Rules 
 Private Lands State Lands 
Region # of Sections  Total Acres   # of Sections  Total Acres  
West Side 
Lower Columbia 21 10,510  - - 
Olympic Coast 8 4,615  - - 
Puget Sound 38 17,883  - - 
Southwest 26 14,499  - - 
     
TOTAL 93 47,507  - - 


     
East Side     
Middle Columbia 12 5,491  8  3,560  
Snake 4 867  - - 
Upper Columbia – Below Grand Coulee 17 5,913  13  9,590  
Upper Columbia – Above Grand Coulee 32 13,611  3  1,434  
     
TOTAL 65 25,882  24 14,584  


     
GRAND TOTAL 158  73,388  24  14,584  


 
Table 5 lists the three categories and reports the forested area sampled within each category, as well 
as the distribution of these categories throughout Washington state.  A total of about 16,614 square 
miles (10,642,960 acres) of forested lands were sampled.  Because the proportion of eastside state 
lands sampled (1.2%) was higher than the proportion of eastside private land area sampled (0.7%), it 
was necessary to weight the eastside data before combining the two.   


 
Table 5.  Forested Area of Washington State and Sample Sections for each of the Three Categories 


Randomly Sampled (the percent of area represented in the sample sections is also given) 


Categories Sampled 
Total WA State 


Forested Area (ac) 
Forested Portion of 
Sampled Area (ac) Percent Sampled (%) 


Eastside State 915,200 11,212 1.2 
Eastside Private 3,229,440 21,514 0.7 
Westside Private 6,488,320 41,749 0.6 
Total 10,632,960 74,475 0.7 


 
On the east side, 1.2 percent of the total area of forested state lands were sampled and 0.7 percent of 
the private forested lands were sampled.  Of the total forested state and private lands on the east 
side, 22 percent are state lands and 78 percent are private.  To properly account for the  unequal 
sampling proportions on the east side, we weighted all eastside state data.  The weighting factor used 
was 0.6662/1.2251 = 0.544 (i.e., all eastside state totals were multiplied by this factor before 
combining the data with eastside private data for the purpose of estimating an eastside total). 
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WATER TYPE MODELING 
 
 
Introduction 
Stream or water classification is a systematic arrangement of streams and other water bodies in 
groups or classes according to specified criteria.  These criteria include physical characteristics, 
processes, and beneficial uses.  In Washington, different stream typing systems are used to manage 
for the beneficial uses (e.g., fish habitat and water quality ) of streams.  The Department of Natural 
Resources (DNR) and other state agencies currently use presence of fish and protection of 
downstream water quality to classify streams for management purposes.  On state and private 
timberlands, the classification of streams dictates the management activity level permitted adjacent 
to the stream type.   


The system for classification of waters in Washington is a key factor in the framework for landscape 
management.  Currently, forest practices in riparian management zones are regulated according to 
the stream typing system. Thus, the stream typing system used across the landscape directly affects 
land management.  The land management along streams or riparian areas can beneficially or 
adversely affect the beneficial uses of the streams and the functions of the riparian areas for aquatic 
and terrestrial species. 


In order to quantify the current extent of water types and riparian protection associated with those 
types, the existing DNR mapping and classification of streams can be used.  This mapping can be 
used to represent Alternative 1 in this EIS.  In order to quantitatively compare Alternative 1 with the 
other alternatives, modeling must be used to represent Alternatives 2 and 3.  This appendix describes 
the stream typing under the alternatives and the modeling used to represent Alternatives 2 and 3. 


Description of Water Typing Under the Alternatives 
Under Alternative 1, water typing rules would be the same as the current permanent rules.  The 
waters identified in the state’s GIS hydrography coverage have been classified according to these 
water types.  Five water types are recognized as follows: 


• Type 1:  Major waterways of the state including rivers, lakes, and saltwater.  They include all 
waters inventoried as “shorelines of the state.” 


• Type 2:  Waters, not classified as Type 1, which have high fish, wildlife, or human use.  They 
generally are streams wider than 20 ft. at ordinary high water. 


• Type 3:  Waters, not classified as Types 1 or 2, which have moderate to slight fish, wildlife, or 
human use.  They generally are less than 20 ft. at ordinary high water. 


• Type 4:  Waters not classified as Types 1, 2, or 3, which are important for protecting 
downstream water quality.  They generally are streams wider than 2 ft. at ordinary high water. 
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• Type 5:  Waters not classified as Types 1, 2, 3, or 4.  They are generally seasonal headwater 
streams, less than 2 ft. at ordinary high water. 


• Type 9:  Untyped hydrography that may or may not have definable channels.  Type 9 
hydrography has no regulatory status. 


Under Alternative 2, three water types , plus two subtypes are recognized as follows: 


• Type S:  All waters inventoried as “shorelines of the state.” 


• Type F:  Waters not classified as Type S, which contain fish habitat.  It also includes some 
waters diverted for domestic and fish hatchery use.  


• Type N:  Waters not classified as Type S or F, which are either perennial streams or are 
physically connected by an above-ground channel system to downstream waters such that water 
or sediment initially delivered to such waters will eventually be delivered to a Type S or F 
water.  Type N waters include two subtypes: perennial and seasonal streams. 


Under Alternative 3, a geomorphic-based system consisting of three water types is recognized as 
follows: 


• Waters with a gradient between 0 and 20 percent; these are channels considered to be important 
for fish. 


• Waters with a gradient between 20 and 30 percent; these are channels considered to be 
important for coarse sediment storage and as a source of LWD. 


• Waters with a gradient greater than 30 percent; these are channels considered to be important 
because they are prone to channelized landslides and as a source of LWD.  


Modeling of the Alternative Water Typing Systems 
As discussed above, the DNR’s GIS hydrography coverage can be used to represent Alternative 1 
directly.  However, to compare Alternative 1 with the other two alternatives, assumptions must be 
made and Alternatives 2 and 3 modeled using available information.  The following approach was 
followed to represent these two alternatives.  It relies on existing hydrography data consisting of 
stream location and stream type, stream gradient classification (generally based on 10-m digital 
elevation models [DEMs] and 30-m DEMs where 10-m DEMs were not available), and basin size. 


Initial Approach 
For both Alternatives 2 and 3, the following initial steps were taken using the sample sections 
described in Appendix A: 


• The DNR hydrography layer was acquired for the sample sections within Washington state.   
The DNR hydrography layer classifies waters by Types 1 through 5, and Type 9.  


• A GIS ArcInfo macro language (AML) script was used to determine the gradients of the streams 
in the sample sections.  Stream gradient classes were mapped along each stream segment; these 
were broken down into 0-20 percent, 20-30 percent, and greater than 30 percent classes.  
Gradient classification used the available DEMs, which were generally 10-m DEMs; 30-m 
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DEMs were used where these were not available.  In addition, slope classes were mapped over 
the entire section based on the DEMs.  These were broken down into slope classes of 0-16 
percent, 16-20 percent, and greater than 20 percent. 


• In order to improve the quality of the gradient classification, an individual map of each section 
containing the above information, was printed and reviewed by a hydrologist.  Where 
discrepancies were observed between the gradient class of the stream as mapped and the 
gradient of the topographic location of where the stream should have been mapped, changes 
were made to stream gradient classes so that they more accurately reflected the available 
topographic information.  


Alternative 2 Approach 
For Alternative 2, the following rules were applied for modeling: 


• All current Type 1 streams were converted to Type S streams by definition.  All current Type 2 
and 3 streams were converted to Type F streams.   


− Type 4 streams with the following characteristics were converted to Type F streams:   


− Type 4 streams with gradients between 0 and 16 percent; 


− Type 4 streams with gradients between 16 and 20 percent and a basin size greater than 50 
acres in western Washington or 175 acres in eastern Washington 


• All other Type 4 streams and all Type 5 streams (including Type 9’s on the west side) streams 
were considered nonfish-bearing, Type N streams. 


• The following definitions (from the Forests and Fish Report) were used for separating perennial 
from seasonal nonfish-bearing streams:  


− Type 4 streams are considered perennial if their basin sizes are greater than 13 acres in the 
Coastal zone of western Washington (based on the Sitka Spruce zone of Franklin & 
Dyrness, 1973), 52 acres in all other areas of western Washington, or 300 acres for all areas 
in eastern Washington.   All other Type 4s, as well as all Type 5s and Type 9s (on the west 
side) are considered seasonal.  Type 9 streams on the east side were considered 
unchannelized dry draws and were excluded from the Alternative 2 classification scheme. 


It was recognized that this approach for defining fish-bearing streams probably overestimates the 
number of fish-bearing waters and underestimates the Type N perennial streams (Pers. Comm., 
Mark Hunter, Washington Department of Fish and Wildlife, 1999).  


Alternative 3 Approach 
For Alternative 3, the following rules were applied for modeling: 


• All streams were classified based on their gradient class only.  Stream type was not taken into 
account, except that Type 9 streams in eastern Washington were not included since most of 
these turn out to be dry draws. 
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Results 
Table 1 displays the number of stream miles in the sample sections (see Appendix A) by region and 
major land ownership for all vegetation types.  Table 2 displays the number of stream miles under 
the current stream typing system (Alternative 1) in the sample sections for state and private forest 
lands by region.  Table 3 displays the number of stream miles in the sample sections under the 
proposed stream typing broken down in the same way for Alternative 2, and Table 4 displays the 
same information for the Alternative 3 stream typing system.  A graphical comparison of the stream 
typing systems in the sample sections is displayed in Figure 1.  


Since riparian protection rules are a relatively recent phenomenon in Washington state, the majority 
of riparian forests on private and state lands have been logged at least once.  Most streamside 
vegetation is relatively young or in an early seral stage.  In order to estimate the proportion of stream 
miles in different seral stages, we classified the available vegetation data according to the 
classification given in Table 5.  This produced the seral stage breakdown shown in Table 6 for 
private lands. 


Table 1.  Stream Miles by Ownership and Stream Type on Sample Sections West Side-All Vegetation Types 
WEST SIDE 


 Type 1 Type 2 Type 3 
REGION NAME Private Federal State County Total Private State Federal Total Private Federal State Total 
Lower Columbia 3.9 0.1 0.1 0.0 4.1 0.0 0.0 0.0 0.0 3.5 0.8 0.0 4.3 
Olympic Coast 1.6 0.1 0.6 0.0 2.3 0.0 0.0 1.4 1.4 5.1 0.0 2.1 7.2 
Puget Sound 13.2 0.0 2.2 0.1 15.5 1.2 0.1 0.0 1.3 17.2 0.0 1.6 18.8 
Southwest 8.9 0.0 0.0 0.0 8.9 4.0 0.0 0.0 4.0 27.1 0.0 0.0 27.1 
Island Region 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Grand Total 27.6 0.1 2.9 0.1 30.7 5.3 0.1 1.4 6.7 52.9 0.8 3.7 57.4 


 
 Type 4 Type 5 Type 9 


REGION NAME Private State Tribe Total Private Federal State Tribe Total Private Federal State Tribe Total 
Grand Total 
All Streams 


Lower Columbia 16.0 0.4 0.0 16.4 41.3 0.0 0.0 0.0 41.3 38.7 3.3 1.4 0.0 43.4 109.4 
Olympic Coast 1.5 1.1 0.4 3.0 6.1 0.5 4.9 1.6 13.1 0.2 0.0 0.1 2.0 2.3 29.3 
Puget Sound 12.6 1.1 0.0 13.7 28.7 0.4 4.3 1.1 34.5 29.0 0.0 1.6 0.0 30.6 114.4 
Southwest 13.5 0.0 0.0 13.5 73.7 0.0 0.0 0.0 73.7 65.0 0.0 0.0 0.0 65.0 192.2 
Island Region 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Grand Total 43.6 2.5 0.4 46.6 149.8 0.9 9.2 2.7 162.6 132.9 3.3 3.1 2.0 141.3 445.3 


 
EAST SIDE 


 Type 1 Type 2 Type 3 
REGION NAME Private Federal State County Total Private State Federal Total Private Federal State Total 


Middle Columbia 2.7 0.0 0.0 2.7 1.5 0.0 0.0 0.0 1.5 4.0 0.0 0.0 4.0 
Snake River 0.3 0.0 0.0 0.3 0.1 0.0 0.0 0.0 0.1 2.6 0.0 0.0 2.6 
Upper Columbia-Dnstrm 1.3 0.4 0.0 1.7 1.4 0.0 0.0 0.0 1.4 1.1 0.7 0.0 1.7 
Upper Columbia-Upstrm 8.1 0.0 0.7 8.9 3.5 0.2 0.0 0.8 4.6 5.4 0.7 0.3 6.4 
Columbia Basin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Grand Total 12.4 0.4 0.7 13.6 6.5 0.2 0.0 0.8 7.5 13.2 1.4 0.3 14.8 


 
 Type 4 Type 5 


REGION NAME Private Federal State County Total Private State Federal Total Private 
Grand Total 
All Streams 


Middle Columbia 8.53 0.0 0.3 0.0 8.9 12.9 0.0 0.0 0.0 12.9 30.0 
Snake River 1.0 0.0 0.0 0.0 1.0 6.2 0.0 0.0 0.0 6.2 10.2 
Upper Columbia-Dnstrm 5.9 1.9 0.0 0.0 7.8 27.9 11.4 0.4 0.0 39.8 52.4 
Upper Columbia-Upstrm 14.5 0.8 0.9 0.0 16.2 35.3 2.8 1.2 0.0 39.3 75.3 
Columbia Basin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Grand Total 29.9 2.7 1.2 0.0 33.9 82.3 14.2 1.6 0.0 98.1 167.9 
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Table 2.  Stream Miles by Water Type for Forested Lands in the Sample Sections by Region for 


Alternative 1 
 


Alternative 1 
Westside-Forested Private Lands 


WATER TYPE 
REGION 1 2 3 4 5 9 Grand Total 
Lower Columbia 1.6 0.0 2.8 14.6 39.4 35.7 94.2 
Olympic Coast 0.8 0.0 4.8 1.5 6.1 0.2 13.4 
Puget Sound 7.4 1.1 15.5 11.6 28.0 23.7 87.1 
Southwest 5.5 3.3 24.7 13.3 72.2 63.1 182.0 
Island 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Grand Total 15.3 4.3 47.8 41.0 145.7 122.6 376.7 
        
Eastside-Forested State Lands 


WATER TYPE 
REGION 1 2 3 4 5 Grand Total 
Middle Columbia 2.1 0.0 1.2 2.4 7.2 12.9 
Upper Columbia-Dnstrm 0.0 0.0 6.7 4.0 12.5 23.2 
Upper Columbia-Upstrm 0.0 0.0 2.4 0.8 3.4 6.7 
Snake River 0.0 0.0 0.0 0.0 0.0 0.0 
Columbia Basin 0.0 0.0 0.0 0.0 0.0 0.0 
Grand Total 2.1 0.0 10.3 7.2 23.1 42.8 
        
Eastside-Forested Private Lands 


WATER TYPE 
REGION 1 2 3 4 5 Grand Total 
Middle Columbia 0.3 0.5 2.8 5.8 10.8 20.1 
Upper Columbia-Dnstrm 0.0 0.3 0.3 2.1 20.2 22.9 
Upper Columbia-Upstrm 2.5 0.3 3.7 7.1 27.9 41.5 
Snake River 0.1 0.0 1.7 1.0 3.2 5.9 
Columbia Basin 0.0 0.0 0.0 0.0 0.0 0.0 
Grand Total 2.9 1.0 8.5 16.0 62.0 90.4 


 


        
Total Sample 20.3 5.4 66.5 64.1 230.9 122.6 509.8 
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Table 3.  Stream Miles by Water Type1/ for Forested Lands in the Sample Sections by Region for 
Alternative 2 


 
Alternative 2 


Westside-Forested Private Lands 
WATER TYPE  


REGION S F Np Ns Grand Total 
Lower Columbia 1.6 12.0 4.3 76.1 94.1 
Olympic Coast 0.8 6.2 0.0 6.4 13.4 
Puget Sound 7.4 24.1 2.9 52.8 87.1 
Southwest 5.5 36.3 3.2 136.8 181.7 
Island 0.0 0.0 0.0 0.0 0.0 
Grand Total 15.3 78.7 10.4 272.1 376.4 
      
Eastside-Forested State Lands 


WATER TYPE  
REGION S F Np Ns Grand Total 
Middle Columbia 2.1 5.0 0.3 7.4 12.8 
Upper Columbia-Downstream of Grand Coulee 0.0 10.3 0.3 12.5 23.1 
Upper Columbia-Upstream of Grand Coulee 0.0 3.0 0.0 3.7 6.7 
Snake River 0.0 0.0 0.0 0.0 0.0 
Grand Total 2.1 16.4 0.6 23.6 42.6 
      
Eastside-Forested Private Lands 


WATER TYPE  
REGION S F Np Ns Grand Total 
Middle Columbia 0.3 8.8 0.2 10.8 20.1 
Upper Columbia-Downstream of Grand Coulee 0.0 2.3 0.4 20.2 22.9 
Upper Columbia-Upstream of Grand Coulee 2.5 10.8 0.3 27.9 41.5 
Snake River 0.1 2.7 0.0 3.2 5.9 
Columbia Basin 0.0 0.0 0.0 0.0 0.0 
Grand Total 2.9 24.5 0.9 62.1 90.4 
      
Total Sample 20.3 119.6 11.8 357.7 509.4 
1/Type S Waters = Shorelines of the State 


Type F Waters = Fish-bearing waters, not classified as Type S 
Type Np Waters = Perennial nonfish-bearing waters 
Type Ns Waters = Seasonal nonfish-bearing waters 
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Table 4.  Stream Miles by Water Type for Forested Lands in the Sample Sections by Region for 
Alternative 3 
 
 


Alternative 3 
Westside-Forested Private Lands 


STREAM GRADIENT  
REGION 0-20% 20-30% >30% Grand Total 
Lower Columbia 41.5 21.3 31.3 94.2 
Olympic Coast 12.9 0.2 0.3 13.4 
Puget Sound 58.8 6.9 21.4 87.2 
Southwest 105.3 27.6 49.2 182.1 
Island 0.0 0.0 0.0 0.0 
Grand Total 218.6 56.0 102.3 376.9 
     
Eastside-Forested State Lands 


STREAM GRADIENT 
REGION 0-20% 20-30% >30% Grand Total 
Middle Columbia 9.0 2.4 1.6 12.9 
Upper Columbia-Downstream 17.8 3.7 1.6 23.1 
Upper Columbia-Upstream 5.4 1.0 0.3 6.7 
Snake River 0.0 0.0 0.0 0.0 
Columbia Basin 0.0 0.0 0.0 0.0 
Grand Total 32.2 7.1 3.4 42.7 
     
Eastside-Forested Private Lands 


STREAM GRADIENT 
REGION 0-20% 20-30% >30% Grand Total 
Middle Columbia 17.3 1.2 1.6 20.1 
Upper Columbia-Downstream  10.1 4.1 8.6 22.8 
Upper Columbia-Upstream  30.2 6.8 4.6 41.5 
Snake River 4.2 0.5 1.2 5.9 
Columbia Basin 0.0 0.0 0.0 0.0 
Grand Total 61.8 12.6 16.0 90.3 
     
Total Sample 312.6 75.7 121.7 509.9 
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Figure 1.  Total Forested Stream Miles in the Sample Sections by Stream Type for each Alternative 
 







 
 
  
 
 
 


Final EIS                                                       C-9 Water Type Modeling 


 


Appendix C 
Table 5.  Definitions Used for Seral Stage Classification 


Private Lands 
Seral State Vegetation Class Diameter Class (in) 


Reprod. <6 
Conifer pole 6-12 
Hardwood pole 6-12 Early 


Mixed pole 6-12 
Conifer sawtimber 12-24 
Hardwood sawtimber 12-24 Mid 
Mixed sawtimber 12-24 
Large conifer sawtimber >24 
Large hardwood sawtimber >24 Late 
Large mixed sawtimber >24 


 
State Land 


Seral Stage Age Class of Primary Species (yr) 
Early 0-40 
Mid 41-100 
Late >100 


 
 
 
 
Table 6.  Estimated Percent of Each Seral Stage Along Forested Streams on Private Lands 


Seral Stage – Percent by Water Type 
Water Type Early Mid Late 


West Side 
Types 1-3 64% 33% 2% 
Types 4-5 81% 18% 1% 
All Streams 78% 21% 1% 


East Side 
Types 1-3 60% 36% 4% 
Types 4-5 61% 33% 6% 
All Streams 61% 34% 5% 
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FOREST ROADS  
 


Introduction 
In forested watersheds throughout the Pacific Northwest, logging roads are a significant source of 
sediment (Megahan and Kidd, 1972; Cederholm and Reid, 1987; Chamberlin et al., 1991; Nolan and 
Janda, 1995; Bolda and Meyers, 1997).  Roads are considered the main cause of accelerated erosion 
in forests across the western United States (Best et al., 1995; Harr and Nichols, 1993).  This reflects 
a legacy of roads built under varying ownerships and Forest Practices Rules.  Many chronic sources 
of sediment in Washington State are from old, poorly built roads.   


Processes initiated or affected by roads include landslides due to road prism failure; road surface 
erosion; secondary erosion (landslide scars exposed to rainsplash); and gullying.  “Road prism” 
refers to the cross-sectional configuration of a road, which includes the roadbed (sometimes called 
tread), a road cut, and/or a road fill.  Additionally, roads may change the hydrology of streams by 
extension of the drainage network and road ditches can divert water from one stream basin to 
another.  Section 3.3.2.3 of the EIS discusses these effects further. 


Road prism failures are present in most managed, forested watersheds in Washington State.  Furniss 
et al. (1991) found that forest roads contributed more sediment than all other forest activities 
combined, ranging from 26 to 346 times the volume of sediment produced in undisturbed forests, on 
a per-unit basis.  These types of failures typically occur along steep valley sideslopes and when 
stream crossings fail.  Failure of the fill slope is usually a result of overloading of the existing slope 
with the added weight of the fill material, or as a result of roads being built on unstable soils.  
Stream crossing failure usually occurs when a culvert becomes plugged up with debris, impounding 
water behind the road prism.  Either the water may overtop the road, incising down and causing 
collapse of the adjacent road prism, or it may cause the roadbed to be saturated, and slough off the 
hillside due to the excess weight.  


Road cuts may also fail; this is primarily in response to the removal of material for road 
construction.  When a road cut fails, the mobilized sediment is usually deposited onto the road.  This 
sediment may block flow within a ditch, leading to further erosion of the road prism as water in the 
ditch flows around the failure.  Road cuts also commonly collect flow from hillsides, usually in the 
form of springs exiting at the road cut.  This water may then flow down the uphill ditch, adding 
extra flow volume in adjacent streams.  This may also lead to road prism failure. 


Road surface erosion is particularly affected by traffic (Reid and Dunne, 1984).  Sediment yield 
increases substantially with increases in traffic.  This type of erosion is also dependent on road 
surfacing and road drainage.  For example, a paved road will produce much less sediment than one 
with no surfacing (Washington Department of Natural Resources, 1997). 
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To assess the effects of roads, the regulations regarding road construction and maintenance must be 
examined.  Roads built following Forest Practices Rules that provide specific direction and 
recommended BMPs from the literature have the lowest risk of causing sediment delivery.  The 
following section describes recommended and accepted practices for building and maintaining forest 
roads.  


Recommended Forest Road Construction and Maintenance Practices 
Various researchers, agencies, and landowners now recognize practices that help reduce sediment 
delivery from roads to streams.  In this section, recommended practices will be summarized.  In the 
following section, each of the alternatives will be compared to these practices to evaluate their 
efficacy.  Many of the practices presented in this section were derived from Weaver and Hagans  
(1994), which was recently incorporated into a habitat conservation plan approved by the National 
Marine Fisheries Service (PALCO, 1999). 


In addition, a study conducted by the Department of Ecology and Timber, Fish and Wildlife (Rashin 
et. al., 1999) concluded that many current BMPs were not effective at preventing chronic sources of 
sediment delivery.  Some of the main deficiencies noted were delivery of water and sediment to 
streams from ditch relief culverts, erosion of newly constructed roads at stream crossings (current 
erosion control measures were rated ineffective); and poorly installed culverts that block fish 
passage.  Recommendations from this report are reflected in Table 1.  This section is organized by 
the major aspects of road management:  planning, design, drainage, construction, and maintenance 
and abandonment. 


Road Planning 
Road planning is one of the most important ways in which sediment delivery from roads can be 
reduced (Yee and Roelofs, 1980).  Minimizing the amount and size of new roads greatly reduces the 
risk of sediment delivery from roads.   


In identifying the route of a new road, the slope of the land is one of the first parameters considered.  
Road segments greater than 500 feet in length should not have slopes greater than 15 percent. 
Additionally, roads that traverse steep slopes create large lengths of cutslope and fillslope; thus, it is 
important to avoid the steepest slopes when laying out a road system.  This reduces the risk and 
effects of fillslope failure and other erosional processes, although in some locations may lead to 
greater total road length. 


The natural slope stability must also be considered.  This includes examining such features as 
orientation of bedrock joints and bedding planes, degree of weathering, moisture, and rock hardness. 


Drainage is also important in planning.  Poorly drained soils should be avoided.  Since stream 
crossings provide the linkage between habitat and road-derived sediment, roads should be planned to 
minimize the number of stream crossings.   







 
 
  
 
 
 
 


Final EIS Forest Roads 


 


Appendix F 


F-3 


Table 1.  Summary of Recommended and Actual BMPs for Road Management, by Alternative* 
Road 


Management 
Aspect Recommended Practice 1,2,3 Input/Process Affected 


Alternative 1 
(Current Permanent 


Rules) 


Alternative  2 
(Forests and Fish 


Report) 


Alternative  3 
(Tribal/WEC 
Alternative) 


Planning Minimize total road length and width, 
stream crossings 


Road surface erosion, 
road failures, fish 
passage 


Encouraged Encouraged No net increase in road 
length 


 Avoid unstable or steep slopes, saturated 
soils 


Road failure, road 
surface erosion 


Yes; agency review if 
unavoidable 


Yes; more intensive 
review if unavoidable 


Yes; more intensive 
review if unavoidable 


 Avoid locating landings in sensitive areas Road failure Mentioned, but specific 
areas to avoid not identified 


Mentioned, but specific 
areas to avoid not 


identified 


Mentioned, but specific 
areas to avoid not 


identified 
Design Minimize cut and fill slopes Road surface erosion, 


road failures 
No Yes Yes 


 Outsloping preferred Road surface erosion Yes Yes Yes 
 Full bench on >60% slope Road failure No Yes Yes 
 Minimize sidecast construction Road surface erosion No No No 
 Culvert at stream grade** Fish passage Yes Yes Yes 
 Culvert along natural alignment** Fish passage Yes Yes Yes 
 Pool at outlet** Fish passage No No No 
Drainage Rolling dips, water bars Road surface erosion, 


road failures 
Not required Not required Not required 


 18” corrugated metal pipe (CMP) ditch 
relief culverts, spaced appropriately 


Road surface erosion Required, but at distances 
greater than recommended 


by literature 


Required  Required 


 Culvert outfall protection Road surface erosion Encouraged Encouraged Encouraged 
 Grade dips at stream crossings Road failure No No No 
 Install trash racks Road failure No No No 
 Culvert sizing – 50 year flood or greater, 


rational method 
Road failure 50-year flood;  “technical 


engineering” methods 
recommended for culverts 


> 3’ diameter 


100 year flood; 
“technical engineering” 
methods recommended 


for culverts > 3’ diameter 


100-year flood; “technical 
engineering” methods 


recommended for  
culverts > 3’ diameter 


Construction Erosion control during construction Road surface erosion Encouraged near type 1, 2, 
and 3 water; rated 


ineffective 


Encouraged regardless of 
proximity to water 


Encouraged regardless of 
proximity to water 
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Table 1.  Summary of Recommended and Actual BMPs for Road Management, by Alternative* (continued) 
Road 


Management 
Aspect Recommended Practice 1,2,3 Input/Process Affected 


Alternative 1 
(Current Permanent 


Rules) 


Alternative  2 
(Forests and Fish 


Report) 


Alternative  3 
(Tribal/WEC 
Alternative) 


Construction  
(continued) 


Careful sidecast placement Road surface erosion Yes; not within 50-year 
flood level 


Yes; not within 100-year 
flood level 


Yes; not within 100-year 
flood level 


 Minimize amount of soil disturbance Road surface erosion No No No 
 Construction during dry conditions Road surface erosion, 


road failure 
Encouraged Encouraged Encouraged 


 No organic matter in fill Road failure Yes Yes Yes 
Abandonment Maintenance and abandonment plan 


required 
Road surface erosion, 
road failures, fish 
passage 


Required only upon DNR 
request 


Yes Yes 


 Remove culverts & fill at stream 
crossings 


Road failures, fish 
passage 


Upon notification of 
landowner by DNR 


Yes Yes 


 Scarify, seed, and mulch  Road surface erosion No No No 
 Abandon orphan roads Road surface erosion, 


road failure 
No Inventory, assessment 


required 
Inventory, assessment 


required 
 Pull back landings above streams Road surface erosion, 


road failure 
Landings above streams 


not allowed 
Landings above streams 


not allowed 
Landings above streams 


not allowed 
 Prioritize roads blocking passage Fish passage No Yes Yes 
Maintenance Pre-wet season inspection Road surface erosion, 


road failure 
No No; requires “pre-storm 


planning” 
No; requires “pre-storm 


planning” 
 Ditch maintenance Road surface erosion, 


road failure 
Yes Yes Yes 


 Appropriate amount of ditch maintenance Road surface erosion, 
road failure 


No Yes Yes 


 Clean trash racks Road failure No No No 
 Maintain pool at culvert outlets** Fish passage** No No No 
Overall risk of 
sediment 
delivery*** 


  Moderate to high Moderate Moderate to low 


*   Note that this table does not include all possible BMPs.  It lists the BMPs deemed most important in Weaver and Hagans (1994), Rashin et al. (1999).  
** These BMPs are also regulated by Washington Department of Fish and Wildlife.  
***Overall risk of sediment delivery includes risk of delivery of sediment from both surface erosion and mass wasting. 
1    Weaver and Hagans, 1994 
2    Rashin et.  Al., 1999 
3   Yee and Roelofs, 1980
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Landings may also cause landslides in forested terrain.  As with roads, the number and size of 
landings should be minimized.  When planning the location of landings, the following areas should 
be avoided:  1) steep headwater swales; 2) inner gorges; 3) narrow ridges between headwater 
swales; and 4) slopes greater than 50 percent that are directly above a stream or wetland. 


Road Design 
One of the most important aspects of road design is the shape of the road prism.  Components of the 
road prism include the roadbed, the cutslope, and the fillslope.  A road can either be full bench, 
partial bench, or full fill.  Generally, on slopes over 60 percent, roads should be designed as full-
bench, meaning that the roadbed is cut into the hillside, and the roadbed is composed of undisturbed, 
in-place materials (Weaver and Hagans, 1994).  With full-bench construction, all excavated material 
is hauled away for use or disposal elsewhere.   


Partial bench construction (also known as sidecast construction), is the most common type of road 
construction, and is associated with the most damage to aquatic systems.  In general, sidecast 
construction should not be used on slopes over about 60 percent, and should be limited to gently 
sloping areas far from streams. 


Cut-and-fill slopes can also be designed to minimize erosion and failure.  Cutslopes should be as 
steep as the soils and bedrock permit without becoming unstable.  The road width often determines 
the height of the cutslope, and should, therefore, be minimized.  Fill slopes can be built at various 
angles, depending on the properties of the soils and the building techniques used (including 
compaction and re-enforcement with engineered materials).  However, loose, uncompacted sidecast 
should generally not be used at an angle of 60 percent or higher (Weaver and Hagans, 1994). 


Design of the road surface has proven critical to reducing road surface erosion.  An important 
parameter is the slope of the road perpendicular to the hillside.  Forest roads can be insloped or 
outsloped.  The ditch intercepts water from the road, which tilts gently toward the ditch, and from 
the cutslope.  The ditch grade should be between 2 and 6 percent where possible.  This is steep 
enough to keep water flowing, but not enough to cause scour in the ditch.  On insloped, ditched 
roads, frequent ditch relief culverts (cross-drains) should be used.  Cross-drains divert water from 
the ditch, under the roadbed, and onto a stable slope below the road.  The spacing of cross-drains 
depends on the road grade, and the erodibility of the hillslope onto which the culverts drain (see 
Table 20 in Weaver and Hagans, 1994).  A minimum culvert diameter of 18 inches is recommended.  
Cross-drains should be installed at a grade 2 percent higher than the grade of the ditch, and at an 
angle of 30 degrees relative road alignment.  Ditches should be designed to accommodate the same 
level of flood as the streams to which they deliver.  Cutslopes, ditches, and relief culverts should all 
be designed so that runoff is directed onto stable, vegetated areas where sediment will be filtered 
out. 


A highly recommended technique for reducing road surface erosion is outsloping.  On an outsloped 
road, there is no ditch on the upslope side of the road.  Instead, the road surface gently tilts away 
from the cutslope, between 3 and 8 percent, depending on the road grade.  In place of ditch relief 
culverts, grade dips are recommended.  These are low spots in the road spaced frequently enough to 
prevent channelized flow on the road surface.  They are built with very gentle inclines to allow 
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vehicles to pass over them without slowing significantly.  Notably, outsloping may be inappropriate 
where the soil is highly erodible. 


Landing design is also critical in minimizing sediment production.  They should be designed with a 
minimum of sidecast, and with no organic debris.   


Road Drainage 
There are two components of drainage design practices: hillslope drainage and stream crossings. 


Hillslope drainage refers to water draining from the upslope side of the road.  It may emanate from 
swales or from groundwater intercepted by the road cut.  Designing for hillslope drainage mainly 
involves the sloping of the road surface and ditches and relief culverts; these measures have been 
discussed above. 


Stream crossings are the primary delivery route for road-generated sediment (Duncan et al., 1987).  
It is thus critical to design stream crossings to minimize delivery of sediment.  In addition, in fish-
bearing streams, it is critical to maintain fish passage. 


Stream crossings should be designed to minimize the potential for stream diversion, which occurs 
when the road is overtopped, and water flows down the road or road ditch, instead of back into the 
natural channel.  To accomplish this, grade dips should be installed slightly off the culvert centerline 
(Weaver and Hagans, 1994).   


For fish passage, culverts at stream crossings must have sufficiently gentle grade to permit flow 
velocities low enough for fish to swim upstream.  Culverts should be placed at or slightly below the 
grade of the existing channel, and should be in alignment with the channel.  Culverts should also be 
placed to ensure that the water depth is sufficient for fish passage.  There should also be a holding 
pool below the culvert outlet, which allow fish to rest before swimming up the fast moving water in 
the culvert. Although WDFW regulates fish passage on individual crossings through the HPA 
process, the DNR is also involved in the regulatory process through establishment of basin-wide 
performance-based rules that include specific objectives for fish passage.   


To prevent overtopping, Weaver and Hagans (1994) recommend the use of debris control structures 
(also called trash racks) are crucial on streams with high debris carrying potential.  Installed on the 
upstream side of a culvert, or bridge, trash racks may be composed of anything from a series of 
wood posts installed side by side, to steel grates.  Notably, trash racks may actually cause failure on 
stream crossings where small debris clogs the rack and water cannot pass quickly and in some cases 
have presented a barrier to fish, which highlights the need for careful maintenance. 


Culvert capacity is critical in preventing overtopping as well.  In Oregon and Washington, existing 
permanent Forest Practices Rules use the 50-year flood level to size culverts.  However, in 
Washington State, the WDFW has required sizing for the 100-year flood on fish-bearing streams.  
To calculate the 50-year flood, the “rational method” is recommended (Weaver and Hagans, 1994).  
As the expected life of the culvert increases, the likelihood of a flow exceeding the 50-year level 
increases.  Consequently, the 100-year flood may be more appropriate for sizing long-lived culverts.  
Except for the smallest culverts, crude estimation of culvert size is discouraged.  Culverts should 
also be of sufficient length to pass the water and debris into the stream channel; culverts that are too 
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short may erode the fill adjacent to the roadbed.  In addition, a rocked outlet provides protection 
against scour from the water exiting the culvert. 


Bridges offer an alternative to filled stream crossings, such as those with culverts.  Temporary, 
‘portable’ bridges are ideal for fish passage and for minimizing sediment delivery at stream 
crossings.   


Road Construction 
The two most important aspects of road construction with regard to sediment delivery are timing and 
erosion control measures. 


Road construction should be limited to the dry season.  Stream crossings in particular should be built 
when the water is at its lowest level; this minimizes the risk of sediment delivery. 


Erosion control during construction includes a suite of activities.  As a basic rule, soil disturbance 
should be kept to a minimum.  Any large exposed soil slopes to be left permanently should be 
seeded and mulched immediately.  These may include fill slopes, or spoil piles.  If standard erosion 
control materials are recommended, such as silt fence or straw bales, it is critical that they are 
installed correctly, and that adequate maintenance is planned and provided. 


Road Abandonment  
The definition of road abandonment varies from not using a road to removing stream crossings and 
roadbed to match the original topography.  Roads that are no longer used or maintained are likely to 
continue to deliver sediment to streams (Brunengo and Bernath, 1990) and an effective road 
management plan must provide for proper abandonment.  A key determinant of “proper” 
abandonment is whether a road segment has been sufficiently treated so that maintenance is no 
longer necessary to prevent sediment delivery. 


Road abandonment programs minimize the risk of sediment delivery in a given watershed.  The 
degree to which delivery risk is reduced depends on the extent and specificity of the program. 


One of the primary treatments is to remove stream crossings, thus preventing overtopping of the 
roadbed.  When removing a stream crossing, the streambed should be restored to at least the original 
width, and preferably to a slightly larger width. 


Another key component of abandonment is the identification and treatment of unstable roads and 
landings.  These areas should be excavated and graded to prevent landsliding onto nearby streams.  
This usually involves using heavy equipment to pull back the unstable fill, and then disposing of the 
fill in a stable area. 


Waterbars should be installed on abandoned roads to prevent rilling in the roadbed.  The road should 
also be scarified to a depth of at least 15 inches, to aerate the compact surface and enhance growing 
conditions, then seeded or planted.  The road surface should be outsloped, and ditches eliminated, 
eliminating the need for ditch maintenance.  Seed mixes and plant species should be approved by a 
local conservation district, and should be composed of non-invasive species.  When combined, these 
measures eliminate the need for any maintenance. 
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Road Maintenance 
Maintenance is an essential part of road management.  If funding for adequate maintenance is not 
sufficient for a proposed road, the road should be planned as a temporary road to be abandoned at 
the first opportunity after completion of harvest operations.   


Maintenance begins with consistent inspection, or monitoring, of road conditions.  Inspection should 
be conducted at least once a year, and well before the onset of the rainy season.  Inspection during 
the wet season may facilitate identification of maintenance issues.  In addition, road maintenance 
crews should be on hand during the rainy season to respond to large storms. 


One major rule of maintenance that should be followed is to grade road surfaces and clean ditches 
only when necessary.  This minimizes road surface erosion, loss of road surfacing, and scour in the 
ditches. 


Temporary roads, and unsurfaced permanent roads, should not be used during wet conditions. 


Cutslopes should be inspected for instability which has or which could cause blockage of the ditch.  
Any ditch blockage that has occurred should be properly cleared.  Fill slopes should be inspected for 
tension cracks.  Such fill slopes should be stabilized by removing the sloughing sidecast, and any 
organic material that may be present in the roadbed.  Any spoils created during road maintenance 
should be disposed of in a stable location away from steep slopes and from streams. 


Comparison of Alternatives 
This section compares the alternatives as to their effectiveness in reducing the risk of sedimentation 
due to road construction and maintenance.  As mentioned previously, fish passage is an issue jointly 
regulated by the WDFW.  The WDFW issues Hydraulic Project Approvals for new stream 
crossings, while DNR policy (particularly under Alternatives 2 and 3) includes fish passage as an 
objective and the rules developed for forest practices must be consistent with WDFW requirements. 
To provide background for the analysis, a brief discussion on styles of forest road construction and 
maintenance is presented in the following paragraphs. 


Achieving policy goals of forest road management can be accomplished in several ways.  Forest 
Practices Rules may be mostly prescriptive (i.e., mandating specific aspects such as culvert spacing), 
or mostly performance oriented, where landowners are required to meet the overall objective of the 
rules, or both.  Rules may contain language that allows for flexibility in road construction and 
maintenance.  The language may be referred to as “discretionary,” because it leaves some aspects of 
road management at the discretion of the landowner and/or the DNR. 


In prescriptive rules, the specificity of the prescriptions allows for certainty of compliance and for 
relatively simple compliance monitoring.  However, prescriptive rules may not be appropriate in 
specific cases and resource damage can occur even though the rules are applied.  With part of 
performance-oriented regulations, resource protection is more directly addressed, but more intensive 
compliance and effectiveness monitoring are required to accomplish policy goals.  Without follow 
up through compliance and effectiveness monitoring, uncertainty may arise about completeness of a 
landowner's actions, and about the adequacy of the prescriptive measures adopted by the landowner.  
Thus, the risk of sediment delivery can be assessed by evaluating the protection levels defined by 
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performance criteria, the specificity of performance criteria, and how the performance criteria are 
followed up with monitoring. 


In the previous section, the recommended practices for various aspects of road management were 
summarized.  These are also referred to as best management practices, or  ‘BMPs’.  In the following 
sections, the relative certainty of effectiveness is assessed for each of the three alternatives, along 
with the specifics of the guidelines or BMPs themselves.  Table 1 provides a summary of the 
recommended BMPs, which processes are affected by them, and how each of the alternatives 
addresses them.  It is important to note that implementation of BMPs is site-specific; recommended 
BMPs may not always be appropriate depending on local conditions. 


For this analysis, it was assumed that increasing the opportunity for review by the regulating body 
(DNR) and outside groups decreases the risk of sediment delivery; this is a way of ensuring that 
policy goals are met.  Furthermore, we assume that some activities will be conducted which are not 
explicitly stated as part of the proposed Forest Practices Rules.  For example, although there are no 
provisions in the proposed Forest Practices Rules for checking the completeness of road 
maintenance plans, it is assumed that the DNR will ensure reasonable completeness of each 
landowner’s plan through proper review and by inherent knowledge of local road problems.  
Notably, the conditions on which the assumptions are based may change over time.  


Road Planning 


Alternative 1 
Because of the importance of planning in the prevention of sediment delivery, regulations with well 
developed, specific guidelines for road planning have a relatively low risk of sediment delivery.  
Under the existing forest practices, there is much consideration of the proper location of roads.  For 
example, they state “fit the road to the topography so that a minimum of alterations to the natural 
features will occur” (WAC 222-24-020(1)).  However, much of the language used in reference to 
road planning is discretionary.  Direction is provided to landowners, but few specific measures are 
required.  There is currently an extensive application and review process to ensure that the intent of 
the regulations is followed.  While agency review in most situations resolves the most significant 
issues, the certainty with which regulations can be enforced is somewhat limited.  Rashin et al. 
(1999) recognized the limitations of the discretionary language in existing regulations, and 
recommended eliminating it. 


With respect to recommended BMPs, forest practices applicants are encouraged to avoid building 
roads in narrow canyons, riparian zones, on unstable slopes, and in wetlands, and to minimize the 
total length of new roads.  However, there are no specific requirements to avoid sensitive areas.  
Because of the use of discretionary language, there is a risk of sediment delivery due to improper 
siting of roads. 


Alternative 2 
Policy objectives would be substantially different than under the current permanent Forest Practices 
Rules.  These objectives include:  maintenance of passage for fish in all life stages, passage of some 
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woody debris, meeting water quality standards, sediment control, streambank protection, and 
directing road surface runoff to the forest floor.  These policy objectives would provide a framework 
for the administration of the BMPs contained within the proposed Forest Practices Rules. 


The Forest Practices Board Manual provides further guidance for road building practices.  Stream- 
or wetland-adjacent roads would be located greater than 100 feet from streams or wetlands unless 
other alternatives would be more damaging to public resources.  The Forest Practices Board Manual 
also recommends minimizing stream crossings through proper planning. 


Rules regarding road planning (not road design) would be similar to those under current permanent 
Forest Practices Rules.  Policy goals, however, would be more specific.  These goals allow 
enforcement of policy and development of new strategies to achieve goals, should the specified 
strategies fail.  This would result in a lower risk of sediment delivery relative to Alternative 1. 


Alternative 3 
Under this alternative, there would be no net increase in roads within an ownership or within a 
watershed.  This would significantly affect road planning.  Whenever a new road is proposed, an 
equivalent amount of road on the same property or within the same basin would have to be 
abandoned.  Abandonment planning and procedures would be the same as under Alternative 2.   


Stream crossings would be removed, the road surfaces would be outsloped, and waterbars would be 
installed to ensure that the roads do not contribute sediment to the stream systems. 


Because the total miles of road would not increase under this alternative, the risk of road failure and 
surface erosion would decrease relative to current regulations, and relative to Alternative 2. 


Road Design 


Alternative 1 
Current regulations lack several highly recommended BMPs for minimizing road surface erosion 
and road failures.  These include using the outsloping of roads as the preferred surface drainage 
design, rather than having a hillside ditch.  This was specifically recommended by Weaver and 
Hagans (1994). 


As discussed under Road Design in the section on Recommended Forest Road Construction and 
Maintenance Practices, full-bench construction in steep areas is recommended in the literature to 
reduce the risk of road-related mass wasting.  Under this alternative, there would be no requirements 
for full-bench design in steep or unstable areas (although in high hazard areas landowners are 
required to submit a Class IV – special application that undergoes SEPA review).  Another 
recommended BMP is to minimize sidecast construction of roads.  While the current regulations 
encourage landowners to balance fill and excavation so that as much fill as possible is used on the 
fill section, they do not specifically mention avoidance of sidecast construction.  Similarly, there is 
no direction provided to minimize the length and width of cut and fill slopes, which would reduce 
the risk of surface erosion and road failure. 







 
 
  
 
 
 
 
 


Final EIS Forest Roads 


  


Appendix F 


F-11 


New road crossings of fish-bearing streams currently require a Hydraulic Project Approval, which is 
administered by the WDFW.  While the current regulations partially address fish passage issues, one 
recent study indicates that passage barriers remain a persistent problem (Rashin et. al., 1999), 
although old stream crossings account for many of the barriers.  Under this alternative, fish passage 
through stream crossings, particularly existing stream crossings, is expected to remain a problem. 


Alternative 2 
Under this alternative, several important changes to the regulations would occur.  One of the most 
important would be the requirement of full-bench road design on slopes greater than 60 percent.  
This is much more specific than under current regulations, and is strongly recommended by Weaver 
and Hagans (1994).  This generally reduces the risk of surface erosion and road failure, relative to 
the current regulations.  The remaining BMPs relevant to sediment delivery would be the same as 
under Alternative 1. 


The Forest Practices Board Manual contains a list of general guidelines to be followed in the road 
design process.  This includes:  avoiding the rerouting of streams; installing cross drains; armoring 
cross drain outfalls where the flow would be erosive; constructing catch basins or sediment traps; 
outsloping of roads where possible; and using gravel surfacing of appropriate thickness.  These 
guidelines, assuming they are followed, would substantially reduce the risk of sediment delivery to 
streams, relative to Alternative 1.  Policy goals allow the enforcement of these guidelines or more 
restrictive measures if potential for damage to resources exists. 


Under this alternative, road maintenance plans would be required which prioritize replacement of 
streams crossings that block fish passage.  There would be no specific requirements for replacing or 
reconstructing stream crossings to improve fish passage.  However, the requirements of road 
maintenance and abandonment plans would improve the knowledge of the extent of poorly designed 
culverts, and would encourage landowners to replace or reconstruct such crossings.  This would 
reduce the extent of fish passage barriers.  As under Alternative 1, a Hydraulic Project Approval 
(from WDFW) would be required on new crossings of fish-bearing streams. 


Alternative 3 
With respect to design-related BMPs, this alternative would have the same effects as Alternative 2. 


Road Drainage 


Alternative 1 
Under this alternative, several deficiencies in the regulations previously identified would continue to 
allow sediment delivery to streams.   


The first set of BMPs relates to road surface drainage.  Recommended BMPs include rolling grade 
dips, water bars, and grade dips at stream crossings.  The first two are low maintenance methods of 
dispersing road-generated runoff.  Rolling grade dips are encouraged under Alternative 1; however, 
there are no specific rules for them.  Water bars and grade dips at stream crossings are not 
mentioned in the regulations.   
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The second set of relevant BMPs concern culverts.  Culverts, used for drainage ditch relief and for 
stream crossings, have in the past been undersized, leading to overtopping and failure.  Rashin et al. 
(1999) found that ditch relief culverts were only partially effective as installed under the current 
permanent rules.  These culverts often deliver road-generated sediment to streams (Rashin et al, 
1999); instead of dispersing flow onto the forest floor, it is often quickly returned to the nearest 
stream.  In addition, the outlets commonly are eroded.  This occurs even though the regulations 
encourage armoring at the outlet to protect against erosion.  Trash racks are currently not required, 
although WDFW may require them on streams that are subject to Hydraulic Project Approvals.  
Since the debris carried by some streams may be too large to pass through the culvert, even when 
designed for the 50-year storm, it is essential to have a way of protecting the inlet.  Based on 
Weaver and Hagans (1994), the lack of trash racks significantly increases the risk of stream crossing 
failure.  In addition, the spacing of ditch relief culverts is wider than that recommended in the 
literature.  This has led to ditch erosion and excess flow in some circumstances, which delivers 
sediment to streams (Rashin et al., 1999).  This alternative would result in a continued risk of 
sediment delivery to streams. 


Sizing of culverts is also important.  Current regulations require sizing of culverts using a table of 
recommended sizes.  If the DNR determines the need for larger culverts, a nomograph is used, 
which requires the discharge to be calculated.  There is no specific guidance on calculation of flood 
discharge.  Because there is no requirement for calculation of flood discharge, this alternative 
contains a significant risk of road topping (and consequent failure) due to the potential undersizing 
of culverts.  


Alternative 2 
The main difference between the proposed action and Alternative 1 is the new, closer spacing of 
ditch relief culverts that would be required.  The Forest Practices Board Manual contains guidelines 
for determining culvert spacing.  These guidelines use road grade, region (east side and west side), 
percent sideslope, average distance above the nearest stream, road condition and use, precipitation, 
and soil erodibility to determine culvert spacing.  The maximum culvert spacing, not accounting for 
any of the above factors, would be 1,000 feet.  The spacing guidelines reduce the maximum spacing 
by an amount that depends on each factor.  The result is that in the majority of situations, culvert 
spacing would be within the spacings recommended by Weaver and Hagans (1994).  The new rules 
would also require ditch relief culverts to be placed such that flow is dispersed across the forest floor 
before reaching streams.  The Forest Practices Board Manual would contain guidelines for achieving 
this. 


While the closer spacing of culverts is highly recommended, a number of other drainage-related 
BMPs remain as under Alternative 1.  Policy goals are specific enough to allow DNR to minimize 
damage to public resources through BMPs that are not specified in the rules; although compliance 
and effectiveness monitoring is unclear.  Nonetheless, the risk of sediment delivery would be 
slightly lower than under current conditions. 
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Alternative 3 
Because requirements with regard to drainage would be identical to those under Alternative 2, the 
effects would be the same as Alternative 2. 


Road Construction 


Alternative 1 
Under this alternative, several important BMPs are relevant.  Erosion during construction has been 
found to be a significant source of sediment delivery (Rashin et al., 1999).  Erosion control methods 
are encouraged under this alternative, as found in WAC 222-24-030(4):  “When soil, exposed by 
road construction, appears to be unstable or erodible and is so located that slides, slips, or sediment 
may reasonably be expected to enter Type 1, 2, 3, or 4 water, and thereby cause damage to a public 
resource, then such exposed soil areas shall be seeded with grass, clover, or other ground cover, or 
be treated by erosion control measures acceptable to the department.”  Notably, there are no erosion 
control specifications.   


In addition, limiting earth-disturbing activities during rainy periods is an important component of 
erosion control.  Current Forest Practices Rules limit these activities to periods “…when moisture 
and soil conditions are not likely to result in excessive erosion and/or soil movement, so as to avoid 
damage to public resources.”  There are no standards for landowners to judge when excessive 
erosion would occur, and no statement of level of acceptable risk to public resources.  Thus, there is 
a high degree of uncertainty regarding the effectiveness of this Forest Practices Rule in preventing 
sediment delivery to streams.  Another basic BMP for erosion control during timber harvest 
activities is to minimize the amount of soil disturbance (Weaver and Hagans, 1994).  There is no 
guidance in the current Forest Practices Rules to limit soil disturbance.   


The two BMPs above are usually included in erosion and sediment control plans, which are required 
on other types of construction projects in many parts of western Washington; county regulations 
often require a submittal of an erosion and sediment control plan (ESCPs).  However, ESCPs are not 
required under this alternative. 


Current Forest Practices Rules do require that sidecast not be placed within the 50-year flood level 
(based on 1.25 times the stream depth at the ordinary high water mark).  This helps reduce direct 
contribution of sediment from road construction.  Current Forest Practices Rules also require that no 
organic debris be incorporated into the roadbed.  This BMP reduces the risk of road failure and 
subsequent sediment delivery. 


Overall, however, there are few specifications or guidance on erosion control measures during 
construction.  Thus, there is a continued risk of sediment delivery under this alternative. 


Alternative 2 
There are two differences in the BMPs for road construction between Alternative 1 and Alternative 
2.  The new regulations would require that disturbed areas “where it [soil] could reasonably be 
expected to enter the stream network” be seeded with non-invasive plant species.  Under 
Alternative 1, invasive plant species could be used.  As under Alternative 1, there are no specified 
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seed mixture, application rate, or mulching, or other erosion control measures typically contained in 
an ESCP. 


The other difference is that sidecast must not be placed within the 100-year flood level, rather than 
the 50-year flood level as under Alternative 1.  The method for determining the 100-year flood level 
is specified in the Forest Practices Board Manual and is presumed to be the method that would be 
used for permanent rules.  The 100-year flood level is determined by multiplying the bankfull depth 
by 1.8.  This method is based on regional flood factors (see Forest Practices Board Manual for 
Emergency Rules - 03/2000).  This restriction should reduce the risk of sediment delivery relative to 
Alternative 1. 


With the exception of these two BMPs, rules regarding construction are similar to those under 
Alternative 1, and the new specifications contain some discretionary terms.  Assuming policy goals 
are implemented, additional BMPs will be required to minimize damage to public resources.  
Therefore, the risk of sediment delivery would be reduced relative to Alternative 1. 


Alternative 3 
The BMPs under this alternative are similar to those under Alternative 2.   


Road Maintenance and Abandonment  


Alternative 1 
Under this alternative, submittal of road maintenance and abandonment plans (RMAPs) to the DNR 
is required upon request.  Under these rules, each landowner could have very different maintenance 
plans.  The regulations require that the landowner include maps showing all roads, active, inactive, 
and orphaned, or abandoned.  However, there are no specifications for maintenance and 
abandonment plans.  There are no provisions for the maintenance of ditches, culvert inlets, road 
surfacing, or stream crossings.  Although this alternative provides for agency review, there is still a 
level of uncertainty with regard to its effectiveness. 


Notably, orphaned roads are not addressed under this alternative.  Orphaned roads are defined as 
roads or old railroad grades that have not been used since 1974.  These roads are not maintained, and 
were built and last used prior to the regulation of roads under the Forest Practices Act.  As a result, 
they are subject to mass wasting and erosion, and can be a major source of sediment within a 
watershed.  Therefore, there would continue to be a risk of sediment delivery under this alternative.   


Alternative 2 
This alternative provides significantly more direction for landowners than under current rules.  
Performance criteria are contained in a new section of policy and under guidelines for road 
management.  Road maintenance and abandonment plans (RMAPs) would be required of 
landowners with greater than 500 acres of forest land.  Landowners with less than 500 acres of land 
would be required to submit RMAPs when they submit their next forest practices application.  
Completed RMAPs would be required by 2005.  Each landowner would have to include at least 20 
percent of their roads in the RMAP each year.  Those owners whose land is covered by a watershed 
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analysis could follow road prescriptions from the analysis.  However, less than 10 percent of all 
Watershed Administrative Units currently have completed analyses (see Appendix G).  Therefore, 
most landowners would be required to submit RMAPs.  Notably, all forest roads would have to meet 
the standards of the WAC 222-24 within 15 years of the issuance of the rules. 


The regulations under this alternative provide more specific guidance on the content of RMAPs, 
without listing specific maintenance techniques.  Each landowner must submit, as part of the 
RMAP, standard practices, pre-storm planning, emergency, and post-storm restoration practices, an 
inventory of risks to public resources, and a detailed work plan.  While the RMAP would be 
required for the entire ownership by 2005 (or five years after the rules take effect), all work 
described in the RMAP would be required to finished within 15 years of adoption of the new rules.  
The submittal and review process for RMAPs would be much more explicit under this alternative 
than under current rules.  This includes annual meetings with all jurisdictional and interested parties.  
In addition, annual progress reports would be required to be submitted to the DNR, detailing work 
accomplished, and work postponed or delayed. 


Orphaned roads are addressed under this alternative.  Landowners are required to inventory 
orphaned roads and assess the risk to public resources.  While landowners would not specifically be 
required to fix problems associated with orphaned roads, it is assumed that risk to public resources, 
which is to be reported in the road maintenance plans, would provide incentive for this work. 


Guidance on road use is provided in the Forest Practices Board Manual.  The list of recommended 
BMPs includes:  minimizing operation of tracked equipment (such as bulldozers) on haul roads; use 
of central tire inflation-equipped trucks (reduces damage, and sediment yield, on road surfaces); 
close or limit traffic during periods of freeze/thaw or heavy rain; seasonal or permanent road 
closures in selected areas.  The Forest Practices Board Manual also contains guidelines for 
maintenance.  The extensive list of guidelines address road surface, ditch, and cutslope maintenance.  
One of the most important guidelines is to keep ditches free of woody vegetation, but maintain grass 
cover.  There are guidelines for active and inactive roads. 


While these are guidelines, and not specific rules, the required road maintenance plans must address 
the issue of road use generally, and landowners would have an incentive to adopt the guidelines.  In 
addition, once roads are identified for abandonment, they would be required to be abandoned.  
Follow-up monitoring of compliance is unclear.  There would be no specific requirements for 
checking completeness of road maintenance surveys or fish passage problems.  Additionally, there 
are no provisions for evaluating the effectiveness of any BMPs landowners may propose.  However, 
because of the explicit requirements for maintenance and abandonment, and the additional guidance 
from the Forest Practices Board Manual, this alternative would substantially reduce the risk of 
sediment delivery from existing and future roads.   


Alternative 3 
Under this alternative, road maintenance and abandonment would be regulated as under Alternative 
2, except that all work identified in the road maintenance and abandonment plans would be required 
to be finished within 10 years.  The effect would be a more immediate reduction of the risk of 
sediment delivery from roads than under Alternative 2.  
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APPENDIX J 


 


FOREST CHEMICALS 
 
 


INTRODUCTION 
This appendix discusses the potential effects of the use of forest chemicals on water quality and fish 
and wildlife vitality, including a comparison of the three Forest Practices Rules alternatives 
currently being considered by the Forest Practices Board.  The two main categories of chemicals 
currently in use in forest management are fertilizers and pesticides.  This appendix discusses the 
potential impacts of pesticide application only, because no changes are proposed to current fertilizer 
application rules under any of the alternatives. 


Pesticides 
Pesticides used in forest management include a wide variety of chemicals introduced to the forest 
environment with the intent of controlling or halting the proliferation of nuisance organisms.  
Pesticides are commonly grouped according to one of three target organisms:  plants (herbicides), 
insects (insecticides), and fungi (fungicides).  Pesticides are distributed to the target environment by 
means of mechanical methods, including hand spraying, machine spraying, and aerial application 
(generally by helicopter).  Pesticide application rates and timing vary considerably depending on 
season, target species, forest type, and location.  In general, pesticide application rates on forested 
lands are fairly infrequent, with roughly one to two applications every 40 or 50 years.  Applications 
can occur more frequently if needed, but typically they are relatively infrequent.  The effects of 
individual pesticides usually are determined by the active ingredients.  In addition, prior to 
application, almost all pesticides are combined with a surfactant (i.e., a surface-active agent) or other 
adjuvant (i.e., a pharmacological agent added to increase or aid the chemical’s effect) to control and 
improve the desired effect.  Although these additives present lesser threats to the environment than 
the active ingredients in the pesticides, their impacts can be significant (Washington Department of 
Agriculture et al., 1993). 


The widespread use of pesticides in forest management and the difficulty in controlling their 
distribution after application can result in adverse impacts on water quality and fish and wildlife 
species following application.  Once released into the forest environment, pesticides can have a wide 
range of fates and impacts, depending on their specific chemical properties, the methods and 
conditions of application, and the environmental conditions into which they are introduced.  The 
intended purpose is for the pesticide to be absorbed by the target organisms and metabolized within 
those organisms without contact with other nontarget organisms.  However, in practice, some of the 
pesticides released into the environment never encounter their target organisms.  Instead, these 
pesticides may either degrade naturally over time without direct impact on sensitive organisms, or 
be transported by wind and water to other environments where they may encounter any number of 







 
 


 


 


Forest Chemicals Final EIS 


 


Appendix J


J-2 


nontarget organisms.  The complex and uncertain fate of these transported chemicals is the primary 
focus of this appendix. 


METHODS 
The data and information presented in this appendix were gathered through an extensive literature 
review, as well as through interviews with state agency and business representatives in the forest 
management industry.  Most of the information on the affected environments in Washington state 
was obtained from public sources of environmental information.  Information on the use and 
application of forest pesticides was obtained through a variety of sources, including public agencies 
involved in forest management and forest pesticides, private landowners, and several distributors of 
forest pesticides in Washington.  Data on the fate, transport, and toxicity of forest pesticides were 
gathered through a thorough literature review of related information. 


Much of the information presented in this appendix is of a general nature, given the wide range of 
pesticides and environmental conditions under consideration.  Detailed information on pesticide use 
in specific areas is not readily available and would require further research depending on the area 
and pesticide of interest.  Details on the toxicity and characteristics of individual pesticides were 
obtained during the literature review and are readily available but are only partially presented in this 
appendix.  The large number of pesticides registered in Washington state (190 distinct products and 
282 different adjuvants) and the wide range of effects of these pesticides on the environment require 
a somewhat general analysis of the impacts of forest pesticides and the potential impacts associated 
with each proposed forest management alternative. 


DESCRIPTION OF THE ALTERNATIVES 
The main text of the Forest Practices Rules EIS describes the three alternatives under consideration 
by the Forest Practices Board.  The following paragraphs focus on the differences among the three 
alternatives pertinent to the issues of forest pesticide use and application, with particular emphasis 
on forest pesticide impacts on water resources.  Information on the water typing definitions used 
under each alternative is also included in the main text and other supplemental appendices of the 
EIS.  Finally, it is important to note that several other laws and regulations, in addition to those 
discussed in this EIS, apply to the conduct of forest practices (WAC 222-50).  Moreover, some of 
these are administered by other agencies and may require permits from such agencies prior to the 
conduct of certain forest practices.  For example WAC 222-16-070 (pesticide uses with the potential 
for a substantial impact on the environment) requires the applicator to first go through the evaluation 
of site specific aerially applied chemicals in order to get approval for their application.  In this case, 
this preliminary requirement addresses the available information on the toxicity of the specific 
pesticide and the proposed applications.  Thus, the alternatives discussed below are general 
application rules, subject to additional state and federal regulations.  


Alternative 1 
Alternative 1 represents the No-action Alternative under which the current Forest Practices Rules 
(WAC 222) would remain unchanged.  The rules considered under the No-action Alternative are 
defined in the Washington Forest Practices Rule Book dated November 1998.  These current Forest 
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Practices Rules primarily regulate the handling, storage, and application of forest pesticides to 
prevent adverse impacts on humans, lands, fish, wildlife, aquatic habitat, and water quality.   


Alternative 1 includes basic and straightforward requirements on the handling, storage, and disposal 
of forest pesticides consistent with applicable state and federal requirements.  In addition, 
Alternative 1 specifies that forest pesticides cannot be applied within 200 feet of residences or 
within 100 feet of land used for agriculture unless approved by the adjacent landowner.  This 
assumes that applications that are allowed by the landowners would still be subject to the applicable 
buffers for any surface waters on the property.  Ground application of forest pesticides using power 
equipment requires a 25-foot buffer on Type A or B wetlands and all typed waters (excluding Type 
4 and 5 waters without surface water).  Pesticides may be applied within this 25-foot buffer if 
applied by hand to specific targets.  Aerial application of pesticides (the most common application 
method) requires a 50-foot buffer on all typed waters, excluding Type 4 and 5 waters without 
surface water.  All forest pesticides may be applied to riparian management zones (RMZ) and 
wetland management zones (WMZ), provided that they are applied by hand.  In addition, under 
special circumstances, Washington DNR may authorize power and aerial applications within RMZs 
if it can be shown that there will be no impact to surface waters.  Details on the water typing system 
for Alternative 1 can be found in the main text of the Forest Practices Rules EIS. 


Alternative 2 
Alternative 2 is similar to Alternative 1 for rules governing handling and storage requirements, 
including labeling and applicable water quality standards, but contains additional requirements 
targeting the protection of aquatic resources and wetlands.  


Alternative 2 states that the goal of zero drift and zero entry of pesticides to waters is very difficult 
to accomplish and therefore proposes the implementation of best management practices (BMPs) 
designed to “eliminate the direct entry of pesticides to water (defined as the entry of medium to 
large droplets), while minimizing off-target drift” (WDNR, 1999).  In addition, Alternative 2 
proposes to “minimize the entry into riparian zones of pesticides that would cause significant 
damage to riparian vegetation” (WDNR, 1999).  The additional restrictions are designed to 
enable forest managers to effectively manage riparian areas to maximize riparian health and 
function while protecting water quality.  Alternative 2 recommends a range of buffer widths 
depending on water type, environmental conditions, and the method of application.  Tables 1, 2, and 
3, adapted from the Forests and Fish Report (WDNR, 1999), summarize the recommendations 
embodied in Alternative 2. 


Alternative 3 
Alternative 3 is very similar to Alternative 2 but includes three minor additions.  First, plants with 
cultural value would be protected from forest pesticides.  Second, hand application of forest 
pesticides would be prohibited within 50 feet of all typed waters.  Finally, in cases where forest 
pesticides are necessary to help restore riparian management zone functions, an alternative plan 
would be required. 
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Table 1.  Alternative 2:  Pesticide Application Buffers on Type S and Type F streams 
  Wind 
  Favorable Calm or Unfavorable 


Nozzle Type 
Application 


Height 
Buffer on 


Water 
Offset from Inner 


Zone Buffer on Water 
Offset from 
Inner Zone 


Low  
(<16 feet) 


Width of inner 
zone 


As needed for safety 100 feet or inner zone, 
which is greater 


50 feet 


Medium  
(17-50 feet) 


Width of inner 
zone 


As needed for safety 250 feet – Regular Nozzle 1/ 


High  
(51-65 feet) 


Width of inner 
zone 


As needed for safety 325 feet – 


Low  
(<16 feet) 


Width of  As needed for safety Width of inner zone 20 feet 


Medium  
(17-50 feet) 


Width of inner 
zone 


As needed for safety Width of inner zone 20 feet 


Raindrop Nozzle 
(or other nozzles 
that result in the 
same size spray 


droplets) 2/ High  
(51-65 feet) 


Width of inner 
zone 


As needed for safety 125 feet or inner zone, 
whichever is greater 


20 feet 


1/ Coarse spray droplets = approximately 9% of spray-droplet volume ≤ 150 u 
2/ Ultra coarse spray droplets = approximately 1% of spray-droplet volume ≤ 150 u 
Source:  Forests and Fish Report (FPB) 1999. 
 


Table 2.  Alternative 2:  Pesticide Application Buffers on Type N Streams with Flowing Waters 
and Type B Wetlands Smaller than 5 Acres 
 Wind 


 Favorable Calm or Unfavorable 
Nozzle Type Buffer on Water or Wetland Buffer on Water or Wetland 


Regular Nozzle1/ 50 feet 100 feet 
Raindrop Nozzle or 
nozzles that result in 
the same size spray 


droplets)2/ 


50 feet 70 feet 


1/ Coarse spray droplets = approximately 9% of spray-droplet volume ≤ 150 u 
2/ Ultra coarse spray droplets = approximately 1% of spray-droplet volume ≤ 150 u 
Source:  Forests and Fish Report (FPB) 1999. 


 
Table 3.  Alternative 2:  Pesticide Application Buffers on Type A and Type B Wetlands 


Wind 
Favorable Wind Calm or Unfavorable Wind 


Nozzle Type Application Height Buffer Wetland Offset from WMZ Buffer Wetland 
Offset from 


WMZ 
Low (<16 feet) Width of WMZ As needed for safety 150 feet – 
Medium (17-50 feet) Width of WMZ As needed for safety 250 feet – Regular 


Nozzle1/ High (51-65 feet) Width of WMZ As needed for safety 325 feet – 
Low (<16 feet) Width of WMZ As needed for safety Width of WMZ 20 feet 
Medium (17-50 feet) Width of WMZ As needed for safety Width of WMZ 20 feet 


Raindrop 
Nozzle (or 


other nozzles 
that result in 
the same size 


spray 
droplets)2/ 


High (51-65 feet) Width of the WMZ As needed for safety 125 feet or WMZ, 
whichever is greater 


20 feet 


1/ Coarse spray droplets = approximately 9% of spray-droplet volume ≤ 150 u 
2/ Ultra coarse spray droplets = approximately 1% of spray-droplet volume ≤ 150 u 
WMZ = wetland management zone. 
Source:  Forests and Fish Report (FPB, 1999). 
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AFFECTED ENVIRONMENT 
All forest land governed by the Forest Practices Act is subject to various state and federal 
regulations on forest chemical use and application.  The regulations governing forest pesticide use 
and application apply to all regions within the state, encompassing a wide range of environmental 
conditions.  To appropriately consider the environmental effects of forest pesticides, therefore, it is 
important to understand the varying environmental conditions in Washington state.  However, the 
fate and transport of specific pesticides also depends on specific conditions of the site where they are 
applied.  Climate, soil, and water conditions in particular play important roles in the fate and 
transport of forest pesticides.  Because environmental conditions vary widely across the state, it is 
beyond the scope of this appendix to assess all conditions under which forest pesticides are applied.  
Instead, the following paragraphs provide a general characterization of the natural environment 
potentially affected by forest pesticide application under a wide range of conditions state-wide. 


Climate 
A distinctly varied climate characterizes Washington state, primarily resulting from two major 
features, the Cascade range and the prevailing marine influence of the Pacific Ocean (USGS, 1998).  
Weather in the western part of the state is generally mild, with the Pacific Ocean generating warmer, 
less severe winters and cooler, drier summers.  The winters are notably wet (typically 80 percent of 
the total annual precipitation falls in the winter), while summers are generally dry, with areas of 
inconsistent, localized thunderstorms (USDA, 1988).  Weather east of the Cascade range is more 
severe than that of the west side (colder winters and drier, warmer summers), although the Pacific 
weather patterns are still the dominant influences. 


Rainfall patterns are also strongly influenced by the Pacific weather patterns and the mountain 
ranges, with generally heavy rain in areas west of the mountains and much drier weather in the rain 
shadows east of the major ranges.  The coastal forests have the greatest amount of precipitation, with 
up to 150 inches of precipitation per year, much of it falling as rain.  Precipitation over the western 
slopes of the Cascade forests is nearly as intense, generating roughly 100 to 150 inches annually, 
with heavy snow in the higher elevations (during the winter months) and persistent rain in the lower 
elevations.  The Puget Sound region generally receives 30 to 50 inches of precipitation per year.  
Beyond the crest of the Cascade range, annual precipitation decreases dramatically to 20 inches or 
less in some areas, although most of the forests are located in mountain areas or uplands (e.g., 
Wallowa Mountains, Blue Mountains, Okanogan Highlands) where precipitation increases with 
elevation (USDA, 1988). 


Soils 
Soil types and characteristics vary greatly across the state, often with dramatic differences in 
localized areas as a result of significant tectonic, volcanic, and glacial activity.  The physical and 
chemical characteristics of soils have a great influence on the fate and transport of forest pesticides.  
For example, the soil porosity controls the ability of a pesticide to infiltrate to shallow or deep 
groundwater, while chemical characteristics can influence the degradation or persistence of forest 
pesticides.  In general, soils in the region are relatively young and unstable, given recent and 
ongoing volcanic and glacial activity.  The resulting above-average erosion potential for many of the 
forested soils can lead to increased transport of forest pesticides (USDA, 1988).  The influence of 
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site-specific soil characteristics on the fate and transport of particular forest pesticides, however, 
must be assessed on a case-by-case basis.  


Water 


SURFACE WATER 
The wet Pacific weather systems, heavy rains on the western slopes of the Cascades, and desert-like 
conditions east of the Cascades create a myriad of surface water conditions in Washington state.  
Literally all forested lands in Washington have distinct surface water features, ranging from small, 
intermittent streams to the very large Columbia and Snake rivers.  Most of these rivers and streams 
support complex aquatic ecosystems, including stocks of threatened or endangered Pacific salmon 
and numerous other aquatic communities.  Likewise, Puget Sound represents a complex and 
valuable marine resource to Washington state that potentially could be harmed by the application of 
forest pesticides.  In this appendix, the impacts associated with forest pesticide use are assessed 
relative to surface waters in general, given the wide range of conditions encountered throughout the 
state. 


GROUNDWATER 
Groundwater depths, volumes, uses, and vulnerability to contamination vary considerably across 
Washington state.  Groundwater provides drinking water for 60 to 70 percent of the population 
throughout the state.  In large areas east of the Cascade mountain range, 80 to 100 percent of 
available drinking water is obtained from groundwater resources.  As a whole, over 95 percent of 
Washington’s public water supply systems use groundwater as their primary water source (EPA, 
1999c).  In addition, some areas of the state, including most of Island and San Juan Counties, rely 
solely on groundwater sources for potable water.  


Groundwater is also often connected directly or indirectly to rivers, streams, lakes, and other surface 
water bodies, with the exchange of water occurring between these resources.  In some areas of the 
state, groundwater contributes significantly to the base-flow in streams and summer-flow to lakes.  
Depending on the geologic and hydrologic conditions of the aquifer, contaminated groundwater may 
discharge to surface areas within one day, or may take as long as a thousand years or more (EPA, 
1986).  In addition, surface waters can contribute to groundwater recharge.  Impacts on groundwater, 
therefore, also can lead to impacts on surface waters (and vice versa) as well as to aquatic 
organisms. 


Sole-Source Aquifers 
Certain areas of Washington state acquire 100 percent of their potable water from groundwater 
sources (sole-source aquifers).  Arid areas east of the Cascades as well as saltwater islands in the 
Puget Sound region are particularly dependent on sole-source aquifers.  State and federal programs 
and regulations that address groundwater quality and nitrate contamination (e.g., the Safe Drinking 
Water Act) mandate the routine monitoring of public supply wells to protect groundwater quality.   


WETLANDS 
Wetlands of varying size and quality are found throughout Washington’s forested lands.  Wetlands 
are diverse and extremely valuable ecological resources providing numerous hydrologic, chemical, 
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and biological benefits to the environment.  Wetlands also provide an important link between 
terrestrial and aquatic ecosystems.  Although wetlands are fairly resilient to chemical inputs, their 
capacity to assimilate forest pesticides is limited (Mitsch and Gosselink, 1993).   


The Forest Practices Rules primarily focus on limiting physical disturbance in and around wetlands, 
although the impact of forest pesticides is also a concern.  In particular, the rules are concerned with 
potentially excessive levels of herbicides in wetlands that could damage native plant species, 
allowing unwanted invasive species to dominate. 


Existing Forest Chemical Use 
The use of forest chemicals presents a variety of environmental threats, including those to human 
health, marine and freshwater organisms, and terrestrial ecosystems.  The severity of the threat 
associated with a given chemical depends largely upon the properties of the chemical, but is also 
influenced by the environment to which it is introduced and the organisms it may encounter.  In 
general, the primary chemicals of concern in forest practices are pesticides, with less concern 
surrounding the use and application of fertilizers.  Fertilizers can have significant detrimental effects 
on the environment, but these effects often are easier to predict and control than the effects of 
pesticides.  Nevertheless, this appendix discusses only the potential impacts of pesticides, as no 
changes are proposed to current fertilizer application regulations under any of the alternatives.  


In addition to the active pesticide ingredient, most forest pesticides are combined with a surfactant 
or adjuvant before application to control and improve the desired effect.  Adjuvants encompass a 
wide variety of products including acidifiers, attractants, buffers, defoaming agents, deposition aids, 
extenders, spray colorants, spreader-stickers, surfactants, and thickeners.  The adjuvants are added to 
perform one or more of the following functions:  improve foliage wetting and coverage, reduce 
evaporation rate of the spray, improve weatherability of spray deposit, enhance penetration and 
translocation, adjust pH, and improve the compatibility of mixtures (Washington Department of 
Agriculture et al., 1993).  Although adjuvants can have toxicity equal to or greater than the active 
pesticide ingredients, adjuvants typically are not part of the original pesticide formulation and are 
not subject to the Federal Insecticide, Fungicide, and Rodenticide Act requirements for registration.  
As a result, much of the environmental fate, transport, and toxicity data available for pesticides are 
not currently available for many adjuvants (Washington Department of Agriculture et al., 1993).  In 
general, although some adjuvants can be highly toxic to humans or wildlife, most present a lesser 
threat to the environment than the active ingredients in the pesticides.  Nonetheless, a list of 
adjuvants registered with Washington Department of Agriculture (and their toxicities) is included at 
the end of this appendix (Attachment A2).  The majority of this appendix, however, focuses on the 
use and impacts of pesticides. 


The net impact of a pesticide on the environment is commonly assessed based on the toxicity of the 
chemical and the information that is known regarding the fate and transport of the chemical.  The 
U.S. Environmental Protection Agency (EPA) registers each pesticide product in the United States 
and assigns it a hazard category (I through IV) based on acute toxicity as well as skin and eye 
irritation (EPA, 1999a).  Products in category I are most hazardous and carry the word DANGER on 
their labels.  Products in category II are labeled WARNING, while those in categories III and IV are 
labeled CAUTION.  Note however, that the EPA hazard classification is based on the greatest 
potential hazard associated with the full product formulation.  For example, a relatively nontoxic 
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product (via ingestion, inhalation, or skin absorption) could be placed in the highest hazard category 
if it were known to cause extreme eye irritation (Dickey, 1999).  This rating system therefore allows 
for some inconsistency between the label ratings and toxicity ratings to different organisms under 
different scenarios. 


In addition to the EPA labeling system, many state agencies and private groups have researched the 
various active ingredients in many pesticides to assess their physical and chemical properties 
including (but not limited to); persistence (half-life), mobility, carcinogenic effects, reproductive 
effects, nerve or endocrine disruption, and toxicity to various organisms including fish, birds, 
rodents, and others.  Water quality standards have been established or recommended for many 
chemicals, although these are typically based on human or plant toxicology concerns (Neary and 
Michael, 1996) and may not be representative of impacts on other aquatic or terrestrial organisms.  
More stringent guidelines for the protection of aquatic life have been developed, but only for a few 
of the chemicals in use.  Extensive narrative criteria (i.e., statements prohibiting certain actions or 
conditions) also apply to pesticide applications in Washington, but these can be difficult to interpret 
or enforce in practice.  Ongoing research and study efforts are working to better identify potential 
impacts and to help modify applicable standards. 


The Washington Department of Agriculture currently lists 190 registered pesticides (see Attachment 
A1 at the end of this appendix) encompassing a wide range of toxicities, solubilities, and half-lives 
(persistence).  Of these 190 chemicals, 10 to 15 of them represent approximately 90 percent of the 
total mass of pesticides applied to forested lands in Washington state (Table 4).  The rest are used 
only in localized areas (i.e., less than approximately 100 acres per year) or virtually not at all.  The 
information presented in Table 4 provides a brief but informative look at the characteristics of the 
most common pesticides that influence their toxicity in the natural environment.  Given the large 
number of products and the somewhat limited scope of this appendix, it is not feasible to address all 
of the pesticides in use or all of their known properties.  Instead, the goal of this section is to present 
a general qualitative analysis of the most commonly applied pesticides.  However, because the 
remaining pesticides are registered and can be applied to forest lands as needed, an evaluation of the 
impacts associated with pesticide use must include all 190 products in considering all potential 
pesticide applications and impacts. 


The notes in the last column of Table 4 summarize the important chemical properties of each 
pesticide.  Based on information that is available from reliable sources of toxicological data, these 
properties are briefly discussed in the following sections. 


CARCINOGENIC EFFECTS OF PESTICIDES 
Many different state, federal, and private institutions dedicate a great deal of research time and effort 
to evaluating the potential for these chemicals to cause cancer in humans or other organisms.  The 
information generated often can be inconclusive, resulting in a variety of rating systems and 
assessments for the same chemical.  The information presented in Table 4 represents a summary of 
different sources of carcinogenic data.  The term “not classifiable” indicates that one or more 
reliable studies produced results that do not allow for specific classification regarding the likelihood 
of carcinogenic effects in humans. 
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Table 4.  Common Pesticides used in Washington State Forest Practices 


Product Ingredient 


EPA 
Overall 


Toxicity 1/ Type Notes 2/ 


Weedone ** 2,4-D Ester High Herbicide Low persistence; moderate mobility; slightly 
toxic to fish and wildlife 


Arsenal ** Isopropylamine salt 
of imazapyr 


Low Herbicide High persistence; very low mobility; low 
toxicity to fish and wildlife 


Chopper Isopropylamine salt 
of imazapyr 


Low Herbicide High persistence; very low mobility; low 
toxicity to fish and wildlife 


Garlon 3A Triclopyr High Herbicide Carcinogenic effects are not classifiable; 
moderate persistence; very high mobility; very 
low toxicity to fish and wildlife 


Garlon 4 ** Triclopyr Low Herbicide Carcinogenic effects are not classifiable; 
moderate persistence; very high mobility; very 
low toxicity to fish and wildlife 


Oust 
Herbicide ** 


Sulfometuron 
methyl 


Low Herbicide No evidence of carcinogenic effects; 
persistence and mobility are variable 
depending on environment; slightly nontoxic 
to practically nontoxic to fish and wildlife 


Pathfinder II  Triclopyr 
butoxyethyl ester 


Low Herbicide Carcinogenic effects are not classifiable; 
moderate persistence; very high mobility; very 
low toxicity to fish and wildlife 


Pronone 25G Hexazinone Low Herbicide Carcinogenic effects are not classifiable; 
moderate persistence; low mobility; low to 
moderate toxicity to fish and wildlife 


Roundup** 
(without 
surfactant)  


Glyphosate Medium Herbicide No evidence of carcinogenic effects; moderate 
persistence (especially in water); extremely 
low mobility; practically nontoxic to fish, may 
be slightly toxic to aquatic invertebrates; use 
of surfactant (e.g., used in Roundup Original) 
significantly increases toxicity to fish and 
wildlife 


Transline Clopyralid Low Herbicide Low persistence; moderate to high mobility; 
low toxicity to fish and wildlife 


Velpar DF Hexazinone High Herbicide Carcinogenic effects are not classifiable; 
moderate persistence; low mobility; low to 
moderate toxicity to fish and wildlife 


Velpar L 
Herbicide 


Hexazinone High Herbicide Carcinogenic effects are not classifiable; 
moderate persistence; low mobility; low to 
moderate toxicity to fish and wildlife 


Weedar 64 2,4-D 
Dimethylamine 


High Herbicide Possible carcinogen; low persistence; low 
mobility; low toxicity to fish and wildlife 


1/ The overall toxicity is based on the EPA hazard categorization (I through IV) which measures acute toxicity and skin and eye irritation of 
pesticide chemicals (EPA, 1999a).  High toxicity refers to chemicals in category I, medium toxicity refers to chemicals in category II, and 
low toxicity refers to chemicals in categories III and IV.  EPA hazard categories reflect the greatest potential hazards and do not necessarily 
reflect expected toxicity to all species of fish and wildlife. 


2/ Low persistence represents an average reported half-life less than 30 days, moderate persistence represents a half-life of 30 to 100 days, and 
high persistence represents a half-life greater than 100 days.  Mobility is based on an experimentally derived adsorption coefficient that 
reflects the likelihood of leaching through soil or adsorbing to sediments.  Toxicity levels represent general statements about the expected 
impacts to most species of fish and wildlife.  Summary information was obtained from one or more of the following sources:  U.S. 
Department of Agriculture (1984); U.S. Fish and Wildlife Service (1984); Weed Science Society of America (1989); Howard (1991); Dickey 
(1999); Extoxnet (1999); EPA (1999b); Johansen (1999 personal communication). 


** Of the more common products, these were identified most frequently or were specifically highlighted as a particularly common product 
(Dalrymple [1999 personal communication], Hiner [1999 personal communication], Wasson [1999 personal communication]). 
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PERSISTENCE OF PESTICIDES 
The persistence of a chemical refers to the natural rate of degradation (or half-life) of a chemical.  
The persistence of a pesticide, therefore, plays an important role when evaluating the probability that 
it will be transported away from the environment to which it was delivered.  The rate and process of 
degradation vary widely among pesticides (or even for the same chemical) depending on the 
physical, chemical, and biological conditions to which it was applied.  For example, the half-life of a 
given pesticide is generally different depending on whether it is measured in soil or in water.  
Likewise, the chemical and microbiological properties of the environment play a key role in the rate 
of degradation of many pesticides.  The information presented in Table 4, therefore, is very general 
and reflects differing reports from various field and laboratory observations under varying 
conditions. 


Low persistence refers to a chemical with an average reported half-life less than 30 days.  Moderate 
persistence represents a half-life of 30 to 100 days, and chemicals with high persistence have a half-
life greater than 100 days.  In general, the longer the half-life of the pesticide (higher persistence), 
the more likely that it will still be active if and when natural wind- or stormwater runoff-induced 
erosion transports the pesticide from where it was applied.  Less persistent pesticides tend to rapidly 
degrade to their (unless specified) less toxic constituents. 


MOBILITY OF PESTICIDES 
Mobility is the other major property that helps determine the transport of a given chemical.  
Mobility refers to an experimentally derived adsorption coefficient that reflects the ability of the 
chemical to bind to soil particles.  The methods for determining the soil adsorption coefficient are 
fairly standard (Howard, 1991).  Once obtained, the coefficients can be used to determine the 
likelihood of leaching through soil or adsorbing to sediments, using the criteria of Swann et al. 
(1983) (Howard, 1991).  High mobility refers to a pesticide that does not bind strongly to sediments 
and therefore is easily transported from the treated area (often leaching to groundwater).  Low 
mobility refers to pesticides that form strong bonds with soils and sediments and are less likely to be 
transported from the treated area. 


PESTICIDE TOXICITY TO FISH AND WILDLIFE 
The toxicity of certain pesticides to various species of fish and wildlife is almost entirely determined 
by experimentation on a limited number of test organisms.  Toxicity tests are conducted using 
various test organisms to determine acute (short-term, lethal) and chronic (extended exposure) 
toxicity levels, often reported as lethal concentration (LC50) and effect concentration (EC50) for 50 
percent of the test organisms.  However, the sensitivity of different organisms to the same pesticide 
can vary significantly from species to species, even within the same genus (U.S. Fish and Wildlife 
Service, 1984).  An assessment of a given pesticide's toxicity to fish and wildlife, therefore, does not 
represent a definitive statement on the pesticide’s toxicity to all organisms, but rather a general 
statement about the likely impacts to most species of fish and wildlife.  Most of the more common 
pesticides used in Washington state generally were found to have low toxicity to fish and wildlife.   
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ENVIRONMENTAL IMPACTS 
The environmental impacts of forest pesticides can be very complex and variable across Washington 
state.  In particular, the complex fate and transport of forest pesticides make predicting the net 
impact to the environment difficult.  Likewise, the large number of different pesticides in use and 
the varying (and to some degree uncertain) application rates make specific predictions a near 
impossibility.  Finally, the potential additive, antagonistic, or synergistic effects of multiple 
chemical interactions add additional complexity and uncertainty to statewide impact assessments.  
Nevertheless, it is possible to make a meaningful general assessment of the environmental impacts 
of forest pesticides. 


Some data are available regarding pesticide levels found in Washington state streams and 
groundwater.  However, many of these data focus on pesticides used for agricultural production and 
not those commonly used in forest management.  Although there is some overlap between the 
pesticides used for both practices, typically it is not possible to determine which pesticides 
originated from agricultural sources versus those contributed from forested land.  In addition, 
agricultural applications typically occur with much greater frequency (i.e., annually), whereas forest 
chemical applications typically occur decades apart.   


Nonetheless, a few recent studies have analyzed pesticide contamination in streams and groundwater 
in Washington state (USGS, 1996a,b,c, 1997a,b, 1999; Ecology, 1993) and throughout the United 
States and Canada (Neary and Michael, 1996).  One study conducted in the Puget Sound region 
found measurable levels of pesticides in most small streams and some streambed sediments (USGS, 
1997b).  Most of the pesticides detected were not registered forest practices chemicals (and therefore 
did not come from forest applications).  However, a few were registered forest pesticides and one 
(Triclopyr) is one of the more commonly used forestry pesticides (see Table 4).  Other studies 
focused on groundwater contamination in Washington state found similar results (USGS, 
1996a,b,c).  Several pesticides were detected in most groundwater samples, although most of those 
detected were not registered forest management pesticides.  However, a few of the pesticides 
frequently detected were registered for forest application.  In particular, 2,4-D, Atrazine, and 
Simazine were commonly detected in groundwater samples across the state.  Again, however, these 
pesticides are also registered for and heavily used in agricultural and urban practices, and they 
should not be assumed to originate solely from forest applications. 


Neary and Michael (1996) also found similar results in their research in the United States and 
Canada.  In general, forest chemical applications did not result in violations of water quality 
standards, although low levels of contamination were almost always detectable after forest chemical 
applications.  Concentrations exceeding instantaneous water quality standards were recorded in 
cases where stream buffers were not used or where applications occurred over dry or ephemeral 
streams.  The study also acknowledges that standard processes for setting water quality standards for 
herbicides have not been established, and consensus regarding acceptable in-stream concentrations 
is lacking. 


A 1993 Ecology study (Ecology, 1993) focusing directly on BMP effectiveness for forestry 
applications found that the existing rules (Alternative 1) were generally ineffective at meeting 
applicable water quality standards, Forest Practices Rule requirements, and/or certain product label 







 
 


 


 


Forest Chemicals Final EIS 


 


Appendix J


J-12 


restrictions.  Ecology found spray drift to be a major factor influencing water quality contamination 
and recommended increased buffers to further protect water quality. 


Overall, the research to date has found measurable levels of pesticides in surface waters following 
forestry application, although most of those pesticides present were detected at low concentrations, 
usually well below water quality standards when 50-foot buffers were used.  However, some 
pesticides were detected at concentrations that exceed more stringent guidelines for the protection of 
aquatic life (freshwater-chronic criteria) or health advisories for drinking water.  Although only a 
few studies have focused directly on forestry applications, the research indicates the potential for 
certain chemicals to enter and persist in surface waters and groundwater supplies under current 
practices.  In such cases, the net impacts on aquatic organisms would depend on exposure times and 
the individual organism’s sensitivity to specific chemicals. 


Impacts Common to All Alternatives 
There are some potential impacts that could occur with nearly equal probability under all 
alternatives.  Severe weather conditions with extreme wind or extreme rainfall could significantly 
increase the probability of forest pesticides entering nearby surface waters.  Wind conditions strong 
enough to carry medium to large aerially applied pesticide droplets a distance greater than 
approximately 300 feet could result in significant chemical loading to surface waters adjacent to 
application sites under any of the alternatives. Likewise, unusually intense rain events over recently 
treated lands could transport significant levels of forest pesticides to surface waters through surface 
or shallow subsurface runoff, soil erosion, and contaminated soil transport.  Although the 
concentrations would likely be somewhat diluted with the high volume of precipitation and runoff, 
the chemical load could be significant.  Normal rainfall could also transport pesticides to surface 
waters, but the expected rates would differ among the alternatives (see below).   


Most pesticide applications will also include the use of one or more pesticide adjuvants.  Impacts to 
humans, fish, and wildlife could result from increased exposure to the pesticide additives used 
during forest pesticide applications; however, data on the toxicity of adjuvants is limited.  Although 
some adjuvants may present significant environmental threats, this appendix focuses on the 
generally greater impacts associated with pesticides. 


In addition, each of the alternatives under consideration allows for forest chemical applications over 
some dry or ephemeral stream segments.  As noted earlier, Neary and Michael (1996) and Ecology 
(1993) both report instances where applications over dry channels resulted in very high in-stream 
concentrations of chemicals.  Thus, applications over dry streambeds could result in  significant 
adverse impacts on water quality and aquatic organisms.  Any such impacts would also be 
temporary as the contamination would eventually be flushed through the system. 


As stated earlier, it is important to note that several other laws and regulations, aside from the Forest 
Practices Rules, apply to the conduct of forest practices (WAC 222-50).  In particular, all 
alternatives are subject to WAC 222-16-070 (pesticide uses with the potential for a substantial 
impact on the environment) which requires all aerial applications to first go through a site specific 
evaluation to obtain approval for all aerial applications.  In this case, this preliminary process 
addresses the available information on the toxicity of the specific pesticide and the potential impacts 
of the proposed applications.  The regulations imposed by this preliminary analysis are highly 
situation specific.  In the more extreme circumstances, the required “key for the evaluation of site 
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specific use of aerially applied chemicals” (WAC 222-16-070) may identify the application as 
“Class IV Special.”  This, in turn, would trigger “an environmental checklist in compliance with the 
State Environmental Policy Act (SEPA), and SEPA guidelines, as [the applications] have been 
determined to have potential for a substantial impact on the environment.  It may be determined that 
additional information or a detailed environmental statement is required before these forest practices 
may be conducted” (WAC 222-16-50).  Thus, the analysis presented in this appendix focuses on an 
evaluation of each alternative with the purpose of making comparisons among the three alternatives, 
and is not intended to include a discussion of all applicable forest chemical regulations.  


Lastly, any accidental or intentional misuse of forest pesticides could result in significantly greater 
environmental impacts than would be expected under normal applications.  The impacts discussed 
under each alternative are the most likely expected impacts, assuming that normal application rates 
are used and all label requirements are met. 


Alternative 1 Impacts 


SURFACE WATER IMPACTS 
The Forest Practices Rules specified under Alternative 1 could result in impacts on surface waters in 
Washington state as a result of pesticides reaching surface waters during, or after forestry 
applications.   


The allowance of hand application of pesticides within the riparian management zone should not 
result in overspray of pesticides to the degree that the chemicals would directly enter surface waters.  
Because of the slow surface and subsurface runoff from forested lands, the relatively infrequent 
pesticide applications, and the generally low toxicity of most pesticides, the application of most 
pesticides in the riparian management zone are not expected to result in significant impacts on water 
quality.  However, application of highly persistent pesticides or pesticides with high mobility could 
result in surface water contamination through localized runoff or erosion.  The overall impact would 
be situation- and pesticide-specific, depending on the specific pesticide’s properties as well as the 
timing, duration, and extent of contamination.  In addition, it is important to note that chemical 
applications in the riparian management area are beneficial in managing riparian areas by helping to 
promote and sustain preferred species growth and survival.  Alternative methods for vegetation 
management (e.g., mechanical thinning) have been found to result in greater sedimentation impacts 
on water quality (Neary and Michael, 1996) and therefore may be less desirable than chemical 
treatments. 


The 50-foot buffer required for aerial applications on all Type 1, 2, and 3 waters and flowing 
portions of Type 4 and 5 waters presents a significant risk of pesticides entering surface waters.  A 
50-foot buffer does not produce a high level of protection from wind that could transport medium to 
large aerially applied droplets directly to surface waters under some weather conditions (Ecology, 
1993).  Although the entry of pesticides into surface waters does not necessarily result in significant 
impacts (e.g., very low levels of pesticide contamination may not even be measurable), research has 
found a 50-foot buffer to be only partially effective to ineffective at protecting water quality 
(Ecology, 1993).  Note, however, that in some situations, the dichotomous key presented in WAC 
222-16-070 (pesticide uses with the potential for a substantial impact on the environment) indicates 
that some aerial applications within 100 feet of surface waters might trigger Class IV Special 
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restrictions to further protect water quality (depending on the chemical and condition of the surface 
water).  Thus, additional restrictions beyond those required by Alternative 1 may apply under some 
circumstances.  Nonetheless, the 50-foot buffer poses an overall high risk of pesticide spray drift to 
surface waters that could result in water quality impacts. 


Alternative 1 also does not include any special provisions or modifications for pesticide application 
based on weather conditions or equipment (i.e., wind speed, application height, nozzle type, droplet 
size, etc.).  Variations in wind conditions, droplet size, air shear (function of nozzle angle and air 
speed), nozzle height, and boom length all have a significant influence on pesticide spray drift 
(SDTF, 1997a; Ecology, 1993).  By not accounting for these variations, Alternative 1 allows for  a 
significant risk of surface water contamination caused by adverse weather, and/or inappropriate 
equipment use and selection.  The impacts on surface waters could be significant, depending on the 
specific pesticide properties and the condition of the affected surface water. 


Detailed studies have been conducted on the incidence and impact of pesticide spray drift during 
aerial applications (SDTF, 1997a).  Data generated through numerous field studies indicate that 
droplet size is the most important factor in determining spray drift potential, followed by the 
combined effects of equipment parameters, application technique, and weather.  The data generated 
by the Spray Drift Task Force indicate that in a typical field aerial application, 98 percent of the total 
applied active ingredient stays on the field and only 2 percent drifts (SDTF, 1997a).  Variations in 
wind conditions, droplet size, air shear (function of nozzle angle and air speed), nozzle height, and 
boom length can all play an important role in determining pesticide spray drift.  Under most 
experimental conditions studied by the Spray Drift Task Force, the 50-foot buffer required under 
Alternative 1 would result in a risk of impacts on surface waters (SDTF, 1997a). 


In addition, the application of pesticides to dry portions of Type 4 and 5 waters could result in the 
transport of these pesticides to downstream surface waters when flow returns to these streams.  With 
low to moderately persistent pesticides the impacts are expected to be minor, because the chemicals 
would degrade fairly quickly, before flow returns to the stream (i.e., within a few weeks).  With 
highly persistent or highly mobile pesticides, however, the effect could be comparable to that of a 
direct application to the surface water if a storm event occurs.  As noted earlier, studies have 
detected extremely high concentrations of chemicals in surface waters resulting from applications 
over dry streambeds (Neary and Michael, 1996; Ecology, 1993).  However, any associated impacts 
would be relatively short-lived, because the pollutants would be transported through the system with 
the first few storm events when flow returns to the dry system.  Note that none of the alternatives 
provides any greater protection of dry streambeds; therefore the impacts would be the same under all 
alternatives.   


When applying pesticides using power equipment from the ground, the 25-foot buffer required for 
all typed waters (excluding dry Type 4 and 5 waters) and all Type A and B wetlands should 
adequately protect surface waters from receiving significant pesticide overspray.  Studies conducted 
by the Spray Drift Task Force indicate that in a typical field application, more than 99.9 percent of 
the applied active ingredient stays on the field, and less than one tenth of one percent drifts 
(corresponding to 0.08 ounces measured at a distance of 25 feet downwind; SDTF, 1997b).  As with 
aerial applications however, droplet size (along with wind speed and nozzle height) can lead to 
significant increases in spray drift.  The studies show that in general, spray drift resulting from 
ground applications can be kept very low by using careful application procedures.  However, as with 
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hand and aerial applications, a 25-foot buffer does not provide a high level of protection from highly 
mobile or highly persistent pesticides that may be transported to surface waters through erosion or 
stormwater runoff.  A significant rain event could result in the transport of airborne or soil-bound 
pesticides to nearby surface waters.  However, as stated earlier, the slow runoff from forested lands, 
relatively infrequent application of pesticides, and generally low toxicity of the most common 
pesticides are expected to limit surface water contamination.  The net impacts would be site- and 
chemical-specific but could still result in adverse impacts on surface waters under certain conditions. 


Hand application of pesticides within the wetland management zone should not result in significant 
impacts on surface waters, provided that those pesticides are applied only to specific targets and the 
required application rates are not exceeded.  The 200-foot buffer required for applications around 
residences (unless the application is acceptable to the resident or landowner), designed to limit 
contamination of residential land in general, should also provide incidental protection of any surface 
waters near residences.  This assumes that applications that are allowed by the landowners still 
would be subject to the applicable buffers for any surface waters on the property.  The 100-foot 
buffer on agricultural land could result in spray drift of pesticides to agricultural land that in turn 
could allow the transport of forest pesticides to surface waters (SDTF, 1997b).  This scenario is 
unlikely, however, and is not considered a significant threat to surface water contamination. 


Any leaks, drips, and spills of pesticides could contaminate forest soils.  The potential impacts of an 
accidental spill are highly dependent on the effectiveness of the required containment and cleanup 
procedures.  If effective safety and cleanup measures are not implemented and contaminated soils 
erode, the contaminants could be passed to downstream waters.  Finally, possible impacts on surface 
waters could occur through contaminated groundwater flow to surface waters.  The extent of these 
impacts is difficult to predict but depends on the degree of contamination of the groundwater, the 
volume of water exchanged, the length of time between contamination of groundwater and contact 
with surface water, and the persistence and mobility of the pesticide in question. 


Overall, pesticide applications under Alternative 1 present potential risks of surface water 
contamination and are expected to result in the potential for impacts on surface waters.  Studies on 
surface water contamination in Washington state (USGS, 1997b, 1999; Ecology, 1993) report 
potentially significant levels of some common forest pesticides (e.g. 2,4-D, triclopyr), some of 
which are directly associated with forest applications.  Other studies (Neary and Michael, 1996) 
found similar results in other regions of the U.S., although in most situations the levels recorded 
were low.  Nonetheless, the data illustrate that under some environmental and application conditions 
(e.g., winds, saturated soils, frequent storm events, etc.), significant levels of pesticides could reach 
surface waters and could lead to surface water contamination or present a threat to aquatic 
organisms.  Although the frequency of forest chemical applications is low, the potential impacts 
associated with a given application could likely be reduced with additional protective measures. 


GROUNDWATER IMPACTS 
Alternative 1 includes specific provisions to limit groundwater contamination resulting from forest 
chemical applications.  Groundwater protection is provided under WAC 222-16-070 (pesticide uses 
with the potential for a substantial impact on the environment), where the Forest Practices Rules 
require an evaluation of site-specific use of aerially applied pesticides.  As part of this evaluation, 
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forest land managers must address: 1) whether the application is occurring over groundwater with a 
high susceptibility to contamination as specified in EPA 910/9-87-169 or in documentation provided 
by the Washington Department of Ecology, and 2) whether a pesticide currently in use is a state-
restricted pesticide for the protection of groundwater under WAC 16-228-164(1). 


Nonetheless, possible groundwater impacts could occur through contaminated surface water 
recharge to groundwater.  The extent of these impacts is difficult to predict but depends on the 
degree of contamination of the surface water, the volume of water exchanged, and the mobility and 
persistence of the chemical contaminant.  The following paragraphs discuss the impacts on 
groundwater contamination under Alternative 1 for pesticide applications, including impacts on 
sole-source aquifers. 


The likelihood that a given pesticide would contaminate a groundwater aquifer depends in part on 
geologic and hydrologic conditions that vary considerably across the state.  Local conditions 
determine how rapidly groundwater moves, whether it is connected directly or indirectly to surface 
waters and how groundwater withdrawals affect surface waters, the depth of the water below the soil 
surface, and how effectively soils attenuate or filter out the chemical contaminants (EPA, 1986).  
This complex interaction between soil and water makes it difficult to predict the likelihood and 
extent of groundwater contamination. 


Water solubility (measured in parts per million, or ppm) and adsorption to soil (indicated as Kd, Koc) 
are the two major chemical characteristics that determine a pesticide’s tendency to leach through the 
soil profile with infiltrating water.  Most pesticides that have low water solubility also have a strong 
tendency to bond to soil particles, although there are exceptions (Extoxnet, 1999).  The properties of 
the soils upon which the pesticides are applied can also influence the likelihood of a pesticide 
leaching to groundwater.  Soils with high porosity and high infiltration rates may move pesticides 
through the soil column more quickly, before they have time to sorb to particles or degrade 
naturally.  In addition, soils high in clay and organic matter tend to sorb particles better than sandy 
soils low in organic matter (Extoxnet, 1999). 


Table 5 presents a summary of the chemical and physical properties that influence the potential for 
groundwater contamination.  Many of the 190 pesticides registered in Washington state (even 
several of the most commonly used pesticides) exceed one or more of these levels and therefore 
have some potential to contaminate groundwater. 


A recent study of pesticide contamination in public supply wells in Washington state found 
pesticides in only 6 percent of 1,103 randomly selected public supply wells across Washington 
(USGS, 1996a).  However, only 27 pesticides were analyzed, most of which are common 
agricultural and residential pesticides but not common forest management pesticides.  Moreover, the 
few forest management pesticides that were detected did not necessarily originate from forest lands.  
Nonetheless, the study provides a measure of the likelihood of groundwater contamination from 
pesticide use and application. 
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Table 5.  Chemical and Physical Properties of Pesticides that Influence the Potential for 
Groundwater Contamination 


Property 
Levels Reflecting Potential for  
Groundwater Contamination 


Water solubility Greater than 30 ppm 
Kd Less than 5, usually less than 1 
Koc Less than 300-500 
Henry’s Law Constant (volatility) Less than 10-2 atm-m-3 mol 
Speculation Negatively charged at ambient pH 
Hydrolysis half-life Greater than 25 weeks 
Photolysis half-life Greater than 1 week 
Field dissipation half-life Greater than 3 weeks 
Source:  EPA (1986). 


 


A related study focuses on groundwater contamination in the Puget Sound basin in particular, 
evaluating the vulnerability of various aquifers in the region (USGS, 1997a).  Based on the geologic 
and hydrologic factors discussed above, and on land use patterns in the region, the study assesses the 
potential vulnerability of groundwater to nitrate contamination.  The study specifically focuses on 
nitrate, because nitrate contamination levels have been identified as good indicators of the relative 
risk of groundwater contamination from other chemicals (EPA, 1996).  As might be expected, the 
USGS (1997a) study concludes that shallow wells underlying coarse-grained glacial deposits in 
areas of high fertilizer or pesticide use are most vulnerable to nitrate contamination.  Although the 
study is focused on the Puget Sound region in particular, it provides useful information for areas 
subject to some forest chemical applications that also rely exclusively on groundwater for drinking 
water supplies (e.g., Island County), discussed further below.   


The complete USGS (1997a) study includes several informative color illustrations.  One figure in 
particular, a “groundwater vulnerability map of the Puget Sound basin,” presents a detailed 
illustration of groundwater vulnerability presented as the probability of detecting nitrate at 
concentrations of 3 milligrams per liter or greater in wells in the Puget Sound basin.  Most of the 
higher risk areas were found east of the Puget Sound shoreline between major areas of development 
(Everett, Seattle, Tacoma, and Olympia) with additional high-risk areas identified in the Lower 
Nooksack River Valley.  The study and figures all can be found on the internet at 
http://wa.water.usgs.gov/fs.061-97/ (USGS, 1997a). 


Because Alternative 1 provides specific provisions for groundwater protection, statewide application 
of forest pesticides should not result in significant impacts on groundwater quality.  However, 
impacts on groundwater could occur in localized regions with particularly vulnerable aquifers and in 
regions where highly persistent and mobile pesticides are applied.   


Effects on Sole-Source Aquifers 
The widespread use of pesticides is a concern to sole-source aquifer users and could lead to 
groundwater contamination in sole-source aquifers unless adequate protective measures are taken.  
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Alternative 1 does not include any specific provisions for the protection of sole-source aquifers, but 
does provide for the protection of groundwaters having a high susceptibility for contamination. 


The USGS groundwater study discussed above  identifies areas in the Puget Sound basin with a high 
susceptibility to nitrate contamination in groundwater (USGS, 1997a).  Based on the mapped 
information presented in the USGS report, the majority of the islands in the Puget Sound region are 
not highly susceptible to groundwater contamination.  However, some very localized areas show a 
relatively high vulnerability to contamination.  Although high levels of agricultural or urban land 
use predominate in most of these areas, other areas may justify special precautions with regard to 
forest pesticide applications.  Overall, Alternative 1 is not expected to result in significant impacts 
on sole-source aquifers.. 


FISH AND WILDLIFE IMPACTS 
The potential impacts of a given forest pesticide depend not only on the specific properties of the 
chemical, but also on the sensitivity of the species of concern and on environmental conditions.  
Given the broad scope of this analysis, the numerous potential species of concern, and the large 
number of forest pesticides used in Washington state; an evaluation of the impacts of forest 
pesticides on fish and wildlife must be somewhat general and qualitative.  Moreover, the impacts of 
forest pesticide use on fish and wildlife largely depend on the likelihood and extent to which the 
chemicals may be transported to surface waters.  As noted earlier, several studies have documented 
the presence of many different pesticides in Washington state streams (USGS, 1996c, 1997b; 
Ecology, 1993), occasionally at levels that exceed guidelines for the protection of aquatic life.  
While the source of this contamination is generally considered to be agricultural or urban land uses 
rather than forest applications, forest pesticides definitely contribute to pesticide loadings. 


Although some forest pesticides may have impacts on terrestrial organisms, the alternatives under 
consideration are almost identical with regard to forest pesticide applications that occur away from 
water resources.  The following paragraphs, therefore, focus on potential fish and wildlife impacts 
associated with pesticide applications near surface waters, presented in a manner that facilitates a 
meaningful comparison among alternatives. 


The application of pesticides to forested lands does pose a risk of impacts on fish and wildlife.  The 
likelihood that a pesticide can be transported to a river, stream, or wetland has a significant bearing 
on its probable impact on aquatic species.  Therefore, the evaluation of a pesticide’s impact on any 
aquatic organism (for all alternatives) assumes that the pesticide reaches surface waters based on 
conclusions of the surface water impacts section included under each alternative. 


Given the potential for Alternative 1 to result in the risk of pesticide contamination of surface 
waters, this alternative could also result in localized fish and aquatic wildlife impacts.  In addition, 
impacts on aquatic organisms and amphibious species in dry streambeds may also occur where 
organisms remain active in the damp substrates of the dry streambeds.  However, as mentioned 
earlier, the sensitivity of different organisms to the same pesticide varies greatly from species to 
species, even within the same genus (USFWS, 1984).  An assessment of a given pesticide's toxicity 
to fish and wildlife does not represent a definitive statement on its toxicity to all organisms but 
rather a general statement about the likely impacts on most species of fish and wildlife. 
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Most of the more common pesticides used in Washington were found to have low toxicity to fish 
and wildlife (see Table 4).  However, the other less commonly applied pesticides (see Attachment 
A1) present a wide range of potential impacts on fish and wildlife.  Some are less toxic to fish and 
wildlife than those listed in Table 4 and likely present little or no threat to fish and wildlife.  Others 
are significantly more toxic and could result in impacts under Alternative 1.   


Alternative 1 is not expected to result in any acute (short-term, lethal) impacts on fish and wildlife.  
The concentration required for most pesticides to cause lethal effects is greater than that expected to 
occur under Alternative 1.  However, Alternative 1 could result in less than lethal (chronic) impacts 
on fish and wildlife resulting from low but significant levels of exposure that could occur under 
certain environmental conditions.  Exposure to sublethal concentrations of pesticides could cause a 
variety of direct and indirect impacts on salmon by stressing or weakening the fish, or significantly 
reducing their ability to feed, avoid predators, defend territories, and maintain their position in the 
stream.  Extensive research is currently underway to better identify the anticipated impacts 
associated with low levels of pesticides.  In addition, pesticides can also interfere with the food 
supply of fish or alter their aquatic habitat, even when the concentrations are too low to affect the 
fish directly.  Because these impacts would be short-term (i.e., pollutants would be flushed out 
during the first few rain events), the impacts are not expected to be significant.   


Many terrestrial species, amphibious species, and plant species also could be affected by exposure to 
low levels of toxicants under Alternative 1.  Impacts on specific species in specific locations require 
assessment on a site-by-site basis.  However, Alternative 1 could potentially result in impacts on a 
variety of nontarget aquatic and riparian plants (especially algae, periphyton, and phytoplankton).  
These impacts, in turn, could indirectly affect fish and wildlife by altering their habitats. 


Alternative 2 Impacts 


SURFACE WATER IMPACTS 
Alternative 2 is similar to Alternative 1 but contains additional requirements targeting the protection 
of water resources.  Alternative 2 includes the implementation of best management practices 
(BMPs) designed to “eliminate the direct entry of pesticides to water (defined as the entry of 
medium to large droplets), while minimizing off-target drift” (WDNR, 1999). 


By recommending variable buffer widths for aerial applications depending on water type, 
environmental conditions, and the method of application, Alternative 2 would result in a lower risk 
of surface water impacts than Alternative 1 (Ecology, 1993).  Specifically, by adjusting the buffer 
widths to suit wind conditions, nozzle types, and application heights, Alternative 2 would reduce 
pesticide drift into surface waters compared to Alternative 1.  Studies conducted by the Spray Drift 
Task Force (1997a) and Ecology (1993) indicate that under the conditions specified under 
Alternative 2 (variable width depending on wind, application height, nozzle type), the risk of 
impacts on surface waters should be minor.  The data indicate that the large buffers required when 
drift potential is high should generally limit drift spray to roughly less than 1 percent of the total 
active ingredient applied to Type S and F streams.  However, the allowance for higher altitude 
applications (greater than 50 feet) does present an increased risk of pesticide drift to surface waters.  
The potential impacts on Type N streams would be slightly greater than to Type S and F streams 
(given the smaller buffers) but still would be minor.  Buffer widths specified for Alternative 2 also 
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are correlated with the critical management or habitat zones identified for each water type.  
Therefore, Alternative 2 also would minimize impacts to water resources by prohibiting some 
applications within the inner zones and riparian management zones identified for each water type.  
Alternative 2 also recommends using the maximum applicable buffer width in situations where the 
recommended buffer width and recommended offset from the critical surface water zones are 
different. 


Alternative 2 restrictions on ground applications of pesticides with power or hand equipment 
provide for greater protection of Type S or F waters compared to Alternative 1.  Specifically, ground 
application with power equipment is not permitted within the core and inner zones of Type S and F 
waters, and hand applications are not allowed within the core zones of Type S or F waters (unless 
prescribed to meet specific localized requirements).  In addition, operators must maintain a 25-foot 
“no application” buffer strip around Type A or B wetlands and on all sides of all other surface 
waters resulting in a greater reduction in the potential for surface water contamination.  The 
increased buffer distances will result in greater protection from spray drift, a reduced risk of 
transport by stormwater runoff, and a reduced risk of transport by contaminated soil erosion than 
under Alternative 1.   


Overall, the increased attention given to the required buffer widths under Alternative 2 reduces the 
risk of surface water impacts.  However, because Alternative 2 still allows for pesticide application 
over dry segments of some watercourses, a significant risk of localized surface water contamination 
is still present (Neary and Michael, 1996).  Likewise, even with the increased buffer widths on most 
surface waters, Alternative 2 could allow low levels of pesticides to reach surface waters, either 
directly or through surface or subsurface runoff, erosion, and sediment transport.  Nevertheless, the 
risk of impacts would be reduced relative to Alternative 1. 


GROUNDWATER IMPACTS 
Groundwater impacts associated with Alternative 2 are expected to be similar but slightly less than 
under Alternative 1.  Direct impacts on groundwater from pesticide leaching to groundwater aquifers 
would occur at the same rate under Alternative 2 as with Alternative 1.  However, because the 
increased buffer widths required under Alternative 2 would result in fewer surface water impacts, 
the likelihood that contaminated surface water would reach and contaminate groundwater is also 
reduced. 


Effects on Sole-Source Aquifers 
Alternative 2 is expected to result in similar but slightly lower impacts on sole-source aquifers 
compared to Alternative 1.  The increased buffer widths required for pesticide applications under 
Alternative 2 may result in slightly less sole-source aquifer contamination because of a reduction in 
the potential for contaminated surface water to groundwater interactions.  Overall, however, the 
impacts are expected to be nearly identical to Alternative 1 (i.e., no significant impacts). 


FISH AND WILDLIFE IMPACTS 
Impacts on fish and wildlife under Alternative 2 are expected to be less than those associated with 
Alternative 1.  The increased buffer widths and associated decrease in surface water contamination 
would reduce the level of contaminants that reach aquatic organisms.  Likewise, Alternative 2 
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proposes to minimize the entry of pesticides into riparian zones that could cause significant damage 
to riparian vegetation, thereby reducing indirect effects on fish and wildlife through habitat 
preservation.  In addition, although Alternative 2 includes more stringent restrictions on chemical 
applications within riparian management zones (compared to Alternative 1), Alternative 2 is also 
designed to enable forest managers to effectively manage riparian areas by allowing the application 
of pesticides for hardwood or noxious weed control. 


Alternative 3 Impacts 


SURFACE WATER IMPACTS 
Alternative 3 is nearly identical to Alternative 2, with the exception of three main additions.  Under 
Alternative 3, plants with cultural value would be protected from forest pesticides, hand application 
of forest pesticides would be prohibited within 50 feet of all typed waters, and forest pesticide 
applications needed to restore riparian management zone functions would require an alternative 
plan.  Therefore, surface water impacts from pesticide applications under Alternative 3 are expected 
to be slightly less than under Alternative 2 and significantly less than Alternative 1.   


The increased buffer required for hand applications near surface waters under Alternative 3 would 
significantly reduce the amount of pesticides that reach surface waters directly compared to 
Alternative 1, and only slightly reduce the potential for contamination compared to Alternative 2.  
The recommended 50-foot buffer for all hand applications is greater than that required under both 
Alternatives 1 and 2, with the exception of the core zone buffer on westside type S and F streams 
required under Alternative 2 (westside core zone is 50 feet).  However, as with Alternatives 1 and 2, 
low levels of pesticides may reach surface waters through stormwater runoff or soil erosion and 
sediment transport.  In addition, alternative plans required for forest pesticide applications when 
restoring riparian management zones under Alternative 3 are expected to reduce the amount of 
pesticides that may potentially enter surface waters, while maintaining the forest manager’s ability 
to effectively manage riparian areas.  Although the alternative plans would be determined on a site-
by-site basis, the chosen methods could pose a risk of indirect water quality impacts through site 
disturbance and erosion (e.g., from mechanical thinning).  Any alternative plans to be implemented 
would be designed to successfully manage riparian vegetation and would be appropriately reviewed 
in order to prevent impacts on surface waters. 


GROUNDWATER IMPACTS 
The potential groundwater impacts resulting from pesticide application under Alternative 3 are 
expected to be nearly identical to the impacts associated with Alternatives 1 and 2.  The only 
difference is that the minor reduction in the potential for pesticide drift to surface waters under 
Alternative 3 could result in a slight decrease in the level of pesticides reaching groundwater 
compared to Alternatives 1 and 2 (through a reduction in the exchange with potentially 
contaminated surface waters, as discussed above). 


Effects on Sole-Source Aquifers 
Alternative 3 is expected to result in similar but slightly lower impacts on sole-source aquifers 
compared to Alternatives 1 and 2.  The increased buffer widths required for pesticide applications 
under Alternative 3 may result in slightly less sole-source aquifer contamination, through a 
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reduction in the potential for contaminated surface water to interact with and adversely impact 
groundwater.  Overall, the potential impacts to sole-source aquifers are expected to be nearly 
identical under all alternatives. 


FISH AND WILDLIFE IMPACTS 
Impacts on fish and wildlife under Alternative 3 are expected to be less than those associated with 
Alternatives 1and 2.  The increased buffer widths and associated decrease in surface water 
contamination expected with Alternative 3 would reduce the levels of contaminants that could 
potentially reach aquatic organisms compared to Alternatives 1 and 2.  Likewise, Alternative 3 
proposes to reduce the entry of pesticides into riparian zones while maintaining the forest manager’s 
ability to effectively manage riparian areas, thereby reducing indirect effects on fish and wildlife 
through habitat preservation.  Impacts on amphibians are also expected to be reduced, while impacts 
on terrestrial species are expected to be the same relative to Alternatives 1 and 2. 


Cumulative Impacts 
Regardless of whether they are significant or not, the potential impacts that could occur under any of 
the above alternatives would contribute to the cumulative pesticide loads on water resources in 
Washington state.  In particular, numerous other private and public agencies apply significant 
amounts of pesticides to their lands.  In both urban and rural areas, land owners alone use a 
considerable amount of pesticides each year in their homes and gardens.  A 1995 survey found that 
nationwide, home and garden users accounted for 10 percent of total pesticide use in the United 
States, representing a total of 133 million pounds of pesticides applied (EPA, 1997).  Industrial, 
commercial, and government uses accounted for an additional 150 million pounds in 1995.  This 
category includes Washington state forest practices applications, as well as federal applications 
within national forests and national parks.  The greatest user of pesticides in the United States is the 
agricultural sector.  In 1995, agricultural uses accounted for 939 million pounds of applied 
pesticides, representing 77 percent of total applications in the United States (EPA, 1997).   


Although the impacts associated with forest chemical applications in Washington state may not be 
significant, and the frequency of application is generally much lower than for other uses, forest 
chemical applications contribute to overall cumulative impacts) on water resources in Washington 
state.  Thus, efforts to reduce any impacts associated with forest practices would be beneficial. 
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Attachment A1.  Department of Agriculture Registered Pesticides 1999 


Name Ingredient Toxicity Type 
2,4-D Amine 4 2,4-D Dimethylamine Danger Herbicide 
Access Picloram Isooctylester Caution Herbicide 
Access Triclopyr Caution Herbicide 
Acecap 97 Systemic Insecticide Implants Acephate Caution Insecticide 
Acme Hi-Dep 2,4-D Diethanolamine Danger Plant Growth Regulator 
Acme Hi-Dep 2,4-D Dimethylamine Danger Herbicide 
Agronil 500 Fungicide Chlorothalonil Warning Fungicide 
Agronil 720 Agricultural Fungicide Chlorothalonil Warning Fungicide 
Allpro Dursban 2e Chlorpyrifos Warning Insecticide 
Arsenal Appl Conc(Loblolly Pine Tank 
Accord 1+Years) 


Isopropylamine Salt of 
Imazapyr 


Caution Insecticide 


Arsenal Appl Conc(One Yr Old Loblolly 
Pine Release) 


Isopropylamine Salt of 
Imazapyr 


Caution Herbicide 


Arsenal Appl Conc(Tank 
Accord&Garlon4/Forest Site Prep) 


Isopropylamine Salt of 
Imazapyr 


Caution Herbicide 


Atrazine 4l (Conifer - Tank Mixes) Atrazine Caution Herbicide 
Azinphosmethyl 2ec Azinphos Methyl Danger/Poison Insecticide 
Azinphosmethyl 50w Soluble Azinphos Methyl Danger/Poison Insecticide 
Azinphosmethyl 50w Soluble Azinphos Methyl Danger/Poison Insecticide 
Basamid Granular Soil Fumigant Dazomet Warning Fungicide 
Basamid Granular Soil Fumigant Dazomet Warning Herbicide 
Basamid Granular Soil Fumigant Dazomet Warning Nematicide 
Biobit Hp Bacillus Thuringiensis 


Variety Kurstaki 
Caution Insecticide 


Biobit Hp Wetable Powder Baccillus Thuringiensis 
Subsp. Israelensis 


Caution Insecticide 


Biobit Xl Baccillus Thuringiensis 
Subsp. Israelensis 


Caution Insecticide 


Bravo 500 Chlorothalonil Warning Fungicide 
Bravo Ultrex Chlorothalonil Danger Fungicide 
Bravo W-75 Chlorothalonil Danger Fungicide 
Carbaryl 4l Carbaryl Caution Insecticide 
Carbaryl 4l Carbaryl Caution Plant Growth Regulator 
Carbaryl 50 Wp Carbaryl Warning Insecticide 
Carbaryl 50 Wp Carbaryl Warning Plant Growth Regulator 
Carbaryl 90df Insecticide Carbaryl Warning Insecticide 
Carbaryl 90df Insecticide Carbaryl Warning Plant Growth Regulator 
Casoron 4g Dichlobenil Caution Herbicide 
Chopper Rtu-Basal & Cut Surface 
Herbicide 


Isopropylamine Salt Of 
Imazapyr 


Caution Herbicide 


Clean Crop Carbaryl 4l Insecticide Carbaryl Caution Insecticide 
Clean Crop Carbaryl 4l Insecticide Carbaryl Caution Plant Growth Regulator 
Clean Crop Low Vol 6 Ester(Conifer 
Release) 


2,4-D Isooctyl 2-Octyl 
Ester 


Caution Herbicide 


Condor Oil Flowable Bioinsecticide Baccillus Thuringiensis 
Subsp. Israelensis 


Caution Insecticide 


Countdown Flowable Fungicide Chlorothalonil Warning Algaecide Slimicide 
Countdown Flowable Fungicide Chlorothalonil Warning Fungicide 
Countdown L & G Agricultural, Turf & 
Orna Fungicide 


Chlorothalonil Warning Fungicide 
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Attachment A1.  Department of Agriculture Registered Pesticides 1999 (continued) 


Name Ingredient Toxicity Type 
Crymax Bacillus Thuringiensis 


Variety Kurstaki 
Caution Insecticide 


Cutlass Baccillus Thuringiensis 
Subsp. Israelensis 


Caution Insecticide 


Daconil 2787 -Flowable Fungicide Chlorothalonil Warning Algaecide Slimicide 
Daconil 2787 -Flowable Fungicide Chlorothalonil Warning Fungicide 
Daconil Ultrex -Turf Care Chlorothalonil Danger Fungicide 
Dimilin 25w Diflubenzuron Caution Insecticide 
Dimilin 25w Diflubenzuron Caution Invertebrate Control 
Dipel 2x Wdg Baccillus Thuringiensis 


Subsp. Israelensis 
Caution Insecticide 


Dipel 2x Wettable Powder Baccillus Thuringiensis 
Subsp. Israelensis 


Caution Insecticide 


Dipel 4l Bacillus Thuringiensis 
Variety Kurstaki 


Caution Insecticide 


Dipel 6af Baccillus Thuringiensis 
Subsp. Israelensis 


Caution Insecticide 


Dipel 8af Baccillus Thuringiensis 
Subsp. Israelensis 


Caution Insecticide 


Dipel Df Bacillus Thuringiensis 
Variety Kurstaki 


Caution Insecticide 


Dipel Worm Killer Baccillus Thuringiensis 
Subsp. Israelensis 


Caution Insecticide 


Drexel Diazinon Insecticide Diazinon Warning Insecticide 
Dursban 4e Chlorpyrifos Warning Insecticide 
Ensign 720 Chlorothalonil Warning Fungicide 
Expedite Grass & Weed Ii Glyphosate Caution Herbicide 
Ezject -Selective Injection Herbicide Capsules Glyphosate Caution Herbicide 
Foray 48b Bacillus Thuringiensis 


Variety Kurstaki 
Caution Insecticide 


Foray 48f Biological Insecticide Flowable 
Conc. 


Bacillus Thuringiensis 
Variety Kurstaki 


Caution Insecticide 


Foray 76b Baccillus Thuringiensis 
Subsp. Israelensis 


Caution Insecticide 


Fort Dodge Gopher Bait Strychnine Danger/Poison Rodenticide 
Garlon 3a Triclopyr Danger Herbicide 
Garlon 3a (Forestry) Triclopyr Danger Herbicide 
Garlon 4 Triclopyr Caution Herbicide 
Garlon 4 (Forestry Use) Triclopyr Caution Herbicide 
Garlon 4 (Tordon K Mix Recommendation 
Woody Plant) 


Triclopyr Caution Herbicide 


Gordon's Amine 400 2,4-D Weed Killer 2,4-D Dimethylamine Danger Herbicide 
Isk Daconil Weather Stik Flowable Fungicide Chlorothalonil Warning Algaecide Slimicide 
Isk Daconil Weather Stik Flowable Fungicide Chlorothalonil Warning Fungicide 
Jteatons Answer For Cntrl Of Pocket Gophers Diphacinone Caution Rodenticide 
M-44 Cyanide Capsules Sodium Cyanide Danger/Poison Vertebrate Control 
Malathion 5ec Malathion Warning Insecticide 
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Attachment A1.  Department of Agriculture Registered Pesticides 1999 (continued) 


Name Ingredient Toxicity Type 
Malathion Ulv Malathion Caution Insecticide 
Malathion Ulv Conc Malathion Caution Insecticide 
Mattch Bioinsecticide Pseudomonas 


Fluorescens 
Caution Insecticide 


Mcpa Amine Herbicide Mcpa Dimethylamine Danger Herbicide 
Mcpa Ester Mcpa Isooctyl Ester Warning Herbicide 
Mole & Gopher Bait Zinc Phosphide Caution Rodenticide 
Monterey 7 Carbaryl Insecticide Carbaryl Caution Insecticide 
Mvp Bioinsecticide Delta Endotoxin 0f B. 


T. 
Caution Insecticide 


Mvp Ii Bioinsecticide Baccillus Thuringiensis 
Subsp. Israelensis 


Caution Insecticide 


Mycotrol 22wp Beauveria Bassiana 
Gha 


Caution Insecticide 


Nomix Sweep Glyphosate Caution Herbicide 
Opti-Amine 2,4-D Dimethylamine Danger Herbicide 
Oust Herbicide Sulfometuron Methyl Caution Herbicide 
Pathfinder Ii Triclopyr Butoxyethyl 


Ester 
Caution Herbicide 


Pathway 2,4-D 
Triisopropanolamine 


Warning Herbicide 


Pathway Picloram 
Triisopropanolamine 


Warning Herbicide 


Prentox 5lb Malathion Malathion Warning Insecticide 
Pronone 25g Hexazinone Caution Herbicide 
Pyrenone Crop Spray Insecticide Piperonyl Butoxide Caution Insecticide 
Pyrenone Crop Spray Insecticide Pyrethrins Caution Insecticide 
Redeem Triclopyr Danger Herbicide 
Riverdale Mcpa L.V.4 Ester Mcpa Isooctyl Ester Warning Herbicide 
Roundup Original (Forest & Utility R-O-W) Glyphosate Warning Herbicide 
San 415 Sc 321v Baccillus Thuringiensis 


Subsp. Israelensis 
Caution Insecticide 


Sevin 4f Brand Carbaryl Insecticide Carbaryl Caution Insecticide 
Sevin 4f Brand Carbaryl Insecticide Carbaryl Caution Plant Growth Regulator 
Sevin 50w Carbaryl Warning Insecticide 
Sevin 50w Carbaryl Warning Plant Growth Regulator 
Sevin Brand 80wsp Carbaryl Insecticide Carbaryl Warning Insecticide 
Sevin Brand Rp4 Carbaryl Inseciticide Carbaryl Caution Insecticide 
Sevin Brand Rp4 Carbaryl Inseciticide Carbaryl Caution Plant Growth Regulator 
Sevin Brand Xlr Plus Carbaryl Insecticide Carbaryl Caution Insecticide 
Sevin Brand Xlr Plus Carbaryl Insecticide Carbaryl Caution Plant Growth Regulator 
Sevin Sl Carbaryl Caution Insecticide 
Simazine 4l Herbicide Simazine Caution Herbicide 
Simazine 90df Herbicide Simazine Caution Herbicide 
Sostram Atrazine 4l Atrazine Caution Herbicide 
Sostram Atrazine 90df Atrazine Caution Herbicide 
Supanil 720 Chlorothalonil Warning Fungicide 
Sur-Noxem Methoxychlor Caution Insecticide 
Terranil 6l Flowable Ag Fungicide Chlorothalonil Warning Fungicide 
Thalonil 90df Ag Fungicide Chlorothalonil Danger Fungicide 
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Attachment A1.  Department of Agriculture Registered Pesticides 1999 (continued) 


Name Ingredient Toxicity Type 
Thuricide 32lv Baccillus Thuringiensis 


Subsp. Israelensis 
Caution Insecticide 


Thuricide 64lv Baccillus Thuringiensis 
Subsp. Israelensis 


Caution Insecticide 


Thuricide-48lv Baccillus Thuringiensis 
Subsp. Israelensis 


Caution Insecticide 


Tordon 22k Picloram Potassium 
Salt 


Caution Herbicide 


Tordon K Picloram Potassium 
Salt 


Caution Herbicide 


Tordon K(Garlon 4 Mix Reccomendation 
Woody Plants) 


Picloram Potassium 
Salt 


Warning Herbicide 


Tordon Rtu 2,4-D 
Triisopropanolamine 


Warning Herbicide 


Tordon Rtu Picloram 
Triisopropanolamine 


Warning Herbicide 


Transline Clopyralid, 
Monoethanolamine Salt 


Caution Herbicide 


Turfgo Msma Turf Herbicide Msma Caution Herbicide 
United Hort Supply Msma Turf Herbicide Msma Caution Herbicide 
Valent Dibrom 8 Emulsive Naled Danger Insecticide 
Velpar Df Hexazinone Danger Herbicide 
Velpar L Herbicide Hexazinone Danger Herbicide 
Weed Rhap A-4d 2,4-D Dimethylamine Caution Herbicide 
Weedar 64 Broadleaf Herbicide 2,4-D Dimethylamine Danger Herbicide 
Weedar Brand 64 Broadleaf Herbicide 2,4-D Dimethylamine Danger Herbicide 
Zeneca Dacnil Ultrex Turf Care Chlorothalonil Danger Fungicide 
Zeneca Daconil Weather Stik Flowable 
Fungicide Turf Car 


Chlorothalonil Warning Fungicide 


Zoecon Altosid Liquid Larvicide 
Concentrate 


Methoprene Caution Insecticide 


Zoecon Altosid Liquid Larvicide Mosquito 
Growth Regulat 


Methoprene Caution Insecticide 


Zp Rodent Bait Place Pac Zinc Phosphide Caution Rodenticide 
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Attachment A2.  Department of Agriculture Registered Adjuvants 1999 
Name Toxicity 
38-F Drift Retardant Caution 
41-A Drift Retardant Caution 
Actamaster Caution 
Actamaster Soluble Crystal Spray Adjuvant Caution 
Activate 3 Caution 
Activate Plus Warning 
Activator 90 Caution 
Activator 90(Tree Fruit & Vines) Caution 
Ad 100 Caution 
Ad Wet 90 Caution 
Ad-Here Xl Caution 
Ad-Spray 80 Warning 
Adsee 100-80 Caution 
Adsee 775 Caution 
Adsee 801 Caution 
Aerodyne-Amic Danger 
Agfoam Danger 
All-Purpose Spray Adjuvant Caution 
Amigo Vegetable Oil Surfactant Caution 
Ammonium Sulfate Spray Grade Caution 
Ams Plus Caution 
Ams Premium Blend Sprayable Ammonium Sulfate/Polymer Caution 
Apex 90tm Caution 
Apsa-80 All Purpose Spray Adjuvant Concentrate Warning 
Assist Caution 
Ballast Warning 
Bayfolan Plus Caution 
Bio-Film Caution 
Bioplus Ss 100 Caution 
Bivert Caution 
Blendex Warning 
Blendex Vhc Warning 
Bond Warning 
Break Thru Caution 
Break-Thru Warning 
Break-Thru Warning 
Buffer P.S. Warning 
Buffer Xtra Strength Warning 
Buffer Xtra Strength Warning 
Buffer-M Caution 
Buffer-Ten Danger 
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Attachment A2.  Department of Agriculture Registered Adjuvants 1999 (continued) 


Name Toxicity 
Buffered Edge Caution 
Bulls Eye Drift Management/Deposition Aid Caution 
Bupher Mg 0-10-0 Caution 
Capsil 30 Caution 
Cayuse Absorption Activator Caution 
Cd 90 Plus Caution 
Choice Water Conditioning Agent Caution 
Cide-Kick Caution 
Cide-Kick Ii Caution 
Class 17% Concentrate Caution 
Class Act Caution 
Class Cl77 Nonionic Spreader-Sticker Caution 
Class Complete Compatability Caution 
Class Preference Caution 
Clean Crop Veg-Oil Surfactant Caution 
Cmr Can-Hance Caution 
Cmr Herbicide Activator Caution 
Cmr Orgarnic Oil Adjuvant Caution 
Cmr Silicone Surfactant Danger 
Cmr Spreader Sticker Caution 
Coax - Insect Feeding Stimulant Caution 
Cohere Nonionic Spreader-Sticker Adjuvant For Pest Spry Warning 
Cohort Dc Warning 
Combat Plus Caution 
Combine Caution 
Comp-Ad Caution 
Complex Warning 
Cooke Sticker Caution 
Crockers Fish Oil Sticker-Spreader Caution 
Crop Oil Conc Caution 
Crop Oil Conc. Non-Ionic Surfactant Caution 
Crop Oil Concentrate Caution 
Crop Oil Concentrate Caution 
Crop Oil Concentrate Caution 
Crop Oil Concentrate Nonionic Adjuvant Caution 
Crop Oil-M Caution 
Dash Hc Spray Adjuvant Warning 
De-Foamer Ag Foam Control Caution 
Depo Concentrate Caution 
Depo Rtu Caution 
Deposit Caution 
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Attachment A2.  Department of Agriculture Registered Adjuvants 1999 (continued) 


Name Toxicity 
Dispatch Warning 
Dri Nonionic Surfacant Caution 
Driftgard Ii Caution 
Drop Zone Dc Warning 
Dynamark Caution 
Dyne-Amic Caution 
E-Z Mix Warning 
Entry Ii Danger 
Exactrol Caution 
Exit Caution 
Fast Break Warning 
Fighter F Caution 
First Choice 4440 Spreader/Sticker Caution 
First Choice Am-Sul Solution Caution 
First Choice Break Thru Warning 
First Choice Buffer Spreader Adjuvant Caution 
First Choice Crop Oil Concentrate Caution 
First Choice Depheat 2 Danger 
First Choice Excel 90 Caution 
First Choice Exciter Caution 
First Choice Parasol Spreader/Sticker Caution 
First Choice Spray Kicker Caution 
First Choice Surphtac Adjuvant Danger 
First Choice Ultra Pro Caution 
First Choice Watermaxx Soil Penetrant Caution 
Flexafoam Am Foaming Agent Danger 
Flothru Soil Penetrant 24 Caution 
Flozine Caution 
Foam Buster Caution 
Foam Buster Caution 
Foam Fighter Caution 
Foamer Caution 
Forest Crop Oil Caution 
Formula 358 Caution 
Freeway Warning 
Fynol-4 Caution 
Galactic Caution 
Galactic Hv Caution 
Get-Down Caution 
Glyco-Trol Caution 
GRO-Wet Granular Caution 
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Attachment A2.  Department of Agriculture Registered Adjuvants 1999 (continued) 


Name Toxicity 
GRO-Wet Liquid Caution 
Grounded Deposition Agent For Soil Applied Pesticides Caution 
GSL 90 Plus Caution 
GSL Nu-Stik 44 Caution 
GSL OSO Wet Caution 
GSL Promaid Danger 
GSL Simulaid Spreader-Activator Caution 
Hasten Spray Adjuvant Warning 
Helena Agri-Dex Caution 
Herbimax Caution 
Home Run Methylated Soy Adjuvant Caution 
Hopkins Plyac Caution 
Hopkins Unite Danger/Poison 
Hy-Stop Spray Buffer Caution 
Hyper Active Danger 
Indicate 5 Caution 
Induce Warning 
Insure-Xl Caution 
Invade Plus Caution 
Ivod Caution 
Jlb Oil Plus - Spray Adjuvant Caution 
Kinetic Caution 
Kinetic Caution 
Kinetic Hv Caution 
Kinetic Hv Caution 
Kombind Compatibilit Caution 
Kover Caution 
Lastick Caution 
Latron Ag-44m Danger 
Latron Ag-98 Warning 
Latron B-1956 Caution 
Latron Cs-7 Warning 
Li 700 Penetrating Surfactant Caution 
Li-700(Fruit Tree & Vine Crops) Caution 
Lilly/Miller Spray Aid Caution 
Lilly/Miller Sta-Stuk 'M' Caution 
M-90 Non-Ionic Spreader Activator Caution 
M-Hance Caution 
M-Sul-45 Caution 
Magnify Caution 
Master Nurserymen Spay-Grip Caution 
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Attachment A2.  Department of Agriculture Registered Adjuvants 1999 (continued) 


Name Toxicity 
Miller Nu-Film-Ir Caution 
Monterey Cal-Phos 0-23-0 Caution 
Monterey Herbicide Helper Caution 
Monterey Npk 8-8-2 Caution 
Monterey Super 7 Danger 
Monterey X-100 Caution 
Monterey Zip 0-8-0 Caution 
Monterey Znp 10-12-0 Caution 
Monterey Zpk 0-16-9 Caution 
Monterey-Nature's Own Spray Helper Caution 
More Caution 
Mso Concentrate Methylated Seed Oil Caution 
Nalco-Trol Caution 
Nalco-Trol Ii Caution 
Nalcotrol Caution 
Nalcotrol Caution 
Nalcotrol Caution 
Nalcotrol Ii Caution 
Nalquatic Caution 
Napier Su250 Caution 
No Foam Caution 
No Foam A Caution 
No Foam A Caution 
No Foam Adjuvant Caution 
No Foam B Caution 
No Foam B Caution 
No Foam Dry Defoamer Caution 
No. 233 Wet-Sol Concentrate Caution 
No. 235 Wet-Sol 99 Caution 
No.237 Wet-Sol 80 Caution 
Nonionic 100 Surfactant Caution 
Nonionic 90 Surfactant Caution 
Nu-Film-17 Caution 
Nu-Film-P Caution 
Nuchem 90-Nf Caution 
Nutra Wet (4-14-7) Caution 
Nutrient Buffer 0-8-0 Plus Caution 
Nutrient Buffer 10-12-0 Caution 
Nutrient-Buffer 11-4-6 Caution 
Nxs Dc Caution 
Optima Adjuvant For Herbicide Sprays Danger 
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Attachment A2.  Department of Agriculture Registered Adjuvants 1999 (continued) 


Name Toxicity 
Pacidifier Warning 
Penetrator Caution 
Penetrator Plus Warning 
Penewet #11 Caution 
Penox Caution 
Peptoil Caution 
Ph Caution 
Phaser 2 Caution 
Placement Deposition and Retention Agent Caution 
Plex Sticker Extender Danger 
Precision Spray Control Caution 
Prime Oil Caution 
Prime Oil Ii Caution 
Pro-Foam Caution 
Qfc Tack-90 Caution 
Quark Warning 
Quest Warning 
R-11 Spreader-Activator Caution 
R-56 Spreader-Sticker Caution 
R-900 Penetrator-Activator Caution 
Rain Fastnew Technology Surfactant Caution 
Redi-Vert Caution 
Regulaid Caution 
Request Caution 
Respond Granular Caution 
Respond Liquid Caution 
Respond Tablet Caution 
Retain Caution 
Riverside Tc Spray Tank Cleaner Warning 
Rna Bu-Ph-Er Caution 
Rna Crop Oil Conc 1915 Warning 
Rna Hold-On Caution 
Rna Methoxylated Oil Warning 
Rna Spreader-Binder Warning 
Rna Tri-Ad 73 Danger 
Rocket Dl Caution 
S-K-H Agricultural Adhesive Caution 
Saturall 85 Caution 
Silwet L-77 Caution 
Silwet L-77 Surfactant(Organosilicone) Danger 
Slippery Water Caution 
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Attachment A2.  Department of Agriculture Registered Adjuvants 1999 (continued) 


Name Toxicity 
Sodium Bisulfate Caution 
Sorba Spray Zkp Caution 
Sorba-Spray Mg Caution 
Sorba-Spray Mg 0-10-0 Caution 
Sorba-Spray Mip 0-10-0 Caution 
Sorba-Spray Zbk 1-0-6 Caution 
Sorba-Spray Znp 10-12-0 Caution 
Spodnam Caution 
Sponto 168-D Caution 
Spra Dar Caution 
Spray Prep Caution 
Spray Start Caution 
Spray-Aide Caution 
Spreader 90 Caution 
Spreader Hf Caution 
Sta Put Deposition Aid Caution 
Sta-Put Caution 
Sta-Put Caution 
Sta-Put Deposition Aid Caution 
Sta-Put Deposition Aid Caution 
Stik Caution 
Stimulator Plus Caution 
Strike Zone Dc Warning 
Summit Ten Tm Danger 
Sun-It Ii Spray Adjuvant Caution 
Super Spread 90 Caution 
Superb Caution 
Support Caution 
Surf Aid Caution 
Surf-Ac 820 Caution 
Surf-Ac 910 Caution 
Surfix Warning 
Surfix Caution 
Surphtac Ii Danger 
Surphtac Ii Adjuvant Caution 
Sylgard 309 Caution 
Sylgard 309 Silicone Surfactant Warning 
Take-Down Danger 
Tankmate F Caution 
Tme Caution 
Tme (Forest) Caution 
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Attachment A2.  Department of Agriculture Registered Adjuvants 1999 (continued) 


Name Toxicity 
Transcend Danger 
Tri-Fol Caution 
Tripleline Foam-Away Defoamer Warning 
Ultra 90 Caution 
Ultra 90-Nf Caution 
Umbrella Caution 
Unifilm 100 Warning 
Unifilm 707 Caution 
Unifilm Nf Caution 
United Hort Supply GRO-Wet Granular Caution 
United Hort Supply GRO-Wet Liquid Caution 
United Hort Supply Respond Caution 
United Hort Supply Respond Concentrated Wetting & Penet Caution 
United Hort Supply Respond Granular Caution 
Vegetable Oil Conc Caution 
W.E.B. Oil Caution 
Wex Caution 
Wilbur Ellis Mor-Act Adjuvant Caution 
Windbrake Drift Retardant Caution 
Windcheck Deposition Aid And Drift Retardant Caution 
X-77 Spreader Danger 
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INTRODUCTION 


The Washington Forest Practices Board proposes to modify the Forest Practices Rules.  
The objectives of this proposal are to more fully address the impacts of forest practices on 
water quality, salmon habitat, and other aquatic and riparian resources.  The Forest 
Practices Rules to be modified are identified in Title 222 of the Washington Administrative 
Code (WAC).  The proposed rules consist of new sections, sections to be amended, and 
sections to be repealed (WAC 222-10-043, 222-16-088, 222-24-025, 222-30-030).  The 
primary impetus for the adoption of the rule proposal has been the recent decline in fish 
stocks throughout much of Washington State and the large number of Washington streams 
identified to have water quality problems.  The 1999 Legislature declared this an 
emergency and encouraged the Forest Practices Board to adopt new rules consistent with 
the April 1999 Forests and Fish Report (RCW 76.09.055). 


The Forest Practices Board has determined that changes in the Forest Practices Rules have 
the potential for significant adverse environmental impacts (i.e., a determination of 
significance [DS] was made under the State Environmental Policy Act [SEPA]).  When a 
DS is made under SEPA, an environmental impact statement (EIS) is required to analyze 
the significant environmental impacts of the alternatives under consideration.  This 
document is the Final EIS and has been prepared under the guidelines and requirements of 
SEPA.  This summary section provides a description of the purpose and need for action, 
the significant issues that have been identified as related to the action, the proposal and the 
alternatives, and the environmental impacts of the proposal and the alternatives. 







 
 


 


 


Summary Final EIS 


 


Summary  


S-2


 


PURPOSE AND NEED FOR ACTION 


A detailed statement of the purpose and need can be found in Section 1.3.  A summary of 
this purpose and need is presented here. 


As noted in the background section (Section 1.2), in recent years, concern has grown over 
the need to modify the Forest Practices Rules to adequately protect riparian and aquatic 
resources.  Particular concerns include the issue that riparian buffer and leave tree 
requirements may not provide enough protection for riparian functions and that rules 
regarding forest roads may still allow too much sediment production.  Four areas led to 
these concerns:  1) data from field verification indicated that the water typing system may 
be inadequate; 2) prescriptive outcomes from watershed analysis suggested that 
prescriptions in the rules were inadequate; 3) many salmonid fish species were listed on the 
federal threatened and endangered species lists; and 4) more than 660 Washington streams 
were identified as water-quality-impaired under the Clean Water Act. 


The primary purpose of the proposed action is to achieve the four goals identified by the 
Forest Practices Board (FPB minutes of September 22, 1998).  These goals were developed 
to satisfy the need identified above.  The four goals are as follows: 


1. Provide compliance with the Endangered Species Act (ESA) for aquatic and riparian-
dependent species on non-federal forest lands. 


2. Restore and maintain riparian habitat on non-federal forest lands to support a 
harvestable supply of fish. 


3. Meet the requirements of the Clean Water Act for water quality on non-federal forest 
lands. 


4. Keep the timber industry economically viable in the state of Washington. 


Based on a full analysis of the proposal and reasonable alternatives, the Forest Practices 
Board will determine whether and how to modify the current rules through amending 
current rules, repealing current rules, or adopting new rules.  Rules pertaining to water 
quality must be approved by the Washington State Department of Ecology (Ecology).  The 
schedule for the Forest Practices Board’s rule adoption process is posted on its website:  
www.wa.gov/dnr. 
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SIGNIFICANT ISSUES 


As a result of both public and internal scoping, the following significant issues have been 
identified for analysis in this EIS: 


• Sediment 
• Hydrology 
• Riparian habitat 
• Wetlands 
• Water quality 
• Fish 
• Wildlife 
• Fire 
• Cultural resources 


OTHER ISSUES AND RELATED DOCUMENTS 


SEPA requires an EIS to analyze the significant impacts (WAC 197-11-440).   Impacts not 
considered significant do not have to be addressed.  Further, SEPA emphasizes that an EIS 
should analyze the environmental impacts (WAC 197-11-448).  The intent is that the 
responsible agency will weigh the EIS as one of several potential pieces of information 
needed in the decision-making process.  The EIS is not required to evaluate and document 
all possible effects and considerations, such as economic competition, personal income and 
wages, and social impacts.  Therefore, this document focuses on a comparison of a 
reasonable range of alternatives and an analysis of the environmental impacts for 
significant issues. 


Economic impacts related to the proposed rule changes will be addressed separately by the 
Small Business Economic Impact Statement required by the Regulatory Fairness Act 
(chapter 19.85 RCW) and the Cost Benefit Analysis required by the Administrative 
Procedure Act (chapter 34.05 RCW).  The Small Business Economic Impact Statement 
analyzes the disparity of the impact rules on large businesses versus small businesses.  
Both of these documents will be posted on the Forest Practices Board website 
(www.wa.gov/dnr) when they are completed.  They will also be available from the 
Washington State Department of Natural Resources (DNR), Forest Practices Division by 
calling (360) 902-1400.   
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PROPOSAL AND THE ALTERNATIVES 


Three alternatives are considered in detail in the EIS:  1) the No Action Alternative 
(Alternative 1); 2) the proposed action (Alternative 2); and 3) an alternative that is more 
protective than the proposed action (Alternative 3).  It should be noted that mitigation 
measures are incorporated directly into each of the alternatives, since they essentially 
represent a set of different measures for mitigating the environmental effects of forest 
practices.  The three alternatives are summarized in detail in Table S-1, and their derivation 
is summarized below.  


• Alternative 1 represents the No Action Alternative.  It entails continuing with the 
existing permanent Forest Practices Rules and does not include the revisions to these 
rules produced by the water typing, salmonid, or Forests and Fish emergency rules.  
SEPA requires the No Action Alternative to be based only on permanent rules, not 
temporary rules.  Alternative 1 is defined in the Washington Forest Practices Board 
Rule Book, dated November 1998. 


• Alternative 2 represents the alternative defined by the Forests and Fish Report (April 
1999), as supplemented by House Bill 2091 and as subsequently  refined.  The groups 
contributing to the development of this report include state agencies (DNR, the 
Washington State Department of Fish and Wildlife [WDFW], and Ecology), federal 
agencies (U.S. Fish and Wildlife Service [USFWS], National Marine Fisheries Service 
[NMFS], and the U.S. Environmental Protection Agency [EPA]), the Colville 
Confederated Tribes, the Northwest Indian Fisheries Commission, the Washington 
State Association of Counties, the Washington Forest Protection Association, and the 
Washington Farm Forestry Association. 


• Alternative 3 is representative of the alternatives produced by groups that were not 
among the authors of the Forests and Fish Report.  Separate proposals were made by 
an environmental caucus (led by the Washington Environmental Council and the 
Audubon Society) and by the Muckleshoot Indian Tribe, Yakama Indian Nation, and 
Puyallup Indian Tribe.  Elements of these proposals are incorporated into 
Alternative 3. 
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Table S-1.  Summary Description of the Alternatives Considered in Detail 
(Page 1 of 4) 


Forestry 
Module Topic 


Alternative 1 
(No Action = Current Rules) 


Alternative 2 
(Proposed Action = 


Forests and Fish Report 
w/modification) Alternative 3 


Water Typing Five-type System 
Fish-bearing waters 
  1=shorelines of the state 
  2=generally > 20 feet 
  3=generally < 20 feet 
 
Non fish-bearing waters 
  4=generally >  2 feet 
  5=generally <  2 feet 


Three-type System 
Fish habitat waters 
  S=shorelines of the state 
  F=other fish habitat waters 
 
 
Non fish-habitat waters 
  Np=perennial waters 
  Ns=seasonal waters 


Three-type System 
Geomorphic-based 
Gradient = 0 – 20 % 
Gradient = 20 – 30 % 
Gradient = > 30 % 


Riparian 
Habitat 


Shorelines of the State (Type 1) 
Requirement of no more than 
30% volume removal every 10 
years within 200 feet of 
shoreline.  
 
Westside Fish Habitat  
(Type 1-3) 
25 – 100 feet managed buffer 
 
 
 
 
 
 
 
 
 
 
Westside Non Fish Habitat 
(Type 4-5) 
Type 4:  riparian leave tree areas 
sometimes required 
Type 5:  no requirements 


Shorelines of the State (Type S) 
Requirement of no more than 
30% volume removal every 10 
years within 200 feet of shoreline.  
 
 
Westside Fish Habitat (Type F) 
No management allowed inside 
channel migration zone (CMZ). 
Three zones: core, inner, outer 
Core Zone:  no management 
Inner Zone:  2/3 SPTH buffers on 
streams <= 10 feet wide, managed 
with stand requirements;  ¾ 
SPTH buffers on streams >10 feet 
wide with stand requirements 
Outer Zone:  SPTH buffer with 
10-20 trees/acre   
 
Westside Non Fish Habitat (Type 
N) 
Perennial:  50-foot no-cut buffer, 
sensitive sites;  discontinuous 
with at least 50% buffer on length 
Seasonal:  30-foot equipment 
limitation zone 


Shorelines of the State 
Requirement of no more 
than 30% volume removal 
every 10 years within  
200 feet of shoreline.  
 
Westside Fish Habitat 
No management allowed 
inside channel migration 
zone (CMZ) or beaver 
habitat zone (BHZ). 
200 feet additional managed 
buffer; only thin to improve 
riparian function through 
SEPA  
 
 
 
 
Westside Non Fish Habitat 
No management allowed 
inside channel disturbance 
zone (CDZ).  In addition, 
the following buffers are 
added: 
Perennial:  100-foot 
continuous no-cut buffer 
Seasonal:  70-foot no-cut 
buffer 
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Table S-1.  Summary Description of the Alternatives Considered in Detail 
(Page 2 of 4) 


Forestry 
Module Topic 


Alternative 1 
(No Action = Current Rules) 


Alternative 2 
(Proposed Action = 


Forests and Fish Report 
w/modification) Alternative 3 


Riparian 
Habitat 
(continued) 


Eastside Fish Habitat 
30- to 300-foot managed buffer 
 
 
 
 
 
 
 
 
Eastside Non Fish Habitat 
Type 4:  riparian leave tree areas 
sometimes required 
Type 5:  no requirements 
 
 
 
 
 
 
 
 
Small Landowners 
None 
 


Eastside Fish Habitat 
Three additional zones: core, 
inner, outer. 
Core:  no management 
Inner: 70 or 100 feet; 
management with stand 
requirements 
Outer:  SPTH buffer with 10, 
15 or 20 trees/acre   
 
Eastside Non Fish Habitat 
Perennial:  50-foot managed 
buffer with uneven-aged 
management;  discontinuous 
buffer with up to 300 ft. 
clearcut, but maximum of 30% 
length under even-aged 
management; plus 30-foot 
equipment limitation zone 
Seasonal:  30-foot equipment 
limitation zone 
 
Small Landowners 
Exemption from new rules for 
<20-acre parcels for 
landowners who own less than 
80 acres of forested land; DNR 
can add 15% of stand volume 
to current riparian buffers 


Eastside Fish Habitat 
200 feet managed buffer; only 
can thin to improve riparian 
function through SEPA  
 
 
 
 
 
 
Eastside Non Fish Habitat 
Perennial:  100 feet 
continuous no-cut buffer 
Seasonal:  70-foot no-cut 
buffer 
 
 
 
 
 
 
 
Small Landowners 
Exemption from new rules for 
<20-acre parcels for 
landowners who own less 
than 80 acres of forested land; 
DNR can add 15% of stand 
volume to current riparian 
buffers 


Unstable Slopes Reviewed in forest practices 
application process 
SEPA trigger 


Reviewed in forest practices 
application process; improved 
definitions, screens, training 
and field verification  
SEPA trigger  
Addresses public safety 
Identification of high hazard 
and moderate hazard landforms 


Reviewed in forest practices 
application process; improved 
definitions, screens, training 
and field verification 
SEPA trigger 
Addresses public safety 
Identification of high hazard 
and moderate hazard 
landforms.  Add all >80% 
planar slopes to definition of 
high hazard; no harvest on 
high hazard; additional 50-ft. 
buffer around high hazard 
slopes; all > 50% slopes 
classed as moderate hazard 
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Table S-1.  Summary Description of the Alternatives Considered in Detail 
(Page 3 of 4) 


Forestry 
Module Topic 


Alternative 1 
(No Action = Current Rules) 


Alternative 2 
(Proposed Action = 


Forests and Fish Report 
w/modification) Alternative 3 


Forest Roads Maintain current construction 
standards  
 
RMAP only when requested by 
DNR or watershed analysis 


Improved new construction 
standards; improved BMPs for 
maintenance 
Required RMAPs within 5 
years; all roads in compliance 
within 15 years; inventory 
orphan roads 


Improved new construction 
standards; improved BMPs for 
maintenance 
Required RMAPs within 5 
years; all roads in compliance 
within 10 years; inventory 
orphan roads 
No net increase in road mileage 
on a per unit basis (i.e., basin or 
tree farm by landowner) 


Wetlands Wetland Management Zones 
Protection of Type A and B 
wetlands with 25- to 100-foot 
wide WMZs; minimum wetland 
size protected is 0.25 acre  
 
Forested Wetland Harvest 
Clearcut harvest allowed 
Equipment limitation on forested 
wetlands. 
 
 
 
Roads and Landings 
Generally 1:1 replacement ratio 
 
 
 
 
Classification System 
Current system 


Wetland Management Zones 
Protection of Type A and B 
wetlands with 25- to 100-foot 
wide WMZs; minimum wetland 
size protected is 0.25 acre 
 
Forested Wetland Harvest 
Clearcut harvest allowed. 
Wetlands working group to 
make recommendations 
regarding protection via 
adaptive management. 
 
Roads and Landings 
Generally 2:1 replacement ratio 
and no net loss of function 
Minimum mapping size to 3 
acres for forested wetlands 
 
Classification System 
GIS update system 
Wetlands working group to 
revise system via adaptive 
management 


Wetland Management Zones 
Protection of Type A and B 
wetlands with 100- to 200-foot 
wide WMZs; minimum wetland 
size protected is 0.25 acre 
 
Forested Wetland Harvest 
Partial harvest allowed; leave 
snags, non-merchantable trees, 
understory vegetation, and 70% 
canopy closure 
 
 
Roads and Landings 
Generally 2:1 replacement ratio 
and no net loss of function 
 
 
 
Classification System  
Adopt geomorphic classification 


Watershed 
Analysis 


Mandatory for DNR as funding 
allows 
Voluntary for landowners 
Nine modules currently included 
Improved hydrology and water 
quality modules 
 
 
 
Prescriptions written for all 
modules 


Mandatory for DNR as funding 
allows 
Voluntary for landowners 
Nine modules plus new ones 
Improved hydrology and water 
quality modules 
New cultural and restoration 
modules 
 
No prescriptions for riparian, 
mass wasting, and surface 
erosion. 


Mandatory for DNR as funding 
allows 
Voluntary for landowners 
Nine modules plus new ones 
Improved hydrology and water 
quality modules 
Monitoring of forest practices in 
watersheds without watershed 
analysis. New cultural and 
restoration modules. No 
prescriptions for riparian, mass 
wasting, and surface erosion 
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Table S-1.  Summary Description of the Alternatives Considered in Detail 


(Page 4 of 4) 


Forestry 
Module Topic 


Alternative 1 
(No Action = Current Rules) 


Alternative 2 
(Proposed Action = 


Forests and Fish Report 
w/modification) Alternative 3 


Adaptive 
Management 


CMER projects used to make 
improvements 


CMER formalized, independent 
scientific peer review process 
established. Forest Practices 
Board responsible.  Dispute 
resolution process established.  
Conduct validation and 
effectiveness monitoring 


Adaptive management 
system is directed by the 
Forest Practices Board , 
including how stakeholders 
should be involved 
New stakeholder review 
group formed 


Forest 
Pesticides 


Current rules allow no chemicals 
in streams 
50-foot buffer along streams 
100-foot buffer adjacent to other 
properties 
200-foot buffer adjacent to 
residences 


No chemicals in streams or 
core or inner zones. 
Variable width buffer 
depending on equipment and 
wind conditions 
New BMPs  


Protect plants of cultural 
value 
Require 50-foot buffer for 
hand application of 
chemicals 
Use of alternate plan for 
restoration of riparian 
functions 


Cultural 
Resources 


Class IV special if state registered 
site or cairn, grave, or glyptic 
record 
Class III if cultural resource and 
requires meeting with landowner 
and tribe 
Other accepted assessment and 
mitigation tools to protect cultural 
resources in riparian areas 


Cultural resources treated the 
same as under Alternative 1, 
except for below 
Watershed analysis module 
added 


Cultural resources treated 
the same as under 
Alternative 1 


Hydrology Rain-on-snow rule 
 
 
 
Eastside hydrology watershed 
analysis module 


Rain-on-snow rule 
 
 
 
Eastside hydrology watershed 
analysis module 


Rain-on-snow rule 
strengthened to limit harvest 
based on cumulative past 
harvest 
Eastside hydrology 
watershed analysis module 


 







 
 
  
 
 
 


Final EIS Summary 


 


Summary 


S-9


ENVIRONMENTAL IMPACTS AND CONCLUSIONS 


This section summarizes the environmental impacts associated with each of the 
alternatives.  This summary also includes the major conclusions and significant areas of 
controversy and uncertainty. 


Because of the high degree of complexity of the proposed rule changes, as well as the 
number of individual rules involved, this summary can only present highlights of the 
impacts and major conclusions.  A real understanding of the impacts and conclusions of 
this EIS requires that the reader review Chapter 2 and Table 2-14 at a minimum, which 
display the impacts and conclusions on a comparative basis for the three alternatives.  A 
more comprehensive understanding would be attained by reading Chapter 3, which 
analyzes the alternatives in detail.  With this qualification in mind, the following brief 
summary is presented. 


Sediment 


• Under Alternative 1, the risk of fine and coarse sediment delivery to streams and bank 
instability on small streams would be high primarily because of 1) the inadequacy of 
rules and best management practices that address road drainage, 2) the general lack of 
road maintenance and abandonment plans, and 3) the lack of riparian management 
zones on Type 4 and 5 streams.   


• Alternative 2 would produce a low to moderate risk of fine sediment delivery primarily 
because of 1) an outcome-based policy incorporated into the forest road rules that 
directly addresses the desired outcome of avoiding resource damage, 2) improved rules 
and best management practices that address road drainage, 3) required development 
and implementation of road maintenance and abandonment plans within 15 years, and 
4) a minimum of a 30-foot equipment limitation zone required on all streams.  Under 
this alternative the risk of effects from coarse sediment delivery to streams and bank 
instability along small streams would also be low to moderate.  The low rating is 
associated with many of the items identified for fine sediment, plus improved 
screening techniques for unstable slopes and riparian management zone protection 
along most sensitive areas on streams.  The moderate rating is associated with the lack 
of riparian management zones along many steep headwater streams.  The low degree of 
protection along these streams produces a high degree of uncertainty regarding the 
level of risk. 


• Alternative 3 would produce a low risk of fine and coarse sediment delivery to streams 
and the lowest risk overall, because it incorporates the protection measures of 
Alternative 2.  It would also 1) require no net increase in road densities, 2) require that 
road maintenance and abandonment plans be developed and implemented within 10 
years, and 3) require that riparian management zones on all streams, including steep, 
seasonal streams, which would include channel disturbance zone buffers. 


• It should be noted that drainage from roads along stable slopes onto unstable slopes is 
not addressed by any of the alternatives, and this is a concern. 
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Hydrology 


• Under Alternative 1, the risk of timber management-related increases in peak flows 
would be moderate because they are only directly addressed under watershed analysis 
or DNR intervention,  rules and best management practices that address road drainage 
are inadequate, and road maintenance and abandonment plans generally are not 
required. 


• Alternative 2 would also produce a moderate risk of timber-management-related 
increases in peak flows because watershed analysis would likely be conducted with 
less frequency, and no other rules would directly address cumulative watershed 
harvest.  Road drainage to streams would, however, be reduced through strengthened 
rules, and best management practices and road maintenance and abandonment plans 
would be implemented. 


• Under Alternative 3, the risk of timber-management-related increases in peak flows 
would be low because this alternative would be similar to Alternative 2.  The rules 
would also directly address the cumulative hydrologic maturity of the rain-on-snow 
zone, and there would be no net increase in road density.   


Riparian Habitat 


• Alternative 1 would result in a high risk of diminished large woody debris (LWD) 
recruitment along fish-bearing streams and a very high risk along nonfish-bearing 
streams.  It would result in a moderate to high risk of diminished shade along fish- 
bearing streams and a very high risk along nonfish-bearing streams.  The risk of 
diminished leaf and needle litter would be moderate along fish-bearing streams and 
very high along nonfish-bearing streams.  A moderate to high risk of microclimate 
effects would occur along all streams.  Because of the identified risks, it is unlikely that 
Alternative 1 could result in properly functioning aquatic ecosystems, in general. 


• Under Alternative 2, the risk of diminished LWD recruitment along fish-bearing 
streams would be low on the west side and moderate on the east side (potentially high 
in some areas of the eastside), moderate along perennial nonfish-bearing streams, and 
high along seasonal nonfish-bearing streams.  It would result in low to moderate risk of 
diminished shade along fish-bearing streams, moderate risk along perennial nonfish-
bearing streams, and high risk along seasonal nonfish-bearing streams. The risk of 
diminished leaf and needle litter would be low along fish-bearing streams, moderate 
along perennial nonfish-bearing streams, and high along seasonal nonfish-bearing 
streams.  A moderate risk of microclimate effects would occur along fish-bearing 
streams, and a high to very high risk would occur along nonfish-bearing streams.  
Overall, Alternative 2 appears to provide adequate protection for most riparian 
functions except for those along many small streams which have no riparian 
management zones.  In general, the risk of inadequate protection of riparian function 
appears to be higher for the eastside.  The risks are enhanced in watersheds that are 
already degraded.  There is a high degree of uncertainty regarding the impact of 
insufficient LWD recruitment, leaf/needle litter recruitment, shade, and microclimate 
along small nonfish-bearing streams on downstream fish habitat. 
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• Under Alternative 2, the fact that small landowners, owning less than 80 acres of 
forested land in Washington, would have to implement a lower level of environmental 
protection in riparian areas produces an increased level of concern.  In watersheds with 
a high proportion of these small landowners, this rule would increase the risk of not 
providing a properly functioning aquatic ecosystem.    


• Based on long-term modeling, Alternative 2, Option 1 (thinning from below), would 
shorten the time required for functional or key piece size LWD to be produced, 
especially in productive stands along large streams.  Along small streams, thinning 
does not appear to provide benefits and may hinder LWD production.  Option 2 would 
require longer to produce functional or key piece size LWD along larger streams; 
however, it would produce greater quantities earlier along smaller streams. 


• Alternative 2 is the only alternative that includes incentives for LWD enhancement; 
this may be significant for restoring degraded streams in the near-term. 


• Alternative 3 would result in low risk of diminished LWD recruitment, low risk of 
diminished shade, low risk of diminished leaf and needle litter, and a low to moderate 
risk (potentially high along steep, nonfish-bearing streams) of microclimate changes 
along fish-bearing streams and nonfish-bearing streams. 


• Riparian habitat is also protected under the Shorelines Management Act within 
shoreline management zones along larger streams classified as shorelines of the state.  
Under Alternative 1, this Act would produce additional protection along Type 1 
streams.  Riparian management zones prescribed under Alternative 2 would likely 
provide more leave trees than provided in a shoreline management zone along Type S 
streams with a channel migration zone.  If no channel migration zone is present, the 
shoreline management zone would likely leave more trees than the riparian 
management zone in the short-term.  Over the long-term, riparian management zones 
would provide more protection than a shoreline management zone.  Under Alternative 
3, riparian management zones would be more protective than shoreline management 
zones, except for shorelines of the state along steep streams.   


Wetland Habitat 


• Alternatives 1 and 2 would result in low to moderate risk of impacts associated with 
harvest adjacent to non-forested wetlands and would be similar in their degree of 
protection.  Alternative 3 would result in low risk due to expanded wetland 
management zones around non-forested wetlands. 


• Alternatives 2 and 3 would provide the most stringent wetland mitigation for forest 
roads by implementing a policy of no net loss in wetland functions following road and 
landing construction. 


• Alternatives 1 and 2 would not protect forested wetlands from harvest, except for those 
portions inside of riparian management zones or wetland management zones.  
Alternative 3 would protect forested wetlands by requiring the retention of a minimum 
of 70 percent canopy closure.  Roads are to avoid wetlands under all alternatives. 


Water Quality 
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• Alternative 1 would result in a low to moderate risk of stream temperature increases 
along fish-bearing streams and a high risk along nonfish-bearing streams.  This 
alternative would result in a high risk of sediment-related effects on stream water 
quality.  Alternative 1 would result in a low to moderate risk of localized pesticide 
contamination of surface waters; ground water contamination would not be expected. 


• Under Alternative 2, there would be a low risk of temperature increases in fish-bearing 
streams and a moderate to high risk in nonfish-bearing streams.  However, the effect of 
temperature increases in nonfish-bearing streams on downstream fish-bearing streams 
is uncertain, and the influence of these nonfish-bearing streams could be important in 
watersheds with a high degree of past harvest.  Alternative 2 would result in a 
moderate risk of sediment water quality impacts in the short-term and a low to 
moderate risk in the long-term; there is a moderate degree of uncertainty associated 
with this conclusion.  This alternative would result in a low risk of localized pesticide 
contamination of surface waters; ground water contamination would not be expected. 


• Alternative 3 would result in a low risk of temperature increases in all streams.  This 
alternative would result in a moderate risk of sediment water quality impacts in the 
short-term and a low risk in the long-term; there is a moderate degree of uncertainty 
associated with this conclusion.  This alternative would result in a low risk of localized 
pesticide contamination of surface waters; ground water contamination would not be 
expected. 


Fish 


• Under Alternative 1, habitat degradation on private forest lands and eastside state 
forest lands would likely continue and contribute to further declines in listed fish 
species. 


• Alternative 2 would result in a low to moderate risk of continued habitat degradation 
over the short-term.  Over the long-term, monitoring and adaptive management would 
result in reductions in this risk. 


• Alternative 3 would result in a low to very low risk of continued habitat degradation 
over the short-term.  Over the long-term, monitoring and adaptive management would 
result in reductions in this risk even further. 


Wildlife 


• Alternative 1 would result in high risk for amphibian microhabitat variables along 
larger streams and essentially no protection along smaller streams.  It would also 
produce high risk of impacts to refugia and unique habitats for target amphibians.  
Alternative 1 would provide high risk associated with habitat for most other riparian 
species. 


• Alternative 2 would result in moderate risk for amphibian microhabitat variables along 
larger streams and high risk along smaller streams.  It would produce low to moderate 
risk of impacts to refugia and unique habitats for target amphibians. Alternative 2 
would provide low to moderate risk associated with habitat for most other riparian 
species. 
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• Alternative 3 would result in low risk for amphibian microhabitat variables along 
larger streams and moderate risk along high gradient streams.  It would produce low 
risk of impacts to refugia and unique habitats for target amphibians. Alternative 1 
would provide low risk associated with habitat for most other riparian species. 


Fire 


• Under Alternative 1, the risk of fire initiation and spread would be similar to current 
conditions. 


• Alternative 2 would result in a slightly higher risk of fire initiation and spread relative 
to Alternative 1. 


• Alternative 3 would result in a moderately higher risk of fire initiation and spread 
relative to Alternative 2.  The risk of intense, stand-replacement fires would be highest 
and would increase over time. 


Cultural Resources 


• Alternative 1 would result in minimal incidental protection of undiscovered resources 
in riparian management zones and wetland management zones.  Alternative 2 would 
result in significant incidental protection of undiscovered resources in riparian 
management zones and wetland management zones.  Incidental protection of 
undiscovered resources in riparian management zones and wetland management zones 
would be greater under Alternative 3 than under Alternative 2. 


Cumulative Effects 


• Under Alternative 1, cumulative effects on the aquatic ecosystem would be addressed 
in watersheds that undergo watershed analysis.  However, cumulative impacts would 
occur in other watersheds, especially those with high levels of past harvest or other 
disturbances; the rules under this alternative are not protective enough to prevent 
cumulative effects in these watersheds.  


• Under Alternative 2, cumulative effects on the aquatic ecosystem would be addressed 
in watersheds that undergo watershed analysis, but only to a limited degree, since 
riparian and other prescriptions would not be modified as a result of the analysis.  In 
addition, landowner incentive to conduct watershed analysis would be lower under 
Alternative 2, so their rate of implementation would be lower.  Cumulative effects 
would also be addressed through SEPA review for those forest practices applications 
that are categorized as Class IV-Special.  Very few other rules would directly address 
cumulative effects under Alternative 2.  Although the riparian, forest roads, and 
unstable slope rules under this alternative would be substantially more protective than 
under Alternative 1, they are unlikely to be protective enough to prevent cumulative 
effects in watersheds containing high levels of past harvest or other disturbances.  In 
particular, there is a high degree of uncertainty regarding the potential for cumulative 
effects relative to the lack of riparian management zones on many perennial and all 
seasonal nonfish-bearing streams.  This uncertainty is increased in watersheds with a 
high level of recent past harvest. 
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• Alternative 3 would also address cumulative effects on the aquatic ecosystem to some 
degree through watershed analysis; again, however, riparian and other prescriptions 
would not be modified as a result of the analysis, and landowners would have less 
incentive to conduct watershed analyses, thus lowering their implementation rate.  
Under Alternative 3, some additional rules address cumulative effects (e.g., a rule 
limiting increases in road density and a rule limiting cumulative harvest in the rain-on-
snow zone) and the riparian rules would be substantially more protective than under 
Alternatives 1 or 2.  Therefore, cumulative effects are unlikely, except in watersheds 
with the highest level of past harvest or other disturbances.    
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