


4.4 Olympic Experimental State Forest Planning Area 

4.4.1 Experimental Nature of Integrating Conservation and 
Production in the OESF 

Chapter 1, Section 5 of the DEIS provides an overview of thc Olympic Experimental 
State Forest. Chapter 1 of the draft Habitat Conservation Plan explams why the OESF is a 
unique planning unit. However, it is worth repeating here that the basic assumption 
underlying the OESF is that rigorously designed expermentation and the application of 
non-traditional forest practices in a commercial forest will provide improved solutions to 
forest management problems. 

Experimentation and risk 
This experimental aspect of the conservation strategies and the management approach to 
the OESF is an integral part of the multispecies habitat conservation proposal. 
Experimentation is not fully predictable and individual projects will require balancing 
assessments of potential risks against the potential benefits of new knowledge that may be 
gained. 

Research Activities 
The draft EIS and proposed draft HCP describe the research and monitoring that ensure 
compliance with the HCP and form a basis for the incidental take permit. A broader range 
of research and monitoring will be needed to achieve the goals of the OESF than what is 
described in the proposed draft HCP. These research and monitoring activities, some of 
wh~ch are already being conducted, are covered by the current Forest Resource Plan 
(1992) and do not relate directly to the HCP conservation strategies for federally listed 
species. Silvicultural techniques and harvest technology research are two examples. The 
policles for this research received public review through the SEPA process prior to the 
Forest Resource Plan's adoption. 

Currently, research in the OESF that alters the forest is only conducted outside areas 
considered habitat for listed species. Under the HCP, such research activities would occur 
in areas of the OESF Planning Unit that are considered habitat for listed species. The 
ahiity to conduct management and research activities in these areas is one of the stated 
purposes for DNR's proposed action. These activities are an integral part of the proposed 
conservation strategies, and potential environmental consequences are evaluated in this 
draft EIS for the HCP under the associated resources. 

In addition to research and monitoring related to conservation in the OESF, DNR will 
explore new technologies and systems for achieving harvest or silvicultural treatments 
and techniques for integrating production and conservation in ways as yet unrealized. 
Some. but not all, of this research and monitoring wiU be aqsociated with timber sales. 
Currently. all timber sales, including experimental designs. techniques, etc., undergo 
environmental review in compliance with SEPA. The action alternatives (Alternatives 2 
and 3) do not propose to alter the current methods by which DNR complies with state 
law. Research and monitoring not associated with timber sales will receive similar SEPA 
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attention. Should an individual research project constitute a non-exempt unique action. it 
will be reviewed in compliance with SEPA. 

When the OESF research and monitoring program is more fully developed, the 
assumption that it is fully covered by the Forest Resource Plan and the HCP 
environmental reviews will be revisited to determine whether or not additional 
environmental review is required. However, at this time, no activities are anticipated that 
would fail outside these two reviews. 
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Matrix 4.4.1: Management strategies for alternatives related to the 

Alternative 2 
Alternative 1 Unzoned Forest Alternative 3 

No Action Preferred OESF Zoned Forest 

iesearfh and Monitoring 

tesearch and 
vlonitoring 

- 

Current level of 
research activities 
sonsistent with FRP 
Policy No. 40 
without special 
:mphasis in OESF. 
Vo concentrated 
:ffort to integrate 
:omodity 
woduction with 
:onservation or to 
integrate other unique 
~spects of the OESF. 

Initiate innovative 
program of experimental 
management. research, 
and habitat restoration 
activities throughout 1 1 
landscape units. 

hitiate clearly defined, 
structured decision- 
making process for 
adapting management in 
response to new, 
validated information. 

Inititate experimental 
management, research, 
and restoration activities 
across majority of DNR 
managed lands in 
OESF. 
Conduct limited 
research activities 
within: (a) zones 
designated to support 
clusters of spotted owl 
pairs; (b) in riparian and 
marbled murrelet 
habitat; and, (c) second- 
growth stands outside 
owl zones. The full 
extent of this research 
has not been defmed; 
program is assumed to 
be less than Alternative 
2 due to lower expected 
revenues. 

Initiate clearly defmed, 
structured decision- 
making process for 
adapting management in 
response to new, 
validated information. 
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for the Olympic Experimental State Forest 

4.4.2.1 Summary 
This chanter section evaluates the environmental conseauences of current and vrovosed . . 
strategies for managing and conserving riparian and aquatic systems in the Olympic 
Experimental State Forest (OESF). Section 4.4.2.2 describes current conditions of 
riparian processes and functions in the OESF, as well as present management practices 
affecting those processes and functions. Section 4.4.2.3 discusses the abilities of the No 
Action alternative (OESF Alternative 1) and two proposed action alternatives (OESF 
Alternatives 2 and 3) to protect and aid natural restoration of key riparian parameters. 

Management strategies for conserving riparian processes and functions under Alternatives 
1,2, and 3 are summarized in Matrix 4.4.2a. The No Action alternative comprises both 
current management practices and those strategies expected to be in place once the 
Washington Department of Natural Resources (DNR) Forest Resource Plan (1992) is 
implemented fully. Presently, DNR policies directly related to riparian and aquatic 
management have been implemented only partially, and explicit guidelines for strategy 
implementation do not exist for most policies. The objective of the proposed OESF 
ripanan conservation strategy is to achieve the minimum level of riparian protection 
necessay to sustain functioning riparian systems, as well as to provide explicit guidelines 
for riparian management in order to meet this objective. The riparian conservation 
objective is the same for both proposed OESF action alternatives. Consequently, the 
proposed management strategies for riparian conservation are identical for OESF 
Alternative 2 (Unzoned Forest alternative) and OESF Alternative 3 (Zoned Forest 
alternative). 

The OESF riparian conservation strategy, in reality, constitutes the minimum 
requirements for implementing the DNR Forest Resource Plan (1 992) on state-managed 
lands of the western Olympic Peninsula. It contains guidelines for minimizing forest- 
management-related impacts to unstable hillslopes and channel margins, wetlands, 
riparian and aquatic habitat, and water qualitylquantity, as required by the resource plan. 
In addition, this strategy proposes to carry out riparian management via watershed 
analyses, landscape planning, monitoring, and research, per the policy direction of the 
resource plan. Such steps beyond present management practices are warranted by the 
substantial body of evidence pointing toward the physical and ecological decline of 
riparian habitat and water quality on state-managed lands of the western Olympic 
Peninsula. As discussed in Section 4.4.2.2 ("Affected Environment - Current Conditions 
of the Riparian System"), most major river systems in the OESF, or tributaries to those 
systems: (1) are water-quality-limited (Washington Department of Ecology 1994); (2) 
support fish stocks that are depressed, near extinction, or of unknown status (WDF et al. 
1993); and, (3) exhibit other signs of habitat degradation (e.g., chronic mass-wasting and 
road-related sedimentation, extensive blowdown of riparian buffers, declines in volumes 
of coarse woody debris. structural and compositional homogeneity of riparian stands). 
Section 4.4.2.2 also describes the positive measures that have been taken over the past 
decade by DNR to reduce rates of mass wasting, improve road construction and 
maintenance, and regain some physical and ecological complexity in riparian sites. All of 
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the proposed mrtnagemcnt alternatives art expected to build on thrst succrsslul 
conservation measures. 

Section 4.4.2.3 ("Evaluation of Proposed Alternatives in the OESF - Riparian Habitat") 
evaluates the consequences to nine key environmental parameters associated with riparian 
management under Alternatives 1,2, and 3. These expected outcomes are summarized in 
Matrix 4.4.2b. Assuming that the DNR Forest Resource Plan (1992) is implemented fully 
throughout the OESF, Alternative 1 (No Action) is expected to provide adequate levels of 
protection to areas of mass wasting and channel-bank instability, long-term sources of in- 
channel coarse woody debris, stream habitat (i.e., from impacts related to sedimentation, 
roads, and changes in water temperature), nutrient productivity, and riparian habitat (i.e.. 
from impacts related to forest harvest). Alternatives 2 (Unzoned Forest) and 3 (Zoned 
Forest) are expected to provide the same or slightly greater protection to areas of mass 
wasting and channel-bank instability, and long-term recruitment of in-channel coarse 
woody debris. These alternatives also are expected to provide greater levels of protection 
to parameters that are protected inadequately today. These parameters include the 
structural integrity of riparian buffers (i.e., from windthrow and other peripheral 
disturbances related to forest management), recruitment of coarse woody debris to flood 
plains and riparian forest floors, sediment and water delivery from forest roads. regulation 
of stream flow, nutrient productivity, microclimate control, structural and biological 
complexity of stream and streamside habitat, cumulative effects, and the integration of 
physical and ecological processes in riparian zones with those of upland forests. Section 
4.4.2.3 also describes the uncertainty with regard to these predictions that stems from 
incomplete databases and lack of present scientific and management knowledge in some 
areas. The environmental consequences of research and experimentation in riparian areas 
is also discussed. 
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Matrix 4.4.2a: Management strategies for alternatives related 
to the OESF Planning Unit 

Alternative 2 
Alternative 1 Unzoned Forest Alternative 3 

No Action Proposed OESF Zoned Forest 

liparian 

ieneral 
trategy 

iparian 
rotection 

Protection of unstable 
areas by Washington 
Forest Practices 
Rules, DNR Forest 
Resource Plan, and 
existing agreements 
(such as the Hoh 
Agreement regarding 
unstable slopes). 

Protection of riparian 
areas ranges from the 
mmimums allowed 
by Washington 
Forest Practrces 
Rules to substantially 
greater protection to 
meet site-specific 
needs. Harvest 
restrictions range 
from minimal to 
maximum (no- 
harvest) in buffers. 

Management 
activities can occur 
provided that they do 
not conflict with the 
Washington Forest 
Practices Rules and 
the resource 
protection objectives 
of the DNR Forest 
Resource Plan. 

Resource protection and 
natural restoratton with a 
long-term effort to find 
management and 
conservation solutions 
through experimentation 
and active resource 
management Laws of 
general applicability and 
existing polic~es and 
agreements continue to 
be in effect 

Relies on watershed- 
level assessments of 
physical and biological 
conditions of riparian 
forests for determining 
the level of protection 
over long term. 

Interim management 
strategies and buffer- 
width guidelines 
provided while 
assessments are 
completed. Strategies 
remain in effect through 
interim phase landscape 
planning and 
implementation of 
landscape plans. 

Harvest restrictions range 
from moderate (partial- 
cut) to maximum (no- 
harvest) in buffers. 

Management activities 
can occur provided that 
primary conservation 
objectives are met. 

Same as Alternative 2. 

same as Alternative 2. 



Alternative 1 
No Action 

Alternative 2 
Unzoned Forest Alternative 3 
Proposed OESF Zoned Forest 

liparian (co 

nterior-core 
buffers 

wed) 

Current riparian 
management areas 
fall into two 
categories: 

( I )  those that average 
144 feet (horizontal 
distance) on Type 1 
Waters. 134 feet on 
Type 2 Waters, 
92 feet on Type 3 
Waters, 87 feet on 
Type 4 Waters, and 
95 feet on Type 5 
Waters [totals 
approximately 55% 
of the riparian areas 
in the OESF]; and, 

(2) those that fall 
below these averages. 

Timber will be 
removed only when 
adequate protection 
:an be provided to 
Fish and other 
nontimber resources, 
%s per Forest 
Resource Plan 

Interior-core buffers 
derived from statistical 
analysis of No Action 
buffer strategy. 

Interior-core buffers 
des~gned to minimize 
mass wasting and 
protectlaid natural 
restoration of phys~cal 
and ecological riparian 
processes and functions. 

Harvest may occur if it 
promotes these primary 
objectives. 

All Type 1 through 4 
Waters, and most, but not 
all, Type 5 Waters, will 
have interior-core 
buffers (Buffers 
expected to average 150 
feet on Type 1 and 2 
Waters; 100 feet on Type 
3 and 4 Waters; Type 5 
Waters will be highly 
variable.) 

Working hypothesis is 
that buffers designed to 
.educe mass wasting will 
3e wide enough to 
xotect and sustain 
:cological functions of 
streams and streamside 
"'orest. 

Same as Alternative 2. 
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Alternative 2 
Alternative 1 Unzoned Forest Alternative 3 

No Action Proposed OESF Zoned Forest 

No provision for 
exterior buffers. 

instable 
iillslopes 
nd Mass 
tasting 

Load 
ietwork 
lanagement 

Protected by Forest 
Resource Plan 
polictes, including 
landscape planning, 
md Forest Practices 
Rules (Class IV- 
Spectal). 

implement Forest 
Resource Plan 
iirection to develop 
and maintain road 
Tystem that integrates 
nanagement needs 
and controls adverse 
:nv~ronrnental 
mpacts on the forest 
:nvtronment. 

Exterior-core buffers 
designed experimentally 
to protect the integrity of 
the interior-core buffer 
from damaging wind 
disturbances. 

Same as Alternative 2. 

lnittal experimental 
hypothesis about average 
widths: Type 1 through 3 
Waters = 150 feet; Type 
4 and 5 Waters = 50 feet; 
however, may range from 
zero to a few hundred. 

Light partial cutting and 
experimental harvest 
allowed. 

Implement Forest Same as Alternative 2. 
Resource Plan direction 
to minimize adverse 
environmental impacts 
from roads. 

Develop comprehensive 
road maintenance plans 
that mclude annual 
inventories of road 
:ondttions, aggresive 
aaintenance, 
rtahilization, and access 
:ontrol to minimize 
nanagement and 
:nvironmental problems; 
md controls on 

(continued) 



Alternative 2 
Alternative 1 Unzoned Forest Alternative 3 

No Action Proposed OESF Zoned Forest 

tiparian (continued) 

toad 
Getwork 
danagement 
continued) 

-1ydrologic 
daturity 

Netlands 
'rotection 

Forest Practices rain- 
on-snow regulations 
are in effect until 
watershed analysis is 
conducted; 
hydrologic maturity 
issues also may be 
addressed through 
landscape planning. 

Wetlands will be 
protected through full 
implementation of 
FRP Policy No. 21 - 
"no net loss of 
acreage or function." 
Guidelines for 
implementation 
would contain the 
same protection 
measures as 

(continued) 

expansion of road 
network densities. 

Consistently apply and, 
when appropriate, update 
standards for quality new 
road construction and 
appropriate placement 
based on current and new 
knowledge and 
technology. 

Forest Practices 
regulations remain in 
effect. Hydrologic 
maturity also addressed 
through landscape 
planning. 

Strategy promotes a more 
diverse mosaic of forest 
ages and composition 
across the landscape; for 
example, partial cuts and 
multi-age stands. 

Knowledge gain through 
research. 

Buffer widths based on 
average site-potential 
tree heights. Average 
buffer widths expected to 
be 150 feet on forested 
wetlands greater than 5 
acres and 100 feet on 
forested wetlands 0.25 to 
5 acres. 

Harvest allowed within 
forested wetlands and 

(continued) 

Forest Practices 
,egulations remain in 
:ffect. Hydrologic 
naturity also addressed 
hrough landscape 
~lanning. 

Llulti-age management 
ess evenly applied 
icross the landscape d u ~  
o zoning older forests 
br owl habitat and 
.iparian conservation 
md more intensively 
nanaged forests outside 
jwl areas. 

(nowledge gain 
hrough research. 

iame as Alternative 2. 

ffected Environment Merged EIS, 1998 



Alternative 1 
No Action 

buffers, will retain at 
least 120 fee@ basal area 
and design buffers for 
windfirmness. 

tiparian (continued) 

No harvest within 50 feet 
of non-forested wetland's 
edge. Harvest within 
remaining buffer will be 
designed to maintain 
windfirmness. Leave 
trees will be 
representative of 
dominant and co- 
dominant species in the 
wetland's intact forest 
edge. 

Alternative 2 
Unzoned Forest 
Proposed OESF 

Yetlands 
'rotection 

Conservation strategy to 
be integrated with 
research and monitoring 
strategies. 

Alternative 3 
Zoned Forest 

described in HCP 
Alternative B 
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4.4.2.2 Affected Environment - Current Conditions of the 
Riparian System 
~e;minolo&- Throughout Section 4.4.2, the term "riparian" includes both riparian 
(streamside) and aquatic (stream) environments. The term "riparian buffer" refers to 
zones of active management along streams, in which the primary management objective 
is to protect and aid natural restoration of riparian processes and functions. Active 
management might include (see DNR 1996a, Chapter IV.E.3 for further discussion): ( I )  
timber removal to manipulate stand compositions (e.g., hardwood-to-conifer conversions) 
and structures (e.g., creating multi-storied canopies, forest openings or closures, windfirm 
buffer edges); (2) stream and stream hank restoration activities; and, (3) maintenance of 
existmg roads and road crossings. Action plans for (1) and (2) must demonstrate how the 
primary management objective will be achieved. Buffers in which no timber harvest will 
occur are referred to specifically as no-harvest. 

4.4.2.2a Water bodies 
(1) Streams 
According to the geographic information systems (GIS) database managed by DNR, there 
are 2,53 1.77 miles of streams in the proposed OESF. Stream mileage for each water type 
is as follows: 87.30 miles (3 percent of the total) are classified as T h e  1 Waters; 44.70- 
miles (2 percent) as Type 2 Waters; 285.69 miles (1 I percent) as Type 3 Waters; 261.46 
miles (10 percent) as Type 4 Waters; and 1852.63 miles (73 percent) as Type 5 Waters. 

There are two known sources of error in the GIS database, which reduce the level of 
confidence in these statistics. The first pertains to streams and other water bodies not 
included in the database due to omissions or inaccurate mapping. Current field 
inventories in selected areas indicate that numerous streams and wetlands are missing, a 
fair number of which are Type 2 and 3 Waters. The second problem relates to 
inaccurately typed streams, most of which are Type 4 and 5 Waters that should be 
upgraded. For example, the number of stream miles classified as Type 5 probably is too 
high. Recent studies on Quinault Indian Nation lands immediately to the south of the 
OESF (Mobbs and Jones 1995) show that 88 percent of sampled Type 4 Waters actually 
meet the minimum width requirements for anadromous Type 3 Waters. In addition, 
preliminary analyses of Type 4 and 5 Waters on low-gradient terraces of the Hoh River 
vdley (Hoh Tribe and DNR 1993) suggest that as much as 50 percent of these streams 
meet the requirements for anadromous Type 3 Waters. The number of unmapped Type 5 
Waters excluded from the GIS database, however, partially offsets the number of 
incorrectly typed streams. Realistically, Type 5 Waters probably constitute about 40 
percent of actual stream miles on the proposed Experimental Forest. DNR presently is 
working on correcting GIS database errors to account for all sources of error for all 
stream types. 

Major river systems (fourth-order or larger) draining the OESF include the Queets, 
Clemater, Hoh. Bogachiel, Calawah, Sol Duc, Quillayute, Dickey, Ozette, Sekiu, Hoko, 
Clallam, and Pysht Rwers. A number of smaller coastal rivers, containing important 
salmonid habitat, enter the Pacific Ocean along the west and north coasts of the OESF; 
they include the Kalaloch, Cedar, Mosquito, Goodman, Sooes, Deep and Twin Creeks. 
The Queets and Hoh Rivers are governed by glacial dynamics at their headwaters on 
Mount Olympus in Olympic National Park. Diumd and seasonal fluctuations in flow 
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1994), as has been demonstrated elsewhere along the West Coast (Stow and Chang 1987; 
Simenstad et al. 1992; Shaffer and Parks 1994). 

There are few estuaries or well-developed nearshore rearing areas for salmonids on the 
western Olympic Peninsula. The larger estuaries (e.g., Quillayute, Pysht) have been 
altered by dredging or channel diverstons (C. Byrnes, WDFW, Forks, WA., pers. 
commun., 1994; W. Scarlett, DNR Olympic Region, Forks, WA., pers. commun., 1994). 
The limited number of natural estuaries, in addition to variable oceanic conditions along 
dynamic coastlines, make freshwater habitat all the more critical for the survival and 
persistence of anadromous stocks. 

4.4.2.2b Unstable hillslopes 
The western Olympic Peninsula differs &om other physiographic pro,inces of the state in 
its unique combination of soil parent materials, precipitation and soil-saturation regimes, 
and windthrow characteristics (Thorsen 1989; Henderson et al. 1989). Natural 
sedimentation rates are high relative to those in other parts of the state because: (1) annual 
precipitation rates are substantial, ranging across the OESF from 90 to 200 incheslyear; 
and, (2) hillslopes are composed of highly erodible materials derived from deeply 
weathered. marine sedimentam bedrock and glacial deuosits. In addition. tectonic - 
activity along the continental margin has resulted in extensive fracturing, folding, and 
shearing of the bedrock, which has increased hillslope susceptibility to mass wasting in - 
many of the proposed Experimental Forest. EGidence of unskble ground in the 
OESF includes landslides, channel-bank erosion, erosion of hillslope surfaces, debris 
flows, dam-burst floods, loose or wet substrates associated with ground-water seeps and 
springs, and road-related disturbances (e.g., failures of landings and sidecast deposits, 
unstable cut and fill slopes). In the OESF, the majority of streamside areas exhibit, or 
have the potential for, unstable channel banks and sideslopes due to inherent terrain 
characteristics, channel hydraulics, and past disturbances. 

Several studies from the western Olympic Peninsula have shown that forest management 
activities locally have increased the natural rate of mass wasting by as much as several 
orders of magnitude. Schlichte et al. (1991) determined that rates of mass wasting have 
increased by 600 to 700 percent since forest harvest and road building began on state- 
managed lands in the Moh River basin. OConnar and Cundy (1993) estimated, from 
landslide inventories in the North Fork Calawah watershed, that mass-erosion rates for 
the logging period between 1955 and 1992 exceeded natural rates by 380 to 600 percent. 
(See also Benda 1993; Shaw 1993; Pentec Environmental 1995; McHenry et al. 1995; 
Hoh Tribe and DNR 1993.) These calculations of mass-wasting rates are consistent with 
those reported elsewhere in the Pacific Northwest. Sidle et al. (1985), for example, 
evaluated 43 landslide inventories completed within the Pacific Northwest and concluded 
that clearcutting and broadcast burning increase the rate of soil movement through debris 
slides by 2 to 4 times over rates on urnanaged landscapes, while road construction 
increases mass-movement rates by 300 times. In addition, these authors found that 
removing trees on steep, unstable hillslopes like those found in the OESF increases the 
frequency of debris torrents by 2.5 to 10.7 times that on similar, managed  slopes. 

A significant percentage of debris avalanches and flows in the OESF are generated in 
Type 5 channels. Landslide and debris-flow materials typically reach salmonid habitat 
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via Type 4 and 5 Waters because these channels: (1) have steep gradients; (2) are 
relatively short; and, thus, (3) are capable of delivermg materials directly, and often 
catastrophicatly, to fishbearing waters. Most Type 5 drainages occupy steep ground on 
the upper half of valley sidewalls that commonly exceed the angle of repose (is., 70 
percent) for loose, unconstrained materials. Channel heads and unchannelled depressions 
immediately upslope of the channel heads are frequent initiation points for mass wasting 
(Figure 4.4.2). Debris avalanches occurring in these areas can trigger debris flows that 
scour steep channel reaches and aggrade low-gradient channels (Schlichte et al. 1991; 
O'Connor and Cundy 1993; McHenry et al. 1995). Low- to moderate-gradient. alluvial 
channel reaches coincide with the majority of salmonid habitat in the OESF (Hatten 1991; 
McHenry et al. 1994). Consequently, debris avalanches and flows pose a significant 
threat to the quality and quantity of fish habitat. 

Current practices on DNR-managed lands. Today, approximately 55 percent of 
riparian areas are protected by riparian management zones (i.e., limited-harvest to no- 
harvest buffers) that have average widths comparable to the OESF interior-core buffers 
described further in this section (4.4.2.2b). The variability in riparian protection across 
the OESF is due to a lack of detailed mass-wasting and channel-condition inventories for 
all portions of the Experimental Forest, and i n ~ ~ c i e n t  science staff to assist in the field 
with analyses of riparian conditions. In addition, DNR is making a transition from a site- 
specific to a watershed-scale mode of management; consequently, not all riparian areas 
are treated similarly. 

Streamside buffers in the OESF currently exceed protection afforded by the current 
Washington Forest Practices regulations for Riparian Management Zone (RMZ) widths 
(WAC 222-30-020(3); WFPB 1995c), especially where they incorporate unstable ground 
The intent of these buffers is to protect all unstable ground associated with riparian 
systems. These riparian buffers are actively managed to promote windfirm, structurally 
and compositionally diverse, streamside forests capable of maintaining bank stability and 
functioning ecologically. For example, most Type 4 and 5 Waters located in proposed 
liarvest areas with local slopes exceeding approximately 70 percent have been. or will be, 
protected by no-harvest or limited-harvest buffers, because of the recmence and severity 
of landslides and debris flows that originate in the headwalls of such drainages (e.g., see 
Benda 1993; Hoh Tribe and IlNR 1993; OtConnor and Cundy 1993; Shaw 1993; DNR 
199%; McHenry et al. 1995; S. C, Shaw, DNR Olympic Region, Forks. WA, unpubl. 
data, 1991-94). Buffer widths for Type 5 drainages currently are determined on the 
ground by qualified staff and average 95 feet wide. Harvest practices in these areas are 
not likely to change until a mechanism is invented for stabilizing ground that is prone to 
failure; such a mechanism, however, does not yet exist. Furthermore, current practices in 
the Olympic Region often provide greater protection than Forest Practices RMZs in low- 
gradient, alluvial stream systems (i.e., Types 1 through 3) because Forest Practices RMZs 
do not adequately protect incised channel margins, unstable terrace and hillslope margins, 
and flood-plain wetlands. 

Figure 4.4.3 provides an example of the extent of riparian protection afforded by current 
practices in some areas of the OESF. This figure shows, for a portion of the Clallam 
River watershed, riparian areas with a potential for mass wasting that presently are 
protected with buffers in which minimal timber harvest (e.g., limited hardwood extraction 
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during conversion to conifer-dominated stands) to no harvest occurs. Mass-wasting sites 
(e.g., landslide scars, debris-flow tracks, areas of channel-bank erosion and collapse) in 
this watershed have been identified by aerial photo and field analyses. Buffer widths 
range from 50 feet to 850 feet on either side of the active channel margin for all 
streamside areas susceptible to mass wasting. 

Table 4.4.1 compares the regulated Forest Practices RMZ widths (WFPB 199%) with 
average riparian-buffer widths currently being placed on some streams in the OESF. 
These vafues reflect current practices on approximately 55 percent of state-rnanaged lands 
on the proposed Experimental Forest. The remaining 45 percent primarily have been 
managed according to Washington Forest Practices Rules. Buffer widths are shown in 
this table as horizontal and slope distances. Conversions of horizontal distances to slope 
distances are based on average slope gradients, measured perpendicular to the stream 
channels. Average slope gradients on the OESF are: (1) less than 15 degrees (27 percent) 
for Type 1 and 2 Waters; (2) less than 20 degrees (37 percent) for Type 3 Waters; and, (3) 
less than 36 degrees (73 percent), or the angle of repose for loose soils and other 
unconsolidated materials, for Type 4 and 5 Waters. 

The average width of riparian buffers currently in place on the OESF was determined by 
calculating the statistical mean by stream type (see Table 4.4.1). Buffer widths were 
sampled throughout the proposed Experimental Forest. The number of samples ranged 
from 100 to approximately 300 for each stream type. Statistical means were computed 
by: (1) dividing the riparian-buffer area by stream length for the entire typed stream; or, 
(2) randomly sampling riparian-buffer widths from about 100 streams of the same type, 
and taking the mean value of the sample. Buffer widths range locally for each stream 
type from the minimum Forest Practices RMZ width (see Table 4.4. I) to 850 feet 
(horizontal distance) on either side of the active channel margin for Type 1 and 2 Waters 
and 500 feet for Type 3 through 5 Waters. 

Current protection of some but not all Type 5 channels (e.g., those located on 55 percent 
of state-managed lands in the OESF) involves a no-harvest riparian buffer. Buffers on 
Type 5 channels range from no protective buffer on stable ground to approximately 500 
feet on highly unstable ground. These buffers generally provide the minimum level of 
protection for incised channels and headwalls, as well as for incorporating any unstabte 
ground on adjacent hillslopes. On the OESF, approximately 90 percent of Type 5 
channels have identifiable channels, occupy unstable ground, and directly contribute 
sediment, water, organic debris, and nutrients to the channel network. An identifiable 
channel is one in which the channel banks are well-defined and measurable (Chorley et 
ai. 1984). An additional 5 percent also have identifiable channels that transnort materials 
downstream, but these channels occupy stable ground and might not require hli buffer 
protection in all instances. The remaining 5 percent exert a negligible influence on - - 
aquatic or riparian habitat and, thus, require no special protection. Channels in this latter 
group include those not connected to the watershed stream-network (e.g., sinks, seasonal 
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wet areas excluding forested wetlands), slope depressions with no identifiable banks (e.g., 
swales with a continuous groundcover), and artificial channels that do not support aquatic 
habitat (e.g., ditches, yarding trails). 

Current protection of Type 5 channels occupying unstable ground includes (see Figure 
4.4.2): 

(1) the streambed and banks throughout the entire length of the Type 5 channel, from 
the channel head downstream to the channel confluence, and from the active channel 
margin laterally outward to the topographic break-in-slope (i.e., the change in slope that 
physically separates the channel from the rest of the hillslope); 

(2) the channel head, which is defined as the upslope limit (i.e., laterally and 
longitudinally) of a channel whose banks are well-defined (Montgomery and Dietrich 
1988); and, 

(3) the unchannelled depression, including the channel headwall and any portion of the 
hillslope extending to the ridgeline that is necessary to protect the integrity of the 
headwall. 

Unchannelled depressions have no surface channels with identifiable banks. They collect 
ground water, sediment, and organic matter over the course of many decades and 
episodically release these materials into the channel head when gravitational forces, pore- 
water pressures, or ground disturbances overcome soil cohesion, root strength, and other 
resistive forces (Dietrich and Dunne 1978). Ground disturbances include natural and 
forest-management-related disruption of the soil horizons, vegetation, surface and 
ground- water flow regimes, and topographic relief (e.g., removing portions of the slope 
during road construction). Unchannelled depressions (also referred to as bedrock hollows 
and zero-order basins) are some of the common sources of debris avalanches in steep 
terrain on the proposed Experimental Forest (Hoh Tribe and DNR 1993; Shaw 1994; 
DNR 1995~). 

No-harvest buffers on Type 5 channels, designed to protect unstable ground. benefit 
ecological functions of riparian systems, as well as physical processes. These benefits 
include: (1) protecting channel beds and banks, which are important habitat for 
macroinvertebrates and amphibians; (2) ensuring long-term sources of coarse woody 
debris and forest litter for nutrient production; and, (3) protecting water quality by 
regulating sediment delivety and stream shade. 

4.4.2.2~ Road network and densities 
Road construction has increased the rates of landsliding in the OESF. Whereas hillslope 
surface erosion is a minor factor on the western Olympic Peninsula, road surface erosion 
is a dominant concern. For example, approximately 60 percent of the debris avalanches 
(i.e., shallow, rapid landslides) in the Hoh and Clearwater drainages are related to roads 
and landings (Hoh Tribe and DNR 1993) Additionally, O'Connor and Gundy (1993) 
found that 45 percent of the total mass erosion volume in the Xorth Fork Calawah 
watershed was associated with roads. 

Road densities on the OESF average 3.21 mi/mi2, and range from less than 1.0 milmi' to 
7.4 mi/mi2. Much of the road network in the OESF to the south of Forks was built during 
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the late 1960s and 1970s, whereas a considerable number of the roads to the north are 
reclaimed railroad grades from turn-of-the-century rail logging. Truck roads primarily 
were constructed using sidecast techniques, in which road beds were created on top of 
overburdened and organic material removed during road construction. Substantial 
amounts of organic debris and sediment were pushed over the side during excavation of 
roadbeds. In addition, many of these roads were built across unstable and over-steepened 
ground in mid-slope areas. A preferred spot for locating a road segment was the 
unchannelized depression (i.e.. bedrock hollow; see Figure 4.4.2) just upslope of a 
channel head because relatively less substrate needed to be excavated during the process. 
These areas are now known to be frequent initiation points for debris avalanches and 
flows (Dietrich and Dunne 1978; Hoh Tribe and DNR 1993: DNR 1995~1. Sidecast 
collapse, due to decay of incorporated organic debris and downslope mass movement 
under the forces of gravlty, especially m saturated soils, is one of the principal causes of 
road failures in the OESF. 

- 

Old railroad grades often were built on channel banks and flood plains, thereby increasing 
the potential for sediment delivery to streams via surface erosion and roadbed collapse. 
Streams flowing northward to the Strait of Juan de Fuca were often used during the 1940s 
and 1950s as roads and conduits for splash damming (McHenty et al. 1994; DNR 1995c; 
see also historical photo archives, Merrill and Ring Timber Company, Pysbt, WA; USFS 
Sol Duc District, Forks. WA; DNR Olympic Region, Forks, WA). 

Current road-building methods are vastly improved over historic practices, although 
problems with road location, sediment delivery, and water drainage still exist on a 
substantial percentage of active and inactive roads. Most new roads are fully or partially 
benched, so that the road prism rests on natural eround. Excavated material is hauled. - 
sometimes many miles, to stable storage sites in which the potential for sediment delivery 
to streams is minimized. In addition, ridgetop roads are built wherever possible to avoid - - 
unstable ground on sideslopes and reduce the potential for altering surface-runoff and 
ground-water regimes. 

4.4.2.24 Riparian forests and their susceptibility to windthrow 
Relatively little quantitative information exists regarding wind behavior and orographic 
effects on the Olympic Peninsula. Qualitative analyses (Agee 1993, 1994) indicate that 
catastrophic windstorms have occurred in the recent past hut are non-cyclic and, 
therefore, unpredictable. Agee (1994; see also Agee and Edmonds 1992) suggests that 
large-scale wind disturbances occur, on average, three times per century. The western 
Olympic Peninsula has sustained three major wind events this century, in 1921, 1962, and 
1979. Anecdotal reports indicate significant windthrow activity during 1887 and 1888 
(Agee 1994). The most geographically exteasive, recorded windstorm occurred in 192 1 ; 
greater than 40 percent of the trees between the Hoh and Clearwater Rivers were blown 
down, and 20-40 percent blowdown occurred between the Hoh and Sol Duc Rivers (Agee 
1994). Forests modified by the 1921 storm have been mapped across the entire area now 
designated as the OESF (see Henderson et al. 1989; Agee 1994). 

This historical evidence of widespread tree blowdown on the western Olympic Peninsula 
indicates that streamside forests on the OESF are vulnerable to wind disturbances 
(Henderson et al. 1989). Tree susceptibility to windthrow varies with degree of exposure 
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relative to the prevailing wind directions, particularly where the boundary between 
riparian forests and clearcuts is abrupt and perpendicular to the wind direction. The most - 
damaging windthrow events occur during winter storms when soils are saturated and 
more easily disturbed by wind-generated vibration of tree tntnks and their root systems 
(Agee 1993, 1994; DNR Olympic Region, Forks, VJA, unpubl. data, 1990- 1994). The 
process of upending trees and dislodging their root wads can: (I)  contribute substantial 
amounts of sediment and coarse woody debris to streams; (2) increase bank erosion and 
associated lateral channel migration: and, (3) locally reduce long-term supplies of coarse 
woody debris by depleting streamside sources of standing timber in a single blowdown 
event. 

Site factors that promote susceptibility to windthrow on the western Olympic Peninsula 
include wind direction, wind duration and intensity, wind fetch. forest species 
composition, forest health, precipitation regimes, and soil type and depth (Henderson et 
al. 1989; Agee 1994). Wind fetch is the distance over which winds accelerate 
unobstructed by landforms or surface roughness elements such as tree canopies. In 
addition, patterns of forest harvest and road networks can accelerate blowdown in 
adjacent stands by creating gaps and corridors for wind to penetrate (Franklin and Forman 
1987; Chen et al. 1992; DNR Olympic Region, Forks, WA, unpubl. data, 1990-1994). 
Western hemlock, the dominant conifer species on the western Olympic Peninsula, is 
particularly prone to windthrow because it has a shallow root system. Sitka spruce, a co- 
dominant species that grows predominantly on river terraces, also is strongly susceptible 
to wind damage because of its shallow root system. Mature western redcedar, on the 
other hand, tends to resist windthrow because it bas a deeper root system and a greater 
diameter-to-height ratio than mature western hemlock and Sitka spruce. Following 
extreme windstorms, therefore, remnant stands typically contain a high percentage of late 
seral-stage dominants with large diameter-to-height ratios; these trees usually survived 
previous disturbances also (Franklin and Forman 1987; Agee 1994). 

Riparian buffers razed by windthrow are considered by foresters and biologists on the 
western Olympic Peninsula as economic and ecologic losses. Retrieving windthrown 
logs can be prohibitively expensive or operationally difficult in mountainous terrain. In 
addition, buffers flattened by the wind may not provide adequate stream shade, stream- 
bank stability, sediment traps, and other important biological and physical riparian 
functions. Furthermore. long-term sources of coarse woody debris are last when a buffer 
blows down all at once, as all the wood winds up in the channel at one time. 

Two critical concerns with regard to habitat conservation on the OESF are the loss of 
long-tern sources of coarse woody debris and increased bank erosion associated with tree 
blowdown and root upheaval along stream margins. Coarse woody debris is a primary 
factor in creating and maintaining aquatic habitat in Type 1 through 5 Waters throughout 
the proposed Experimental Forest (Grette 1985; Hatten 1994; Grette et ai. in prep.). 
Coarse woody debris also moderates channel flows and controls rates of sediment 
transport in the OESF (Fetherston et al. 1995). Bank erosion and extensive wind damage 
to riparian forests are most likely to occur in low-gradient. alluvial valleys (i.e., Type 1 
through 3 Waters) because they are more exposed to winds blowing directly off the 
Pacific Ocean than are incised valleys in upslope terrain. Incised valleys (i.e., some Type 
3 Waters and most Type 4 and 5 Waters) commonly are shielded orographically by 
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surrounding peaks and ridges and, hence, are less susceptible to windthrow except near 
the top of ridgelines. 

Bank erosion can supply the majority of sediments to low-gradient, alluvial channels 
where sediment delivery $-om roads and mass wasting is not the dominant factor (S. C. 
Shaw, DNR Olympic Region, Forks, WA, unpubl. data, 1990-1994). Bank erosion also 
occurs in steep, incised valleys (e.g., Type 4 and 5 channels): however, landslides and 
debris flows generally overwhelm the sediment budget of these streams, contributing as 
much as 95 percent of the sediments transported though the channel network (e.g., 
Benda 1993; Shaw 1993). Hence, bank erosion is a significant problem in low-gradient 
valleys prone to wind disturbance. Coincidentally, these areas contain most of the 
anadromous habitat on the western Olympic Peninsula (Schlichte et al. 1991; Hoh Tribe 
and DNR 1993; McHenry et al. 1994,1995; DNR 199%). Controlling windthrou and 
bank erosion, therefore, is a critical factor in maintaining viable anadromous habitat. 

It is not possible to predict from historic disturbances when a catastrophic windstorm 
might occur in the future, let alone the geographic extent of such an event. Of more 
immediate concern for forest management during the life of this HCP are the moderate 
storms that recur annually or semiannually. These storms reduce densities of standing 
trees within riparian buffers over time. Average winds from moderate uinter storms 
range between 50 and 70 miles per hour. These winds are capable of leveling 25- to 100- 
foot-wide buffers in intensively managed, low-gradient, alluvial valleys and on exposed 
ridgetops, during one storm or over the course of several years (DNR Olympic Region, 
Forks, WA, unpubl. data, 1990-1 994). Typically. buffers on flat ground experience 
significant blowdown (e.g., 20-60 percent of the trees) in the first 3 to 5 years following 
harvest because wind fetch increases following removal of trees in harvest units adjacent 
to riparian buffers. Mobbs and Jones (1995) found lower percentages of windthrow in 
riparian buffers on Quinault Indian Nation lands than those recorded on the OESF. Their 
results, however, were obtained within 1 year of harvest on adjacent lands, following a 
fairly mild winter, and hence might not represent the amount of windthrow that actually 
could occur over several winters. 

Current practices on DNR-managed lands. Stand blowdom is recognized as a 
significant problem for timber mmagement on the western Olympic Peninsula because of 
the proximity of DNR-managed lands to the Pacific Ocean, the intensity and duration of 
storms, and the fragmented nature of mature timber stands. Currently, treatment of 
windthrow issues on the OESF is sporadic and limited. Over the past decade, foresters 
working with individual timber units have attempted to reduce blowdown potential by 
topping trees along unit edges, feathering unit margins to avoid abrupt, straight edges 
between mature timber and clearcuts, and clumping rather than scattering individual leave 
trees. None of these trials, however, was documented or monitored, nor were they 
replicated in smcient numbers across the landscape to permit a systematic analysis of 
trial success or failure. 

4.4.2.2e Fish habitat conditions 
(1) Status of anadromous and resident fish populations 
Concern about the health of aquatic ecosystems in the OESF has magnified with the 
identification of native, anadromous fish stocks that are in decline and require new 
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management considerations for their protection and recovery. The Salmon and Steelhead 
Stock Inventory (WDF et al. 1993) lists 10 salmonid stocks as depressed (see Table 4.4.2) 
in rivers draining the proposed Experimental Forest. Supplemental infomation provided 
by the Makah Tribe (E. Currence, Makah Tribe, Neah Bay, WA, pers. commun.. 1994) 
and Lower Elwha S'Klallam Tribe (M. McHenry. Lower Elwha S'Klallam Tribe, Port 
Angeles, WA, pers. commun., 1994) indicates two additional depressed stocks, as well as 
one stock near extinction and another extinct. Depressed stocks are defined as those 
whose production is "below expected le~els  based on available habitat and natural 
variations in survival rates, but above the level where permanent damage to the stock is 
likely." (WDF et al. 1993). 

None of these salmon and steefhead stocks currently are listed under the Endangered 
Species Act. In September 1994. the National Marine Fisheries Service initiated 
comprehensive status reviews for populations of Pacific saImon and anadromous trout in 
Washington, Oregon, Idaho, and California. A coast-wide proposal was made to list coho 
salmon as a threatened species in July 1995 (S. Landino, NMFS, Olympia, WA, pers. 
commun., 1995). ,4t that time, it was determined that species listing was not warranted in 
the Evolutionarily Significant Unit (ESU) encompassing the northwestern Olympic 
Peninsula, which includes the OESF. This determination was based on a recently 
completed status review of coho for six ESUs identified in the Pacific Northwest. The 
review included analyses of the best scientific and commercial information and were 
conducted by coho salmon experts from federal, tribal. state, and local agencies, as well 
as academia and other interested parties. The National Marine Fisheries Service will 
continue to monitor the ESU including the OESF and will encourage conservation 
measures by land managers to ensure that coho salmon populations remain healthy. 
Status reviews of other anadromous fish are being prepared and may result in proposed 
listings or other conservation measures that would apply to the OESF. 

Several resident fish populations in the OESF are known to be in decline, while others are 
considered healthy or of unknown status. The bull trout and Olympic mudminnow 
currently are candidates for listing under the Endangered Species Act. Bull troutlDolly 
Varden are found in glacially-influenced rivers like the Hoh system, in which they are 
anadromous, and the Queets system, in which they are resident (Rodrick and Milner 
1991; Mongillo 1993; W. Scarlett, DNR Olympic Region, Forks, WA, pers. cornmun., 
1994). The Washington Department of Fish and Wildlife identifies bull trout as a species 
of concern and restricts the killing of caught fish. The Olympic mudminnow inhabits 
river-drained ponds and wetlands in the coastal fowlands of the proposed Experimental 
Forest, particularly in the Queets and Lake Ozette drainages (Rodrick and Milner 1991). 
These species most likely are impacted adversely by the same factors responsible for the 
decline of anadromous stocks (Williams et al. 1989). 

(2) Physical and biological fish-habitat conditions 
A significant factor in the decline of anadromous fish populations in river systems of the 
OESF is the alteration and destruction of aquatic habitat and forage (Cederholm and Salo 
1979; Cederholm et al. 1981b; Tagart 1984; Cederbolm and Reid 1987; ScNichte et al. 
1991; Ralph et al. 1994; MeHenry et al. 1994. 1995; DNR 1995~). Habitat degradation is 
evidenced by changes in habitat quantity, quality, and degree of fragmentation; water 
quantity and quality; nutrient cycling; stream productivity; species diversity; structural 
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diversity; obstruction of the physical and biological interactions between the channel and 
its flood plain: and the frequency, timing, and volume of sediments entering streams. 
Similar to other streams in the Pacific Northwest (e.g., Megahan 1982; Sullivan et al. 
1987; Bisson et al. 1988b), the most common changes in channel habitat associated with 
forest management practices have been the reduction in pool size and volume due to 
sediment infilling, and loss of pool-forming structures such as coarse woody debris 
(McHenry et al. 1994; Grette et al. in prep.). 

Other critical concerns include the rates and timing of commercial and sport fish harvest, 
obstacles to upstream fish migration, the loss of genetic integrity due to artificial 
propagation practices and the introduction of nonlocal species, and the cumulative effects 
of these factors when combined (e.g. Williams et al. 1989; Nehlsen et al. 1991; Bisson et 
al. 1992). DNR recognizes that it cannot rectifL all aspects of stock decline, particularly 
with regard to hatchery practices, fisheries overharvest, and habitat alteration in basins 
with multiple land-ownership boundaries. DNR can affect riparian management on 
private lands, through its regulatory division. Washington Forest Practices (1995) 
regulations for Riparian Management Zones (RMZs) are less stringent than the present 
Forest Resource Plan (1992) for DNR-managed lands and have proven inadequate to fully 
protect riparian functions in some situations. A desired outcome of DNR management is 
to maintain and enhance habitat on lands under the jurisdiction of the department and to 
foster partnerships with adjacent landowners, outside the context of the HCP agreement, 
in forestwide efforts to protect and restore aquatic resources. 

Mass wasting and channel sedimentation. Stream tributaries supporting fish habitat in 
every major watershed within the proposed Experimental Forest (e.g., Clearwater, Hoh, 
Bogachiel, Sol Duc, Calawah, Quillayute, Ozette, Hoko, Sekiu, Clallam, and Pysht) have 
been influenced or altered measurably during the last century by: (1) debris-flow scour; 
(2) debris dam-burst-flood erosion and deposition; (3) chronic bank collapse and raveling 
along channel margins; (4) loss of stream components that regulate channel movements 
and sediment transport, such as coarse woody debris (Fetherston et al. 1995); and, (5) 
harvest practices that included splash damming, road building, and yarding in stream 
channels and flood plains. [See the following reports for supporting information: Fiksdal 
1974; Cederholm and Lestelle 1974; Wooldridge and Larson 1980; Cederholm et al. 
1981 b-; Cederholm and Reid 1987; Schlichte et al. 1991; Jones & Stokes Associates and 
DNR 1991; Benda 1993; O'Connor and Cundy 1993; Shaw 1993; McHenry et al. 1994, 
1995; O'Connor 1994; DNR 199%; Grette et al. in prep.; USDA and DNR 19951. 
Streams that are aggraded with sediment from landslides and road failures typically 
widen, shallow, and shift laterally across their flood plains, thereby increasing bank 
erosion (e.g., see MeHenry et al. 1995). Natural and harvest-related mass-wasting events 
have the greatest potential for degrading habitat and water quality in: (1) channels 
draining north from high ground into the Strait of Juan de Fuca, where some road-related 
debris flows have traveled the length of main channels from their headwaters to the ocean 
(average distance 5 miles; e.g., see McHeury et al. 1995): and, (2) short, steep tributaries 
of the major West Coast river systems, where debris flows frequently scour fishbearing 
streams from ridgetop to valley bottom (e.g., Schlichte et al. 1991; O'Connor and Cundy 
1993). 
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The effect of landslide-related stream sedimentation on salmonid spawning and rearing is 
not documented fully on the western Olympic Peninsula. Studies in the Hoh River 
drainage and adjoining watersheds, however, have demonstrated that sidecast-constructed 
and poorly maintained roads contributed significant amounts of sediment via landslides 
and debris flows to spawning areas, particularly in side, terrace, and valley-wall 
tributaries to the third- and fourth-order mainstem channels (Cederholm and SaIo 1979: 
Logan et al. 1991). Large volumes of silt related to these disturbances were shown by 
Cederholm and Reid (1987) to be detrimental to survival of salmon eggs and fry, as well 
as macroinvertebrate populations on which salmonids prey (McHenry 1991). In five 
major watersheds on the OESF (i.e., Ozette. Pysht, Clallam, Hoko, and Sekiu), McHenry 
et al. (1994) found that levels of fine sediments in stream gravels exceed volumes 
considered detrimental to incubating salmonid embryos. 

Sedimentation rates in excess of natural background rates are a significant concern to 
state, tribal, and federal fish biologists on the western Olympic Peninsula (e.g., see 
Cederholm et al. 198 1 b; Schlichte et al. 1991 ; Hoh Tribe and DNR 1993; McHenry et al. 
1994; USDA and DNR 1995). For example, sediment-budget analyses of Green Creek, a 
tributary to the Pysht River, indicated that sediment loads delivered to streams by forest- 
management-related landslides and road failures have residence times greater than 60 
years (Benda 1993; Shaw 1993). Hence, approximately 90 percent of fine and coarse 
sediments transported into Green Creek during the last half-century are still stored in the 
channels as bed and bar deposits averaging 2 feet thick. These observations are 
consistent with channel cross-sectional profiles measured repeatedly over the course of 
several years by Ralph (S. C. Ralph, University of Washington, Center for Streamside 
Studies, Seattle, pers. commun., 1991). Green Creek is representative of stream channels 
located throughout the northern portion of the OESF. Based on extrapolations of 
calculated sediment-discharge rates for Green Creek, it will take an estimated 100 years 
or more for channel flows to flush unnaturally excessive volumes of stored sediments 
from the stream network. 

Coarse (Large) woody debris. One of the most significant long-term effects of forest 
management on aquatic habitat in the OESF has been changes in the distribution and - 
abundance of large coniferous wood in channels, wKich serve to regulate sediment and 
flow dynamics, habitat (e.g., pool) formation, and channel morphology (Hatten 1994, 
Grette et al. in prep.). Large pieces of conifer wood are preferred as in-channel structure 
because they have greater influences on channel hydraulics, residence times, and 
longevity than smaller pieces or deciduous materials that decay rapidly (see Section 
4.1.4.5). Average volumes of large conifer debris are low in the OESF compared with 
adjacent unmanaged landscapes (Hatten 1994; Grette et al. in prep.), due to historical 
practices of harvesting riparian areas and cieaning streambeds of organic debris, as well 
as accelerated rates of riparian disturbance from mass-wasting events. Approximately 70 
percent of riparian forests in the OESF are dominated by red alder (Alnus rubra) andlor 
young (i.e., less than 20-year-old) conifer plantations, and thus do not provide sources of 
coarse woody debris in the short term if riparian buffers have been added recently. or in 
the long term if no buffers are required (e.g., on Type 4 and 5 Waters). In addition. 
woody debris removal, practiced on the Olympic Peninsula and elsewhere in the Pacific 
Northwest during the last century, has had substantial and adverse effects on channel 
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morphology. Streams were cleaned of woody debris to aid river navigation, stream 
transport of logs, and fish passage (Sedell and Luchessa 1982; McHenry et al. 1994). 

Recently, Grette et al. (in prep.) performed a 10-year follow-up study of streams analyzed 
by Grette (1985) to compare the types, decay conditions, and distribution of coarse woody 
debris in channels. These surveys mciuded 28 streams in eight watersheds (Queets, Hoh, 
Mosquito, Goodman, Calawah, Hoko, Clallam, and Pysht) located on private, state, and 
federal lands in the OESF. Orette et al. concluded that landowners currently are often 
managing for 50 percent of the volume of coarse woody debris typically encountered in 
naturally disturbed, old-growth stream sites. Old-growth sites harvested between 1985 
and 1995 experienced a 50 percent reduction in channel wood volume. All but the oldest 
second-growth sites showed no net increase in wood volume during 60 years following 
harvest of streamside and adjacent forests. These data point toward a steady decline in 
the volume of coarse woody debris entering channels in the OESF. 

In the OESF, coarse woody debris also plays an essential role in maintaining the physical 
and biological functions of off-channel riparian areas and flood plains. Large downed 
trees provide physical stability to active flood plains by trapping sediment carried 
overbank by flood waters and regulating flood flows, as currently is being documented in 
the Queets River system (K. Fetherston, University of Washington, Seattle, pers. 
commun., 1994). Flood-plain logs help to create off-channel wintering areas (e.g., ponds, 
side channels) for salmon. They also are an essential component of channel and flood- 
plain nutrient cycles (Marra 1995). Several arthropod groups (e.g., detritivores, parasites. 
fungivores, predators) inhabit coarse woody debris and are a vital link in the nutrient 
breakdown and cycling processes. Flood-plain logs often act as the only regeneration 
sites for conifers and other vascular plants (i.e., nurse logs), particularly where soils 
remain saturated for extended periods and, hence, are too wet to germinate seedlings 
(Maser et al. 1988). 

4.4.2.2f Status of other riparian-dependent species 
The current status of riparian-dependent species that inhabit the OESF is discussed in 
Section 4.5.3. The distribution and habitat relationships of riparian-dependent fauna 
other than fish generally are not well known. The lack of information is proportionately 
greatest for the more biologically rich, low-elevation forested areas, such as the drainage 
basins bordering the Strait of Juan de Fuca. An analysis of the associations between 
wildlife and plant communities in which they commonly are found (Wilhere 1995) 
indicates that 52 terrestrial vertebrate species are strongly or very strongly associated with 
riparian and wetland communities. At present. three of these species are candidates for 
listing by the state and federa1 governments under the Endangered Species Act. They are 
the Cascades frog, Van Dyke's salamander, and the Harlequin duck, each of which spends 
a portion of its life cycle in streams on the western Olympic Peninsula. 

Riparian areas provide specialized habitat for many riparian-dependent plants in the 
OESF. At present, 32 species are classified by the state as threatened, sensitive, or in 
need of moktoring to track their status over time (Table 4.4.3). Table 4.4.3 includes 32 
percent of the 65 listed taxa that occur below 4,922 feet elevation on the Olympic 
Peninsula (Houston et al. 1994). These statistics provide striking evidence that riparian 
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areas within the proposed Experimental Forest support a high diversity of plant species 
and provide significant habitat for unique and dependent taxa. 

4.4.2.29 Water-quality conditions 
(1) Status of water quality 
Table 4.4.4 lists streams in the OESF that currently are classified by the Washington 
Department of Ecology (1994) as water-quality-impaired. Washington State is delegated 
by the US .  Environmental Protection Agency to administer federal water aualitv laws. In - .  
Washington State, water quality laws are administered primarily by the ~&hin&on 
Dcpartment of Ecology. This includes enforcing compliance by landouners to minimize . 

nonpoint sources of water pollution (e.g. sediment from mass-wasting events) and avoid 
exceeding water-temperature and other water-quality criteria established in WAC 173- 
201A. This list of water-quality-limited streams is required by Section 303(d) of the 
federal Clean Water Act and has been approved by the Environmental Protection Agency. 

The 303(d) list identifies 26 streams within the proposed Experimental Forest that exceed 
water temperature standards and one stream that exceeds fine sediment standards. 
Temperature exceedances generally are due to alteration of riparian canopy cover and 
changes in channel geometries (i.e., width-depth ratios) resulting from channel-bed 
erosion and aggradation. Additional concerns for listed streams include physical habitat 
parameters such as fine-sediment levels in spawning gravels, scour of spawning gravels, 
frequency and morphology of pools, and abundance of coarse woody debris (J. Schuett- 
Hames, Washington Department of Ecology Southwest Regional Office, Water Quality 
Program, Olympia, pers. commun., 1995). 

The Department of Ecology is directed, through the Clean Water Act, to establish total 
maximum daily loads (TMDL) for all waters on the 303(d) list. The total maximum daily 
load is defined as the sum of all pollutant loads allocated to point and nonpoint sources 
within a watershed. The TMDL is set such that the loading capacity of an identified 
water segment is not exceeded. The agency distinguishes priority waters for TMDL 
development by assessing "vulnerability to degradation, extent of beneficial use 
impairment, availability to technical support, amenability to control the problem through 
TMDLs, and the degree of public interest." (Washington Department of Ecoiogy 1994). 
Watersheds arc managed on a 5-year cycle, during which time the intent is to meet water- 
quality standards through monitoring, watershed analyses, inspections, TMDL 
development, permitting, and other pollution-control activities. DNR and the Department 
of Ecology currently are pursuing the possibility of satisfying TMDL requirements with 
the Washington Forest Practices Board watershed-analysis process and prescriptions 
(WFPB 1995b), in order to work toward delisting of water-quality-limited streams (J. 
Schuett-Hames, Washington Department of Ecology Southwest Regional Office, Water 
Quality Program. Olympia, pers. commun., 1995; S. Bernath, DNR Forest Practices 
Division, Olympia, pers. commun., 1995). This cooperative agreement is contingent on 
the inclusion of water-quality and monitoring modules in the Washington Forest Practices 
Board watershed analysis manual, as well as a more comprehensive treatment of Type 4 
and Type 5 drainages as nonpoint sources for stream sediment loading and water- 
temperature impacts. Due to the extent of 303(d) listings in the OESF. this area currently 
is under consideration as a priority for TMDL development (J. Schuett-Hames, 
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Washington Department of Ecology Southwest Regional Office, Water Quality Program, 
Olympia, pers. cornrnun., 1995). 

(2) Water-quality conditions: Sedimentation 
Management-related sedimentation of streams associated with landslides and debris 
flows, as discussed in Section 4.4.2.2b, has contributed substantially to the widening and 
shallowing of some channels on the OESF (e.g., McHenry et al. 1995; DNR 1995~). 
These changes in channel morphology, in turn, have led to declines in water quality. 
Channel aggradation not only jeopardizes the quality, quantity, and distribution offish- 
spawning and macroinvertebrate habitat, but also influences seasonal water temperatures. 
Aggradation typically reduces channel depth and increases channel width, thereby 
increasing the water surface area exposed to solar radiation. Survival of aquatic 
organisms, especially cold-water fish such as trout and salmonids, is dependent on 
maintaining water temperatures below their thresholds of tolerance (Brown 1974). Large 
amounts of fine sediments deposited in stream gravels can eliminate essential habitat for 
aquatic organisms, bury food sources and spawning sites, and smother bottom-dwelling 
organisms (Bisson et al. 1992). 

(3) Water-quality conditions: Temperature 
Changes in watex temperature of streams and associated water bodies also can result from - 
removal of riparian vegetation through harvest and herbicide applications (Brown 1969; 
Timber/Fish/Wildlife Temperature Work Group 1990). Increases in mean daily water 
temperatures during the summer can be dramatic in smaller (i.e., lower-order) streams, 
thereby reducing habitat viability for salmonids and other riparian-dependent species 
(Brown 1972; Megahan 1980; Curtis et al. 1990). 

Temperature data have not been collected &om all stream segments in the OESF. 
Existing studies on greater than 50 percent of the 303(d) listed streams in the OESF 
suggest, however, that there is a strong relationship between canopy cover and stream 
temperatures. In a comparative study of managed and unmanaged watersheds in the Hoh 
and Bogachiel River basins, which include 54 percent of the 303(d) listed streams, Hatten 
and Conrad (1995) concluded that the proportion of a watershed occupied by late seral- 
stage forest (i.e., riparian and upland forests combined) correlated more closely with 
water-temperature regimes thm with any other independent variable (e.g., basin area, 
elevation, channel gradient, channel dimensions and reach lengths). They found that 
maximum temperatures in streams draining managed tributary basins exceeded the state 
water-quality standard of 16.0 degrees C (60.8 degrees F) (WAC 173-201A; Washington 
Department of Ecology 1994) 10 times more often. on average, during the study period 
than streams draining unmanaged basins with late seral-stage forest cover. These 
findings are consistent with those of J. Schuett-Hames (see McHemy et al. 1995) for the 
Deep Creek watershed in the northern part of the OESF. Consequently, it is reasonable to 
suggest that such relationships between forest cover and water-temperature regimes exist 
in other drainages on the proposed Experimental Forest. 

Composition of riparian forests also affects stream temperatures. Deciduous trees can 
provide enough shade to moderate summer water temperatures. During the winter, 
however, deciduous trees lose their leaves, which results in reduced stream insulation 
associated with the loss of canopy cover and wide fluctuations in water temperature 
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(Hatten and Conrad 1995). Conifer canopies, in contrast, provide shade and insulation 
year-round. The inability of deciduous canopies to moderate stream temperatures during 
winter poses a significant concern on the proposed Experimental Forest because of the 
predominance of red alder and young conifers in riparian stands. Analyses of the 
relationships between forest composition and stream temperature have not been 
performed everywhere on the OESF. However, a recent analysis of riparian vegetation in 
the 46,000-acre Hoko River watershed, for example, indicates that 93 percent of the 
streamside forests have been converted from conifer- to alder-dominated stands since 
1940 (Pentec Environmental 1995). The Little Hoko River. part of the Hoko watershed 
administrative unit (WAU), is one of the 26 streams identified by the Washington 
Department of Ecology as exceeding state water-temperature threshold criteria. 

Past harvest practices in riparian corridors on the OESF have resulted in streams with 
insufficient canopy cover. Historic and current practices detrimental to water 
temperatures include: (1) removal of all trees to the stream edge; (2) inadequate buffer 
widths; (3) ineffective buffer placement, resulting in buffer loss by windthrow or other 
disturbances; and, (4) conversion of conifer-dominated riparian stands to hardwood. 

(4) Water-quality conditions: Water quantity 
Relatively little is known about the relationships between forest harvest and water 
quantity on the western Olympic Peninsula. In fact, relationships between timber harvest 
and changes in watershed hydrologic regimes are some of the least understood processes 
occurring in managed landscapes. Studies elsewhere in the Pacific Northwest have 
indicated that increased surface runoff can result from changes in water 'transpiration, 
interception, evaporation, and infiltration rates associated with the removal of vegetation 
(see Section 4.1.4.6). The amount, spacing, and frequency of vegetation removal 
influence these hydrologic processes. Coffin and Han (1992), for example, have shown 
in the western Cascade Range that clearcuts, partial cuts, and mature forest stands differ 
in their ability to absorb, retain, and disperse precipitation. In addition, roads have a 
considerable impact on the volume and timing of water delivery to streams (see Section 
4.4.2.2~). 

Currently, DNR's Olympic Region addresses water quantity issues via the Washington 
Forest Practices Board (1 995) regulations. The state regulatory process for managing 
cumulative hydrologic effects of timber harvest (see hydrologic change module, WFPB 
199%) remains largely hypothetical and has not been tested over a sufficient length of 
time to yield statistically valid results. This theoretical process ascribes "hydrologic 
maturity" to the percent forest area in Type 3 basins with greater than 70 percent forest- 
crown closure and less than 75 percent hardwood or shrub canopies. Likewise, the 
influences of timber harvest on watershed hydrologic processes in the OESF have not 
been documented or studied thoroughly, although rain-on-snow events appear to be 
considerably less important than recunmg long-duration, high-intensity rainstorms in 
governing peak-flow discharges on the OESF (S. C. Shaw, DNR Olympic Region, Forks, 
WA, unpubl. data, 1993). 

4.4.2.2h Nutrient productivity 
Little information exists, in the OESF or elsewhere in the Pacific Northwest, relating the 
probability of nutrient delivery to streams and the distance from the nutrient source to the 
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active channel margin. While relatively more is known about nutrient sources and the 
role of various detrital nutrients in the riparian system (see Section 4.1.4.4), few studies 
have been conducted that demonstrate the pathways and time scales over which nutrients 
are transported to aquatic habitat. Based on available research, the Forest Ecosystem 
Management Assessment Team (1 993) suggested that input of plant litter and other 
organic particulates from streamside forests decreases beyond a distance of about one-half 
of a site potential tree height fiom the channel margin. Newbold et al. (1980) have 
suggested that the diversity of aquatic insect communities. which depend on nutrient 
productivity for their survival. is highest in streams with riparian buffer widths of 
approximately 100 feet. 

Current nutrient productivity of streams on the Experimental Forest is unknown. Several 
studies of macroinvertebrate populations m the west-ern and northern parts of the OESF 
(McHenry 199 1 ; McHenry et al. 1994) indicate that community richness has declined, 
uhich could be attributed to loss of habitat, decreases in available nutrients, or both. 
Predominance of hardwoods in many riparian stands might also affect the nutrient 
balance, as well as the type of detrital input on a seasonal basis (Bilby and Bisson 1992). 
Furthermore, several studies (Trotter 1995; Bilby et al. in press) in the western Pacific 
Northwest suggest that declines in coho populations in many coastal watersheds may be 
linked with significant losses in trophic productivity and nutrient transport downstream of 
reaches in which salmon spawn and die. Understanding of nutrient production and 
cycling on the OESF, however, is largely speculative. 

4.4.2.21 Cumulative effects - Description of Contributing Actions and 
Ownerships 
Terminology. Cumulative effects with respect to riparian and aquatic environments are 
those impacts on the riparian and aquatic system that result from the effects of the present 
action added to the impacts of other past, present, or reasonably foreseeable future 
activities across all land ownerships. This section does not address physical or biological 
impacts that are not directly or indirectly associated with riparian systems or their habitat 
functions. 

Other ownerships: Ongoing/expected activities and their anticipated effects. DNR- 
managed lands comprise approximately 2 l percent of the land base lying within the 
boundaries of the OESF (see Map 4). Federal lands managed by Olympic National Park 
and Olympic National Forest occupy roughly 36 percent of the land base. An additional 
39 percent comprise private industrial forest lands and Indian tribal lands. Less than 5 
percent are private, non-industrial forest lands. 

Lands withiir Oiympic National Park are managed, and will be managed for the 
foreseeable future, as wilderness for conservation and recreational purposes. Cumulative 
effects on riparian systems resulting from park management are relatively minimal. Park 
lands adjacent to or within the OESF contain few mads and no commercial resource- 
extraction enterprises that would disturb physical or biological functions and processes. 
River systems on the OESF have evolved with natural disturbance regimes characteristic 
of park lands, which include landslides, debris flows, water turbidity associated with 
upstream glacial sediment input, fires, bfowdown, and forest-disease outbreaks. 
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Relatively high natural background sedimentation rates, therefore, are an important aspect 
of the OESF. 

Lands within Olympic National Forest have been managed principally for timber 
extraction. resulting in similar types and rates of resource impacts as observed on DNR- 
managed lands (see Sections 4.4.2.2b and 4.4.2.2~). A greater percentage (i.e., about 55 
percent) of USDA lands support mature second-growth and late-successional riparian 
forests than on DNR-managed lands, which could indicate that aquatic-resource 
conditions have not been compromised as much in these areas. However, rates of 
landsliding and road densities are roughly the same on USDA- and DNR-managed lands, 
suggesting that cumulative impacts to riparian systems might he within the same order of 
magnitude. The USFS expects that resources will be better maintained, protected, and 
restored with the upcoming implementation of the President's Forest Plan. An evaluation 
of cumulati~e effects and implications of the President's Forest Plan are provided in the 
plan's draft supplemental environmental impact statement (USDA and USDI 1993). Most 
of the USDA-managed lands are classified as Late-Successional Reserves. These areas 
might expect few additional impacts associated with timber harvest and road building, 
since these activities would be limited or restricted under the President's Forest Plan once 
it is adopted; however, many riparian systems will continue to respond to past activities 
that have left a legacy of mass wasting and road failures (e.g., see O'Connor and Cundy 
1993; M c H e q  et al. 1995; USDA and DNR 1995). 

Indian reservation and private commercial lands have been intensively managed for 
timber production. Little to no late-successional riparian forests exist on private 
timberlands and relatively little exists on reservation lands (J. Hatten, Hoh Tribe, Forks, 
WA, pers. commun., 1993; E. Currence, Makah Tribe, Neah Bay, WA, pers. commun., 
1994; B. Naughton, Quileute Tribe, LaPush, WA, pers. commun., 1994). Riparian 
protection has varied on private timberlands from no buffer or other means of riparian 
conservation, prior to Washington Forest Practices riparian regulations, to limited 
protection under the current rule minimums (WFPB 199%). Indian reservation 
timberlands have received little to minimal riparian protection, typically lower than or 
comparable to Washington Forest Practices Rules minimums. Information on future 
management of tribal lands is not available. Riparian conservation on private timberlands 
probably will continue to be implemented by Washington Forest Practices Rules 
minimums. In February 1996, the Washington Forest Practices Board adopted a new 
riparian function module (WFPB 1996) that will replace the one currently found in the 
watershed analysis manual (WFPB 199511). This version potentially strengthens 
protection for coarse-woody-debris and shade sources by increasing the minimum 
assessment zone widths for debns recruitment in western Washington from 66 to 100 
feet. Therefore, observed depletions in long-term sources of woody debris within 100 
feet of the channel margin might require additional prescriptions for protecting wood 
sources. The module assessment also requires that all channels with gradients less than 20 
percent be analyzed; this designation typically includes Type 4 and some Type 5 Waters. 
In addition. channel migration zones (CMZs) will also be evaluated in order to assess the 
potential for channel meander to affect the ability of existing and future riparian stands to 
provide long-term sources of coarse woody debris and shade. 
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Managing according to forest practices regulations includes the following current and 
anticiuated effects. It is exvected that water quality would be imuroved somewhat in the 
long term, via wider buffers and greater regulation of EPA water-quality regulations (see 
draft water quality module, WFPB in prep.). However, temperature and sedimentation 
will continue to be a problem because of the legacy of past disturbances (e.g., chronic 
landsliding, aggraded channels, decreased shade potential). Blowdown will persist until 
solutions are found to reduce uindthrow potential; private and federal landowners are 
stymied by the same lack of information and programmatic approach to addressing 
windthrow that has reduced the ability of DNR to find successful solutions. New forest 
practices guidelines for assessing riparian functions are expected to result in improved 
protection of stream shade and debris recruitment, although full protection cannot be 
guaranteed because: (1) buffer widths in each WAU ultimately are set by a prescription 
team, who may or may not select as a standard the 100-feet width minimum used during 
the scientific assessment of coarse-woody-debris recruitment potential; and, (2) most 
buffers have not been tested or monitored long enough (i.e., several decades) to determine 
their long-term success. Hydrologic change associated with forest harvest in the rain- - - - 
dominated precipitation zone, which encompasses most of the proposed Experimental 
Forest, will continue to be problematic because relatively little data exist to guide 
management and the Washington Forest Practices Board watershed analysismanual 
(WFPB 1995b) does not address this issue. In addition, roads will remain a major 
problem because there are no mechanisms for developing inter-party road plans necessary 
for minimizing the number of duplicated roads on adjacent ownerships. The high density 
of road networks across all land ownerships will continue to present problems for routine 
and effective road maintenance and abandonment, until all landowners adopt 
comprehensive road plans. There currently is a mechanism for requiring such plans 
today; WAC 222-24-050(1) requires DNR to use this authorit). to prevent road-related 
damage to fish, water, and capital improvements. This regulation, however, is not 
invoked on a routine basis. Road plans often are required only after significant material 
damage has occurred. DNR currently is conducting road-maintenance and abandonment 
training, to update landowners and operators on current road-construction and 
maintenance standards. 

Ability of DNR to influence cumulative effects. Although DNR manages only about 
one-fifth of the land within the area designated as the Olympic Experimental State Forest, 
the department directly influences the nature and degree of cumulative impacts to aquatic 
and riparian habitat in many of the major OESF watersheds, through its proprietary (i.e., 
state trust lands) and regulatory (ie., state and private lands) programs. Land ownerships 
are situated such that national park and national forest lands occupy the headwaters and 
upper reaches of many main river systems (i.e., Queets. Hoh, Bogachiel, Sol Duc, 
Calawah, Deep, Twin). Others. including the Clearwater, Solleks, Kalaloch, Mosquito, 
Goodman, and Glallam Rivers, are mostly or entirely situated in the large blocks of DNR 
trust lands. The remaining (i.e., Quillayute, Dickey, Ozette and other tributaries to Ozette 
Lake, Sekiu, Hoko, Pysht) rivers lie almost entirely on private industrial timberlands. 

DNR has the greatest control over basinwide management practices in the large blocks of 
state-managed land, particularly where they adjoin federal ownerships. Federal acreage 
adjacent to state trust lands primarily arc managed as wilderness (Olympic National Park) 
and Late-Successional Reserves (Olympic National Forest). Roughly 58 percent of the 
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776-km2 (299 miz) Hoh River drainage area, for example, is administered by the national 
park for wilderness resource protection and recreation. DNR manages more than one-haif 
of the remaining drainage area in the mid-section of the Hoh River basin, which coincides 
with some of the principal salmonid spawning and rearing habitat in this system. Hence. 
the department can exert considerable control over riparian and aquatic habitat viability 
by reducing cumulative impacts of forest practices on these lands, in addition to other 
watersheds primarily occupied by DNR-managed lands. 

DNR has the least control over the lower portions of most river systems on the western 
Olympic Peninsula. These areas lie primarily in private timberlands along the coastal 
plain, on Indian tribal lands (i.e., Queets. Hoh, Quileute, Ozette, Makah Reservations), or 
within the wilderness coast strip of Olympic National Park. 

Approximately 33 percent of DNR-managed lands comprise single legal sections (e.g., 
sections 16 and 36) that are scattered and isolated within a matrix of private and national 
forest lands. The department only administers a few square miles within the Bogachiel, 
Quillayute, Sol Duc, Dickey, Ozette, Sekiu, Hoko, Pysht, Deep, and Twin Creek 
drainages. Hence, the ability of DNR to influence the degree of cumulative effects in 
these basins is greatly diminished. Interior-core riparian buffers on state-managed land, 
for example, may prove to be ineffective in moderating adverse cumulative impacts to 
salmonid habitat when these buffers only exist on a few miles of a 60-mile long river. 

Current conditions. Current riparian conditions in areas harvested prior to the 
enactment of 1993 Washington Forest Practices Rules reflect the minimal protection 
previously afforded to streams and streamside forests. In most cases, although not all, 
land managers followed the rules of the time and placed small (i.e., typically less than 25- 
foot wide) buffers to no buffers on streams. In addition, a high percentage of these thin, 
exposed buffers have long since blown down. Consequently, many of the immature 
riparian stands (e.g., less than 35 years old) on private and DNR-managed lands currently 
are depleted of large conifer trees as long-term sources of coarse woody debris, stream 
shade, robust forest structure, and stand compositional diversity. 

Cumulative impacts of past management practices in all commercial timberlands on the 
western Olympic Peninsula have degraded aquatic and riparian habitat significantly. Past 
practices have left a legacy of long-term resource impacts that have contributed 
measurably to current watershed conditions. such as high rates of landsliding and road 
failures. Recent watershed assessments performed in several major river basins on the 
OESF (e.g., Hoh. Sol Duc, Calawah, Glallam, Pysht, Deep) indicate that past harvest and 
road-building practices, although acceptable at the time, typically have resulted in mass 
wasting, channei-bank instability, loss of coarse-woody-debris sources, conversion of 
conifer-dominated riparian forests to deciduous-dominated, and high road-network 
densities. These practices are described in Sections 4.4.2.2b and 4.4.2.2~ as they relate to 
resource impacts. They include sidecast road construction. use of stream channels as 
roads and yarding or splash-damming conduits, tree harvest to stream edges, stream 
cleaning of organic debris, heavy broadcast burning that destroyed or degraded organic 
soil layers, no constraints on road locations or densities, and loss of side-channel, flood- 
plain, and wetland habitats. 
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Such disturbances are common to most land ownerships because such harvest and road- 
building practices were standard for the era @re-1980s) and often were carried out by the 
same contractors. For example, many of the roads were built by the same contractors 
during the same period of time on private. state-managed, and USFS lands in the Sol Duc, 
Calawah, Bogachiel. Queets, Clallam, and Pysht drainages. Hence, the same type and 
frequency of road and landing failures, as described for state-managed land in Sections 
4.4.2.2(b) and (c), have occurred on private and federal holdings (e.g., M. Erickson, 
USFS Sol Duc District. Forks, WA, pers. commun., 1994; P. Waldrip. Rayonier 
Timberlands, Forks. WA, pers. commun., 1994). Timber contracts were won by the same 
assemblage of purchasers on private, state, and federal lands during the 1960s-1980s, 
resulting in similar styles of harvest disturbance to riparian forests and stream habitat. In 
addition, private lands previously managed by one timber company are now split between 
se~eral independent companies who must deal with similar disturbance regimes created 
by the original landowner. For example, much of the private land in the northwestern 
part of the OESF was owned during the mid-1900s by Crown Zellerbach Timber 
Company; several decades later, this area is now owned by a number of timber 
companies, including (Cavenharn) Hanson Natural Resources Company, Green Crow, 
and Rayonier Timberlands. Along the Strait of Juan de Fuca, private and state land 
managers alike are dealing with intensive aquatic and riparian degradation that occurred 
as a result of widespread railroad logging around the turn of the c e n t u ~ .  

Hence, private, state. and federal forest managers have inherited a similar set of riparian 
habitat conditions and concerns throughout the OESF, including streams devoid of coarse 
woody debris. extensive channel-bank instability and flood-plain alteration associated 
with heavy-equipment operation in channels, and wholesale conversions of watershed 
riparian forests to alder and shrubs. As a result, most stream channels on the OESF have 
similar histories with respect to cumulative effects, although present management 
strategies for addressing long-term problems have differed by ownership. 

In-stream restoration projects, including cooperative efforts between several landowners 
and agencies, have been undertaken on private, state, and federal lands to address 
cumulative impacts to fish habitat. These projects, however, have been limited in scope 
and size relative to the extensive demand for restoration across all land ownerships. 
Ongoing restoration projects include: ( I )  COHO project (WDFW, DNR, Hoh Tribe, and 
others); (2) Deep Creek restoration project (Lower Elwha S'KIallam Tribe, USFS, Merrill 
& Ring Timber Company, Rayonier Timberlands, DNR); (3) Sol Duc - Calawah 
watershed restoration OJSFS Sol Duc District); and, (4) various other projects. including 
extensive road-sidecast pullback efforts (DNR Olympic Region; USFS Sol Duc District; 
Rayonier Timberlands). Efforts to secure additional funding for restoration projects, 
including cooperative ventures, continue with several recently submitted proposals to 
internal and external h d i n g  sources. 

Estuaries and nearshore continental shelf. The OESF has few well-developed 
estuaries, other than those found at the mouths of the Quillayute and Pysht Rivers. 
Estuaries are geographically limited and small in size because the continental shelf is 
narrow and relatively steep near the land margin; in addition, most coastal valleys are 
narrow, thereby limiting the lateral extent of estuarine environments. Although little 
research has been done on estuarine conditions in the OESF, past and present dredging 
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activities suggest that they are sensitive to sediment input and have been altered 
measurably by mitigation practices. Whereas both the Quillayute and Pysht River mouths 
were used as ports for ocean-going ferries and barges around the turn o f  the century. they 
currently are too shallow to allow passage of more than light recreational boats due to the 
aggradation o f  sediments transported from upstream reaches. Old docks in the town o f  
Mora (Quillayute estuary) are now stranded from the current waterline by infilled 
channels and channel bars; furthermore, the river bed is highly aggraded for 
approximately 3 river miles upstream of  Mora. Chronic sedimentation o f  the lower 
Quiflayute River system has required extensive dredging in order to maintain a harbor for 
the town o f  LaPush. In addition, the mouth of the Quillayute River has been shifted 
permanently to the south bj a rock jen). to confine the river mouth and create a deeper 
harbor. 

Estuaries and the nearshore continental shelf are temporary storage areas for sediment 
delivered downstream by rivers, prior to sediment transport offshore by marine currents. 
It is reasonable to assume that the documented increases in sediment delivery rates on 
private. state, and federal lands upstream (see Section 4.4.2.2b), when combined, would 
increase the susceptibility o f  estuaries to sedimentation and associated habitat 
degradation. Although little data have been published on Olympic Peninsula estuaries, 
the extensive aggradation o f  the Quillayute River and evidence of  sediment burial o f  algal 
beds in the LaPush (Quillayute) harbor (A. Shaffer, Quileute Fisheries, LaPush, WA, 
pers. commun., 1994), as well as previous sedimentation and dredging o f  the Pysht 
estuary, suggest that cumulative effects of  sedimentation, both in time and space, are a 
significant concern in the proposed Experimentaf Forest. Accelerated rates of  channel 
sedimentation result in greater rates of  sediment deposition in near-shore marine 
environments. Consequently, reducing sediment delivery to streams from upland sources 
would reduce the need for channel dredging and vulnerability o f  estuarine habitats to 
sedimentation. 

Additional relevant information. A desired outcome of the Olympic Experimental 
State Forest plan is to maintain and enhance habitat on lands administered by the 
department and to foster partnerships with adjacent landowners in forestwide efforts to 
protect and restore aquatic and riparian resources. DNR does not intend that landowner 
partnerships be considered as part of  the HCP agreement with USFWS. Rather. 
partnerships are viewed as part of  achieving the overall mission of  the OESF, and this 
information is included to aid the development of  agency procedures for the OESF. DNR 
recognizes that many cumulative-effects issues can only be addressed through 
cooperative efforts with adjacent landowners, particularly where DNR-managed land 
comprises a small fraction o f  the watershed land base. Partnerships are expected to result 
in greater awareness o f  basinwide cumulative effects, oooled efforts to understand and - 
minimize additional impacts, and interagency restoration projects. It is expected that 
experimentation across ownership boundaries will contribute toward better understanding - 
ofcumulative effects and the complex interactions between physical, biological, and 
anthropogenic factors. The Olympic Peninsula represents a unique laboratory for 
studying cumulative effects because wilderness and resewe lands adjacent to the OESF in 
Olympic National Park and Olympic National Forest not only offer control sites for 
experiments but also provide rare opportunities for paired studies and comparative 
research in unmanaged and managed landscapes. 
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4.4.2.3 Evaluation of Proposed Alternatives in the OESF -- 
Riparian Habitat 
In the following discussion, OESF Alternative 1 corresponds to the No Action alternative 
(i.e., current practices). The Unzoned Forest alternative is OESF Alternative 2, and the 
Zoned Forest alternative is OESF Alternative 3. The riparian conservation strategies for 
Alternatives 2 and 3 are identical. Hence, the types and levels of impact associated with 
management or conservation activities carried out under either alternative are expected to 
be the same for most riparian habitat components. Where differences occur between 
Alternatives 2 and 3, the types and levels of impact are discussed explicitly. 

4.4.2.3a Mass wasting and channel-bank instability 
The level of protection for mass-wasting sites (e.g., landslides, channel-hank collapse) in 
the OESF potentially is the same or greater for the Unzoned Forest and Zoned Forest 
altemattves than the No Action alternative. All alternatives establish interior-core 
riparian buffers that would he managed similarly to minimize mass-wasting processes and 
reduce the likelihood of sediments enterina stream channels via landslides, debris flows, - 
channel-hank erosion, and other forms of mass movement. The OESF action alternatives, 
however, provide a greater assurance that these interior-core buffers will remain intact by 
buffering the interior core with an exterior buffer, where necessary, to reduce the 
likelihood of windthrow and other catastrophic or chronic disturbances to streams and 
streamside forests. 

ALTERNATIVE 1 
The No Action alternative provides a moderate to moderately high level of protection for 
mass-wasting sites. This alternative currently offers a moderate level of protection in the 
OESF because it has not been applied consistently across all DNR-managed lands. 
Today, roughly 55 percent of riparian areas are protected by actively managed buffers that 
have average widths comparable to the interior-core buffers described in Section 4.4.2.2b 
(see Table 4.4.5), whereas the remaining 45 percent are afforded protection that meets or 
minimally exceeds current Washington Forest Practices Rules for Riparian Management 
Zones (RMZs) (WAC 222-30-020(3); WFPB 1995~). Present riparian-buffer strategies 
are inadequate in cases where buffers established according to forest practices rules have 
failed to minimize ma~s-~ast ing disturbances or supply sufficient sources of coarse 
woody debris to the channel. 

DNR intends to apply interior-core riparian buffers consistently across all DNR-managed 
land on the OESF, in order to implement fully the departmental policies set forth in the 
Forest Resource Plan (1992). The Olympic Region expects that it will take another 
several years to achieve this objective due to the volume of fieldwork required to 
estabhsh buffers that meet on-the-ground conservation needs. Full implementation of 
these policies likely will result in a moderately high level of protection to riparian and 
aquatic systems from mass-wasting disturbances on the OESF. Nonetheless, DNR cannot 
guarantee that mass-wasting events related to forest management activities will be 
avoided. or that the No Action alternative will result in a high level of protection, because 
many channel margins and headwalls are still responding to harvest and road-building 
disturhances that occurred several decades ago (e.g., sidecast deposits that have not yet 
failed but potentially will collapse in the future). In addition, the success of buffers in 
preventing mass wasting often cannot he measured on time scales shorter than 10 to 20 
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years because it takes a relatively long period of time for root systems, which anchor soils 
to hitlslopes, to decay (Ziemer 1981; Sidle et al. 1985). Hence, the level of certainty is 
reduced that all interior-core buffers will serve their intended purpose. 

DNR does not intend to prevent natural hillslope and channel-margin failures, as such 
occurrences are vital to creating and maintaining downstream spawning and rearing 
habitats (e.g., Naiman et al. 1992). Hence, full implementation of the No Action 
alternative likelv will result in a rate of mass wastine more characteristic of the natural - 
disturbance regimes in which streams evolved on the western Olympic Peninsula. 
Reduction in artificially high sedimentation rates should decrease the likelihood of . - 
channel-bed scour, aggradation of streams and estuaries, and changes in channel 
morphology, thereby improving the quality and quantity of aquatic habitat. 

ALTERNATIVE 2 
Interior-core riparian buffers have proven inadequate in situations where hlowdown 
continues to reduce the size of or eradicate buffers (see Section 4.4.2.2dl. The Unzoned 
Forest alternative decreases this potential by expanding the width of the riparian buffer 
via an exterior buffer whose configuration will be designed to lower the probability of - - 
windthrow (see Figure 4.4.1). Hence, this alternative probably will result in similar levels 
of protection for unstable ground where windthrow is not an issue, and greater levels of 
protection where exterior buffers are established to moderate windthrow potential, than 
the No Action alternative. 

Under this alternative, long-term monitoring and research in riparian systems arc 
. . , expected to improve understanding of mass-wasting processes in DNR-managed 
, , ,:.s::, 

,, , landscapes, such that management strategies can be modified and strengthened over time. 
.. A structured research and monitoring program is not offered under the No Action 

alternative. 

ALTERNATIVE 3 
The Zoned Forest alternative has the same outcome as the Unzoned Forest altemative. 
See Alternative 2. Section 4.4.2.3a. 

4.4.2.36 Windthrow 
The Unzoned Forest and Zoned Forest alternatives potentially provide more protection to 
windthrow-prone riparian areas than the No Action alternative because the addition of an 
exterior buffer expands the overall width of the riparian buffer, thereby increasing the 
distance between the stream and the edge of the riparian buffer. Where it has been 
determined with certainty, via simulation modeling or field data, that windthrow is not an 
issue, the No Action and two OESF action alternatives would be implemented similarly 
(i.e., no established exterior buffer) and provide the same levels of riparian protection. 

ALTERNATIVE 1 
The No Action alternative provides a variable amount of protection from wind 
disturbances to streamside forests. which ranges from adequate to inadequate depending 
on local site characteristics. Current evidence suggests that buffers comparable to the 
interior-core buffers have been diminished or eradicated by successive windstorms in 
some exposed valley bottoms. Hence, the ability of these buffers to remain intact and 
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upright can be jeopardized, thereby decreasing the likelihood of interior-core buffers to 
supply continuous sources of coarse woody debris, stream shade, bank stability, and other 
key functional elements. Where the probability of wiudthrow is lower and the interior- 
core buffers are sufficiently wide to withstand windstorms, the No Action alternative 
protides a relatively high level of protection to streams and streamside forests. With few 
data and little understanding of windthrow processes to guide management strategies, 
however, the success of various riparian-buffer configurations in reducing windthrow is 
hard to predict. 
ALTERNATIVE 2 
The exterior buffers of the Unzoned Forest alternative (Figure 4.4.1) expand the width of 
the iuterior-core buffers (see Table 4.4.6), thus conceivably increasing the protection of 
streamside buffers from edge effects associated with hind disturbance and upland 
management practices. The ability of exterior buffers to protect the integrity of interior- 
core buffers along each stream reach of interest, honever, is confounded by the fact that 
little quantitative information or management guidance currently exists for how and when 
to establish such buffers. On the western Olympic Peninsula, DNR is faced with a 
limited pool of knowledge concerning forestry-windthrow interactions and a highly 
fragmented forest in which the remaining stands (i.e., 30 percent of the forest base) are 
susceptible to edge effects. Hence, the purpose of the experimentation program for 
designing exterior riparian buffers is to explore new methods and approaches for creating 
and maintaining windfirm streamside forests. This research and monitoring program 
would benefit not only riparian conservation and management in the OESF but also, 
hopefully, an understanding of riparian processes and management needs in west-side 
forests of the Pacific Northwest. 

Some risk to maintaining the integrity of interior-core buffers in mature stands will be 
incurred as a result of manipulative research and experimentation in exterior buffers. It is 
expected, however, that wind susceptibility will be no greater in experimental exterior 
buffers placed in mature forests than currently is the case in interior-core riparian forests 
with no additional exterior buffer. 

The Unzoned Forest alternative should yield a greater likelihood for long-term protection 
of riparian forests than the No Action alternative because it incorporates a strategy for 
enhancing the future conditions of these streamside areas. Approximately 70 percent of 
riparian stands are young plantations less than 30 years old or are primarily deciduous. 
Under the Unzoned Forest alternative, management strategies include manipulating 
stands to generate windfirm. robust trees capable of moderating edge effects, as well as 
restoring compositional and structural forest diversity. 

ALTERNATIVE 3 
The Zoned Forest alternative has the same outcome as the Umned Forest alternative. 
See Alternative 2, Section 4.4.2.3b. 

Additionat relevant background information for the OESF 
The Unzoned Forest and Zoned Forest alternatives employ exterior buffers according to 
stream type, average widths of which were estimated by qualitatively evaluating historic 
patterns of windthrow resulting from average winter storms on the OESF (see Section 
4.4.2.2d) and by reviewing local wind-buffer trials. These average widths are regarded as 
starting hypotheses pending the outcome of windthrow experiments on the OESF. This 
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experimental program is designed to test different methods for protecting riparian buffers 
from wind and upland disturbances. The experimental program will require research, - - 
experimental harvest designs, and long-term monitoring. 

Experimentation would occur in some, but not all, exterior riparian buffers. The goal of 
these experiments would be to determine successful methods for protecting the integrity 
of interior-core buffers, which then could be extrapolated to sites witb similar features 
(e.g.. topographic relief, stand characteristics, prevailing wind directions). Stand 
manipulation in exterior buffers might range from complete to partial to no harvest, in a 
variety of tree spacing and stand geometric configurations. Complete harvest at a 
particular site would occur only where meteorological data, modeling, or other 
documentation indicate that windthrow does not occur. Experimental stand 
manipulations would be carried out simultaneously witb management activities in upland 
areas to minimize disturbances and increase ecological compatibility (i.e., reduce the 
number of abrupt, wind-prone stand edges). Light partial harvest, with maximum tree 
removal of 33 percent by volume. would occur in exterior buffers not included in the 
experimental program. Subsequent removals of 33 percent by volume would only occur 
provided the remaining 66 percent comprised mature, windfirm, compositionally and 
structurally diverse forest stands. This means that an additional 33 percent by volume 
may not be removed, following the initial harvest, until that 33 percent has been replaced 
by mature trees that are capable of meeting criteria for windfirmness, shade, coarse- 
woody-debris recruitment, etc. (i.e., harvest once every rotation in adjacent upland 
stands). This interim measure would be in effect until experimental results could be 
applied confidently to all portions of the OESF. 

4.4.2.3~ Coarse (large) woody debris 
The No Action, Unzoned Forest, and Zoned Forest alternatives potentially provide a 
similar level of protection to source areas for long-term recruitment of coarse woody 
debris to stream channels (see Figure 4.4.1) via the interior-core buffers. The Unzoned 
Forest and Zoned Forest alternatibes would supply greater sources of coarse woody debris 
to the riparian flood plain and forest floor than the No Action alternative. 

ALTERNATIVE 1 
The No Action alternative likely would result in retaining sufficient short- and long-term 
sources of coarse woody debris for streams in the OESF. The best present understanding 
of wood recruitment to streams in the western Pacific Northwest (e.g., McDade et at. 
1990; Van Sickle and Gregory 1990) is that the majority of coarse woody debris 
originates within a distance of one site potential tree height of the active channel margin. 
A smaller percentage of wood is transported to a particular channel reach from landslides 
on adjacent hillslopes or from upstream via channel flows. In the absence of information 
specific to the OESF, DNR ascribes to this line of reasoning as a suitable starting 
hypothesis for future evaluation of recruitment processes. 

Under this alternative, average interior-core buffer widths for each stream type 
established on the OESF are greater than, or approximately equal to, the site potential bee 
height for a 50-year growing cycle and 70- to 90-percent of the site potential tree height 
for a 120-year growing cycle. Table 4.4.7 compares interior-core buffer widths for each 
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stream type with site potential tree heights for 50-, loo-, and 120-year growing periods. 
Representative site potential tree heights for each stream type were calculated for the 
OESF (R. E. Bigley, DNR, Olympia, pers. commun., 1995) by: (1) identifying streams of 
known type on soil-survey maps registered by orthophotos; (2) determining average site 
indices for growth potential from survey data for soils commonly encountered on stream 
banks and flood plains; (3) calibrating site indices to account for species-composition and 
elevational differences typically found between lower-elevation (e.g. Type 1-3) streams 
and higher-elevation (e.g., Type 4-5) streams; and, (4) employing tree-height tables 
compiled by Wiley (1978). 

Riparian buffers under the No Action alternative are considered potentially adequate for 
long-term wood recruitment to streams, because the majority of riparian corridors in the 
OESF currently do not support large, old conifers but likely will do so m the future once 
adequate streamside buffers are established. Current management strategies, under the 
Forest Resource Plan (1992) should lead to replenished streamside forests. As described 
in Section 4.4.2.2e(2), past forest management practices have resulted in many riparian 
areas that contain few large conifer logs in stream channels and minimal potential for 
wood recruitment from young plantations or alder-dominated stands. Full 
implementation of the No Action alternative across the proposed Experimental Forest 
should promote regeneration of big conifers in streamside forests, which would restore 
coarse-woody-debris recruitment potential to streams. In 70 percent of riparian areas in 
the OESF (i.e., young plantations), such restoration of big conifers might take much 
longer than 40 years. In the remaining 30 percent, which contain trees greater than about 
70 years old. minimal timber extraction would result in greater retention of coarse- 
woody-debris sources. 

The No Action alternative potentially provides a moderate to high amount of protection 
for long-term recruitment of coarse woody debris to the flood plain and riparian-forest 
floor. In low-gradient, alluvial channels on DNR-managed lands, the interior-core buffers 
will encompass the active flood plain (i.e., 100-year flood plain) but might or might not 
incorporate older flood-plain surfaces and the full extent of the riparian forest floor, 
depending on local topography. In higher-gradient, confined reaches, the interior-core 
buffers likely will incorporate flood plains and riparian forest floors in their entirety. 

ALTERNATIVE 2 
The Unzoned Forest alternative would result in similar levels of protection for short- and 
long-term recruitment of coarse woody debris to streams, via the interior-core buffers (see 
(I), Section 4.4.2.3c), compared to the No Action alternative The exterior buffer in the 
Unzoned Forest alternative, however, would expand the overall width of the protective 
riparian buffer to I00 percent, or greater, ofthe 120-year site-potential tree height in areas 
prone to windthrow (see Tables 4.4.6 and 4.4.7). The exterior buffer thus would increase 
the riparian area in which generation of large conifer trees, as potential sources of coarse 
woody debris, would occur. Timber harvest in the exterior buffer, which on average 
would be comparable to a light partial harvest (i.e., 33 percent removal by volume per 
rotation), should retain an adequate source of large conifer trees for eventual recruitment 
to the stream. In areas where hardwoods dominate riparian forests, efforts would be 
emphasized to manipulate stands such that a more natural balance of hardwood and 
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conifer densities be achieved. Stand conversions would occur only where physically and 
ecologically feasible. Since the primary objective of the exterior buffer is to promote 
robust, windfirm trees that shield the interior-core buffer from external disturbances (e.g., 
wind, management activities on adjacent land), the retention of large dominant and co- 
dominant trees would be emphasized. Hence, this alternative also would provide a greater 
source area for long-term recruitment of coarse woody debris to the riparian-forest floor 
than the No Action alternative (see Figure 4.4.1). In addition, this alternative would 
yield greater source areas for recruitment of large downed logs on the flood plains. 
Flood-plain logs are critical for regulating flow velocities and sediment transport, and 
providing off-channel habitat for fish when riparian areas are flooded. 

ALTERNATIVE 3 
The Zoned Forest alternative has the same outcome as the Unzoned Forest alternative. 
Scc '4lternative 2, Section 4.4.2.3~. 

4.4.2.3d Water quality 
As summarized in Section 4.4.2.2g, the principal causes of degraded water quality in the 
OESF are stream sedimentation and water temperatures exceeding state and federal 
water- quality standards. Streamside buffers presently are considered the best mechanism 
for moderating temperature and sedimentation problems in Washington (e.g., J. Schuett- 
Hames, Washington Department of Ecology Southwest Regional Oflice. Water Quality 
Program, Olympia, pers. commun., 1994), provided that buffers are wide enough to: (1) 
reduce the potential for sediment delivery over and above natural background 
sedimentation rates; (2) supply adequate shade to regulate water temperatures; and, (3) 
assure long-term sources of coarse woody debris that will regulate stream flow and 
sediment discharges (see Section 4.4.2.3~). Streamside buffers, however, need to be 
established in conjunction with other water-quality controls (e.g., road-maintenance 
plans, stand hydrologic maturity) to resolve sedimentation and water-temperature 
problems. 

Pesticides and herbicides currently are not used in riparian areas on the OESF. It is 
expected that this regional policy would not be changed under the Unzoned Forest or 
Zoned Forest alternative. 

4.4.2.3d(I) Water quality: Sedimentation and roads 
The Unzoned Forest and Zoned Forest alternatives have a greater potential for regulating 
the frequency and volume of sediment delivery to streams than the No Action alternative. 
Stream sedimentation processes include mass wasting (see alternatives evaluation in 
Section 4.4.2.3a) and surface erosion from hillslopes and roads. Hillslope surfsce erosion 
is a minor factor on the western Olympic Peninsula, whereas road erosion is a dominant 
concern (see Section 4.4.2.2~). 

ALTERNATIVE 1 
The No Action alternative provides a moderate level of protection to streams from 
sedimentation associated with mass wasting {see (I), Section 4.4.2.3a1 and road erosion. - 
An unavoidable consequence of building roads, however, is that the hydrologic regime of 
the hillslope is altered permanently by removing substrate and constructing impervious 
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surfaces to water infiltration. Roads on the OESF, therefore, will continue to impact the 
delivery of water and water-transported sediment to channels regardless of how well they 
are sited, conshucted, maintained, and abandoned. 

Currently, no consistent program exists for monitoring and tracking road-network 
conditions, other than through the recollections of unit foresters, notes on timber-sale 
proposals, road surveys performed approximately every 6 years, and annual requests for 
site repairs (e.g., culvert replacements, ditch cleanouts, landslide clearance). Major road 
constmction and reconstruction generally are performed by the timber buyer, rather than 
the DNR road-maintenance crew. Road construction typically is considered by DNR on a 
harvest-unit basis, often without adequate evaluation of the impact of each road on the 
physical and biological conditions of the watershed as a whole. particularly with respect 
to increasing road densities. Each new road potentially adds an additional conduit for 
water and sediment delivery directly to stream channels, rather than through natural 
pathways (e.g., water percolation to the ground-water table) that create lags in the timing 
and volume of delivery (Harr et al. 1975,1979; Harr and McCorison 1979; Jones and 
Grant in press). Roads effectively expand the stream-drainage density, in some cases by 
an order of magnitude, particularly during periods of high discharge (e.g., Grant 1986). 

ALTERNATIVE 2 
The Unzoned Forest alternative likely would provide a moderate to high level of 
protection to streams fiom mass wasting (see (2), Section 4.4.2.3a) and road erosion. 
Larger buffers (i.e., interior and exterior buffers combined) under this alternative would 
contribute substantially toward reduction of overland sediment runoff from surface- 
erosion sites (e.g., roads, yarding and skidder trails, ground-based harvest units) outside 
the riparian buffers, based on present understanding of the relationships between 
sediment-travel distance. vegetation density, and sediment-delivery potential (e.g. see 
Megahan and Kidd 1972; Reid and Dunne 1984; Burroughs and King 1989). Greater 
overland transport distances and vegetation density generally correspond to a decreased 
potential for sediment delivery to streams. In addition. comprehensive road-maintenance 
plans would provide greater assurance that surface-erosion and water-drainage problems 
associated with roads would be evaluated and corrected, such that the likelihood of 
sediment delivery to channels via overland transport and road drainages would be - 
reduced. Furthermore, this alternative provides a strategy for minimizing new road 
construction via long-term landscape planning (described in the draft HCP). 

ALTERNATIVE 3 
The Zoned Forest alternative has the same outcome as the Unzoned Forest alternative. 
See Alternative 2, Section 4.4.2.3dtl). 

4.4.2.34(2) Water quality: Temperature 
The No Action. Unzoned Forest, and Zoned Forest alternatives potentially provide the 
same level of protection to stream temperatures, via forest-canopy shade supplied by 
interior-core riparian buffers, although the latter two alternatives may result in slightly 
greater protection via the application of an exterior-wind buffer. The intent of the outer 
buffer is to help reduce the potential for blowdown; windthrow often compromises the 
ability of the inner buffer to maintain windfirm stands that provide adequate stream 
shade. Stream water temperatures are regulated by the amount of canopy cover provided 
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year-round and by the channel surface area exposed to solar radiation which is, in tum, 
affected by the channel width relative to its depth. Sediment aggradation is a principal 
cause of stream widening on the OESF and is being addressed via reductions in the 
frequency, volume. and timing of mass-wasting and surface-erosion events (see Section 
4.4.2.3d(l)). Year-round canopy cover is important for insulating streams from summer 
heat and fluctuations in winter temperatures. 

ALTERNATIVE I 
The interior-core buffers established by the No Action alternative potentially are wide 
enough to supply 80 to 100 percent of stream shade, provided that streamside canopies 
are dominated by mature conifers. This evaluation is based on a comparison with buffer 
widths recommended by several studies in the Pacific Northwest for meeting stream 
shade requirements (Steinblums 1977: Steinblums ct al. 1984; Beschta et al. 1987). 
Riparian buffers are described as potentially wide enough to provide shade because many 
currently provide inadequate stream shade on a year-round basis. At least 70 percent of 
riparian forests on DNR-managed land are dominated by deciduous species or immature 
conifers. Hence, it might take from 20 to 100 years to regenerate conifer-dominated 
forests capable of supplying sufficient canopy cover to moderate stream water 
temperatures. 

ALTERNATIVE 2 
Similar to the No Action alternative, the interior-core buffers established by the Unzoned 
Forest alternative potentially are wide enough to supply 80 to 100 percent of stream 
shade, provided that streamside canopies are dominated by mature conifers. Under this 
alternative, proposed exterior buffers are expected to provide additional canopy cover in 
riparian areas offering less than 100 percent shade availability. There is little difference 
among the alternatives with regard to meeting water-temperature objectives although the 
Unzoned Forest alternative may provide slightly greater protecQon to the physical 
integrity of the interior-core buffer via the exterior wind buffer. Therefore, all 
alternatives are expected to permit regeneration of streamside forest canopies, over time, 
that will maintain stream temperatures within acceptable ranges for sustaining fish and 
macroinvertebrate populations. 

ALTERNATIVE 3 
The Zoned Forest alternative has the same outcome as the Unzoned Forest alternative. 
See Alternative 2, Section 4.4.2.3d(2). 

4.4.2.3e Water quantity (stream flow) 
Given the fact that the assumed relationships between timber harvest and watershed 
hydrologic regimes are largely hypothetical (see Section 4.4.2.2g(4)), discussions of the 
various alternatives with respect to their effect on water quantity are speculative. The 
potential for regulating the quantity and timing of surface runoff to streams in the OESF 
probably is relatively greater with the Unzoned Forest alternative than with the No Action 
or Zoned Forest alternatives. Regulating road-surface runoff and hydrologic functioning 
of watershed forests are primary issues in the No Action and two OESF action 
alternatives. 



ALTERNATIVE 1 
The No Action alternative probably has a relatively small chance of regulating road- 
drainage volumes because there are thousands of miles of active and inactive roads 
which, under current operating policies and costs, cannot be maintained adequately by 
DNR road crews. In addition, maintenance on a considerable proportion of roads on 
DNR-managed lands in the Experimental Forest is largely dependent on road-use 
contracts associated with individual timber sales, whicb means that road-drainage 
problems sometimes are not rectified in a timely fashion. Inactive or abandoned roads are 
not maintained on a routine basis. New roads are built without evaluations of the existing 
road densities and the potential for affecting peak and low stream flows with the addition 
of new ditchlines. 

The No Action alternative similarly has a small probability of regulating water yields 
associated with timber harvest. The DNR state-lands program has no programmatic 
sponsorship of the Washington Forest Practices Board (1995) watershed analysis, which 
is the primary regulatory vehicle by which management-related changes in hydrologic 
regimes are detected and corrected. Hence, regulatory watershed analyses are not 
scheduled according to any time line and may not be initiated for years to decades. 
DNR's Olympic Region currently has no other methods for analyzing water-quantity 
processes and creating management strategies to address identified problems. Even 
though the forest practices methods have not been tested through application over time 
and the regulatory watershed analysis process may not be invoked in every watershed, the 
hydrology module developed for that process is the tool most likely to be used by the 
region during landscape planning when water quantity is an issue. 

ALTERNATIVE 2 
The Unzoned Forest alternative is expected to better regulate hydrologic maturity and 
road-drainage functions and densities than the No Action alternative. Under the Unzoned 
Forest alternative, silvicultural practices would include clearcuts and partial cuts. 
However, since its long-range intent is to disperse such practices, the Unzoned Forest 
alternative likely would reduce the discrepancies in average stand ages, structures, and 
compositions across the OESF. The working hypothesis is that clearcut patches would be 
fewer, smaller, more broadly spaced, and better integrated with partial-harvest units and 
habitat conservation areas than under the No Action or Zoned Forest alternatives. As a 
result, water yields possibly would be more adequately controlled than currently is the 
case, particularly in the many 500-acre or larger watersheds that have been harvested 
entirely during the last decade. In addition, comprehensive mad-maintenance plans 
would assure routine monitoring and maintenance of road ditches and cross drains, as 
well as analyses of the effects of adding new roads to the transportation network. 

The Unzoned Forest alternative would provide new knowledge of water issues in the 
proposed Experimental Forest. A priority research goal would be to gain a better 
understanding of hydrologic processes on the western Olympic Peninsula that would yield 
more sound, long-term approaches to managing water resources. 

ALTERNATIVE 3 
Comprehensive road-maintenance plans under the Zoned Forest alternative likely would 
reduce the potential for road-drainage problems, similar to the Unzoned Forest 
alternative. Experimentation and research would also improve understanding of 
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hydrologic processes and impacts of forest management on water quantity. Conservation 
and management strategies, however, would tend to promote intensive harvest (i.e., 
clearcuts) in the uplands to compensate for restricted silvicultural opportunities in the 
habitat conservation areas. Concentrating intensive harvest in certain portions of the 
landscape likely would contribute toward measurable changes in the hydrologic regimes 
of those areas Hence, this alternative would probably provide greater regulation of water 
volumes and discharge rates than would the No Act~on alternative, but less control than 
the Unzoned Forest alternative. 

4.4.2.3f Nutrient productivity 
ALTERNATIVE 1 
Present understanding of nutrient cycling and the effects of forest management on 
nutrient budgets is limited. Based on the information supplied in Section 4.4.2.211 with 
regard to nutrient productivity, however, it appears that the No Action alternative would 
provide some level of detrital nutrients to stream channels via the interior-core buffers. 
This evaluation assumes that forests along the stream bank are primary sources of 
dissolved nutrients and organic detritus (e.g., woody debris, leaves, needles, insects) 
delivered directly to streams. Given that a complete understanding of nutr~ent cycles is 
lacking in managed and unmanaged landscapes, however, the long-term success of any 
action altemative in maintaining nutrient productivity is uncertain. It is expected that the 
No Action alternative would maintain nutrient input from sources proximal to stream 
banks because streamside forests would be managed to produce mature, compositionally 
and structurally diverse stands. In addition, small-order streams are protected with 
riparian buffers, which enhances their ability to generate and deliver nutrients to the 
watershed channel network. 

ALTERNATIVE 2 
The Unzoned Forest Alternative is expected to afford relatively the same level of 
protection to nutrient sources as the No Action alternative, via the interior-core buffers. 
The addition of exterior buffers might enhance the urotection of nutrient sources. - 
especially if wind or other externally generated disruptions of physical and biological 
processes in interior-core buffers is a factor. In addition, this alternative could imvrove 
nutrient productivity and delivery to streams because it incorporates a long-term strategy 
for enhancing the future biodiversity of riparian forests. Loss or degradation of interior- 
core buffers could have detrimental effects on nutrient productivity and cycling. 

ALTERNATIVE 3 
The Zoned Forest alternative has the same outcome as the Unzoned Forest altemative. 
See Alternative 2, Section 4.4.2.3f. 

4.4.2.39 Microclimate 
The ability of r~parian buffers to moderate climatic conditions in the transitional areas 
between terrestrial and aquatic environments depends on their lateral and longitudinal 
extent relative to the scale of the watershed, as well as the proximity and intensity of 
natural and management-related edge effects. Few data are available from the western 
Olympic Peninsula, or elsewhere in the Pacific Northwest, pertaining to the effects of 
forest management on riparian microclimate conditions. Studies in upland forests (Chen 
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et al. 1992, 1993) show, however, that patch sirs and configuration, orientation relative to 
prevailing wind directions, and stand ages, among other factors, influence key 
microclimate parameters. These parameters include relative humidity. light and wind 
penetration, and air and soil temperatures. It is assumed that these microclimate 
functions are important in riparian forests on the Experimental Forest as well. 

ALTERNATIVE 1 
The No Action alternative is expected to provide some of the key parameters controlling 
microclimate by eventually establishing mature, compositionally and structurally diverse 
riparian forests on most streams (i.e.. approximately 94 percent) in the OESF. Wider 
buffers than employed in past decades, as well as establishing buffers where they did not 
exist previously, would contribute toward moderating air and water temperatures and 
relative humidities. Current buffers do not protect microclimate adequately in many 
instances. For example, establishing functional microclimate buffers on streams might 
take as much as 100 years in some areas where mature forests are nonexistent on one or 
either side of the channel. It is unknown how effective inierior-core buffers might be in 
regulating microclimate; however, generating mature riparian buffers along most streams 
should improve future microclimate conditions over present ones. 

ALTERNATIVE 2 
A primary working hypothesis of the Unzoned Forest alternative is that riparian 
microclimate would be improved by placing dual buffers (i.e., interior-core and exterior) 
on both sides of streams, and by minimizing edge effects associated with land 
management activities adjacent to riparian buffers. The Unzoned Forest alternative 
provides wider buffers, with the interior and exterior buffers combined, than the No 
Action alternative. Hence, it is expected to provide better regulation of microclimate 
parameters than current practices. In addition, the experimental approach to designing 
exterior buffers in conjunction with adjacent harvest units, and rigorous research in 
exterior buffers, are expected to improve scientific and management understanding of 
microclimatic processes in riparian environments. 

ALTERNATNE 3 
The Zoned Forest alternative has the same outcome as the Unzoned Forest alternative 
See Alternative 2, Section 4.4.2.3g. 

4.4.2.3h Riparian system functions 
The Unzoned Forest and Zoned Forest alternatives potentially provide greater protection 
to combined physical and biological functions of riparian systems than the No Action 
alternative. Buffers applied under any alternative require adjustment on the ground to 
ensure adequate protection of physical and biological processes at each site. The methods 
for evaluating and adjusting buffer widths under the OESF action alternatives, however, 
ensure a more systematic and interdisciplinary analysis of conservation measures 
necessary to accommodate riparian functions and the complex interactions between 
physical and biological processes in riparian systems. 

ALTERNATIVE 1 
Under the No Action alternative, riparian buffers typically are established by applying the 
Washington Forest Practices (1995) Rules minimums for Forest Practices RMZs and then 
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expanding these riparian zones to incorporate mass-wasting processes on a site-by-site 
basis (see discussion of average interior-core buffer widths, Section 4.4.2.2b). These 
evaluations generally do not analyze all known important physical and biological 
functions of riparian areas in any systematic fashion. Consequently, some buffers 
established on the basis of mass-wasting concerns might not provide adequate protection 
for other key riparian functions (e.g., debris inputs, microclimate regulation). In general, 
the No Action alternative is expected to provide some moderate level of protection for 
stream and stream-bank physical and biological processes in most cases. However. 
process interactions between the streamside and flood plaidriparian environments might 
not be incorporated by buffer protection in some instances. 

ALTERNATIVE 2 
The Unzoned Forest alternative provides a more systematic and scientifically rigorous 
method than the No Action alternative for evaluating riparian conservation needs to 
achieve successful protection of known key physical and biological functions and their 
interactions. The process for designing buffers under this alternative would involve 
applying standard buffer widths, as determined by the statistical analysis described in 
Sections 4.4.2.2b (interior-core buffers) and 4.4.2.313(4) (exterior buffers), and adjusting 
them on the ground to meet site requirements. This process would provide greater 
assurance, than does the No Action alternative, that buffers would be sufficiently wide to 
accommodate an assemblage of functions and processes on a site-by-site basis, 
particularly where unstable channel margins and hillslopes are not a factor. Figures 4.4.4, 
4.4.5, and 4.4.6 demonstrate one of several potential scenarios for adjusting buffer widths 
to accommodate site conditions. Figure 4.4.4 shows the application of interior-core and 
exterior buffer widths, as standard measures. to a segment of the Clallarn River and its 
tributaries. Figure 4.4.5 compares these buffer widths with a riparian buffer designed 
solely to protect unstable channel banks and adjacent billslopes; the latter was developed 
from a field-verified mass-wasting inventory of the area. Figure 4.4.6 shows one example 
of how standard buffer widths (i.e., Figure 4.4.4) could be adjusted to accommodate 
mass-wasting sites and wind protection on the ground. The resulting buffer in this 
scenario is the outermost line at any given site on Figure 4 4.5. as is represented in Figure 
4.4.6. This figure shows one possible contiguration that actually would be implemented 
to meet riparian conservation objectives for maintaining physical and ecological functions 
of the riparian system. Another possible configuration would involve adding the standard 
exterior (wind) buffer to an interior-core buffer designated on the basis of field-verified 
mass-wasting inventories (i.e., Figure 4.4.3 with an added exterior wind buffer). The 
ultimate buffer designation, however, likely would be some combination of these 
configurations, as determined via field analyses, that yielded adequate protection for 
mass-wasting sites, key physical and biological riparian functions, and riparian stands 
prone to windthrow. 

The Unzoned Forest alternative also provides an avenue for gaming better knowledge of 
the complex interactions between physical and biological processes in riparian 
environments. Research and long-term monitoring are expected to yield information that 
would contribute toward improved scientific and management understanding of riparian 
systems. 
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ALTERNATIVE 3 
The Zoned Forest alternative has the same outcome as the Unzoned Forest alternative 
See Alternative 2, Section 4.4.2.3h. 

4.4.2.3i Cumulative effects 
Section 4.4.2.2i describes current conditions, present and expected actions, and 
anticipated effects of such actions with respect to cumulative impacts across all land 
ownerships on the western Olympic Peninsula. 

ALTERNATIVE I 
The No Action alternative provides greater protection to riparian resources and likely has 
a greater potential for reducing cumulative impacts of forest practices than do current 
practices on other nonfedaral forest lands, which typically meet or fall below Washington 
Forest Practices Rules minimums (see Section 4.4.2.2i). Future management plans of 
private and tribal landowners are not known to DNR; it is unknown whether other 
nonfederal landowners will develop HCPs for their lands or deviate substantially from 
management via forest practices rules minimums. The No Action altemative probably 
provides less protection to riparian resources and potential cumulative impacts of forest 
practices than does the President's Forest Plan for Late-Successional Reserves in 
Olympic National Forest because riparian buffer widths are smaller and relatively more 
timber volume will be removed from DNR-managed riparian forests. 

Current degraded aquatic and riparian habitat throughout managed lands on the OESF 
suggest that private, state, tribal, and federal entities have not provided adequate riparian 
protection in the past. The No Action altemative, President's Forest Plan. and new 
Washington forest practices assessment guidelines for riparian functions (WFPB 1996), 
as well as new regulations that could be formulated from these guidelines, will contribute 
measurably toward long-term reduction in cumulative impacts. In the short term (e.g., 
next several. decades), however, stream and wetland systems throughout the Experimental 
Forest will continue to exhibit lingering health problems associated with past 
management practices; that is, management-related landslides, road failures, and stream 
aggradation will persist for some time as a result of the lag effect in hillslope and channel 
response to disturbance events. 

Stream buffers on DNR-managed lands are expected to reduce cumulative impacts of 
forest management by: (1) minimizing sedimentation associated with landslides and 
channel-bank erosion to streams. wetlands, and estuaries; (2) enhancing sources of coarse 
woody debris and shade for streams and wetlands; and, (3) restoring or retaining mature, 
compositionally and structurally diverse streamside and wetland forests capable of 
providing bank stability. habitat components, some degree of wind and microclimate 
protection, and buffering of management-related disturbances on adjacent uplands. These 
positive effects complement riparian conservation strategies on adjacent national forest 
and vark lands. The No Action alternative should reduce the basinwide cumulative 
effects by minimizing riparian and aquatic disturbances from DNR-managed lands. 
Cumulatively, DNR and federal agencies control slightly more than half of the land base - - .  
in the OESF: Whether improved conditions on these lands can compensate for or 
influence substantially disturbances associated with more intensive resource extraction 
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and management on private timberlands is uncertain. However, improving riparian 
conditions on more than half of the land base is expected to contribute positively toward 
the enhancement and restoration of river and wetland systems as a whole in the 
Experimental Forest. These lands undoubtedly will not be subjected in the future to the 
level and intensity of riparian and aquatic disturbances observed from intensive timber 
harvest in the 1970s and l980s, so that riparian conditions can only improve with hmc. 

ALTERNATIVE 2 
The Unzoned Forest alternatives likely has a greater potential for reducing management- 
related disturbances on DNR-managed lands in the OESF than the No Action alternative. 
This alternative likely would contribute more toward minimizing cumulative effects in 
the long term because there is greater assurance that the integrity of riparian forests will 
be maintained via the combined interior-core and exterior buffers. These buffers are 
expected to reduce the frequency and intensity of harvest and road building impacts from 
upland areas on riparian and aquatic habitat, as well as the catastrophic effects of 
windstorm disturbances. Enhanced wetland protection under the Unzoned Forest 
alternative would also lower the rate and intensity of manapement-related im~acts to - 
watershed hydrologic regimes and important riparian habitat. In addition, comprehensive 
road-maintenance plans would substantially improve control of sediment and water 
delivery from roads by making routine inspections and timely maintenance a priority 
management practice. 

Given that the Unzoned Forest alternative would more successfully minimize cumulative 
effects on DNR-managed lands, it is likely that this alternative would contribute more 
substantially toward reducing landscape-wide cumulative effects in the long term. 
Greater protection of riparian fimctions and processes on DNR-managed lands potentially 
would enhance the positive effects of riparian conservation on Late-Successional 
Reserves and in national park wilderness, as well as offset, to some degree, the continued 
impacts resulting from lesser protection on private and tribal timberlands by providing 
healthy habitat and refugia. Intact riparian corridors between DNR-managed lands and 
adjacent federal lands would improve short- and long-term sustainability of aquatic and 
riparian habitat. For example, since the majority of destructive landslides and debris 
flows originate on steeper ground managed by the national forest and DNR, minimization 
of such disturbances would reduce the potential for basinwide stream sedimentation and 
estuary infilling that occurs regardless of management practices on private and tribal 
lands. 

Like the No Action alternative, the Unzoned Forest alternative is expected to contribute 
toward reduction in basinwide cumulative effects over the long term. The same adverse 
impacts associated with past management legacies. however, are expected regardless of 
which alternative is implemented. Limited monitoring has occurred on private, state, and 
federal lands in the OESF; therefore, the ability to assess quantitatively the effect of past, 
present, and foreseeable future actions currently does not exist. 

ALTERNATIVE 3 
The Zoned Forest alternative has the same outcome as the Unzoned Forest alternative. 
See Alternative 2, Section 4.4.2.3i. 



Table 4.4.1 : Comparison of regulated Forest Practices RMZ 
widths (WFPB 1995~)  with riparian-buffer 
widths established by current practices to 
protect unstable ground in some areas of the 
OESF (i.e., 55 percent of state-managed lands 
in the Experimental Forest). 

Riparian buffer widths in the latter category are given as statistical means, plus or minus a 
standard deviation. (hd = horizontal distance; sd = slope distance) The number of 
samples ranged from 100 to 300 for each stream type. 

Riparian buffer widths 
(current practices) 

mean = 141-146 hd 
1461 140 ft slope 

distance (sd) 

Stream type 

1 
stream width 175 ft. 

1 
stream width <75 ft. 

2 
stream width >75 ft. 

2 
stream width <75 ft. 

RMZ widths 
(Forest Practices criteria) 

100 ft. 
horizontal distance (hd) 

75 ft. hd 

3 
stream width >5 ft. 

3 
stream width <5 ft. 

Blanks are place-holders for standard deviations; numbers will be added during editing following 60-day 
public comment period. 

100 ft. hd 

75 ft. hd 

4 

5 
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mean = 131-136 ft hd 
136*-' ft. sd 

50 ft. hd 

25 ft. hd 

mean = 88-95 ft. hd 
9 5 ~ '  ft. sd 

NIA 

NIA 

mean = 78-96 ft. hd 
96*-' f t  sd 

mean = 85-105 fi. hd 
1051t ' ft. sd 



Table 4.4.2: Status of known fish stocks in the Olympic 
E~~erimentaI State Forest (modified from WDF 

The following fish stocks are listed by genetic stock, type of stream run, and health status. 
as per the Salmon and Steelhead Stock Inventory (WDF et al. 1993). DNR's Olympic 
Region entered into a verbal agreement with affected Native American tribes, the 
Washington Department of Fish and Wildlife, and the Korthwest Indian Fisheries 
Commission to work toward protection of listed salmon and steelhead stocks. 

CLASSIFICATION: Genetic stock: Native or Non-native 
Type of Run: Wild, Composite, or Cultured (e.g., hatchery) 
Stock status: HEALTHY, CRITICAL, DEPRESSED, EXTINCT, 

UNKNOWN 

' Additional information from the Science Advisory Team, OESF riparian conservation strategy 
(S. C. Shaw, team lead, DNR Forest Practices Division, Olympia, WA) 

Summer 
Steelhead 

Cutthroat 

Merged EIS, 1998 

Present' 
UNKNOWN PEPRESSED 



Table 4.4.2 cont'd: Status of known fish stocks in the 
Olympic Experimental State Forest 

Species 

Fall Chinook 

Spring Chinook 

Summer 
Chinook 

Fall Chum 

Coho 

Summer Coho 

Fall Coho 

Sockeye 

Winter 
Steelhead 

Summer 
Steelhead 

%throat 

River. Stream. or Lake 

Sekiu Sail Waatch 

NEAR 
FXTINCTION 

Native N 
Wild 
UNKNOWN I 
Mixed Mixed Mixed 
Wild Wild Composite 

Native 
Wild 

Sooes Ozette 

Native 
Cultured 

Cultured Wild 

Mixed Mixed 

Native 
Wild 
DEPRESSE 

Native 
Wild 

' Additional information from the Science Advisory Team, OESF riparian conservation strategy 
(S. C. Shaw, team lead, DNR Forest Practices Division, Olympia, WA) 
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Table 4.4.2 cont'd: Status of known fish stocks in the 
Olympic Experimental State Forest 

Species 

Fall Chinook Native Native 
Wild Wild 
HEALTIN HEALTHY 

Spring Chinook I 
Summer Native 
Chinook Wild 

HEALTHY 

Fall Chum Native Present' 
Wild UNKNOWN 
UNKNOWh' 

Fall Coho Native 
Wild 

Sockeye I 
I 

Winter Native Native 
Steelhead Wild Wild 

HEALTHY HEALTHY 

Summer 
Steelhead 

I I 
kdditional information from the Science Advisor* 

(S. C. Shaw, team lead, DNR Forest Practices Divis 

, Stream, or Lake 

Sol Due Lake Bogachiel 
Pleasant 

Native Natrve 
Compostte Wild 
HEALTHY HEALTHY 

Nan-Natr%e 
Composite 
HEALTHY 

Native Native 
Wrld Wild 
HEALTHY HEALTHY 

Present' Present' 
UNKNOWN UNKNOWN 

Present' 

Native 
Compos~te 
HEALTHY 

Native Native 
Composite Wild 
HEALTHY HEALTHY 

Native 
Wtld 
UNKNOWN 

Native Present' 
Wild UNKNOWN 
HEALTHY 

Unresolved Unresolved 
Wild Wild 
UNISNOWli 

Present' Present' 
LINLVOk'N I I UNLiOlVN 
'eam, OESF rtparian conservation strategy 
sn, Olympra, WA) 
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Table 4.4.2 cont'd: Status of known fish stocks in the 
Olympic Experimental State Forest 

River, Stream, or Lake 
I I C 

II Fall Chinook Native Native I Wild I Wild 1 
II HEALTHY HEALTHY 

II Spring Chinook I Native I Wild I 
R HEALTHY 

Summer Native Native 
Chinook Wild Wild 

Unknown 
Unknown 
UNKNOWN 

Native 
Wild 
HEALTHY2 

Native 
Wild 
UNKNOWN 

Summer Coho 

Fall Coho Native 
Wild 
HEALTHY 

Sockeye 

Winter Native Native Native 
Wild 
UNKNOWN 

Unresolved Native 1 Steelhead Wild Wild 1 
UhTKNOW UNKNOWN 

Cutthroat 

Queets Clearwater 

Native Native 
Wild Wild 

Native Native 
Wild Wild 
DEPRESSE DEPRESSE 
D D 

Native Native 
Wild Wild 
DEPRESSE DEPRESSE 
D D 

Unknown 
Unknown 
UNKNOWN 

Native Native 
Composite Composite 
HEALTHY HEALTHY 

Native Native 
Wild Wild 
HEALTHY HEALTI-IY t 
Native Native 
Wild Wild 

' Additional information from the Science Advisor). Team, OESF riparian conservation strategy 
(S. C. Shaw, team lead, DNR Forest Practices Diuision, Olympia, WA) 
' Status of stocks in Goodman and Mosquito Creeks (part of Usual and Accustomed Area for the 
Hoh Tribe) unknown 

ffected Env~ronment Merged EIS, 1998 



Table 4.4.3: State-listed plants likely to occur in riparian 
areas within the Olympic Experimental State 
Forest 

The following species are listed as endangered, threatened, sensitive. and in need of - 
monitoring b; the Natural Heritage Program (DNR 1994a), correlated with habitat and 
range information from Buckingham and Tisch (1979). For the purposes of this analysis, 
the term "riparian" is applied to wetlands and streams. 

CLASSIFICATION: T: Threatened 
S: Sensitive 
M: Monitor 

(MI, M2 = status unknown, more data needed; M3 = more abundant 
andlor less threatened than previously assumed) 

Species Name 

Anemone oregana var 
fe1ix 

A~oserrs elata 

1  opti is mplen@i~a Spleenwort goldthread S facultative' 

Botrychrum lanceolatum 

Caltha asarrfolra 

Carex anthoxanthea 

Carex huxbaumn 

Common Name 

Oregon anemone 

Tall agoserts 

Lance-leaved grapefern 

Caltha palustris 

Yellow-flowered sedge 

Buxbaum's sedge 

Crassula aquatica 

Eppactrs grganfea 

Merged EIS, 1998 

Rarity Status 

M3 

S 

Erythronium revolutum I Pink fawnlilly 

Indicator Status 

obligate' 

S 

M3 

S 

S 

Aquatic pygmy-weed 

Giant hellehorine 

S 1 facultative2 

facultative wetland2 

obligate2 

obligate' 

obligate2 

1 ' estimates based on field observations and examinations of voucher specimens and data supplied 
by other collectors Cpj. M. Buckingham, retired, Port Angeles, WA, pen. commun. to J. Gorsline, 
OESF Science Advisory Team, 1995) 
' Reed 1988, 1993 

M3 

S 

obligate2 

facultative wetland2 



Table 4.4.3 coned: State-listed plants likely to occur in 
riparian areas within the Olympic 
Experimental State 
Forest 

11 Species Name I Common Name I Rarity Status Indicator Status 1 
, I ,i 

/I Fawia crista-palti I Deer cabbage I M3 I obligate' 11 

II Hydrocotyle Water-pennywort I 1 obligate2 
ranunculoides 

- 
var. crista-galli 

- 

fl Polenxmrum carneum I Great polemonium T I facultative' 

- 

Plantago macrocarpa 

Poa laxijlora 

Poa marcida 

11 Scirpus atrocinctus I Black-girdled wool- I M3 I obligate2 

Sidalcea hendersonii facultative wetland2 

I 

Alaskan plantain 

Loose-flowered 
bluegrass 

Withered bluegrass 

I estimates based on field observations and examinations of voucher specimens and data 
supplied by other coilectors (N. M. Bucktngham, retired, Port Angeles, WA. pers. commun. to J 
Gorsline, OESF Science Advisory Team, 1995) 

Reed 1988. 1993 

S I obligate' Gentiana douplasiana 
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Swamp gentian 

S 

T 

M3 

obligate2 

facultativei 

facultative wetland2 



Table 4.4.4: Water-quality-limited streams in the Owmpic 
Experimental State Forest, 

These streams are listed as water-quality-limlted under Section 303(d) of the Clean Water 
Act, by the Washington Department of Ecology (1994) acting under the direction of the 
U.S. Environmental Protection Agency. 

WA- 19-1 040 

ittle Hoko River 

WA-20-2 150 

WA-20-2200 

WA-20-2270 

WA-20-2280 

Nolan Creek 

Anderson Creek 

WA-20-2300 I Willoughby Creek f Temperature 

Temperature 

Temperature 

Winfield Creek 

WA-20-2330 1 Rock Creek 

WA-20-2350 

WA-20-2400 

Merged EIS, 1998 Affected Environment 

Temperature 

Temperature 

WA-20-2500 

WA-20-2600 , 

Tower Creek 

Maple Creek 

Alder Creek Temperature 

Temperature 

Temperature 

Owl Creek 

Canyon Creek 

I 

Temperature 

Temperature 



Table 4.4.4 cont'd: Water-quality-limited streams in the 

Stream Segment 
Number 

WA-20-5010 

WA-20-5 100 

WA-20-5200 

Stream Name 

Coal Creek 

WA-20-5300 

WA-20-62 10 
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Parameters Exceeding 
Standards 

Temperature 

Dickey River, W.F. 

Dickey River. E.F. 

WA-20- 1 100 

WA-20-3000 

Temperature 

Temperature 

Dickey River, M.F 

Dickey River, N F. 

Temperature 

Temperature 

L 

Coal Creek 

Kalaloch Creek 

Temperature 

Temperature 



Table 4.4.5: Average riparian-buffer widths, rounded up to 
the nearest 10 feet, derived from a statistical 
analysis of buffer protection previously applied 
to about 55 percent of state-managed lands on 
the OESF (see text for discussion) 

Widths are expressed for each stream type as average horizontal distances measured 
outward from the active 100-year floodplain margin (generally coincident with the active 
channel margin in the OESF) on either side of the stream. 

Stream type 

1 

ll 100 ft. 
1 I/ 

Width of riparian interior-core buffer 
(horizontal distances) 

150 ft. 

2 

3 

Table 4.4.6: Average widths of the OESF exterior riparian 

150 ft. 

100 fi.  

Widths are expressed for each stream type as average horizontal distances measured 
outward from the interior-core buffer on either side of the stream. Widths are proposed 
as a working hypothesis and are based on local knowledge of windthrow behavior. 
Buffer widths and design will be evaluated through experiments in buffer design on the 
OESF. 

Stream type 

I 

2 

Width of riparian exterior buffer 
(horizontal distances) 

150 ft. 

150 ft. 

3 

4 
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150 ft. 

50 ft. 

5 50 ft. 



Table 4.4.7: Comparison of average interior-core buffer 
widths, by stream type, with site potential tree 
heights based on 50-, 100-, and 120-year 
growing periods (see Section 4.4.2.3~ for 
discussionk 

100 ft 105 ft 153 ft 165 ft 

100 ft 105 ft 153 ft 165 ft 

100 ft (est ) 105 ft 153 ft  165 ft 
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Figure 4.4.1 : Schematic example of interior-core and exterior 
riparian buffers placed on a stream in the OESF 

The interior-core buffer includes the active channeljs), channel banks, and unstable ground 
associated with the banks, flood plains, and adjacent hillslopes. The average width is based on a 
statistical analysis of current management practices to protect unstable areas (see text). The 
exterior buffer includes part or all of the channel flood plain and will be designed experimentally 
with the purpose of protecting the interior-core buffer from wind and upland-management 
disturbances. 

*- - - 
Exterior Buffer 
(wind buffer) 

V 
Width set by 
experimental 

design 

Riparian Zone 

lnter~or-core ~ u f f e r  Intertor-core Buffer 
(mass-wastmg buffer) (mass-wasttng buffer) 

--- > 
Exterlor Buffer 
(wind buffer) 

V 
Width set by 
experimental 

design 

Figure not drawn to scale 
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Figure 4.4.2: Schematic example of a riparian buffer on a 

... . , 
,, .. 

The buffer (heavy line) encompasses the channei initiarion poinr and headwall upsiope of it (if :,,, : . , ,  , 

present), the active channel, and the channei banks ourward on either side to the topographic 
break in slope. 

BUFFER 
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Figure 4.4.3: Example of riparian buffers currently beina - 
applied on a portion of the CIaliam River 
landscape to protect unstabte channel banks 

Tiis  mass-wasting inventory was produced using fieid dara and evaluations of historical 
information. 

C l d l m  Ever 
Mass Wasting Potential 

example from the CI&m River Landscape 

Mass Wasking Potential area as defined 
for the Clallm. River Landscape Pian 
Contour Lines, 1% fao: intervals 

OESF Pianzing Document 
M '  3, 1995 
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Figure 4.4.4: Application of interior-core and exterior buffers 
to a segment of the Clallam River and its 
tributaries 

This example assumes rhat average widths are set distances; buffers have uot been adjusted to 
meet site-specific requirements for protecting unstable ground. Interior-core buffers average the 
same dimensions for the No Action and Action alternatives. Exterior buffers are added in OESF 
Alternatives 2 and 3.  

~~~ ~~ 

T-7 
/ External rcpanan buffet 

r.m: 
~~'';'.! 

Interior-core riparian buffer 

T31NRlZW Sec 8 
Scale 1 12.000 

Contour Interval = 40 fee: 
September 18, 1995 
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Figure 4.4.5: Comparison of interior-core and exterior 
buffers combined (dashed line; same as Figure 
4.4.4) with buffers designed in the field to 
protect mass- wasting sites (solid line) 

y7-J : External riparian buffer 

lzQI Mass-wasting buffer 

T31N RI2W- Sec. 8 
Scale 1:12,000 

Contour Interval = 40 feet 
September 18, 1995 
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Figure 4.4.6: One possible example of a buffer configuration 
that results from adjusting interior-core and 
exterior buffers (see Figure 4.4.4) to protect 
known mass-wasting sites (see Figure 4.4.5) 

This buffer would be fine-tuned on the ground to ensure that it meets known site requirements 
for protecting riparian physical and biological functions. 

~~ 
- 

T31N Rl2W - Sec. 8 
Scale 1 :12,000 

Contour Interval = 40 feet  
September 18. 1995 
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Matrix 4.4.2b: Summary of potential environmental 
consequences for OESF riparian strategy 

Alternative 1 - 
No Action 

lass wasting and 
hannel-bank instability 

Moderate to moderately 
high level of protection 
for mass-wasting sites, 
via interior-core 
buffers. Some 
uncertainty that these 
buffers will be adequate 
spatially or temporally 
to protect key physical 
channel and hillslope 
parameters. Sufficient 
protection potentially 
will exist everywhere in 
the OESF when FRP 
implemented fully. 

Variable protection 
from wind disturbances 
of riparian stands, 
ranging from adequate 
to none. No systematic 
or reliable, reproducible 
approach for treating 
wind-prone areas. 

Alternative 2 - 
Unzoned Forest 

Same or greater 
protection than 
Alternative 1. Greater 
protection from 
expanded buffers 
(interior-core and 
exterior combmed). 
Greater protection to 
integrity of interior-core 
buffers (via exterior 
buffers). Greater 
potential for research 
and monitoring to 
improve understanding 
of riparian systems and 
strengthen management 
strategies. 

Greater protection of 
windrhrow-prone 
riparian areas through 
exterior buffers. 
Experiments, designed 
to resolve problematic 
interactions between 
forest management and 
windthrow, will be part 
of research and 
monitoring program. 
Some potential risk for 
loss of buffer 
effectiveness, resultimg 
from experimentation. 
Greater potential for 
increased knowledge 
and long-term 
conservation benefits 
through experimental 
program. 

Alternative 3 - 
Zaned Forest 

Same as Alternative 2. 

Same as Alternative 2. 
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Alternative 1 - 
No Action 

I 
Zoarse woody debris Potentially sufficient 

short- and long-term 
sources of coarse woody 
debris for streams when 
FRP fully implemented. 
Currently, good wood 
sources are nonexistent 
to adeqnate, depending 
on site location. Where 
interior-core buffers 
have been established 
for mass-wasting 
protection, long-term 
recruitment potential is 
adequate. 

iediment and roads Moderate level of 
protectzon to streams 
from sedimentat~on 
(mass wasting and road 
erosion) when FRP fully 
implemented. Road 
mamtenance and repatr 
are adequate on some 
roads, but a large 
percentage stdl cause 
sedlmentatton problems. 

Nater temperature Potentially adequate 
stream shading under 
full implementation of 
FRP. Currently, shade 
availability is highly 
variable due to 
inconsistent riparian 
management zone 
practices (buffers 
nonexistent to adequate, 
depending on site). 

Stream flow Low potential for 
regulating road-drainage 
volumes or water yields 
associated with timber 
harvest 

Alternative 2 - 
Unzoned Forest 

Similar to Alternative 1 
for recruitment from 
interior-core buffer. 
Increased certainty of 
adeqnate supply due to 
expanded riparian 
buffers (interior-wre 
and exterior buffers 
comhimed). More 
certain supply of large 
wood to flood plain and 
riparian forest floor 
over time than 
Alternative 1, due to 
expanded buffers. 

Moderate to high levels 
of protection to streams 
from sedimentation 
(mass wasting and road 
erosion). Greater 
potential for regulating 
frequency and volume 
of sediment delivery to 
streams through 
aggressive maintenance 
program and controls on 
road-network densities. 

Increased certainty of 
adequate shadimg due to 
interior-core huffers, 
exterior buffers in wind- 
prone areas, and an 
emphasis on enhancing 
conifer component and 
canopy structural 
diversity in riparian 
management zones. 

Greatest potential for 
regulating quantity and 
timing of surface runoff 
to streams, minimizing 
impacts associated with 
drainage discharges to 
streams, and regulating 
forest hydrologic 
matnrity. Potential for 
new knowledge through 
monitoring and 
research. 

Alternative 3 - 
Zoned Forest 

Same as Alternative 2. 

Same as Alternative 2. 

Same as Alternative 2. 

Greater regulation of 
water volumes and 
discharge rates than 
Alternative 1, but less 
than Alternative 2. 

ffected Environment Merged EIS, 1998 



lutrient productivity 

licroclimate 

.iparian system 
mctions 

Alternative 1 - 
No Action 

Expected to provide a 
large percentage of 
detrital nutrients to 
stream channels via the 
interior-core buffers, 
provided that FRP is 
fully implemented. 
Expectations are 
qualified by present lack 
of understanding 
regarding nutrient- 
cycling processes. 

~~~~~~~ 

Inadequate in some 
areas, especially where 
buffers are nonexistent, 
insufficiently wide, or 
fragmented. Expected 
to provide protection to 
at least some of the key 
microclimate 
parameters on as much 
as 94% of the streams 
over time, as FRP 
policies become fully 
implemented. 

Moderate level of 
protection in most 
cases, provided that 
FRP is fully 
implemented. 
Currently, the physical 
and biological 
conditions of most 
major stream systems 
are declining; this 
decline will continue 
unless FRP is fully 
implemented. 

Alternative 2 - 
Unzoned Forest 

Increased chance of 
providing adequate 
detrital nutrients via 
combined interior-core 
and exterior buffers, 
and emphasis on 
enhancing future 
biodiversity of riparian 
forests. Increased 
opportunities for 
research and monitoring 
of nntrient-cycling 
processes. 

Increased certainty of 
providing protection to 
microclimate 
parameters, due to 
expanded width of 
buffers (interior-core 
and exterior combined), 
and to improved 
management strategies 
resulting from research 
and monitorin,. in 
riparian buffers. 

Greater potential for 
protection due to more 
systematic and 
interdisciplmary 
approach to designing 
conservation measures; 
more consistent buffer 
strategies; aggressive 
road-maintenance plafs; 
and better integration of 
riparian and upland 
conservation strategies. 

Alternative 3 - 
Zoned Forest 

Same as Alternative 2. 

Same as Alternative 2. 

jame as Alternative 2. 
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