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THE TFW AMBIENT MONITORING PROGRAM 

Introduction 

The TFW Agreement was initiated in 1988 as a result of negotiations between representatives of the 
timber industry, state resource agencies, Indian Tribes and environmental groups. These negotiations 
resulted in agreement on a new forest practices management system which promotes management 
decisions and actions that result in mutual benefits to the timber, fish and wildlife resources. 

A cornerstone of the TFW Agreement is the emphasis on use of scientific information to improve 
management decisions. However, in many cases inadequate scientific information is available to 
provide certainty in decision-making. Consequently, TFW utilizes the concept of adaptive manage­
ment, a process which combines scientific research with on-going evaluation of forest practices and 
allows adjustment of the management system as new information becomes available. 

To develop the scientific information necessary to implement adaptive management, the TFW 
participants established the cooperative monitoring, evaluation and research (CMER) program. The 
Ambient Monitoring project, charged with monitoring changes in the condition of stream channels 
and instream habitat, has been part of the CMER program since its inception. 

Goals of the Ambient Monitoring Stream Survey Project 

The goals of the Ambient Monitoring stream survey project are: 

1. to collect information on the current condition of stream channels in forested areas; 

2. to monitor changes in stream channels over time, and identify trends occurring as a result of 
natural and management-induced disturbance and recovery; and 

3. to generate information which assists in identifying the cumulative effects of forest practices 
over time on a watershed scale. 

The Ambient Monitoring methodology is designed as an iterative monitoring tool. Monitoring 
parameters and methodologies have been evaluated and refined to improve accuracy and repeatabil­
ity and minimize observer bias, enhancing the capability of the methodology to detect and document 
changes in stream channel conditions over time. 

Ambient Monitoring Supports TFW and Watershed Analysis 

The TFW Ambient Monitoring survey methodologies and products have been designed to dovetail 
with the information needs of "Watershed Analysis", the cumulative effects assessment procedure 
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developed by CMER and approved by the Forest Practices Board. The Stream Segment Identifica­
tion Module, the Reference Point Survey, the Habitat Unit Survey, the Large Woody Debris Survey, 
and the Spawning Gravel Fine Sediment Module all provide information that is compatible with the 
fish habitat and channel assessment modules of Watershed Analysis. 

Organization of the TFW Ambient Monitoring Program 

The TFW Ambient Monitoring program is designed to be a cooperative endeavor between CMER, 
TFW cooperators, and other interested parties. All TFW participants, as well as other interested 
parties, are encouraged to participate. 

CMER encourages monitoring by providing funding for development and administration of the 
program, and by providing support services for monitoring cooperators. 

Actual CMER oversight of the TFW Ambient Monitoring Program is the responsibility of the 
Ambient Monitoring Steering Committee (AMSC), which prepares the workplan and oversees 
implementation of the program. Most implementation activities are accomplished by the Northwest 
Indian Fisheries Commission (NWIFC), under contract with CMER through the Washington De­
partment of Natural Resources. 

Products and Services Provided by the Ambient Monitoring Program 

Some of the services provided by AMSC and the NWlFC to participants in the cooperative monitor­
ing program include: 

a. development and evaluation of monitoring methodologies, 
b. training sessions in field methods, 
c. follow-up field assistance and quality control, 
d. development of data forms, 
e. scanning of data forms, 
f. data processing, 
g. preparation of data summaries and reports. 

In addition, monitoring information is provided to CMER and TFW participants. 

The Modular Structure of the Ambient Monitoring Program 

The Ambient Monitoring Program consists of a modular system of standard methodologies orga­
nized around specific parameters or concerns, such as large woody debris. The modular system was 
developed in recognition that stream channel conditions and relevant concerns vary throughout the 
state. This system allows cooperators to identify watershed-specific concerns and information 
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needs, and choose appropriate standard methodologies to develop a custom monitoring program for 
their watershed. The 1993 version of the TFW Ambient Monitoring Manual presents the following 
modules: 

1. Stream Segment Identification Module. This module provides methods for identifying and 
labeling discrete stream segments for Ambient Monitoring and Watershed Analysis purposes; 

2. Reference Point Survey Module. This module provides methods for establishing permanent 
reference locations along stream channels, and for taking photographs, bankfull width and depth 
measurements, and canopy closure readings at these locations; 

3. Babitat Unit Survey Module. This module provides methods for identifying and measuring 
channel habitat units and determining the percent pools for Watershed Analysis; 

4. Large Woody Debris Survey Module. This module provides methods of documenting informa­
tion on the amount and characteristics oflarge woody debris and computing large woody debris 
loading rates for Watershed Analysis; 

5. Spawning Gravel Fine Sediment Module. This module provides methods for sampling and 
characterizing the quality of spawning gravel and for determining the percentage of fine sediments 
less than 0.85mm for use in Watershed Analysis, and; 

6. Stream Temperature Module. This module provides methods for characterizing the maximum 
temperature of a stream reach and for collecting interpretive information on reach characteristics. 

Training, Field Assistance and Quality Control 

This manual is intended as a reference for those collecting information using TFW Ambient Moni­
toring methods. In addition to the manual, the monitoring program offers (and encourages the use 
of) formal training sessions and informal field assistance visits to help cooperators learn and imple­
ment the methodologies. 

The Ambient Monitoring Program also provides a quality control service that involves having an 
experienced crew perform replicate surveys for cooperators. The purpose of quality control surveys 
is to identifY and correct inconsistencies in application of the methods and to provide documentation 
that data being collected is replicable and consistent throughout the state. The quality control 
surveys also help to identifY problems with the methodologies that need to be addressed. 

Data Processing and Outputs 

The TFW Ambient Monitoring Program provides field forms for recording monitoring data. Coop­
erators that use these forms can have their data scanned into a database and will receive both a hard 
copy data summary sheet for each segment surveyed and a copy of their database on floppy disk. 
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Data from all cooperators is stored in a statewide database for use in Watershed Analysis and other 
TFW -related applications. 

For More Information About Participating in the Program 

We encourage organizations interested in conducting stream monitoring to participate in the TFW 
Ambient Monitoring Program and to utilize the services provided. Please contact the Northwest 
Indian Fisheries Commission (1-206-438-1180) for more information concerning the TFW Ambient 
Monitoring Program. 
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STREAM SEGMENT IDENTIFICATION MODULE 

Introduction 

In the TFW Ambient Monitoring system, survey reaches are stratified within a hierarchical frame­
work (Frissell et aI., 1986). The highest level of stratification occurs at the eco-region level, ad­
dressing factors that affect river systems on a watershed scale, such as precipitation, relief, and 
lithology. Typically, eco-regions are large areas, often incorporating several watersheds (or portions 
of watersheds) that share similar climatic, hydrologic, geologic, topographic and vegetational condi­
tions. 

The next level of stratification within the classification system occurs at the stream segment scale. 
Stratification at this level is based on the rationale that given similar watershed conditions and inputs 
to stream channels within an eco-region, the characteristics of the channels will vary in response to 
differences in physical factors such as gradient, channel confinement and stream size (Beechie and 
Sibley, 1990). 

Purpose of the Stream Segment Identification Module 

The purpose of the stream identification module is to: 

1. IdentifY discrete stream segments for conducting monitoring surveys using a system of 
channel and floodplain characteristics compatible with Watershed Analysis. 

2. IdentifY characteristics of stream segments for use in analysis of monitoring information. 

Stream Segment Identification Methodology 

This section describes procedures for identifYing and delineating stream segments for TFW Ambient 
Monitoring purposes and describes documentation of additional information on segment characteris­
tics. 

The stream segment classification procedure divides river systems into discrete survey segments 
based on stream gradient, channel confinement (ratio of valley floodplain width:bankfull channel 
width), and the location of tributary junctions. 

The procedure for delineating stream segments involves two steps: 

1. an initial step using information from topographic maps and aerial photographs to 
identifY major tributary junctions, determine stream gradient and estimate channel 
confinement, and; 

2. field verification of mapping information, particularly the initial channel confinement 
estimate. 
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Equipment Needed 

Segment summary fonns (Fonn I) 
USGS topographic maps (7.5 minute maps work best, if available) 
Aerial photos (helpful but not necessary) 
Map wheel or gradient template 
Architect scale 
Colored pens or pencils 
Fiberglass tape or rangefinder (metric) 

Determining Tributary Junctions 

First, identify all significant tributary junctions in the river system. Tributaries supply additional 
water and sediment loads which result in changes in channel morphology. Consequently, channel 
characteristics often change below the confluence of significant tributaries (Richards, 1980). 

Begin by making photocopies of the USGS 7.5 minute topographic maps for the watershed. Deter­
mine the stream order of the channels using the Strahler method described in Dunne and Leopold 
(1978; pages 498-499). In this system, small headwater streams that have no tributaries (depicted as 

Fig. I. Example of a stream system broken into segments based on stream 
order criteria. 
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blue lines on the map) are desig­
nated as first-order streams. 
When two first-order streams 
meet they form a second-order 
stream. Where two second-order 
stream join they form a third­
order stream, and so forth. The 
stream order changes only when 
two streams of equal order meet, 
so the confluence of a lower 
order tributary does not alter the 
order of a larger stream (Figure 
1). 

Note all tributary junctions where 
the stream order of the tributary 
is the same, or the next smaller 
order, as the main channel. In 
addition, note any smaller tribu­
tary junctions where you are 
aware of changes in factors such 
as sediment load, channel width, 
or channel morphology. Mark all 
the appropriate tributary junc­
tions on the working copy of 
your map. 
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Determjning Stream Gradient 

Next, determine stream gradients and break the stream system into smaller segments based on the 
following six gradient categories: 

Fig. 2. Example of a stream system broken into 
segments based on gradient criteria. 
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Category I ::; 1% 
1% > Category 2 ::; 2% 
2% > Category 3 ::; 4% 
4% > Category 4 ::; 6% 
6% > Category 5 ::; 17%. 
17% > Category 6 

Highlight the stream channels and mark where 
each contour line crosses the stream channel with 
a colored pencil or pen (Figure 2). 

Gradient is determined by dividing the difference 
in elevation (rise) over the horizonal distance 
(run). There are several ways to determine 
stream gradient from a topographic map. 
In situations where the stream channel is rela­
tively straight, the gradient category can be 
determined by using a clear plastic sheet marked 
at intervals corresponding with the breaks be­
tween the seven gradient categories. Overlay this 
template on the stream channel and compare the 
distance between the marks with the distance 
between the points where the contour lines cross 
the stream channel. The distance between the 
marks will depend upon the scale of the map and 
the elevation difference between contour lines 
(which often varies between adjacent USGS 
topographic maps). To calculate the distance 
between marks for each gradient break, divide 
the contour interval used on the map by the 
desired gradient (expressed as a decimal). For 
example, on a USGS 7.5 minute topographic map 
with 40 foot contour intervals, the distance 
between contour lines at 1 % gradient would be 
40 feet 1.01 = 4,000 feet. Then, from the map 
legend, determine the actual distance in inches 
corresponding to 4,000 feet and mark the tem­
plate at that distance. A copy of the gradient 
template is provided in Appendix A. 
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A map wheel ca·' be used to determine gradient in situations where the channel is sinuous. First, 
identify two places where elevation contour lines cross the stream channel. Then measure the 
distance between these two points by following the stream channel with the map wheel. Read the 
distance from the map wheel using the scale corresponding to the scale of the map. Finally, use a 
calculator to divide the rise (the elevation difference between the two chosen contour lines) by the 
run (the distance between them along the stream channel) to calculate stream gradient. 

When the contour lines cross the stream at regularly spaced intervals, it is not necessary to do a 
calculation between each individual contour line. Separate calculations are required when the 
spacing of the contour lines crossing the stream changes, or where spacing is highly variable. 

Mark and label the boundaries between the seven gradient categories on the working copy of your 
map. 

Determining Chapnel Confinement 

Channel confinement is the ratio between the width of the valley floodplain and the bankfull channel 
width. Stream channels are placed in one of four channel confinement categories: 

Tightly Confined (T) - valley width less than 2 channel widths 
Mod. Confined (M) - valley width 2-4 channel widths 
Loosely Confined (L) - valley width 4-10 channel widths 
Unconfined (U) - valley width greater than 10 channel widths 

Channel confinement is difficult to determine from maps or aerial photographs. Often the channel is 
obscured by vegetation, making it difficult to ascertain channel width. It is also difficult to differen­
tiate valley floor floodplains from raised terraces that are not flooded (and are not included in the 
valley width measurement). 

Make an initial estimation of channel confinement based on your personal knowledge of the river 
system and the surrounding landscape, and information from maps and photos. Mark and label the 
estimated break-points between the channel confinement categories on the working copy of your 
map. 

Then, spend some time in the field examining the stream channels and their floodplains. Take 
several measurements of channel width and valley floodplain width in representative locations. For 
this purpose, the valley width is the width of the "active" floodplain that receives waters during 
large flood events and is susceptible to channel-forming processes such as widening, meandering, 
braiding, and avulsion. It does not include elevated terraces that do not flood and act to confine an 
incised channel. Divide the total valley width (including the channel) by the bankfull channel width 
to compute channel confinement. Compare with your estimated values and mark and label any 
adjustments or corrections on the working copy of your map. 

Finaljzing Stream Segment Delineation 

Your working map should now be marked with break-points based on tributary junctions, the 
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Fig. 3. Finalized segmenting according to tributary 
junctions, gradient and confinement. 

boundaries between stream gradient categories, 
and the boundaries between channel confinement 
categories (Figure 3). Each discrete segment on 
the map represents a reach with a unique combina­
tion of stream gradient, channel confinement and 
watershed area. These segments are the basic units 
for Ambient Monitoring stream surveys and the 
habitat module in Watershed Analysis. 

In many cases, a stream segment that appears to be 
uniform according to information from the map 
may not actually prove to be of uniform gradient 
or channel confinement in the field. Often, there 
are short sections of greater or lesser gradient (or 
confinement) interspersed within a segment that 
appears homogenous on the map. This poses the 
question of whether to break out short, anomalous 
reaches identified in the field (or on the map) as 
separate segments, or to include them in a larger 
segment. Combining them with a larger segment 
has the advantage of reducing the number of 
segments and simplifying record-keeping, but 
results in loss of resolution as data from small, 
unique areas is blended in with that from larger 
areas. Splitting out smaller segments increases 
complexity, but documents the unique characteris­
tics of each distinct area. 

As a genera! guideline, anomalous stream reaches 
longer than 300 meters should be treated as sepa­
rate segments. The choice of whether to split or 
lump anomalous reaches shorter than 300 meters is 
left with the surveyor, and will depend on factors 
such as the degree of difference and the intended 
use of the information. For each segment that is 
surveyed, please describe the extent of variation in 
gradient and confinement within the section in the 
field notes section of the segment summary form. 

LabeJing Stream Segments with Unique Identi­
fication Numbers 

Each segment should be assigned a unique identification number. Begin by determining the WRIA 
stream number from the WDF stream catalog (Williams et aI., 1975). 

The first two digits of the number represent the basin's Water Resource Inventory Area (WRIA) 
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number. The next five spaces are provided for the four digit WRIA stream number. Use the fifth 
space to record a WRIA code letter if applicable. 

The next four spaces are provided for un-numbered tributaries. In these cases, use the spaces pro­
vided for the WRIA number to record the WRIA number of the larger stream the un-numbered 
tributary flows into. Then use the first two spaces in the un-numbered tributary section to record RT 
for right bank tributaries or LT for left bank tributaries. Use the next two spaces to assign a tribu­
tary number beginning with 0 I, 02, etc. Leave the four un-numbered tributary spaces blank if the 
stream has a WRIA number. 

Finally, use the three segment identification spaces to assign each gradient/confinement segment a 
unique identification number, beginning with the number 00 1 at the downstream end of the basin. 

WRIA basin WRIA stream 
number number 

9 9 003 8 A 

Un-numbered 
tributary 
code 

R T 0 I 

Segment 
identification 
number 

002 

Whenever the WRIA stream number changes, begin with segment number 001 at the downstream 
end of the next stream. Mark the segment identification numbers on your map. 

Filling Out the Segment Summary Form 

Segment Summary Form 1 (Appendix B) is used to record information used to identify and charac­
terize each segment surveyed. One form should be filled out for each segment. Begin by filling out 
the header section ofform 1 (Figure 4.) 

S'I'REAM SVRVEYORSI 
ORDER AFFILlAnONS 

1 ...... _--;;D,;;;ATE~.:iI=::.::'21==7:.;;_::;". __ ~ CONFINEMEHl'I W.R.lA. NUMBER 
STREAM NAME GRADIENI" 

L T Caller Rennin 

~.F. SKII!1OI<.It WI'I 
" 
~OWER BOUNDARY LOCAnON 

Figure 4. Fonn I infonnation example. 

Date - Fill in the date that you began the survey. 

Stream name- Fill in the name of the stream you are surveying. 
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WRIA and segment identification number- Fill in the WRIA and segment identification number 
you have assigned to the segment being surveyed (see labeling stream segments with unique identifi­
cation numbers, above). 

Confinement- Record the confinement category using (T) for Tightly Confined, (M) for Moder­
ately Confined, (L) for Loosely Confined and (U) for Unconfined. 

Gradient- Record the appropriate code for the stream gradient category of the segment where: 

Cat. 1 < 1% 
1% > Cat. 2 < 2% -
2% > Cat. 3 < 4% 
4% > Cat. 4 < 6% 
6% > Cat. 5 < 17% 
17%> Cat. 6 

Stream order- Record the stream order of the segment being surveyed from the working copy of 
the map. 

Surveyors and affiliation- Record the initials and affiliations of the surveyors who completed the 
survey. 

Upper and lower boundary locations- To complete this section of form 1, refer to the examples in 
Figure 4 (lower half of Form 1) and Figure 5 (topographic elevation and township, range, and 
section identification). First, locate the upstream boundary of the segment. Record the township, 
range and section number in the appropriate spaces. In the example in Figure 4, the upper boundary 
location of Segment 10 is Township ION, Range 6W, Section 18. Next, divide the section into 
quarter-sections and decide if the boundary is in the NW, NE, SW or SE quarter-section. Finally, 
divide the quarter-section into quarters and decide if the boundary is in the NW, NE, SW or SE 
quarter of the quarter-section. For Segment 10 (Figure 5) the upper boundary location falls into the 
SE 114 of the NE 114 of Section 18. Record this information on Form 1, using the first two spaces 
for the quarter of the quarter-section, and the second two spaces for the quarter-section. For ex­
ample, the information should read like 'the SE quarter of the NE quarter-section'. Follow the same 
procedure for the downstream boundary location. 

Elevation of the upper and lower boundaries- From the USGS topographic map, detennine the 
elevation of the upper and lower boundaries of the segment being surveyed. Record the elevation of 
the contour line that crosses the stream closest to each respective boundary of the segment. For 
Segment 10 (Figure 5) each contour line represents a 40ft elevation interval (be sure to check each 
topographic map to find out the elevation scale). Count down the elevation contours from the 
1000ft line to find the lower boundary at 720ft. For the lower boundary, count up the contour lines 
to locate the segment break at 440ft. 

River mile of the upper and lower boundaries- From the WDF stream catalog for your area, 
determine and record the river mile (to the nearest tenth of a mile) of the upstream and downstream 
segment boundary. 
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Range and Township markings on topo 
maps are located along the edges. Ranges 
are oriented parallel to the longitudinal line 
and Townships are oriented parallel to the 
latitudinal line. 

Fig. S. Using Elevation. Township. Range and Section information to locate Segment 10's boundaries. 

Latitude and longitude of the upper and lower boundaries - This field is provided to record 
location data from global positioning systems as it becomes available. If this information is not 
available, leave the spaces blank. 

Photographs- Record the roll and frame number of the first and last photographs taken in the 
segment. 

Segment Location Maps and Access Information 

Please provide the Ambient Monitoring Program with a copy of the USGS map showing the bound­
aries of each segment surveyed. Also describe access to the segment for future reference. 

Using Stream Segments to Develop a Monitoring Strategy 

The map should now display all the potential monitoring survey segments in the watershed. The 
choice of segments to monitor is up to the cooperator. Segments may be selected for a variety of 
reasons, depending on the needs and goals of the organization undertaking the survey. 

~----
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Many surveys will be conducted in areas undergoing Watershed Analysis. See the Watershed 
Analysis manual for suggestion on selecting "response reaches" where the effects of processes such 
as sedimentation are best monitored (Appendix C). 

To obtain a watershed-scale perspective on the current condition of your river system, select seg­
ments representing a variety of stream gradient/channel confinement categories. Include a variety of 
land-use categories, if present, such as areas where forest activities are planned, areas where forest 
practices have been completed and natural "reference" segments, if available. 

You may also want to base your sampling strategy on instream resources of special interest (for 
example, habitat utilized by a specific salmonid stock). The Ambient Monitoring Program staff are 
available to assist you in developing a monitoring strategy to meet your needs. See MacDonald et 
aI. (1991) for additional information on designing a monitoring plan. 

Training and Field Assistance 

This manual is intended as a reference for using the TFW Ambient Monitoring Stream Segment 
Identification Module. The lFW Ambient Monitoring Program offers formal training sessions and 
informal field assistance visits to help cooperators learn and implement the stream segment identifi­
cation methodology. 

We encourage cooperators to utilize these services. Please contact the Northwest Indian Fisheries 
Commission (1-206-438-1180) for more information concerning the lFW Ambient Monitoring 
Program. 
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APPENDIXES 

Appendix A. 
Stream segmenting templates 

Appendix B. 
Form 1 example 

Appendix C. 
Watershed Analysis "response reaches" table 
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II SCALE 1:24,000 II 
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Segment Class 
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17% < Cat. 6 

NW NE 

[N ~ 
SN SE 

\,/ 

NW r-E 

LS W~ 

SN SE 

NW 

N 

SN 

NW 

S 

SN 

II APPENDIX A.II 

NE 

E, 
SE 

NE 

E~ 

SE 

II SCALE 1:24,000 II 
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Segment Class 

Cat. 1 < 1% -
1% < Cat. 2 .:s 2% 
2% < Cat. 3 .:s 4% 
4% < Cat. 4 .:s 6% 
6% < Cat. 5 ::; 17% 
17% < Cat. 6 

II SCALE 1:24,000 II 
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2.000FT. 

.. ... 
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Segment Class 

Cat. 1 < 1% 
1% < Cat. 2 .:s 2% 
2% < Cat. 3 .:s 4% 
4% < Cat. 4 .:s 6% 
6% < Cat. 5 ::; 17% 
17% < Cat. 6 

Template for topogr aphical gradient categories on 
7.5 minute USGS m aps: 20ft., 40ft., & 10m contour intervals 

Template for section of section and segment boundary location 



SEG~S~RY 
I IMR-J.....J_ I COI'IPINE 

STRFAM ru_ .., ... ft. 

FORl\ll TFW· N.W.I.F.e. 
• _....;Aiil ~bitnt StrnIn Molllkltf~ 

V ...... 'IIOAP 

FOIUI2 



TABLE E-2: CHANNEL RESPONSE BY GRADIENT/CONFINEMENT CLASS 
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REFERENCE POINT SURVEY MODULE 

Introduction 

Reference points refer to a series of permanently marked points established along the edge of the 
stream channel. Channel and habitat features obselVed during stream sUlVeys are located and 
described relative to these points. Reference points are also used as systematic sampling sites for 
data collected at specific points along the stream channel, such as canopy closure and bankfull 
channel width and depth. In addition, reference points provide permanent locations from which to 
photograph the stream channel over time. 

Purpose of the Reference Point Survey Module 

The purpose of the reference point sulVey module is to: 

1. Establish permanent, marked locations along the channel to reference channel features and 
information from other modules. 

2. Establish discrete 100 meter reaches used to characterize segment variation and allow future 
sub-sampling of stream reaches. 

3. Establish permanent photo-points where photographs can be taken and compared over time. 

4. Collect information on bankfull width and depth. 

S. Collect canopy closure information. 

Reference Point Survey Methodology 

The following section describes how to establish reference points, take reference photographs, 
determine bankfull width and depth, and take optional canopy closure measurements. 

Information and Equipment Needed 

To undertake this module you must first identifY a sUlVey segment (see the TFW Ambient Monitor­
ing Stream Segment Identification Module). We also suggest that you secure permission from 
landowners adjacent to the stream and come to an agreement with them concerning appropriate 
techniques for marking reference points. 
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You will need the following equipment: 

Reference point survey forms (Form 2) 
Number 2 pencils 
Hip chain (metric) 
Steel (rebar) rods- 24" or longer 
Nails- 16d (use aluminum, if available) 
Masonry or rock nails 
Flagging 
Felt tip marker, permanent ink 
Hammer 
Tags, aluminum or durable plastic 
Camera (suitable for use under field conditions) 
Film 
Fiberglass tape measures (metric, 50 or 100 meter length, depending on channel width) 
Stadia rod or measuring stick (metric) 
Densiometer (for canopy closure measurement) 
Calculator 
Field notebook 
Hip boots or waders 
Rain gear 
First aid supplies 

FIELD NOTE: Make a copy of this list and use it each time before headiog otfto the stream. It can ruin your day if 
one piece of equipment is forgotten. 

Establjsbjnr Permanent Referepce Points 

Laying Oyt Reference Pojnts 

c. begin establishing reference points, first locate the boundary of the stream segment, using infor­
r.iation from the map produced during stream segment identification (see the Stream Segment 
Identification Module). In some cases, the map boundary may not correspond with actual field 
conditions. Adjust the boundary as necessary and mark the changes on the stream segment identifi­
cation map. 

Whenever possible, layout and number the reference points beginning at the downstream boundary 
and working upstream. The first reference point, at the lower boundary ofthe segment, is assigned 
the reference point number o. Attach one end of the tape measure, or hip chain line, in the center of 
the channel (midway between the banks). Proceed up the center of the channel, staying midway 
between the banks and following the curvature of the channel. You will not necessary be at the 
thalweg or even in the wetted portion of the channel at all times. The idea is to measure the length 
along the middle of the bankfull channel (Figure I) because this distance should remain most con­
stant over time. 
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Ref. Pt 0 
I.a;p.Jt reI'erenc:e pains at 100 meter 

intervals along a line dcMn the center of 
the bankfull dlamel. 

Ref. Pt I 

Figure I. Measuring 100m intervals in the bankfull channel for n:ference point layout. 

As you proceed up the channel, establish another reference point every 100 meters. The reference 
points should be numbered consecutively (0,1,2,3...) as you move upstream. The distance between 
reference points should be 100 meters, however the last one, which ends at the segment boundary, 
will vary in length. 

Begin the numbering sequence over again at the boundary of each successive segment. Conse­
quently, the reference point at the end of one segment and the beginning of another will have two 
numbers. One will correspond to the end of the sequence for the first segment, the other will be 
number 0 for the next segment. 

Tagging and Markjng Reference Pojnts 

The reference point markers should be placed far enough back from the edge of the channel so they 
will not be washed out by floods or bank erosion. Place them at least three meters from the bank. 
More distance may be necessary in locations where extensive bank erosion, braiding or channel 
migration is occurring. 

Three methods are commonly used to permanently mark reference points; nailing a tag into a tree, 
pounding a steel 'rebar' rod into the ground and attaching a tag, or affixing a tag to a bedrock 
canyon wall with masonry nails. If there is a large, sturdy tree at the proper location, attaching the 
tag with a nail is the easiest option. You should have landowner permission to nail tags to trees. 
Use aluminum nails if possible to minimize potential hazards for loggers and sawyers in the future. 
The tags should be placed and flagged so they are readily visible from the stream. Trees should be 
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stable and firmly rooted. Those leaning over, or being undercut by the stream are not good pros­
pects for reference points. 

Steel " rebar" rods make good reference points when there are no trees in the proper location, or 
where there are concerns about nailing tags in trees. Locate rebar rods at least three meters back 
from the bank; further back if the channel appears unstable. Rods should be at least 24 inches long 
and driven deep enough into the ground so they are difficult to pull out. They should protrude at 
least six inches (or more) from the ground to be visible and avoid burial, particularly in low-lying 
floodplain areas where active deposition occurs during floods. Rebar rods should have the tag 
attached with wire, and be marked with flagging. A plastic locking band would also work to attach 
a tag. Place flagging on nearby branches to make it easier to find the rods in the future. Finally, 
masonry or rock nails can be used to attach tags to the walls in bedrock canyons, or bridge abut­
ments, where the other techniques are not possible. 

Tags can be of either aluminum or durable plastic. Tags should identifY the program (TFW Ambi­
ent Monitoring), the segment, and the reference point number. 

To aid in locating reference points in the future, keep detailed notes on the type of marker and the 
distance from the edge of the bank and nearby trees. 

Taking Photographs 

Photographs should be taken from the center of 
the channel at each reference point. The first 
photograph should be taken looking down­
stream, the second looking upstream. Note the 
roll and frame number for each shot. Use the 
first frame of each roll to photograph a sheet of 
paper with the roll number, segment and date 
(Figure 2). Streams with dense canopy cover 
have low light conditions so we recommend 
using a film with an ASA of 200 or 400. Figure 2. 

for film identification purposes. Photo by Greg Poels. 

Bankfull Wjdth and Depth 

The width and depth of a stream channel reflect the discharge and sediment load the channel re­
ceives, and must convey, from its drainage area. Channels are formed during peak flow events, and 
channel dimensions typically reflect hydraulic conditions during bankfull (channel-forming) flows. 

Bankfull width and bankfull depth refer to the width and average depth of the channel at bankfull 
flow. These dimensions are related to discharge at the channel-forming flow, and can be used to 
characterize the relative size of the stream channel. In addition, the ratio of bankfull width to 
bankfull depth (the width:depth ratio) of a stream channel provides information on channel mor­
phology. Width:depth ratio is related to bankfull discharge, sediment load, and the resistance of the 
banks to erosion (Richards, 1982). For example, channels with large amounts of bedload and sandy, 
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cohesionless banks are typically wide and shallow, while channels with suspended sediment loads 
and silty erosion-resistant banks are usually deep and narrow. Changes in width:depth ratio indicate 
morphologic adjustment in response to alteration of one of the controlling factors (Schumm, 1977). 

Identj(yjnK the Boundaries of the Bankfull Channel 

To measure bankfull width and depth, you must first detennine the edge of the bankfull channel. 
Unfortunately, the boundaries of the bankfull channel are not always easy to identify. Geomor­
phologists have used many methods to delineate the bankfull channel. None are without shortcom­
ings, and the most accurate methods are not feasible for stream surveys on remote and ungaged 
stream reaches because they require long-term discharge records or the use of surveying techniques 
(Williams, 1978). 

The TFW Ambient Monitoring Program uses a combination of indicators developed by Dunne and 
Leopold (1978) to delinUite the bankfull channels. The indicators include floodplain level, the 
shape of the bank, and changes in vegetation. 

Floodplain indicators- In channels with natural (un-diked) riparian areas and a low, flat flood­
plain, the boundary of the bankfull channel corresponds with the top of the low bank between the 
active channel and the floodplain (Figure 3). The floodplain must be frequently flooded, i.e., during 
floods with a recurrence interval of approximately 1. 5 - 2 years. 

In many streams in forested parts of the state, frequently inundated floodplains are often absent, 
particularly when the channel is confined between steep hillslopes or is incised into an elevated 
terrace deposit that is not frequently flooded. This indicator is also not appropriate for streams that 
have been artificially diked or channelized. 

Vegetative indicators- The bankfull channel boundary is often marked by a distinct demarcation 
line in the vegetation between lower areas that are either bare or have aquatic vegetation, and higher 
areas vegetated with perennial vegetation such as sJuubs, grasses or trees. In boulder or bedrock 
confined channels, it may be marked by the line between bare rock and moss. Unfortunately, the 
vegetation line changes over time, retreating due to disturbance during large peak flow events, and 
advancing dumg periods between floods . 

Identifying the bankfull channel boundary using vegetative indicators requires caution. The vegeta­
tion line can be deceptively low when moisture-tolerant species are present. Reed canary-grass, 
willow and sedges are examples of plants that may actively invade and colonize areas within the 
bankfull channel. When using vegetative indicators, use only perennial vegetation greater than 1 
meter in height of species that do not invade the active channel. 

Other situations- Sometimes it may be possible to identify the height of the bankfull channel on 
one side ofthe channel but not the other. For example, this occurs when there is a low floodplain 
with vegetative indicators on one side of the stream and a steep, eroding bank on the other. In these 
cases, extend a level line horizonally across the channel from the side with good indicators to deter­
mine bankfull height on the side lacking indicators. 
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Criteria for finding Bankfull Width 

• ~ ~ IIIMXidy strm !lI;rdl1s a prime hcIcaIrr 
- alden - \WIcJM - t!er& - or mOss rt' no ot'oeIs ~ 

• FIcodpIaIn berm Indic3CI If caused ~ I.S - 2 'jf:N ~ 

Bankfull Channel -------/ 

Figure 3. Dctennining the bankfull width of channels. 

One of the most difficult situations is encountered in stream reaches where large gravel bars have 
been deposited by floods. It can be very difficult to detennine if the tops of newly deposited bars 
protrude above the level of the bankfull channel. Vegetative indicators are unreliable because 
riparian vegetation is often disturbed during large storm events and revegetation of bars with peren­
nial vegetation may take many years. In these cases, examine the margins of the channel for peren­
nial riparian vegetation and extend a horizonal line across the channel to detennine if the bar tops 
are above or below the bankfull level. If you are still in doubt after doing this, include the area 
within the bankfull channel. 

In other cases, physical obstructions such as debris jams, undercut banks, or complete lack of indica­
tors may make detennination or measurement of bankfull dimensions impossible at the reference 
point. In these cases, take the measurement at the nearest place where it is feasible. 

Takjns Bankfull Width and Depth Measurements 

To measure bankfull width, securely attach the end of the fiberglass tape measure at one boundary 
of the bankfull channel. Extend the tape across the channel to the other boundary of the bankfull 
channel. This distance is the bankfull width. If a side-channel is present. add the bankfull width of 
the side-channel to that of the main channel. 

While the tape is stretched between these two points, detennine the average bankfull depth. 
Bankfull depth measurements are taken at regular intervals across the stream channel. The number 
of measurements, and distance between them, depends on the width of the channel (Figure 4). Take 
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width 

Bankfull Width of: 
< 

m> 1 
15m > 25m 

m> 

Depths 1aI:en at regular intervals on 
the tape according to banlcfuU width 

EIeIIaIicn dwall!r Ie-ieI lit bInfuI 
ftowused 10 !ape 

Ri!11t~n 
banldiJD wiCIth 

Noll!: Take adddoIlili depth I1lea5lRITIenIS 
at .1 m 1Icm ead'l end clthe tape and 
~ with all depIhs 

Figure 4. Measuring bankfull depth. 

measurements at 0.5 meter intervals in channels less than 5 meters in width, at 1 meter intervals in 
channels between 5 and 15 meters in width, at 2 meter intervals for channels between 15 and 25 
meters, and every 4 meters in channels greater than 25 meters in width. In addition, take an initial 
measurement 0.1 meter out from the starting point, and 0.1 meter before the endpoint. 

Bankfull depth is the distance from the channel bed to the estimated water surface elevation at 
bankfull flow, represented by a tape stretched horizontally between the bankfull boundaries. The 
depth of water at the time of the survey, or its absence, does not affect this measurement. The sum 
of all depth measurements are then divided by the number of measurements taken to compute 
average bankfull depth. 

CanoPY Closure Measurement 

Canopy closure measurement are taken at every reference point. To measure canopy closure, stand 
in the middle of the wetted portion of the channel and take four readings with the densiometer. 
Begin with a reading facing directly downstream. Tum clockwise 90 degrees and take a reading 
facing the right bank. Tum another 90 degrees clockwise and take a reading facing upstream, and 
finally tum clockwise another 90 degrees and take a reading facing the left bank. 

To take a densiometer reading, hold the densiometer 12-18" in front of you at elbow height. Use the 
circular bubble-level to ensure that it is level. Look down on the surface of the densiometer, which 
has 24 squares etched into its reflective face. The reflection of your head should be just outside the 
grid. Imagine that each square is sub-divided into four additional squares, so that there are 96 
smaller quarter-squares. Envision a dot in the center of each quarter-square. Count the total number 
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of quarter-square dots covered by the reflection of vegetation (Figure 5). You may want to read the 
numbers to your partner who can record them in a notebook or a calculator. Multiply the number of 
quarter-square dots obscured with vegetation by 1. 04 to determine percentage of canopy closure. 
Record this figure in your field notebook and proceed with readings in the other three directions. 

When readings have been taken in all four directions. compute the average percentage of canopy 
closure at the reference point. Sum the percent canopy closure readings for each of the four direc­
tions and divide by four. 

• • • • 

• • • • · ~. • • 

• • • • • • 
• • • 
• • • 

• • • 

---AN. Head Reflection 
Top Line Crosses Bubble @ Top of Head Leveled 

Figure 5. View into a convex spherical densiometer showing placement of head reflection and bubble level. 
Visualize four equi-spaced dots in each square and count the number covered by vegetation. Note: Concave 
densiometers are also available. 

If more than one channel is present at the site, take a canopy closure measurement in the main 
channel and each side channel (e.g., main channel = 75%, side channel A = 85%, side channel B = 
95%.) Next, measure the wetted width of each channel and then divide the wetted width of each 
channel by the sum of the wetted width of all the channels to determine the percentage of the total 
width provided by each channel (main channel = 85%, side channel A = 10%, and side channel B = 
5% of the wetted width.) Multiply the canopy closure measurement for each channel by its respec­
tive percentage of the total channel width (main channel: 75 X .85 = .Ql..8. , side channel A: 85 X .10 
= U, and side channel B: 95 X .05 = ll.) Finally, sum these measurements to determine the 
average canopy closure at the refererence point (63.8 + 8.5 + 4.8 = 177% ladjusted canopy closure.) 
Record this number on Form 2. 
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Filling Out the Reference Point Survey Form 

Two options are available for recording information collected in the Reference Point Survey. Use 
the regular Reference Point Survey Form 2 (Appendix A) to record your data if you want to enter it 
by hand into the database. Use the scannable version Form 2 (Appendix B) to record your data if 
you want to scan the data directly into the database. The following section describes how to record 
data on this form. 

Background information - Record the stream name, WRIA and segment number, gradient! con­
finement category and beginning and ending rivermiles. Note the date of the survey on each form. 
Begin a new form at the start of each day. Number the sheets sequentially for the entire segment, 
e.g., 1 of 10,2 of 10 and so forth. 

Reference point number - Record the number of each reference point in this column, beginning 
with reference point II{) at the lower boundary of the segment. Note if the tag was placed on the left 
bank, right bank, or both (right and left bank are always determined looking downstream.) 

Cumulative distance - Record the cumulative distance (in meters) from the lower boundary to each 
successive reference point. For instance, when the reference points are laid out at 100 meter inter­
vals, the cumulative distance to reference point #0 would be 0 meters, to reference point # 1 would 
be 100 meters, to reference point #2 would be 200 meters, and so forth. If one or more of the 
reference points are not laid out at 100 meter intervals, record the actual cumulative distance. 

Photographs - Record the roll and frame number for both the upstream and downstream photo­
graphs. 

Bankfull width - Record the bankfull width measurement at each reference point to the nearest 
tenth of a meter. 

Bankfull depth - Record the ayeraae bankfull depth, computed by adding together the individual 
bankfull depth measurements and dividing by the number of measurements taken (see measuring 
bankfull width and depth, above). 

Canopy closure - Record the averaae percentage of canopy closure (sky obscured by vegetation). 
This the average of the readings taken in each of four directions (see canopy closure measurement, 
above). 

Data Processing and Analysis 

After data has been hand entered (by the cooperator) or scanned into the database, it is error 
checked. Then, reference point survey information is summarized in the Stream Segment Summary 
Report (Appendix C). This report provides information including: average bankfull width, average 
bankfull depth, width/depth ratio and average percent canopy closure. In addition, cooperators 
receive a copy of the database on floppy disk for their use. Data is also stored in a statewide data­
base at NWIFC for future TFW-related use. 
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Training, Field Assistance and Quality Control 

This manual is intended as a reference for those collecting monitoring information using the TFW 
Ambient Monitoring Program Reference Point Survey Module. Because of the difficulty in relying 
solely on a manual to learn and implement monitoring methodologies, the TFW Ambient Monitor­
ing Program offers formal training sessions and informal field assistance visits to help cooperators 
learn and implement the methodologies. 

In addition, the Ambient Monitoring Program also provides a quality control service that involves 
having an experienced crew perform replicate surveys for cooperators. The purpose of these sur­
veys is to identify and correct inconsistencies in application of the methods and to provide documen­
tation that data is being collected in a replicable and consistent manner throughout the state. 

We encourage cooperators to utilize these services. Please contact the Northwest Indian Fisheries 
Commission (1-206-438-1180) for more information concerning the TFW Ambient Monitoring 
Program. 

References 

Dunne, T. and L.B. Leopold. 1978. Water in environmental planning. W.H. Freeman and Co. 
New York. 

Richards, K. 1982. Rivers: form and process in alluvial channels. Methuen. New York. 

Schumm, S.A. 1977. The fluvial system. Wiley-Interscience. New York. 

1993 TFW Ambient MOnitoring Manual Reference Point - 12 



APPENDIXES 

Appendix A 
Reference Point SUlVey Fonn 2 - hand entry 

Appendix B 
Reference Point SUlVey Fonn 2 - scan entry 

Appendix C 
Stream Segment Summary Report sample 
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II APPENDIX C II 
TrW Ambient Monitoring Stream Segment Summary 1992 

Stream Segment Identification ( FileID. CC ) 

Stream name: DESCHUTES R. WAU name: 
WRIA number. 13.0028 Segment number: 18 
River mile: 35.3 to 36.6 

Stream Segment Characteristics 

Gradient category: 2 
Avg bankfull width: 20.2 M 
Segment length. 2615.0 M 

Con fi nement: U 
Avg bankfull depth. 0.4 M 
Upper elevation. 550 r 

WAU II: 

Stream order: 4 
Width / depth. 46.66 
Lower elevation. 510 r 
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HABITAT UNIT SURVEY MODULE 

Introduction 

Hydraulic conditions such as water depth and velocity vary within stream channels. This variation 
often occurs in somewhat orderly patterns with distinct, alternating areas of deep water (pools) and 
shallow water (riffles) (Figure 1). These distinct areas are referred to as "habitat units" . 

Various species and life history 
stages of aquatic organisms have 
adapted to the rigors and oppor­
tunities presented by particular 
hydraulic conditions. Conse­
quently, they are more likely to 
be found in particular habitat 
units (Bisson et aI., 1982). The 
type and amount of habitat units 
present in a stream reach can be 
used as an indicator of its suit­
ability for a particular species or 
life history stage. 

Intrinsic factors such as stream 
size, gradient and confinement 
influence the type and relative 
abundance of habitat units found 
in a particular reach (Beechie 
and Sibley, 1990). In addition, 
the relative abundance and 
characteristics of various habitat 
units responds to changes in 
local- and watershed-scale 
processes that determine sedi­
ment supply, runoff during 
storm events and recruitment of 
large woody debris. These 
processes and their inputs may 
be altered by human activities 
such as forest practices and by 
changing natural conditions. 

Figure I. Lyman Bullchild (foreground) and Joe Apfel measuring the 
length of a rifI1e unit. West Fork Teanaway Creek. 1991. 

Because the utilization of instream habitat varies by species, life history stage and physiographic 
region, no single habitat survey methodology can accurately characterize habitat conditions for all 
salmonids throughout the State of Washington. Instead, the habitat unit survey focuses on partition­
ing streams into basic morphologic features. The intent of the survey is to characterize current 

1993 TFW Ambient Monitoring Manual Habitat Unit - 3 



morphologic conditions, and to monitoring changes in the size and frequency of these units in 
response to changing inputs of sediment, discharge and large woody debris associated with natural 
or management-induced disturbance and recovery. 

Purpose of the Habitat Unit Survey Module 

The purpose of the habitat unit module is to: 

1. Provide a means of accurately characterizing the current status of basic channel morphology 
at a level of precision and detail suitable for use as a foundation for monitoring. 

2. Provide a replicable methodology that can be repeated over time to document changes and 
trends in habitat unit distribution and abundance. 

3 . Provide information on the percentage of pools that is suitable for use as a resource condition 
index in the Watershed Analysis cumulative effects assessment procedure. 

The Habitat Unit Methodology 

This section describes procedures for identifying and measuring the characteristics of habitat units. 
The habitat unit survey uses a classification system consisting of four "macro" habitat units (pools, 
tailouts, riffies, and cascades). The change to the four unit system from the more complex micro­
habitat unit system used prior to 1992 was made to improve observer recognition of units and to 
improve our ability to replicate surveys. See Ralph et aI. (1991) for a discussion of replication 
problems with the micro-habitat system. 

Please record all measurements in metric units to reduce confusion and streamline data processing. 
The decision to use metric units was made because most scientific studies used for comparison and 
interpretation of monitoring data are reported in metric units. 

Information ROd Equipment Needed 

In order to complete the habitat unit survey, it is necessary to have previously identified a stream 
segment to survey (see the Stream Segment Identification Module). It is also necessary to have 
established reference points (see the Reference Point Survey Module) so the habitat units can be 
associated with a permanent reference location. In addition, you will need to know the average 
bankfull width for the survey segment. To determine the average bankfull width of the segment, 
examine the completed reference point survey forms for the segment, sum the bankfull width mea­
surements and divide by the number of measurements. 
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You will need the following equipment to conduct the survey: 

Habitat unit survey forms (Form 3) 
Number 2 pencils 
Clip board or form holder 
Fiberglass tape andlor rangefinder (metric) 
Abney level or clinometer 
Stadia rod (metric) 
Flow meter 
Wading rod for flow meter 
Field notebook 
Map 
First aid supplies 
Hip boots or waders 

Discharge 

The surface area ofthe wetted channel and individual habitat units changes with discharge, so 
measurements are affected by the amount of water flowing in the channel at the time of the survey. 
The Habitat Unit Survey methodology is designed to be applied during relatively stable flow condi­
tions characteristic of the summer low flow period. Surveys should not be conducted during periods 
of high water associated with summer storms, during extreme low base-flow conditions when 
sections of typically perennial streams are dry, or during periods of rapidly fluctuating discharge. 

Discharge should be measured at the time you begin to survey each segment and recorded on the 
habitat unit survey form. If discharge changes significantly during the time the segment is being 
surveyed, additional discharge measurements should be taken and recorded on subsequent survey 
forms. 

In order to obtain comparable data, future surveys of the same segment should be conducted at a 
discharge similar to the discharge at the time of the original survey. At this time, the sensitivity of 
the methodology to changes in discharge has not been determined. Pending further analysis, we 
recommend that discharge at the time of repeat surveys be within 10% of the discharge during the 
original survey. 

Discharge should be determined using standard streamflow measurement methods. First, select a 
suitable location (within the segment being surveyed) with adequate depth and smooth, laminar 
flow. A suitable site should not have flow diversions, side-channels, or undercut banks. Select sites 
relatively free of turbulence and flow obstructions such as large rocks, logs, and aquatic vegetation. 

Stretch a fiberglass tape across the wetted portion of the stream channel perpendicular to the direc­
tion of flow. Attach each side of the tape securely. Note the distance on the tape corresponding to 
the water's edge on each side of the stream. Assemble your flow meter, attach it to the wading rod, 
and test it to ensure that it is working properly. A variety of flow meter designs are available that 
are suitable for this purpose. Operate your meter according to instructions provided by the manufac­
turer. 
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The next step is to divide the stream cross-section into cells and to measure water depth and velocity 
at the center of each cell (Figure 2). Cells can vary in width. The number and size of cells needed 
will vary depending upon the size and characteristics of the stream channel. Typically. 15-20 cells 
are necessary. Cells should be chosen so that the depth and velocity measurement taken at the center 
of the cell represents conditions throughout the cell. Cell boundaries should be placed wherever 
noticeable breaks or discontinuities in velocity and depth occur. No cell should have more than 10% 
of the total discharge. If this appears to be the case. the cell should be divided into two or more 
smaller cells. 

Stations: I~VfNlI 
Ioc:.aIion noted on tape v.tlere 
depth and velocities ae taken 

Nr:ra tape abcNe 

~I \\ Fibeglass tape aacIS 
YIeIII!d v.4dIh )n \ , ~ ~ 1 t 

1£ ~ 

~ .~ I (> -1( 
..... ;./"" 0 1.£ = LeIt edge of a ....... 0 RE 

welled charineI ~ n 
Depthc:O c m 

IRE c: _~_edge of Tape - --flI d'lanri:I 
Depth-O 
Tape .. --flI 

Cell wid1tl: 

Edge cells - distance Ii'Om wetted edge 10 first station ~ 
+ 112 the cIista ICe ID the next station 

StallIon depth r:I waIer < 25 tv.6m: fcrexailple:Cl!I 1-I.£-a+ 112a-b 
cell IS -112 n-o+o-RE take one WIociIy at .6 r:I depth Item 

Midde cells - split the cilfee ICe between >tatIoi IS uface) at >tatIoi IS 

fcrecampJe: cell 2=I12a-b+ l12b-c 
StallIon = ~ 25 tv.6m: Cl!II4 .. I12m-n+ l12n-o 
take veI= at .2 and .8 r:I depth at 

NOTE: To capIUIe high ftow areas r:I soeam. 
stations and average IDgeIher 

take smaller cen measurements In those locations. 

I!Ierage ceI1 depth: 
Cell Dlsd'!arge - CeU W1dth X CeU Depth X CeB VeIocIIy 

DepIh at station tem surface 
Stream Discharae = The sum r:I aU cell discharges r:I 51 D<1J:ate 10 sueam surface 

Figure 2. Discharge measurement protocol. 

Place the wading rod/flow meter assembly in the center of each cell. Record the distance along the 
tape at each station where measurements are taken and the width of each cell. Read the water depth 
from the wading rod and record. Water velocities typically vary with depth. so move the meter 
assembly on the rod to position the flow meter at the proper depth. If the water depth is less than 
2.5 feet, the meter should be placed 0.6 of the distance from the water surface to the stream bottom 
to properly characterize average velocity. For depths greater than 2.5 feet, two velocity measure-

1993 TFW Ambient Monitoring Manual Habitat Unit - 6 



ments should be taken and averaged. These should be taken at 0.2 and 0.8 of the total depth. Mea­
sure and record the velocity in each cell. 

To detennine the total discharge, calculate the discharge for each cell by multiplying the cell width 
and water depth to find cross-sectional area. Then mUltiply cross-sectional area by velocity to get 
discharge. Sum the discharge measurements for all cells to calculate the total discharge. An ex­
ample of a completed discharge measurement form is shown in Appendix A. A blank discharge 
measurement form that can be copied for field use is included in Appendix B. The form also con­
tains a formula for converting cubic feet/second to cubic meters/second. 

Identification of Habitat IJuits 

The first step in this procedure is to determine the type of 
habitat units present (Figure 3). Wetted portions of the main 
channel and side channels where water is present are as­
signed to one of four habitat unit types, pool (P), tailout (T), 
rime (R) or cascade (C). When portions of the channel are 
not visible, for example when it passes under a massive 
debris jam or through a long culvert, it is designated ob­
scured (0). Ifit dissipates into a wetland without a distinct 
channel, it should be designated as a wetland (W). If the 
main channel is dry it should be designated as sub-surface 

Habitat Units 

Pool 
Tailout 
Rime 
Cascade 
Obscured 
Wetland 
Sub-Surface Flow 

= P 
= T 
= R 
= C 
= 0 
= W 
= S 

flow (S). Figure 3. List of Habitat Units and single 
letter codes. 

To qualifY as a pool, tailout, rime or cas­
cade, a potential unit must meet a minimum 
size criteria. The minimum size require- Table I. Minimum unit size by channel bankfull width. 

ment for a habitat unit varies with channel 
size, expressed as bankfull width (Table 1). 
Areas that do not meet the minimum size 
criteria should be combined with the most 
similar adjacent unit. 

The purpose of the minimum unit size 
criteria is to provide guidance on when it is 
appropriate to lump or split small units, in 
order to improve consistency between 
observers who tend to lump units and those 

who tend to split. 

Characteristics ofHabitat Units 

Channel Bankfull 
width (meters) 

0 - 2.5 

2.5 - 5 

5 - 10 

10 - 15 

15 - 20 

> 20 

Minimum unit size 
(square meters) 

0.5 

1.0 

2.0 

3.0 

4.0 

5.0 

Once the minimum size criteria is met, pools, tailouts, rimes and cascades are distinguished on the 
basis of depth and gradient characteristics. 

1993 TFW Ambient Monitoring Manual Habitat Unit - 7 



Pools- Pools are areas of deep water with low water surface gradients (typically less than I %). 
They are typically created by scour adjacent to obstructions or impoundment of water behind chan­
nel blockages and hydraulic controls such as logjams, bedforms or beaver dams. To qualify as a 
pool, a unit must meet a minimum residual depth requirement that increases with increasing channel 
width. 

Tailouts- Tailouts are areas of moderately shallow water with an even, laminar flow and a lack of 
pronounced surface turbulence. They are situated on the downstream end of pools, in the transi­
tional area between the pool and the head of the downstream rifile. These units provide deposition 
sites for fine bedload materials (Lisle 1982). They have a flat, smooth bottom, lacking the scour 
typically associated with the pool. Because they are located on the upstream side of the riflle crest, 
they lack the velocity and surface turbulence associated with riflles or cascades located on the 
downstream slope of the rifile crest. Tailouts are most commonly found in larger, low-gradient 
channels associated with elongated pools with well-sorted substrate. They are uncommon in small, 
high-gradient streams with coarse substrate. 

Rimes- Riflles are shallow, low gradient areas that do not meet the residual pool depth require­
ment. They are distinguished from cascades by having a water surface gradient of less than 3.5 
percent. Although many rifiles exhibit surface turbulence associated with increased velocity and 
shallow water depth over gravel or cobble beds, the rifile classification also includes shallow areas 
without surface turbulence that do not meet the minimum pool depth requirement. 

Cascades- Cascades are steep areas with a water surface gradient exceeding 3.5 percent. Some 
cascades are very short and smooth, such as slip-face cascades located on the downstream faces of 
channel bars or bedrock outcrops. Step-pool cascades occur where boulder or cobble substrate 
forms stair-steps. They often are very turbulent, and have numerous smaU pools associated with the 
cobblelboulder steps. 

Using Minimum Residual Pool Depth to Distingujsh Pools 

Although some pools are quite distinct, in many cases it is difficuh to differentiate shallow pools 
from deep glides or rifiles. Considerable divergence occurs in habitat calls made by experienced 
observers in these situations. To eliminate 
this problem and provide consistent, Table 2. Minimum residual depth criteria for pools by 

replicable survey results, a criteria for channel bankfull width. 

minimum residual pool depth has been 
established. A pool must exceed a mini­
mum residual pool depth criteria that corre­
sponds with channel size, expressed as 
bankfull width (Table 2). 

To determine if a potential unit qualifies as 
a pool, take a residual depth measurement 
(see section on determining residual pool 
depth, below), and compare with the mini­
mum value for the appropriate channel size 
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Channel Bankfull 
width (meters) 

0 - 2.5 

2.5 - 5 

5 - 10 

10 - 15 

15 - 20 

> 20 

Minimum Residual 
Pool depth (meters) 

0.10 

0.20 

0.25 

0.30 

0.35 

0.40 
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using the average bankfull width computed from the reference point survey form. 

If the minimum residual depth requirement is met, the next step is to establish the boundaries of the 
pool unit and determine if the potential pool meets the minimum unit size requirement. In most 
cases, pool boundaries extend laterally to the waters edge. However, if there is a distinct riffle or 
cascade unit adjacent to the pool that meets the minimum unit size criteria, it should be treated as a 
separate, adjacent unit. 

Delineating the upstream and downstream boundaries of pools can be difficult. The variety of 
situations encountered make a single criteria impractical. Often, the upstream or downstream 
boundary of a pool is distinguished by a change in water surface gradient. Look for a distinct break 
between the steeper adjoining riffle or cascade and the nearly flat water surface of the pool. 

Distinillishing Tailouts 

Once a pool has been identified, the next step is to determine if a tailout unit is present at its lower 
end. Often, a gradual increase in velocity and decrease in depth occurs in a transitional tailout area 
below larger, elongated pools. In these situations, the boundary between the pool and the tailout is 
delineated by examining the bedform of the channel and determining the downstream extent of 
distinct streambed scour. Where the cross-sectional profile of the bed becomes even and flat, the 
downstream boundary of the pool has been reached. The area below this boundary is designated as 
a tailout (Figure 4). The tailout extends downstream to the riffle crest, where the water increases in 
velocity as it flows down the downstream slope of the bar. This boundary is typically distinguished 
by surface turbulence associated with the riffle or cascade. Many pools, particularly smaller pools 
in moderate to high gradient channels, do not have distinct tailouts because the zone of scour ex­
tends to the riffle crest. In these cases, extend the pool unit to the riffle crest and do not delineate a 
tailout unit. 

Distinguishing Riffles from Cascades 

For the purposes of this survey, areas that do not meet the criteria for pools or tailouts are classified 
as either riffles or cascades. Riffles and cascades are distinguished on the basis of water surface 
gradient. Rimes have water surface gradients less than 3.5 percent; cascades have gradients equal to 
or greater than 3.5 percent. 

To measure the water surface gradient of a potential riffle or cascade, observers are positioned at the 
upstream and downstream boundaries of the potential habitat unit. One person stands at water's 
edge, with the bottom of their boots at the water surface level, and sights through a hand-held Abney 
level or clinometer at a stadia rod held with its base at the water surface by the person at the other 
end of the unit. The Abney level or clinometer is sighted at a point on the stadia rod equal to the 
observers eye-level and the gradient is read from the instrument (follow manufacturer's instructions). 

To identifY the boundary between a rime and cascade, look for a distinct gradient break, where one 
side is less than 3.5 percent water surface gradient and the other is 3.5 percent or greater. 
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Distinguishin~ Small Pools and Riffles within Cascades 

Cascades with boulder/cobble stair-steps (step-pool cascades) 
often contain numerous small pools and occasional riffles, 
posing the question of whether to split them out as separate units 
(Figure 5). These small pools and riffles should be examined 
and classified as separate units if they meet the appropriate 
minimum unit size requirement (Table 1) and, for pools, the 
residual pool depth requirement (Table 2). Small pools that 
occur within riffles should be treated in the same manner. 
Although the minimum unit size requirement occasionally forces 
the observer to combine small, distinct areas with adjacent units, 
using these criteria will improve the repeatability of surveys 
performed by different observers over time. 

Sub-Surface Flow Obscured and Wetland Units 

Occasionally, stream reaches will alternate between wet and dry 

Figure S. Example of small pool unit 
within a cascade on WiJlaby Creek. 

areas, or be completely dry. If the stream is dry because of extreme low flow associated with 
drought, it is not an appropriate time to conduct a habitat unit survey because the information gener­
ated will not be useful for comparative purposes. On the other hand, if intermittent flow is a typical 
low flow condition, or if it appears to be resulting from changing conditions such as coarse sediment 
aggradation, then documenting its occurrence is useful. 

When intermittent dry areas are encountered in the main channel, they are recorded as sub-surface 
flow units. Only main channel sub-surface flow areas are counted and recorded, dry side-channels 
and dry secondary units are not recorded. 

Sometimes it is impossible to see habitat units where the stream runs through culverts, or under 
logjams and piles of debris. When habitat units cannot be seen, record the habitat unit as obscured 
(0). In other cases, the stream channel may spread out into a wetland and become indistinguishable. 
In these cases, record the habitat unit as wetland (W). 

Cbannel Locatjon of Habitat IJpi'$ 

Habitat units are classified in one of three categories, depending on their location and relative 
significance within the stream channel (Figure 6). The three categories are: 

Category 1- Primary units. These are the dominant units in the main channel. They occupy over 
50% of the wetted channel width. At any given point along the length of the channel, there can be 
only one primary channel unit. 
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Figure 6. Habitat unit categories 

Category 2- Secondary units. These are subdorninant units in the main channel that occupy less 
than 50% of the wetted channel width. They may be either adjacent to a primary unit or lie embed­
ded within and surrounded by a primary unit. 

Category 3- Side-channel units. These are found in side-channels that are isolated from the main 
channel by islands. An island must: a) have a length equal to at least two bankfuU widths, and b) be 
colonized by perennial vegetation. Units separated only by bare gravel bars are treated as adjacent 
units. 

Information on habitat unit location allows determination of the relative abundance of side-channels 
and main channel habitat during summer low flow conditions. 

Mcasuring Lengths and Widths of Habjtat 110jt5 

The lengths and widths of habitat units are measured in order to compute the surface area of each 
habitat unit. During data analysis, the total surface area and relative percentage of each habitat type 
is calculated. 
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Measuring Lengths of Pools Tailouts Riffles and Cascades 

Habitat unit lengths can be measured with a fiberglass tape measure, hip chain, or rangefinder. 
Habitat unit lengths should be measured from the boundary with the adjacent downstream unit to the 
boundary with the adjacent upstream unit (Figure 7). 

Figure 7. Measuring habitat unit lengths. 

Measurements should follow the shape of the unit along the center of its width. For instance, if the 
unit curves around a bend, the measurement should follow the curve, rather than taking the shortest 
distance between the upper and lower boundary. 

When the boundary between adjacent upstream and downstream units is a straight line perpendiCUlar 
to the direction of flow, establishing the beginning and ending points for the length measurement is 
straightforward. Often the boundaries are not perpendicular to the angie of flow. In these cases, 
measure from a point midway along boundary between the units. 

Measuring Lengths of Sub-surface Flow Obscyred and Wetland Units 

In areas where the main channel goes dry (sub-surface flow units), length is recorded as the distance 
between upper end of the adjacent downStream wetted unit and the lower end of the next wetted unit 
upstream. Follow the curvature of the channel if it can be determined. 

Lengths of obscured units should be measured from the point at which the channel is no longer 
visible to where it re-emerges into view. The length of wetland units is taken from where the 
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channel becomes indistinguishable as it spreads out in the wetland to where it re-emerges as a 
distinct channel again. 

Measurin£ Avera£e Wjdths 

Average widths are calculated for pool, tail out, riffle and cascade units. Average widths are not 
measured in sub-surface flow, obscured or wetland units. 

The width of units is measured from the waters edge on one side of the stream to the waters edge on 
the other side, unless there are two adjacent units. Where there are two adjacent units side-by-side, 
measure from the edge of the stream to the boundary between the adjacent units (Figure 8). When 
an adjacent unit is embedded within a larger unit, subtract the width of the embedded unit from the 
total width to calculate the width of the larger unit. 

~ 
WI 

Unlta.&e. 

~ WwIdIh durit 
Is ax I5i>1Ei I 

-If uritlMdlhs Ie dvIde InID c:eIIs, 
1akIe a wIdIh measo.ement In each C2I. sun 
!he rneasuenencs <nd divide I'!f!he runber 
d rneasurenonts 10 calaJlR iM!Iage wIdIh. 

Figure 8. Measuring average habitat unit widths. 

Ilffi" &4 I 

Detennining the edge 
of the wetted channel 
may be difficult, 
particularly on the 
margin of gravel bars 
where there is water 
between the particles. 
In these cases, extend 
the wetted width 
measurement shore­
ward to the point 
where the particles are 
no longer completely 
surrounded by water 
and the water is 
restricted to isolated 
pockets. If a dry bar 
or island is present 
within the unit, sub­
tract the width of the 
dry area when measur­
ing width. Protruding 
objects such as logs or 
boulders are included 
in the width measure­
ment. 

Detennine the average width of the unit. In units with a consistent width, one measurement may 
suffice to detennine average width. Often the width of a habitat unit will vary considerably along its 
length. In these cases it is necessary to take multiple width measurements and compute the average 
width. To do this, divide the unit along its length into two or more cells of equal distance, depend­
ing on the length of the unit and the amount of variation. Take a width measurement at a represen-
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tative place in each cell and record the measurements in a field notebook. Sum the width measure­
ments and divide by the number of measurements to compute average width. 

Splitting lJuits at Reference Points 

We want to be able to separate habitat unit data into discrete 100 meter reaches separated by the 
reference points. This will provide an opportunity to randomly or systematically sub-sample 100 
meter reaches for future monitoring, instead of re-surveying entire segments. It will also provide the 
opportunity to document and display variation in conditions throughout the segment in 100 meter 
increments. 

All types and categories of habitat units, primary, secondary, side-chaMel and subsurface flow, 
should be split at reference points. 

To separate the habitat unit data into 100 meter reaches, identify the units that cross reference points 
and split them where the reference point intersects the unit. Record separate lengths and average 
widths for each portion of the unit above and below the reference point boundary (Figure 9). Split 
units require a separate entry on the form for each portion of the habitat unit. Both entries will share 
the same habitat unit number, but will have different downstream reference point numbers, indicat­
ing that they are in different 100 meter reaches. 

SGrt dSeqner! ·4· 

Begin suveyWlele petpelldioJIa' 
IirIe ftan RI!f. Pt. 0 crosses CI'Iirn<I 

Figure 9. Splitting habitat units at reference points. 
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Separate lengths and average widths should be recorded for each portion of a split unit. If the unit is 
a pool, only one entry for maximum depth, outlet depth, and pool forming obstruction should be 
recorded for the entire unit. 

Determining Resjdua' Pool Depth 

Residual pool depth is a discharge-independent measure of the depth of a pool relative to the height 
of the adjacent downstream hydraulic control structure that controls the water depth in the pool, 
such as a gravel bar or a log It is only measured in pool units. Residual pool depth is used as a 
criteria for identifYing pools and as a means of monitoring the filling of pools with sediment over 
time. 

Residual pool depth represents the difference between the elevation of the deepest point in the pool 
and the elevation of the crest ofthe bar immediately downstream. This is determined by calculating 
the difference between the water depth at the deepest point and the water depth on top of the down­
stream bar or control structure. To visualize the concept of residual pool depth, imagine what would 
happen if the water level dropped until it was no longer flowing over the downstream riftle, isolat­
ing the pool. The depth of the water that would remain in the pool at its deepest point would be the 
residual pool depth. See Lisle (1987) for a detailed discussion of residual pool depth. 

To determine residual pool depth, two depth measurements are required (Figure 10). First, locate 
the deepest spot in the pool and measure the distance from the deepest point to the surface of the 
water. This measurement is the maximum pool depth. 

I Note: ResIdual Pool depth .. MaxImum depth - Pool 0UIIet depth I 

faRM 

StreambedlSlbsbate surface 

Figure 10. Measuring maximum pool depth and depth of pool outlet. 

Pool outlet 
depth 

Next, locate the downstream riffle crest, the point at the outlet of the pool that forms the dam and 
controls the release of water from the pool. This spot can be tricky to locate. It is often located 
below the downstream boundary of the pool unit. The correct location to make the measurement is 
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where the thalweg (deepest part) of the channel crosses the top of the bar. It can be visualized as the 
sununit of a mountain pass. The water depth at this location is the pool outlet depth. 

In some cases, the downstream hydraulic control may be an obstruction that impounds water, such 
as a log or a beaver dam, rather than a gravel bar. In these cases, the depth of water flowing over 
the obstruction would be the pool outlet depth. If the water is not flowing over the downstream 
hydraulic control, then the pool outlet depth would be zero. During data analysis residual pool 
depth is calculated by subtracting the pool outlet depth from the maximum pool depth. 

Identifying Factors Contributing to Pool Formation 

Pools typically form as a result of scour adjacent to channel obstructions or due to impoundment of 
water behind blockages. Information on the factors contributing to pool formation is collected in 
order to document changes over time and to provide interpretive information related to current 
conditions such as percentage of pools and residual pool depth. 

Table 3 lists a number of factors that often contribute to pool formation. Record any that appear to 
be contributing to the scour and/or damming effect forming the pool you are observing. Imagine the 
pool-forming processes at bankfull flow in order to make this detennination. Select more than one 
factor, if applicable. 

Log, Rootwad or Debris Jam: use the 
TFW Ambient Monitoring Large Woody 
Debris Survey Module to identify. 

Roots of standing tree(s) or stump(s): 
applies to pools formed by hydraulic scour 
when the stream's flow is deflected by the 
roots of live or dead standing trees and 
stumps. 

Rock(s) or Boulder(s): applies to pools 
formed by hydraulic scour caused by the 
stream flowing around larger rocks or boul­
ders. 

Bedrock outcrop: applies to pools formed 
by a hydraulic constriction caused by a 
geologic protrusion of bedrock material. 

Channel bedform: refers to situations 
where the channel bed creates pools, such as 
where two channels join or where pools form 
next to bars in the absence of other contribut­
ing factors. 

1993 TFW Ambient Monitoring Manual 

Table 3. List of potential factors contributing to pool 
formation and their codes. 

Factors contributing Code 
to pool information 

Log(s) I 

Rootwad(s) 2 

Debris Jam 3 

Roots of standing 4 

tree(s) or stump~ 

Rock or Boulder(s) 5 

Bedrock outcrop 6 

Channel bedform 7 

Scour associated with 8 

resistant banks 

Artificial bank 9 

Beaver dam 10 

Other 11 
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Scour associated with resistant banks: applies to pools scoured along banks which resist erosion 
due to their natural composition (clay, rock, rootmass not covered in #4, etc.). 

Artificial bank: applies to pools formed by scour along banks protected by structures of riprap, 
concrete, etc. 

Beaver dam: applies to pools formed by the constriction of flow caused by debris placed in the 
stream by beavers. 

Other: when you observe a factor contributing to pool formation that is not on the list, select 
"other" and describe the feature in the field notes section. 

Filling out the Habitat Unit Survey Form 

The 1FW Ambient Monitoring Program provides field forms for recording monitoring data. Two 
options are available for recording information collected in the habitat unit survey. Use the regular 
habitat unit survey form (Appendix C) to record data if you plan on entering it by hand into a data­
base. Use the scanable version of Form 3 (Appendix D) if you want to have your data scanrted into 
a database at NWIFC. Please measure and record data in metric units. An EnglishlMetric conver­
sion chart is provided in Appendix E. 

Background information - Begin by recording the date, the stream name, WRlA and segment 
number, rivennile and the confinement/gradient category. Record the discharge at the time of the 
survey. If the discharge is similar on subsequent days, record the same discharge. If the discharge 
changes, take a new discharge measurement and record this measurement on subsequent forms. 
Number each page sequentially for the entire segment. For example, if twelve forms are used in a 
segment, the first one would be 1 of 12, the second would be 2 of 12, and so forth. 

Unit number - Each habitat unit should be given a discrete number, beginning with one. Units 
should be numbered sequentially through the stream segment as they are encountered. Begin the 
numbering sequence over again for each segment surveyed. 

Downstream reference point number - Record the number of the nearest downstream reference 
point for each unit. Remember to split habitat units at reference points. 

Recording information for units split at reference points - When a habitat unit is split at a refer­
ence point, make two separate entries. Make one entry for the portion ofthe unit above the refer­
ence point and one for the portion below the reference point. Record the same habitat unit number 
for each entry, since both portions are part of the same unit. Each entry will have a different down­
stream reference point number, since the upper portion of the unit has crossed a reference point. 
Record the appropriate unit type and unit category for each portion of the split unit (they should be 
the same). Record different lengths and average widths for each portion of the unit. Make only one 
maximum pool depth, pool uutlet depth and pool forming obstruction entry for each pool unit, even 
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if the unit is split. Record this information on the first entry for split pool units. See' splitting units 
at reference points', above, for more information on this topic. 

Unit type - Note the type of unit as a Pool (P), Tailout (T), Riftle (R), Cascade (C), Sub-surface 
flow (S), Obscured (0), or Wetland (W). 

Unit category - Record the unit category as Primary (1), Secondary (2) or Side-channel (3). Pri­
mary units are over 50% of the wetted width, secondary units are less than 50%, and side-channels 
are separated from the main channel by an island (over two bankfull widths in length with perennial 
vegetation). 

Length - Record the length of the habitat unit to the nearest tenth ofa meter. 

Width - Record the average width of the unit to the nearest tenth of a meter. 

Maximum pool depth - Record the maximum water depth of each pool to the nearest centimeter. 
Maximum depth measurements are recorded only for pool units. 

Pool outlet depth - Record the pool outlet depth of each pool unit to the nearest centimeter. Outlet 
depth measurements are recorded only for pool units. 

Pool forming obstruction - Record the code number for any factors that are acting to form the 
pool. See Table 3 or the Field Code Sheet (Appendix F) for the appropriate codes. If the factor 
causing the pool is not listed, enter # 11 and describe the pool forming factor in the field notes 
section. 

Field Code Sheet - All the codes for the habitat wtit survey (and the level 2 large woody debris survey) have been 
compiled on the field code sheet in Appendix F. Copy this sheet on to weather-proof paper and cany it in the field 
with you for easy reference. 

Data Processing and Analysis 

After data has been hand entered (by the cooperator) or scanned into the database, it is error 
checked. Then, habitat unit survey information is summarized in the Stream Segment Summary 
Report (Appendix G). This report provides habitat information including: the frequency and total 
surface area ofthe four habitat unit types, percent pools for use in Watershed Analysis, mean and 
maximum residual pool depth, and factors contributing to pool formation. A separate Pool Sum­
mary Report provides information on the characteristics of all pools surveyed. In addition, coopera­
tors receive a copy of the database on floppy disk for their use. Data is also stored in a statewide 
database at NWIFC for future TFW-related use. 
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Training, Field Assistance and Quality Control 

This manual is intended as a reference for those collecting monitoring information using the TFW 
Ambient Monitoring Program habitat unit survey module. Because of the difficulty in relying solely 
on a manual to learn and implement monitoring methodologies, the TFW Ambient Monitoring 
Program offers formal training sessions and informal field assistance visits to help cooperators learn 
and implement the methodologies. 

In addition, the Ambient Monitoring Program also provides a quality control service that involves 
having an experienced crew perform replicate surveys for cooperators. The purpose of these sur­
veys is to identifY and correct inconsistencies in application of the methods and to provide documen­
tation that data is being collected in a replicable and consistent manner throughout the state. 

We encourage cooperators to utilize these services. Please contact the Northwest Indian Fisheries 
Commission (1-206-438-1180) for more information concerning the TFW Ambient Monitoring 
Program. 
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APPENDIXES 

Appendix A 
Discharge Measurement Form (sample) 

AppendixB 
Discharge Measurement Form 

Appendix C 
Habitat Unit Survey Form 3A & 3B (hand entry) 

AppendixD 
Habitat Unit Survey Form 3A & 3B (scan entry) 

Appendix E 
Metric Conversion Chart 

Appendix F 
TFW Ambient Monitoring Field Code Sheet 

AppendixG 
Stream Segment Summary Report (sample) 
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II APPENDIX A II 
Discharge Measurement Form 

Dis!. from initial Cell Width Depth Velocity at point 
point on tape 

0.5 (wetted 
perimter) 

1 1. .3 .05 

2 1. .4 .11 

3 .75 .6 .22 

3.5 .5 .8 .35 

4 .5 1 .40 

4.5 .5 1.2 .45 

5 .5 1.4 .54 

5.5 .5 1.4 .66 

6 .5 1.3 .69 

6.5 .5 1.2 .56 

7 .5 1.1 .48 

7.5 .5 1. .42 

8 .75 .6 .22 

9 1. .5 .12 

10 1.5 .2 .06 

11 (wetted 
perimeter) 

CONVERSION: Cubic FeetlSecond • Cubic Meters/Second Cell 
CFS CMS Disch_ge 
3.044 X .0283 = .086 Total 

Segment Number_-"-01:..-____ _ 

Stream Name Deschutes River 

Cell Discharge 

.015 

.044 

.099 

.14 

.2 

.27 

.378 

.462 

.449 

.336 

.264 

.21 

.099 

.06 

.018 

3.044 

Date 7110 , 19.1L Surveyors _-"S"'mit.,.hIW:.=es"'s""on"--________ _ 



Discharge Measurement Form 

Dist. from initial Cell Width Depth Velocity at point Cell Discharge 
point on tape 

CONVERSION: Cubic FeeVSecond • Cubic MelerslSecond Cell 
CFS eMS Discharge 

X ,0283 = Total 

Segment Number, ______ _ 

mreamName ____________________ __ 

Date ,19_ SulVeyors _____________ _ 



HABITAT UNIT SURVEY FOI{:\! 3'\ .'\: 3B TFW - N.W.I.F.e. 

W.R.IA. NUMBER 

UNIT DOWNSTREAM UNIT I~ MAX OunET roo FIELD NOTES: 

NUMBER REF.Pr.' TYPE LENGnI wmTII DEP11I DEP11I 085. 
IPOOL I/POOLI . ....... ....... ....... - · 

I I I I I I 1 I 1 I 

UNIT DOWNSTREAM UNIT Iurm MAX ounET POOl FIELD NOTES: 

NUMBER REF. PT.' TYPE CAT. LENGnI wmTII DEPTH DEP11I 085. 
POOL IIPOOLI ,. ....... ....... ....... ...- · 

I I I IJ I 1 I 1 I ~ 
s::1 

UNIT DOWNSTREAM UNIT iVNrI MAX OunET POOl FIELD NOTES: 
NUMBER REF. PT.' TYPE CAT. LENGnI wmTII DEP11I DEP11I OBS. 

POOL I (POOLI 

(") 

,. .-. .-. .-. ....... · 
I I I I I I 1 I j 1 

UNIT DOWNSTREAM UNIT I~ MAX OunET POOl FIELD NOTES: 
NUMBER REF. PT. ' TYPE LENGnI wmTII r;:;~ ::::~ ODS. 

,. ....... ....... ....... ....... · 

I I I I I I I 1 I 1 1 
UNIT DOWNSTREAM UNIT IUNrI MAX OunET POO FIELD NOTES: 

NUMBER REF. PT.' TYPE CAT. LENGnI wmTII DEP11I DEP11I OBS. 
POOL /POOLI , . ....... ....... ..-. ....... 1,:\2 

I I I I I I I 1 I I 1 1 1 
Vtnioa 7110 AP 



HABITAT UNIT SURVEY FOR\[ 3A & 311 (conI.) 

UNIT DOWNSTREAM UNIT UNrI MAX OUl'lEJ' POOL 
FIELD NOTES: 

NUMBER REF. PT. ' TYPE CAT. LIlNGnI WIDTH DEPTH DEPTH ODS. 
POOL (POOL) 

" .. , PIRJCJSJOIW .- meters ....... ....... ..... " 
I 1 1 1 1 

UNIT DOWNSTREAM UNIT UNrI MAX OUfLET POOL FIELD NOTES: 
NUMBER REF. PT_' TYPE CAT_ LENGTH WIDTH DEPTH DEPTH OBS. 

POOL (POOL) 
-,>, • ~;.i~ ". ,~~ •• P - (meters ...... " ....... ... .. " -

I 1 I 1 1 
UNIT DOWNSTREAM UNIT UNrI MAX OUl'lEJ' POOL FIELD NOTES: 

NUMBER REF. PT. ' TYPE CAT. LIlNGnI WIDTH DEPTH DEPTH ODS. 
POOL) (POOL) 

. ;:-': " PIRJCJSJOIW '-3 ",'eu ....... ....... ....... -

I 1 I 1 1 
UNIT DOWNSTREAM UNIT UNI1 MAX OUTLET POOl FIELD NOTES: 

NUMBER REF.PT.' TYPE CAT. LENGTH WIDTH DEPTH DEPTH OBS. 
POOL (POOL) 

~:~~) :: ,:.-J:. ;'*~;,,: :m . : '~. . ,: '::: '-3 melers ...... " ... .. " ..... " -

I I 1 I 1 1 1 
UNIT DOWNSTREAM UNIT iUNIT MAX OUl'lEJ' POOl FIELD NOTES: 

NUMBER REF_ PT.' TVPE CAT_ LIlNGnI WIDTH DEPTH DEPTH ODS_ 
POOL (POOL) 

.. !~. , !. ",' . " ~ , .' PIRJCJSJOIW '-3 ~ ....... ....... ....... ....... 
J 

", " 

I I 1 I 1 1 1 
UNIT DOWNSTREAM UNIT I~ MAX OUfLET POO FIELD NOTES: 

NUMBER REF. PT. ' TYPE LENGTH WIDTH DEPTH DEPTH ODS. • .-
POOL (POOL) 

meltts ..... " ....... ..... " -
1 I I 1 I 1 1 1 

VersiOB 7i lOAP 
I: N.W.I.F.e. '730 Marlin Way E, OIYIQpil, WA 98506 m 

Co.lact:: Scali Hall (206)438-1180 , 



TFW Ambient Monitoring 

HABITAT UNIT SURVEY 

1. Use this form when beginning a survey of a new confinement! gradient segment OR as the 
first form used each day to complete the survey of the valley segment. 

2. Assign new date each day. 

3. Continue recording habitat unit data on FORM 4B. 

FORM3A 

Use a No.2 pencil. Fill bubbles darkly and completely. Do not make stray marks. Page_of_. 

STREAM NAME - -- ··1 

II I I \I I I I I I I I I 

DATE 

UNIT DOWN· UNIT UNIT LENGTH WIDTH 
NUMBER 

STREAM 
TYPE CAT. 1m) 1m) 

REF POtNT 

I I I I I 
~ <1? 

I I I I I 
~000 @00 @~~~ ~ 000 ~ 
~(>00 000 

* 
r" 0000 0 000 0 

'000 000 ill 0000 0 000 0 
~(>00 000 

* 
0000 0 000 0 

' 000 000 ~000 0 000 0 
~~00 ~~~ 

0 ~~0~ 
r,. 000 , 
@ 0®0~ 6 ®, 0@)00 ~®6 • 

$(>00 ~(>~ q>000 r" C1?0 1 , 
'@@0 .~~ ~~00 ~ ~0' a 
009 9 • • • !t)®®1t • ••• • 

rIN. 8/92 

OUTln MAX 
POOL DfPTH DE.,", DB" POOl(m' POOL 1m' 

I I I 
0 @)@) ~@) @)@) ~~ 0 00 00 00 '0 
0 00 00 00 @0 
0 00 00 00 00 
@ ~0 ~ ~~ ~0 

5 '0 , ,r,. , ;:;; 
• .@) 

~ @~ 1(: , '0 
• a:~ ~ ~~ a)(. 

• •• .)6: 

W.R.IA. NUMBER 

o UNLISTED 
DISCHARGE 

(CMS) 

~~I.~~ I~~~I~ 

UNIT DOWN· UNIT UNIT LENGTH WIDTH 
NUMBER """AM TYPE CAT. 1m) 1m) 

fIU, POINT 

I I I I I r,; ?," 
I I I I I . 

~~~~ ~@)@) @@)@)@) I~ @)~@)@) '000 000 ~ q 0000 0 0000 
~~00 000 ~ ~ 0000 0 000 0 ~ '000 000 I~ 0000 0 000 0 
~000 000 r,. 0000 0 000 ~ '000 ~®® ~ ~00' , '00 ~ 
'@)~~ $~' ~ ~0@ • • • @@ ~ '00' '0~ 1)00 1 , '00 ~ 
'0~~ ~0(' ~0(!)0 • '00 • 

1:i.I(i)(i), • . ~~ 00cil" • ')(~III • 

OUTLET 
DEPTH 

POOl 1m' 

. I 
@)@)@) 
000 
0 00 
0 00 
0 @0 r,; 00 10 ~® 
~ 00 
• '0 
• 9)® 

BEGINNING 
RIVER 
MILE 

ill 

ENDING 
RIVER 
MilE 

ill 

MAX 
DEPTH 

POOl!m' 

J,-
~@) @) ® 
00 00 
00 00 
00 00 =0 00 r,; ~0 
~ @® 
I~ ~gj • ~~ Ir" 

8 
" • • 
;; 

" ~ 
M 

;; 
• > 
• u z 
: 

{ 
« · i 

• 
POOL, 
08. 

j" @)® 
00 
00 
00 
~0 
~0 

$~ 
~~ 90 

• 
Continue on back of form. C NW Indian Fisheries Commission 

I I I I I I I I I I I I I I I I I I I I I I I I I I I , I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

> 
." 
." 
t"l 

~ 
~ 
t; 
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Symbol 

mm 
cm 
m 
m 
km 

cm~ 

m' 
km! .. 
ha 

°C 

OF 

I 
I in 

ft 
Y~ mt 

in: 
ftl . 
yd: 

. mit 

II APPENDIX Ell 
Colmll'lion Formulas: 

~~«~ 

Metric Conversion Chart 
CPS (lei .0283 - CMS 
CMS (xl 35.315 - CFS 

When You Know Multiply By To Find Symbol 

l.ength 

millimeters 0.04 inches in 
centimeters 0.4 inches in 
meters 3.3 feet ft 
meters , .1 yards Y~ 
kilometers 0.6 miles ml 

Aree 

square centimeters 0.16 square inches in: 
square meters 1.2 square yards yd! 
square kilometers 0.4 square miles mil 
hectares 
(10.000m2) 2.5 acres 

Temperature (exact) 

Celsius temp. 9/5 (+32) Fahrenheit temp. OF 

Temperature (exact}to Metric 

Fahrenheit temp. -325/9 Celsius temp. ...... 
'"' of remainder 

Length 

inches °2.5 centimeters cm 
feel' 30 ce:1timeters em 
yards 0.9 me:ers m 
miles 1.6 kiiometers km 

Area 

square inches 6.5 sq. centimeters em: 
square feet 0.09· square meters m= 
square yards 0.8 square meters m: 

. square miles '2.6' sq. kilometers .. km: 
acres 0.4 hectares ha 



TFW AMBIBNT MONITORING CODB SHBBT 

HABITAT UNIT CODES 

Unit type 

P = pool 
T = tailout 
R = riffle 
C = cascade 
S = sub-surface flow 
0 = obscured 
W = wetland 

Unit Category 

1 = primary unit 
2 = secondary unit 
3 = side-channel unit 

Factors contributing to 
pool formation 

Log(s) 1 
Rootwad (s) 2 
Debris Jam 3 
Roots of standing 4 

trees or stumps 
Rock(s)/boulder(s) 5 
Bedrock outcrop 6 
Channel bedform 7 
S~ou~ ·-resistant 8 

banks 
Artificial bank 9 

protection 
Beaver dam 10 
Other 11 

Bankfull width (meters) Minimum unit siz~ 
meters) 

0 - 2. S III 0.5 

2.5-5.0m 1.0 

5 - 10 .. 2.0 

10 - 15 • 3.0 

15 - 20 III '.0 

> 20 III 5.0 

LARGE WOODY DEBRIS CODES 

Piece type 

L = log 
R = rootwad 

Wood Type 

C = conifer 
D = deciduous 
U = unknown 

Stability 

R = rootwad 
B = buried 
P = pinned 

Pool forming function 

Y = yes 
N = No 

Wood location zone 

1 = Zone 1 
2 = Zone 2 
3 = Zone 3 
4 = Zone 4 

Pool forming function 

Y = Yes 
N = No 

(square Minimum residual pool depth 
INters] 

0.10 

0.20 

O.l~ 

0.)0 

0.35 

0.40 
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II APPE~IX G II 
TFW Ambient Monitoring Stream Segment Summary 1';'92 

Stream Segment Identification ( FileID: CC ) 

Stream namm: DESCHUTES R. WAU name: 
WRIA number: 13.0028 Segment number: 18 
River mile: 35.3 to 36.6 

Stream Segment Characteristics 

Gradient category: 2 
Avg bankfull width: 20.2 M 
Segment length: 2615.0 M 

Confinement. U 
Avg bankfull depth: 0.4 M 
Upper elevation. 550 F 

WAU 41: 

Str.am order: 4 
Width I depth: 46.66 
Lower elevation: 510 F 

~ ,_ " ~ Resourc. Condition Indice Summary 
, ," 

, ' ~. 

.; - ' . :; : .... 
.. 
:" , 

Percent pools = ~1.87. rated as a GOOD (>=50% ) habitat condition 
In-channel LWD pieces I bankfull width = 3.11 rated unkwn target value of 
Average canopy closure: 23 % 

Habitat Unit Summary Information 

Habitat Units per Kilometer = 40.54 

% Total % Mman Maximum 
Freq Total Area (MA 2) Total RPD (M) RPD (M) 

----- ---------- ----- ------- -------
Pools 50 47.2 18120.1 51.8 0.61 2.70 
Ri ffles 40 37.7 15011.7 42.9 
Cascades 15 14.2 1748.6 5.0 
Tai lout 1 0.9 109.1 0.3 

----------------------------------------------------
Total 106 34989.4 

Factors Contributing to Pool Formation 
-------------------------------------------
Factor D .. scription Freq 
------ -------------~--------------

1 Log(s) 4 
2 Rootwad(s) 15 
3 Debris jam 10 
4 Roots of standing trees or stumps 2 
~ Rock(s) or boulder(s) 1 
6 Bedrock outcrop 4 
7 Channel bedform 0 
8 Scour associated with resistant banks 8 
9 Arti tidal bank 

10 B .• aver 
11 Other 

Subsurface flow 
Obscured flow 
Wetland 

Dam 

Fr .. q 

o 
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LARGE WOODY DEBRIS SURVEY MODULE 

Figure 1. CSS Field Tech. Joe Apfel surrounded by a large debris jam on West Fork Tanewn Creek. 

Introduction 

Large woody debris (LWD) is an important component of stream channels in the Pacific Northwest. 
It plays an integral role in the formation of channel morphology and fish habitat (Figure I). Logs 
and rootwads enter stream channels due to bank cutting, blowdown, and mass wasting. Once in the 
channel, the effect of L WD is related to the size, stability and longevity of the individual pieces, and 
to the tendency of wood to collect in large accumulations known as debris jams. 

Large woody debris influences channel morphology in several ways. Pools often form in associa­
tion with LWD, due to adjacent scouring or impoundment of water behind channel-spanning pieces. 
Large woody debris often traps and stores sediment, having a moderating affect on sediment trans­
port rates. In steeper, smaller channels, it often forms distinct steps that capture sediment on the 
upstream side and dissipate energy as the flow drops over the step. 

Large woody debris plays an important biological role in Pacific Northwest streams, creating and 
enhancing fish habitat in streams of all sizes (Bisson et aI., 1987). Pools formed in association with 
L WD often provide deep, low velocity habitat with cover. This habitat is beneficial for a variety of 
salmonid species and life history stages, particularly those that over-winter in stream channels. 
Large woody debris also functions to retain spawning gravel in high energy channels and provides 
thermal and physical cover. 
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The nature and abundance of large woody debris in a stream channel reflects past and present 
recruitment rates. This is largely determined by the age and composition of past and present adja­
cent riparian stands. Activities that disturb riparian vegetation, including timber removal in riparian 
areas, can reduce L WD recruitment. In addition, current conditions also reflect the past history of 
both natural and management-related channel disturbances, such as flood events, debris flows, 
splash damming, and stream c1eanout. 

Our understanding of the function of large woody debris in stream channels is still developing. To 
help increase the state of knowledge regarding LWD distribution and characteristics in Washington 
streams, Peterson et al. (1992) recommend expanding the type and amount of information collected 
in L WD monitoring and inventory surveys. 

Purpose of the Large Woody Debris Survey Module 

The purpose of the large woody debris survey module is to: 

1. Provide a means of accurately documenting the current abundance and characteristics of 
large woody debris in stream channels. 

2. To provide a repeatable methodology that can be used to monitor changes in the status of 
large woody debris over time. 

3. To provide information on the abundance, size and function of large woody debris that is 
suitable for use in the Watershed Analysis cumulative effects assessment procedure. 

4. To improve our knowledge of the distribution and characteristics oflarge woody debris in 
Pacific Northwest streams. 

Large Woody Debris Survey Methodology 

This section describes procedures for identifying and measuring large woody debris and large debris 
jams. Two options are provided. The less intensive Level I option does not require measurement of 
individual pieces of wood, however it provides information on abundance and size class suitable for 
Watershed Analysis Levell. The more intensive Level 2 method requires measurement of each 
piece of wood and provides detailed information on diameter, length, volume and channel location 
suitable for Watershed Analysis Level 2. Please record all measurements in metric units to reduce 
confusion and streamline data processing. 

Information RDd Equipment Needed 

In order to complete the Ambient Monitoring large woody debris survey, it is necessary to have 
previously identified a survey segment (see stream segment identification module). It is also desir­
able to have established reference points (see the reference point survey module) so that large woody 
debris and debris jams can be associated with permanent reference locations. 
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You will need the following equipment: 

Large Woody Debris survey forms (separate forms provided for the Level I and Level 2 methods) 
Large Debris Jam survey forms 
Number 2 pencils 
Clip board or form holder 
Fiberglass tape (metric) 
Rangefinder (metric) 
Calipers ( metric) 
Stadia rod or measuring stick (metric) 
Field notebook 
Field guide to tree identification (to help distinguish coniferous and deciduous species) 
Hip boots or waders 
First aid supplies 

FIELD NOTE: It is imponant to make a copy of this list and use it before each daily swvey. 

Identifying lilrgc Woody Debris 

For the purposes of the large woody debris survey module, there are three types ofLWD; logs, 
rootwads and large debris jams. Somewhat different information is collected for each type, so the 
first step is to identifY the type of piece being observed. 

How to IdentifY a LOi 

To qualifY as a log, a piece of wood must (Figure 2a): 

1. be dead (or imminently dying with no chance of survival); 

2. have a root system that is wholly or partially detached and is no longer capable of supporting 
the log's weight; 

3. have a diameter of at least 10 cm for at least 2 meters of its length, and; 

4. intrude into the bankfull channel. 

This criteria is based on the definition ofLWD used by Bilby and Ward (1989; 1991), and is com­
patible with the Watershed Analysis LWD assessment procedure. Pieces that meet the minimum 
length and diameter criteria above are classified as logs regardless of whether or not they have roots 
attached. Individual stems that have grown in a cluster and meet at the base may be counted as 
separate pieces if they meet the minimum length and diameter criteria. Branches that are attached to 
the trunk of the tree should not be counted regardless of their size. 
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How to Identjfy a Rootwad 

Rootwads are pieces of wood with a root system that do not meet the minimum length criteria for a 
log. To qualifY as a rootwad. a piece (Figure 2b); 

1. must be less than 2 meters long (except for old-growth stumps) and have a root system 
attached; 

2. must be at least 20 cm diameter at the base of the stem where it meets the roots; 

3. must have roots that are either wholly or partially detached from the soil so the rootwad has 
the ability to fall over, and; 

4. must intrude into the bankfull channel. 

> 2m ---------~ 

LOG Fig. loa 
0fterIa: 1) roost be dead or deaIh Is Inmi nant [NO ctoance d survNaI) 

21 roots must no 1cnger support the wdt#l d the log 
3 I Oem ella i IdEi ror at least 2m IengIh 

Nolle: iTleIiISlR log IengIh to boaDin d rootwad If 1IIatd"'_iC!dM 
4) must fnINde on ISiriI\JII eta I lei 

ROOlWAD 
CrlIe1a: 1) roots must be deliAJ iC!d: eIIher It haS faIen CMl a It 

haS the abIIIly to tal CMl 
211eng1h less 1hIrI2 meIm 
3 ciarrlt:lB where SIem meets roots geaII!r 1hIrI20 an 
4 roost fnINde on biriIIJI d Iai I lei 

Fig.lb 

Figure 2. Criteria for large woody debris. 
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Old stumps are often found along the banks of stream channels running through areas that were 
harvested in the past. Often the stream has cut into the bank, exposing the roots of these standing 
stumps. The exposed roots are within the bankfull channel, and may have an influence on channel 
morphology. However, to maintain consistency with Bilby and Ward (1989; 1991), stumps with 
root systems that are still anchored in the ground are not counted as rootwads unless the stem (above 
the roots) has fallen into the bankfull channel (see section on length and channel location, below). 

How to Identify a Large Debris Jam 

Large debris jams are defmed as accumulations of 
10 or more qualifYing logs or rootwads that are in 
contact with one another (Figure 3). Each qualifY­
ing piece must meet the minimum size criteria 
( defined above) and must intrude into Zone I, 2 or 
3. While smaller accumulations may sometimes 
function as debris jams, for our purposes they are 
not counted as "large debris jams". Only 
limited information is collected on individual 
pieces of wood in large debris jams (see section on 
large debris jams, below). Figure 3. Lyman Bullchild on lOp of a large debris jam 

in the headwaters of Charley Creek, 1991 

Collecting Information on Logs, Rootwads and Large Debris Jams 

Two options are provided for collecting information on logs and rootwads. The Level I method is 
least intensive and does not require measurement of individual pieces of wood. It is designed to 
collect a minimal amount of information on L WP rather rapidly and generate information on the 
abundance and size class ofLWP suitable for Watershed Analysis Level I. The more intensive 
Level 2 method involves taking measurements on individual pieces of wood. This method is more 
time consuming, however it provides detailed information on attributes such as diameter, length, 
volume, charmel location, wood type and stability that is suitable for Watershed Analysis Level 2. 

The Levell Large Woody Debris Method 

Use the Level I Large Woody Debris Survey Form (Appendix A) to record information collected 
using the Level I LWP survey method. Fill out the survey date, stream name, WRIA and segment 
identification numbers, and beginning and ending river miles. 

Begin the survey at the start of the stream segment (see the TFW Ambient Monitoring Stream 
Segment Identification Module). lfreference points have been established in the segment, deter­
mine the segment length from the reference point survey form. If you are not planning on establish­
ing reference points prior to the Level I L WP survey, then you will need to measure the length of 
the survey segment by running a tape or hip chain down the center of the bankfull channel. This can 
be done before or during the Level) LWP survey. 
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Walk the channel, counting the number of qualifYing pieces encountered (see identifYing large 
woody debris, above). Logs and rootwads that occur in accumulations of 10 or more pieces are 
treated separately as large debris jams and recorded on the Large Debris Jam survey form. In the 
Level 1 L WD survey, qualifying pieces are assigned to one of the following four categories (Figure 
4): 

*Small Log: 
*Medium Log: 
*Large Log: 
*Rootwad: 

smaI 

10-20 em diameter at midpoint 
20-50 cm diameter at midpoint 
greater than 50 cm diameter at midpoint 
20 em or greater at base of stem 

Figure 4. Log diameter categories used in the Level I LWD survey. 

Next, detennine the maximum extent to which the piece intrudes into the channel and assign the 
piece to either channel location zone 1 or 2. If a portion of the piece intrudes into the water at low 
flow, it is assigned to Zone 1. If it does not intrude into the water at low flow but would be partially 
submerged at bankfull flow, it would be assigned to Zone 2. See the section on length and channel 
location in the Level 2 LWD method (below) for a detailed discussion of the channel location zones. 

Once the size category and channel location have been determined, tally the piece in the appropriate 
column (size category) and row (channel location zone) in the matrix on the Levell form. Each 
piece should only be tallied once. At the end of the survey add up all the tally marks in each cell of 
the matrix and record the total at the bottom of each cell. The sum of the totals for all cells equals 
the count of individual pieces in the segment. Add this number to the total number of pieces 
counted in large debris jams to calculate the total number of L WD pieces surveyed. 

The Level 2 Large Woody Debris Method 

The following information is collected on qualifying logs and rootwads during the Level 2 survey 
and is recorded on the Level 2 large woody debris survey form (Appendix B and C). This type of 
information is not collected for logs or rootwads that occur in accumulations of 10 or more pieces; 
they are treated separately as large debris jams (see large debris jams, below). 
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Association wjth Reference Points 

Each log or (Qotwad should be assigned to a 100 meter reach delineated by established reference 
points (see reference point survey module). Locate the mid-point along the log or rootwad. and 
record the number of the nearest downstream reference point (Figure 5). 

~1OSeg."3. 
lief. PI. II 

.... dIxlInt cliog ~ 
R<!. PI. 0 ancfl. assign 

III Ref. PI. 0 

AssIgn 10 
Ref. PI. 0 

Ref. PI. I 

Figure 5. Assigning large woody debris to reference points. 

piameter 

Midpoh cll.arge 0I!brIs Jam 
~ Ref. PI. I and 2 

.;mIg\ 10 lief. PI. I 

Diameter information is useful in determining the relative size and volume of individual logs. 
Diameter (to the nearest centimeter) is measured at the mid-point along the length of each log with a 
caliper or measuring stick. If a log cannot be measured, for example if the water is too deep or part 
of the log is suspended above the channel, estimate the diameter. If the log is divided into several 
large branches at the mid-point, making an accurate diameter measurement impossible at that loca­
tion, measure the diameter immediately below the point where the branches fork. The diameter of 
rootwads is measured on the stem just above where the roots begin. 

Length and Channel Location 

Information on the length of logs and rootwads is useful in determining their relative size and 
volume. In conjunction with the length measurement, information on the channel location of the 
piece is collected. The system used to describe channel location (based on Robison and Beschta, 
1991) consists off our location zones or categories (Figure 6). 
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"INfRUSION" inIo Zone: 
~ portion of stem or rootwad which breaIcs 

ItS pIa-le - no rnrwnum length requilement 

ZONE 3 
• wI1Iin ~ peI~rflmmell!l __ -

• aIx:r;oe ~ S1age_1eIIet 

ZONE 2 
• wI1Iin ch;nleI ftlled at biriful S1age .. _--­* aIx:r;oe ClJIla1t welled surface 

Figure 6. Description ofLWD zones in stream channel. 

ZONE 4 
• 011 cre.a OUISIde cI 
~ch;nleI 

Zone 1 is the wetted low flow channel, defined as the area under water at the time of surveys done 
during the low flow period. 

Zone 2 is an area within the influence of the bankfull flow. This zone is within the perimeter of the 
bankfull channel and below the elevation of the water at bankfull flow (excluding areas defined as 
Zone 1). Zone 2 includes areas such as gravel bars that are exposed at low flow. 

Zone 3 is an area within the perimeter of the bankfull channel but above the water line at bankfull 
flow. This zone includes pieces that extend out over the channel but are suspended above the 
elevation of the water at bankfull flow; 

Zone 4 is the area outside of the bankfull channel perimeter. This zone includes the upper banks 
and riparian areas. 

To measure length and channel location, first detennine which zones the log or rootwad passes 
through. To define the location of the zones, it is necessary to detennine the point on each bank that 
represents the high water mark at bankfull flow. 

A variety of methods have been used by geomorphologists to establish the outer boundaries of the 
bankfull channel, however many require discharge records or surveying teclmiques. For ambient 
monitoring purposes, use bank form and vegetation indicators to identifY the perimeter of the 
bankfull channel. See the reference point survey module for a detailed discussion on determining 
bankfull channel dimensions. In channels with natural (un-diked) riparian areas and frequently 
inundated floodplains, the boundary of the bankfull channel corresponds with the top of the low 
banks between the active channel and the floodplain. For confined channels without a floodplain the 
line of perennial non-aquatic vegetation is the best indicator of the bankfull channel boundary. Examples 
include channels that have been artificially diked and channelized, or channels that are incised into 
terraces that are not regularly inundated. 

The outer boundary of the bankfull channel can be used to separate Zone 4 from Zones 2 and 3. 
Zone 4 lies outside the bankfull channel. To separate Zones 2 and 3, extend an 'imaginary horizonal 
line across the channel connecting the bankfull boundary points, representing the estimated water 
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surface when the channel is at bankfull stage. 

Once the zones have been determined, measure the length of the log (Figure 7) or rootwad along its 
main stem (Figure 8) in each of the four zones. The boundary line between two zones often passes 
through the log at an angle. In these situations, start with the lowest zone and measure to the fur­
thest extent that the log influences that zone. At the point where the entire log has left the first zone, 
measure to the furthest extent that the log influences the second zone. Often the bottom of a log is 
the last portion to leave Zone 1 or 2. 

Dead snag NOT CDUnted as L\M)­
falls aIteria because roots still 
support Io¢ welsj"It ~ 

Figure 7. Assigning portions of logs to stream channel zones. 

Figure 8. Assigning portions of rootwads to stream cbannel zones. 

ZONE 2 

4 

If part of a piece that is within Zone 1 or 2 also extends into Zone 3 or 4, measure and record the 
length in Zone 3 and/or 4. If a piece lies entirely within Zone 3 and/or 4 it is not counted in the 
survey. 

Extend the length measurement from the base of the attached root -ball, if present, to the end of the 
log, even if the end is less than the minimum diameter. If a portion of a log is buried and the entire 
length cannot be determined, measure only the exposed portion of the log. When a piece of wood 
forks into numerous small branches, such as the branches at the top of a tree, measure to the point 
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where the main stem is no longer distinctly larger than the branches forking off of it. 

Cooperators may also want to count and measure pieces of debris that are suspended or bridged over 
the channel in Zone 3. To do this, also enter data for qualifYing pieces that intrude into Zone 3 but 
do not enter Zone 1 or 2. These pieces will not be included in the regular wood count but will be 
reported in a separate category. 

me of Wood 

Logs are classified in one of three categories based on the species of tree. The three categories are 
Coniferous (C), Deciduous (D) or Unknown (U). This provides information on the type of material 
that is entering the channel and its potential longevity, since conifers resist rot and persist longer 
than deciduous pieces. Characteristics of the bark, wood fiber, and branching pattern can often be 
used to identifY the type of wood. A tree identification guide may be useful to help identify various 
species. If unsure about the type of wood, enter Unknown (U). 

StabjJjzjD!~ Factors 

Note if the piece has a Root system (R), is partially Buried (B), or is Pinned (P). Buried is defined 
as having increased stability at bankfull flow due to complete burial of either end or lateral burial of 
50% or more of the piece. Pinned is defined as having increased stability at bankfull flows due to 
having another piece on top of it, or due to being wedged between other logs, standing trees or 
bedrock. 

Pool Forming function 

Note if the log or rootwad is associated with pool formation, contributing to either scour or im­
poundment of water. Imagine the pool-forming processes at bankfull flow to make this determina­
tion, because pieces outside of the wetted perimeter at low flow may contribute to pool formation at 
bankfull flows. 

Large Debris Jams 

Large debris jams consist of accumulations of ten or more qUalifYing pieces (either logs or 
rootwads) that are touching. Pieces must be wholly or partially within Zones 1, 2 or 3 to be counted 
in debris jams. 

The following information is collected on logs and rootwads that are found in large debris jams and 
is recorded on the Large Debris Jam Survey Form (Appendix D and E). Walking on top oflarge 
debris jams can be difficult and dangerous, so this information is intended to be collected while 
walking around the outside of the debris jam and does not involve actual measurement of individual 
pieces of wood. 
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Associating Large Debris Jams with Reference Points 

Each debris jam should be associated with a 100 meter reach delineated by established reference 
points (see the Reference Point Survey Module). Locate the mid-point along the length of the debris 
jam, and record the number of the nearest downstream reference point (see Figure 5). 

Number and Size of Visible Pieces 

Walk around the debris jam and count the visible pieces that meet the minimum size criteria for logs 
and rootwads. Because it is often not possible to see both ends oflogs that go through the middle of 
large jams, it may be difficult to know if you are counting the same piece twice. Take your time and 
do your best! Assign each piece that you count to one off our categories, based on a visual estimate 
of the diameter. The categories are: 

*Small Log: 
*Medium Log: 
*LargeLog: 
*Rootwad: 

10-20 em diameter at midpoint 
20-50 em diameter at midpoint 
greater than 50 cm diameter at midpoint 
20 em or greater at base of stem 

Determine the Size of the Debris Jam 

The purpose of this information is to obtain an estimate of the dimensions of the debris jam to 
characterize its relative size. Determining the dimensions of a debris jam may be difficult because 
debris jams often have irregular shapes with individual logs that protrude from the pile. Imagine the 
debris jam as a rectangular shape with the smaller protruding pieces pushed into the pile or trimmed 
off, and record the average length, average width and average height. 

Channel Location 

Use the system of channel location zones described in the section on collecting information on logs 
(above). Note the furthest channel zone into which the debris jam intrudes. To determine this, 
imagine the debris jam with the protruding individual pieces trimmed off, as when determining the 
size of the debris jam. 

Pool Fonning Function 

Note if the debris jam is associated with pool formation, contributing to either scour or impound­
ment of water. Imagine the pool-forming processes at bankfull flow to make this determination. It 
is possible that debris jams outside of the wetted perimeter at low flow contribute to pool formation 
at bankfull flows. 

Filling Out the Level 2 Large Woody Debris Survey Form 

The TFW Ambient Monitoring Program provides field forms for recording monitoring data. Two 
options are available for recording information collected in the Large Woody Debris Survey. Use 
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the regular Level 2 LWD survey form (Appendix B) to record data if you want to enter it by hand 
into the database. Use the scan-able version (Appendix C) to record your data if you want the data 
scalUled directly into the database. This section describes how to enter information on the forms. 

Background information - Begin by recording the I!iili: the survey was done. Begin a new sheet 
on each subsequent day if the segment takes more than one day to survey. Record the Stream name, 
WRJA and Sewent ID number, and the beginning and ending River mile. This information can be 
taken from the segment summary form. 

Piece number - Make one entry on the Level 2 form for each qualifYing piece of wood (except 
those in large debris jams). Assign each piece a unique piece number, beginning with 001 and 
continuing in sequence to the last piece in the stream segment, and record it in the piece number 
column. 

Downstream reference point number - Record the number of the nearest downstream reference 
point from the mid-point of the log or rootwad in the downstream reference point column. 

Piece type - Determine if the piece is a log (greater than 2 meters in length, with or without roots) 
or a rootwad (less than 2 meters with roots attached). Record (L) for Log or (R) for Rootwad in the 
piece type column. 

Diameter - Record the diameter measurement (to the nearest centimeter) in the diameter column. 

Length - The form has separate columns for each of the chalUlellocation zones. Record the length 
of the portion of the log or rootwad assigned to each zone in the appropriate column. Lengths are 
measured to the nearest 0.1 meter. Total length will be computed during data processing by adding 
the lengths in each of the individual zones. 

Wood type - Record the type of wood in this column using (C) for Conifer, (D) for Deciduous or 
(U) for Unknown. 

Stability - Use this column to record all of the applicable stability factors for the piece using (R) for 
Root system, (B) for Buried, and (P) for PiIU1ed. 

Pool forming function - After determining if the log or rootwad is associated with a pool, use this 
column to record (Y) for Yes and (N) for No. 

Filling Out the Large Debris Jam Survey Form 

Two options are available for recording information collected on large debris jams. Use the regular 
Large Debris Jam Survey Form (Appendix D) if you plan on entering data by hand into the data­
base. Use the scan-able version (Appendix E) if you want to have the data scalUled directly into the 
database by NWIFC. Scan-able forms are available from NWIFC. The following section describes 
how to record data on this form. 
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Background information - Begin by recording the date the survey was done. Begin a new sheet on 
each subsequent day if the segment takes more than one day to survey. Record the stream name, 
WRIA and segment ID number, and the beginning and ending river mile. This information can be 
taken from the segment summary form. 

Large debris jam number - Make one entry on the Large Debris Jam Survey Form for each quali­
fYing large debris jam (IO or more interconnected qualifYing pieces of wood). Assign each large 
debris jam in the segment a unique number beginning with 1, and record in this column. 

Downstream reference point number - Record the number of the nearest downstream reference 
point from the mid-point along the length of the debris jam. 

Visible pieces - Record the total number of visible pieces in each of the size categories in the appro­
priate column. 

Length, width and height - Record the length, width and height (in meters) of the debris jam in 
these columns. 

Channel location zone - Record the zone number (lor 2) corresponding with the greatest intrusion 
of the debris jam into the channel. 

Pool forming function - After determining if the debris jam is associated with a pool, use this 
column to record (Y) for Yes or (N) for No. 

Data Processing and Analysis 

After data has been hand entered (by the cooperator) or scanned into the database, it is error 
checked. Then, an in-channel Large Woody Debris summary report is generated (Appendix F). 
This report provides information on LWD for the segment including: the frequency, average diam­
eter, length and volume oy channel location zone of logs and rootwads; frequency and volume by 
species type; and the size and composition of debris jams. In addition, cooperators will receive a 
copy of the database on floppy disk for their use. Data is stored in a statewide database at NWlFC 
for future TFW-related use. 

Training, Field Assistance and Quality Control 

This manual is intended as a reference for those collecting information using the TFW Ambient 
Monitoring Program Large Woody Debris Survey Module. Because of the difficulty in relying 
solely on a manual to learn and implement monitoring methodologies, the TFW Ambient Monitor­
ing Program offers formal training sessions and informal field assistance visits to help cooperators 
learn and implement the methodologies. 

In addition, the Ambient Monitoring Program also provides a quality control service that involves 
having an experienced crew perform replicate surveys for cooperators. The purpose of these sur-
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veys is to identifY and correct inconsistencies in application of the methods and to provide documen­
tation that data is being collected in a replicable and consistent manner throughout the state. 

We encourage cooperators to utilize these services. Please contact the Northwest Indian Fisheries 
Commission (1-206-438-1180) for more information concerning the TFW Ambient Monitoring 
Program. 
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II APPENDIX F II 
TFW Ambient Monitoring In-Channel Large Woody Debris SummAry 

Stre~m Segment Identification ( FileID: CC ) 

Stream name: DESCHUTES R. WAU name: WAU *. 
WRIA number. 13.0028 Segment number: 18 
River mile: 35.3 to 36.6 
Segment length: 2615.0 M Bankful Width: 20.2 Depth: 0.4 Width/Depth: 46.66 

Individual Pieces Intruding into Zones I ' and/or 2 

Average 
per Average Total Total Tot. Volume(MA 3) by Zone 

Freq ~:m DiAm. (cm) Length (M) Volume (M A 3) 1 2 3 4 
----- --------- ---------- ----------- ----- ----- ----- ---

Rootwads 7 2.7 59.4 1.4 2.8 1.4 0.6 0.8 2E-2 
Logs 128 48.9 27.7 6.4 98.2 34.7 26.5 19.9 17.1 

----- ------------ -----------------------
Total 135 51.6 101.1 36.2 27.1 20.7 17.1 

Composition of individu.l pieces Stability of individuAl piece. 

TotAl XTotal X 
Freq XFreq Volume (MA 3) Volume Freq Totd 

----- ------------ ------ -----
Coniferous 52 38.:5 78.6 77.8 Root system 29 21.5 
Deciduous 34 25.2 9.3 9.2 Buried 37 27.4 
Unknown 49 36.3 13.2 13.1 Pinned 14 10.4 
Total 135 101.1 Undetermined 58 43.0 

Debris jam information 

per Piece5 with Diameter Root Total Average Size (M) Zone Freq 
Freq Km 10-20 20-50 >:50 em wAds Pieces Length Width Height 1 2 

Debris ----- ----- ----- ----- ------ ------ ----- ------
JAms 8 3.06 113 111 34 10 268 22.5 5.4 2.1 7 

Total of in-channel LWD including individual piec •• and pieces in debris jams* 

No. of • Average Average Average Total 
Pieces Diameter (cm) Length (M) Volume(M*3) Volume (M*3) 
------ ------------- ---------- ----------- ------------

Rootwads 17 20.0 1.4 0.03 0.5 
Logs 10-20 em 175 13.9 6.1 0.10 17.0 

20-50 em 164 31.7 5.8 0.51 84.4 
> 50 em 47 76.8 10.0 5.00 234.8 

------ ----------
Total 403 336.7 
Average pieces per Km: 1:54.1 Aver.age volume per Kill. 128.7 

* Note. Where no measured pieces el<ist in Zones ' l or 2, the. following are used. 

Average diameter (cm) 
Average length (M) 

Rootwads 
--------

20.0 
1.0 

Logs. 1O~20 

-----
15.0 
1.0 

20-50 >50 em 
-----

35.0 50.0 
1.0 1.0 

1 



Timber-Fish-Wildlife 
Ambient Monitoring Program 

SALMONID SPAWNING GRAVEL COMPOSITION 
MODULE 

Iuly 1993 

Dave Schuett-Hames 
Bob Conrad 

Mike McHenry 
. Phil Peterson 

AllenPleus 

Northwest Indian Fisheries Commission 



SALMON!D SPAWNING GRAVEL COMPOSITION 
MODULE 

Contents 

Acknowledgements .................................................................................................... 2 

Introduction ................................................................................................................ 3 

Purpose of the Spawning Gravel Composition Module ............................................... 4 

The Spawning Gravel Sampling Methodology ............................................................ 4 

Information and Equipment Needed ........................ ...... ...... ...... ...... ...... ................. ................ 4 
Site Selection and Sampling Strategy ......................... ...... ...................... .................. ......... ..... 5 
Determining Specific Points to Collect Samples. .................. ..... .... .. ...... ........... ...... ...... .......... 9 
Collecting Samples with the McNeil Sampler ..... ... .. . ...... ..... ....... ..... ....... .......... ............... ...... 10 
Appropriate Times to Collect Samples ............................................. ... ............................ ....... 14 

Methods for Processing Spawning Gravel Samples .................................................. 16 

The Volumetric Processing Method ...... .................................................................... 16 

Equipment Needed ................................ ...... ............................................................................. 16 
Processing ........................................................................................................ ...... ................ . 17 

The Gravimetric Processing Method ......................................................................... 23 

Equipment Needed .... ... ... ... ....... ...... ... ... ......... ... ... ... ... ... ...... ... ....... ... ... ....... ....... .......... ............ 23 
Processing....................................................................................................... .............. ........... 24 

Data Analysis ........................................................................................................... 24 

Training, Field Assistance and Quality Control ......................................................... 26 

References ................................................................................................................ 26 

Appendixes................... ................... ................................................ ........................ 29 

1993 TFW Ambient Monitoring Manual Sediment - 1 



Acknowledgements 

Thanks to Jeff Cederholm, Jim Matthews, Doug Morrel, and Mark Teske for providing data and 
assistance in the development of the salmonid spawning gravel module. 

Cover: Dave Schuett-Hames on Thurston Cr. Photo by Allen Pleus. 
Module illustrations and photographs by Allen Pleus unless noted. 

1993 TFW Ambient Monitoring Manual Sediment- 2 



SALMONID SPAWNING GRAVEL COMPOSITION 
MODULE 

Introduction 

The development of salmonid eggs and alevin typically occurs in the gravel substrate of freshwater 
rivers and streams. Mature females choose sites where substrate and flow conditions are favorable 
and deposit their eggs in nests (redds) they excavate in the substrate. After the eggs hatch, the 
alevins continue to reside within the streambed gravel, subsisting on nutrients from an external yolk­
sac. When the yolk-sac has been absorbed they emerge from the gravel and begin active feeding. 

The eggs and alevin require a stable streambed and an adequate supply of water while developing to 
prevent dehydration, supply oxygen and carry away metabolic waste. Mortality during intra-gravel 
development is highly variable, depending on hydrologic, geomorphic and biotic conditions. Mor­
tality has been attributed to a variety of causes includiflg disease, predation, suffocation, dehydra­
tion, mechanical disturbance and freezing (McNeil, 1969). 

Bow Fine Sediments Affect the Incubatiog Enyjronmept 

Salmonid eggs require an abundant supply of dissolved oxygen to ensure survival to emergence and 
proper development (Alderdice et al., 1958). Oxygen reaches the eggs through a three-step process 
involving dissolution of oxygen from the atmosphere into stream water, transport of oxygenated 
water to the stream bottom, and interchange of oxygenated water from the stream to the pores 
between gravel in the egg pocket (Vaux, 1962). Fine sediment (fine sand, silt or clay) that lodges in 
the interstitial spaces between gravel particles reduces permeability and slows the rate of flow 
through the gravel substrate (McNeil and Abnell, 1964; Johnson, 1980). Numerous studies 
(Chapman, 1988, Everest et al., 1987; Iwamoto et al. 1978) have associated high levels offine 
sediments with elevated mortality rates and reduced fitness of surviving fish (Koski, 1975). These 
effects are due to increased stress and mortality associated with oxygen deprivation (Alderdice et al., 
1958), the accumulation of toxic metabolic by-products (Bams and Lam, 1983), and entombment of 
emerging fry (Chapman, 1988). 

Natural and Management-Related Sources of Fine Sedimepts 

Concentrations of fine sediments in stream channels vary in space and time (Adams and Beschta, 
1980). The amount of fine sediments present at a particular location depends on the nature and 
magnitude of erosional processes that produce fine sediments and introduce them to the stream 
channel, as well as the geomorphic factors that control the transport and storage of sediments, such 
as stream gradient and hydrology. In addition, spawning salmonids tend to remove fine sediments 
from the substrate during redd construction, however the persistence of this effect is not well under­
stood (Everest et al. 1987). During the incubation period, fine sediments moving through the stream 
channel may intrude into the redd. The severity and significance of fine sediment intrusion is 
related to the size and amounts of transported sediment, and the depth of intrusion (Lisle, 1989). 
Fine sediment levels are higher in watersheds where the geology, soils, precipitation or topography 
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create conditions favorable for erosional processes that produce fine sediments (Duncan and Ward, 
1985). Fine sediments are typically more abundant where land-use activities such as road-building 
or land-clearing expose soil to erosion and increase mass wasting (Cederholm et aI., 1981; Swanson 
et aI. , 1987; Hicks et aI. , 1991). 

Purpose of the Spawning Gravel Composition Module 

The purpose of this module is to provide a standard method of sampling potential salmonid spawn­
ing habitat to characterize gravel composition and fine sediment levels on a stream segment scale. 
The intent is to ensure replicable data that allows comparisons to be made through time and between 
stream segments. The information generated on the condition of potential spawning habitat is suit­
able for use as a management indicator. The module does not attempt to document or predict actual 
survival to emergence, because that objective would require research of an intensity impractical for 
management purposes. Nor is it oriented towards the requirements of any particular salmonid 
species, as species may vary within and between stream segments around the state. 

The information generated using this methodology is suitable for: 

.. evaluating the composition and characteristics of spawning gravel; 

.. estimating the percentage of fine sediments less than 0.85 mm for Watershed Analysis; 

.. comparing spawning gravel composition among stream segments, watersheds and eco-regions; 

.. monitoring trends in spawning gravel composition over time. ' 

The Spawning Gravel Sampling Methodology 

Information and Equipment Needed 

Map delineating stream segments 
McNeil sampler with plunger 
Plastic buckets (5 gallon) with Iids- typically one per sample 
Backpack carrier for buckets (optional) 
Squirt bottle 
Write-in-the-rain paper (for tags) 
Field notebook 
Pencils 
Hip boots or chest waders 
Rain gear 
Flagging 
Permanent markers 
Fiberglass tape (50 m or 100 m, depending upon channel width) 

·Note: The equipment needed for processing samples depends upon the method used. The equip­
ment requirements of each processing method are discussed separately in the sections on "volumet­
ric processing" and "gravimetric processing". 
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Site select jon and sampling strategy 

Prior to collecting samples, it is necessary to define the sampling reach, identifY potential sampling 
sites, and select sampling sites in a non-biased manner. 

IdentifYing a Sampling Seament 

Partition the river system into stream segments 
based on tributary junctions, gradient and 
valley confinement per the TFW Ambient 
Monitoring Stream Segment Identification 
Module. 

Once the river system has been divided into 
segments, the criteria used to select appropri­
ate monitoring segments should include 
salmonid use (current, historic, or future 
potential) and appropriate gradient. This 
methodology is best suited for segments with 
gradients less than two percent. It can be 
applied on segments in the two-to-six percent 
range, but is unsuitable for segments with 
gradients over six percent (Figure 1). Finally, 
the substrate particles must be of a suitable 
size for sampling. The McNeil sampling 
technique does not work well in substrates 
with particles greater than ten cm (four inches) 
in diameter. 

Defining a Logistically Feasible Sampling 
Arl:a 

Once a segment has been chosen for sampling, 
the next step is to identifY portions of the 
segment suitable for sampling and to eliminate 
areas where sampling is logistically impracti­
cal (Figure 2). Ideally, sampling sites should 
be distributed throughout the entire segment. 
However, due to the size and weight of the 

cat. 1 < 1'1. 
1 > eat.2 ~ 2% 

2 > cat.3 < 4'1. Usable 
4 > cat.4 ~ 6'1. 

6 > eat.S < 17'1. lhsUlable 
17'1. > cct.6 -

IlhiltdJie I 

11IIciJIe I 

ILIlClbiiI 

----------------------------~~~ 

Figure I. Suitability of gravel sampling by segment and 
gradient. 

sampler and the gravel samples, proximity to vehicle access is a legitimate consideration in deter­
mining what portions of a stream segment are feasible to sample, unless other means of transport 
such as helicopters or boats are available. In addition, terrain features such as bedrock canyons 
make some areas inaccessible. 

Examine the segment and identifY potential access roads and trails, and terrain features that impede 
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Figure 2. Detennining and finalizing potential sampling areas in 
segment reacbes 1 and 2 based on topographic map and local 
knowledge. The circular areas arc the finalized areas for sampling. 

Finalizini the Potential SampliDi Reach 

access. Then detennine how far it is 
feasible to transport equipment and 
samples to the access points. This 
will depend on the terrain and the 
physical strength and endurance of 
those transporting the samples. 
Transporting samples for distances 
greater than 0.75 - 1.0 kilometer is 
probably not practical in most cases. 

Eliminatjni Areas in the Vicinity of 
In-stream Structures 

Human structures and disturbance in 
the stream channel such as bridges, 
culverts, weirs, dams, bank protection, 
fords, etc., locally alter hydraulic 
conditions in stream channels, affect­
ing sediment deposition patterns. 
Samples taken in the vicinity of these 
structures or disturbances reflect the 
local effects of the structure and mask 
the overall effect of watershed condi­
tions on the stream channel. Avoid 
sampling within the immediate influ­
ence of these features. The length of 
affected stream channel will vary, 
however as a general guideline do not 
collect samples within 50 meters of 
instream structures. 

Once areas that are logistically impractical to sample or are in the immediate vicinity of instream 
structures have been eliminated, the remainder of the segment is available for sampling and is 
referred to as the sampling reach. 

1dentifYioi Potential SampliOi Sites Within the Samplioi Reach 

The next step is to identifY specific potential sampling sites within the sampling reach. To promote 
consistent and reproducible sampling, samples are taken at a specific geomorphic feature, the riflle 
crest, as in Tripp and Poulin (1986). Riftle crests are located at the upstream end of riflles, typically 
fonning the boundary between pool tail outs on the upstream side and the riflle on the downstream 
side (Lisle, 1987.) Riflle crests were chosen as sampling sites for the following reasons: 
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1) Riffle crests are distinct geomorphic features that can be identified and located by different 
observers in a wide variety of streams. This reduces observer bias in site selection and increases our 
ability to replicate and compare data on a statewide basis. 

2) Riffle crests are located at the transition between the two areas most heavily utilized for spawning 
by salmonids, pool tailouts and riffles. The riffle crest is utilized by nearly all salmonids for spawn­
ing, and is often the first area in the stream selected by salmonids for spawning. 

3) Sampling riffle crests avoids the confusion associated with using species-specific criteria to 
identifY sites (particularly in areas used by multiple species), and eliminates potential bias associated 
with the effect of run-size when using actual spawning sites selected by salmonids. 

How to Identify Riffle Crests 

The term "riffle crest" refers to a specific feature of the streambed. The riflIe crest is located at the 
high point of the bar that typically occurs below many pools. Viewed in longitudinal profile, the 
channel bottom slopes down in both an upstream and downstream direction at the riffle crest (Figure 
3). Riffle crests typically act as hydraulic control structures that impound water in the upstream 
pool. They can be located by finding the boundary between the smooth, laminar flow of water 
leaving the pool and the surface turbulence of the riflIe associated with increased velocity and 
decreased depth as water flows over the downstream slope of the bar. See Habitat Unit Survey 
Module for a more detailed description. 

Riffle 

, 
I Riffle 
'Crest #1 
I 

Pool 

I 
N.: __ ...,loo_ 
........ ---

--

I 
I 
I 

Pool 

I Riffle 
I Crest #2 

Figure 3. Plan and profile views of a stream reach identifying the location of riftle crests. 
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InyentOlyjni Riffle Crests to IdentitY Potentia! Sampling Sites 

Inventory all the riffle crests in the sampling reach to make a list of potential sampling sites. Walk 
the entire length of the sampling reach, identifYing riffle crests. Evaluate each riffle crest as a 
potential sampling site. If the average diameter ofthe substrate is 10 em (4 inches) or more, it will 
be too difficult to sample with the McNeil cylinder and should be eliminated. Be sure to eliminate 
riffle crests that have been disturbed by human activities as described above. 

Riffle crests that appear suitable for sampling are assigned a riffle crest (RC) number. Begin at the 
downstream end of the sampling reach and assign the RC numbers sequentially. Record the number 
assigned to each suitable riffle crest and note its location relative to a reference point or landmark in 
a field notebook. Mark each suitable riffle crest with flagging showing the RC number. The com­
plete set of suitable riffle crests identified within the sampling reach constitutes the sampling popu­
lation from which actual sampling sites will be selected. 

Systematic Sampling Stratw 

This standard sampling strategy is designed to characterize spawning gravel composition on a 
segment scale in streams where there is no prior data available on variation in gravel composition to 
guide sample design. (For streams with existing data, it may be preferable to develop custom 
sampling strategies based on segment-specific variation). This method was developed by examining 
four existing large data sets from Washington State to determine variation within and among riffles. 
It uses a two-stage sample design with riffle crests as the primary sample units and samples within 
riflle crests as the secondary sample units. Systematic sampling of riffle crests (with a random 
starting point) is recommended to avoid potential clustering, because fine sediment may systemati­
cally increase in a downstream direction as gradient decreases. Based on the existing data we 
examined, a coefficient of variation of less than 20% can be achieved by collecting a minimum of 
three samples per riffle crest and sampling as many riffle crests as possible, but no fewer than 10% 
of the total riffle crests in each segment. 

The following recommendations for sampling riffle crests are based on the number of riffle crests in 
the stream segment, and seek to maximize the number of riffle crests sampled within the logistical 
constraint of keeping the total number of samples per segment under 20. 

To determine the number of riffle crests to sample, refer to your inventory of riffle crests for total 
number of riflle crests in the segment. In the left hand column of Table 1, locate the appropriate 
row corresponding with the segment total. The second column on that row will state the percentage 
of riffle crests to be sampled. For example, if 17 riflle crests were inventoried, then the third row 
(13 - 18) would be selected so 33% of the riffle crests should be sampled. 

Next, select a random starting number using a random number generator, die, or a random number 
table (provided in Appendix A). Use the third column in Table I to determine the appropriate range 
of random numbers to select from. Then find the appropriate box in Table 2 to determine the 
sequence of riffle crests to sample. 
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Table 1. Recommendations for sampling rifile crests (RC's). 

Total No : Percent of Choose random Total 
of Res RCs sampled number between Samples 

0 - 6 100% - 3 - 18 

7 - 12 50% 1-2 9 - 18 

13 - 18 33% 1-3 12 - 18 

19 - 24 25% 1-4 12 - 18 

25 - 30 20% 1-5 12 - 18 

> 30 12.5% 1-8 9 + 

Table 2. Selection of systematic sampling sequences. 

RandOlll 50% 33% 25% 20% 12.5% 
No. 

t 1.3.5,7 9,11 1.4.7,10.13.16 1,5,9 , 13. 17 , 21 1. 6 .11,16,21.26 1, 9,17,25 , 33. 
41 etc . 

2 2 .4 , 6 , 8 10,12 2 . 5 . &. 11.14 , 17 2 , 6 , 10 , 14 . 18.22 2.7. 12 . 17 . 22 . 27 2.10,18.26. )4., 
42 etc. 

l 3 , 6,9,12,15,18 3,7,11 . 15 . 19,23 3,8. 13.18,23.28 3.11.19,27,35 . 
43 etc. 

• .. ,8,12.16 , 20,24 4. 9 .14,19 , 24.29 4 , 12,20 , 28 . 36 , 
-44 etc. 

S 5, 10 . 15.20.25 . 30 5.13 . 21 , 29,37 . 
45 etc . 

• 6.14.22.30.38 • 
{6 etc. 

7 7 , 15,23 . 31.39, 
41 etc . 

8 8,16,24 , 3 2 . 40 , 
48 etc. 

Determining Specific Points to Collett Samnles 

IdentifyinB SamplinB Points at Riffle Crests 

At each riffle crest selected for sampling, samples are taken on a line extending across the channel 
along the riffle crest. If the riffle crest extends diagonally across the channel, the line should follow 
the riffle crest. Begin by extending a fiberglass tape across the wetted channel at the riffle crest. 
Three samples should be taken at each riffle crest (Figure 4). To detennine these locations, identifY 
the mid-point of the line across the riffle crest and take a sample. Take another sample two-thirds of 
the way between the mid-point of the cross-section and the wetted perimeter on the left bank, and 
the third two-thirds of the way to the wetted perimeter on the right bank. If the spot selected is on a 
dry bar or in still water, go to the nearest suitable location along the line. If you are unsuccessful 
taking a sample at a selected location because of substrate conditions, try sampling laterally along 

1993 1FW Ambient MonitOring Manual Sediment - 9 



AI:lerglass tape the transect, remaining as 
close to the original point 

Wetted edge ·bl of IIream as POSSI e. 

X. somplng points 
on r1ffIe crest 

Occasionally, it may prove 
to be impossible to sample 
a rifile crest. For example, 
the substrate concealed 
under the surface layer is 
occasionally much larger 
than the visible particles. 
In situations where you are 
unsuccessful in collecting 
samples from a riffle crest, 
randomly select either the 
upstream or downstream 
adjacent riffle crest and 
collect the samples at this 
location. Be sure to note 
this change in your field 
notebook. 

Samplng sites taken at mldDoW of wetted 
wtdth ofm-earn and at 2/3 bock towards 
wetted edge of stream 

Figure 4. Sampling poinlS at riffie crests. 

JdentifYjna Sampljna Points in other Sjtuations 

In some cases, particularly when channel gradient is greater than two percent, or in streambeds 
predominately composed of large particles, spawning gravel may occur in small patches associated 
with woody debris or boulders, rather than in association with channel features such as rifile crests. 
In these situations identifY and number each patch of spawning gravel greater than two square 
meters in size in the sampling reach. Take one sample in the center of each patch. 

Collecting Samples with the McNeil Grayel Sampler 

The McNeil sampler was selected to collect samples of potential spawning gravel for analysis as 
recommended by Peterson et al. (1992). It was chosen for the following reasons: 

1) it is a reliable sampling device that is simple to operate; 

2) although bulky, it is relatively portable and requires little auxiliary equipment; 

3) it has been used in Washington State for survival to emergence studies that were the basis of the 
Forest Practices Board cumulative effects threshold values for spawning gravel fine sediments. 

The McNeil gravel sampler is designed to take a core sample of the gravel substrate. A schematic 
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diagram of the sampler is shown in Figure 5. The bottom of the sampler consists of a 15 cm (6 
inch) diameter stainless steel coring cylinder with an open bottom and top. The coring cylinder is 
designed to penetrate into the streambed gravel to a depth of25 cm (10 inches). The top of the 
coring cylinder extends up through the bottom of the larger (35 cm diameter) collection basin, where 
gravel from the core is temporarily stored during excavation of the core. The collection basin is 
open on the top. A horizonal steel rod attached across the top of the collection basin acts as a 
handle. 

There is also a plunger, inserted into the coring cylinder to retain sediment-bearing water after 
extraction of the sample. The plunger consists of two metal disks, just slightly smaller in diameter 
than the inside of the coring cylinder, attached to the end of a long handle. Between the metal disks 
is a piece of neoprene that is slightly larger than the inside of the coring cylinder and acts as a seal. 
A hole through the disks with a one-way flapper valve allows the plunger to be inserted without 
forcing the water down into the streambed, but prevents water from escaping when the sampler is 
lifted. When fully inserted, the plunger comes to rest on a small stop-ring on the inside of the coring 
cylinder. 

Coring handle 
,--------, Koski 

I Plunger 
I ==;;::::= Handle 

COllection: Carrying handle McNeil CyUnder 
(Modified) 

Cylinder I 
I 

Stainless Steel 
CyliDdm 

r_;::::=+=;-::;-r,...;;;collectiOn: 
basin I 

sample' 
Coring 
Cylinder 

/ 

Teeth 
1-15an--l 

SlOp-riDg 

Figure S. Schematic diagram of a modified McNeil Cylinder. 

TakiD~ a Sample with the McNeil Gravel Sampler 

I 
I 
I 

One~way 
flaPrvaive 

I 
I I 
L---

Top view 

Suspended 
sediment 

port 
_--- Neoprene 

wasberlseal 

Step 1. Before taking a sample, rinse the sampler to insure it is free of sediment. Approach the 
sampling site from the downstream side to avoid disturbance prior to sampling. Place the bottom of 
the coring cylinder on the surface of the substrate. Grasp the handle on top of the collection basin, 
placing one hand on each side of the rod outside of the basin (Figure 6). Twist the handle back and 
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forth, alternately pushing one arm forward away 
from your body and pulling the other back 
towards you. As you twist the sampler in this 
manner, hunch your shoulders over it, using the 
weight of your upper body to force the sampler 
straight down into the gravel (Figure 7). The 
combined grinding and pressing action should 
force the sampler down into the substrate, 
however the rate of progress will depend on the 
size of the particles and the degree of compac­
tion. Avoid side to side and up and down agita­
tion which causes fine sediment particles to filter 

Figure 6. Grasp handles. Figure 7. Forcing cylinder 
down throught the large particles, changing the into gravel. 
composition of the sample (Figure 8). If you 

encounter resistance, do not raise and lower the cylinder. The only time you should lift the coring 
cylinder is when you want to remove the sampler and try a different site. 

Figure 8. Avoid side to side and up and 
down movement while inserting cylinder. 

Figure 10. Remove gravel matrix with 
hand. 

The sampler is fully 
inserted when the bot­
tom of the collection 
basin is resting on the 
streambed (Figure 9). 
Sometimes large par­
ticles, wood, or bedrock 
will prevent the sampler 
from being fully in­
serted. In these cases, 
remove the sampler, 
rinse it out, and try 

Figure 9. Use your hand to check if 
cylinder is fully insened. 

another undisturbed location in the immediate vicinity. 

Step 2. After the sampler is successfully inserted, carefully 
remove the gravel/sand matrix from the coring cylinder with 
your hand (Figure 10). Excavate the gravel slowly, layer by 
layer, using your hand as a scoop (Figure 11), so that both 
gravel- and sand-sized materials are removed together. As 
much as possible, avoid 
plucking out the larger 
particles and allowing the 
finer material to continually 
settle to the bottom of the 
excavation. Place the 
excavated material in the 
collection basin around the 

coring cylinder (Figure 12). As you dig, occasionally run your 
fingers along the inside of the cylinder, feeling for the protrud­
ing stop-ring. When you locate the stop-ring, level the excava-

Figure II. Use hand as scoop. 
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Figure 12. Collection Basin. 

a. 
Stop-Ring 

Dig sample down to stop-ring (a.) so that 
the plunger handle fits under coring handle 

tion off just below the top of the ring 
(Figure 13). The removal of the 
sample is now complete. Occasionally 
a larger particle will partially protrude 
above the ring. In these cases, the 
particle should be removed, along with 
the surrounding material to avoid bias. 
In this case the excavation will go 
below the top of the ring, however it 
should not exceed the depth of the 
coring cylinder. If the protruding 
particle extends below the bottom of 
the coring cylinder, it will be neces­
sary to start over with a new sample. 

b. 

c. 

If a piece of larger gravel (b.) extends under 
stop-rlng (a.), then dig out gravel to Its base 
but not to exceed bottom of coring tube (c.) 

Figure 14. Rinse arms and bands. 

Figure 16. Insert plunger slowly. 

1993 1FW Ambient Monitoring Manual 

Figure 13. Stop-ring protocol. 

Step 3. After you complete digging, rinse the fine particles 
clinging to your hand and arm into the collection basin with 
the rinse bottle (Figure 
14). Then, insert the clean 
plunger into the top of the 
coring cylinder (Figure 
15) and slowly push the 
plunger down into the 
cylinder. Don't push the 
plunger too rapidly or 
water will not have time to 
pass through the one-way Figure IS. View of plunger. 
valve as the plunger is 
lowered and silty water will be forced down into the substrate 
(Figure 16). If this occurs, you will often notice a turbid cloud 
emerging from the substrate just downstream of the sampler. 
When the plunger comes to rest on the stop-ring near the base 
of the coring cylinder the sampler is ready to be removed 
(Figure 17). The sampler is designed so that when the plunger 
is fully inserted and resting against the stop-ring, the plunger 
handle fits under the handle ofthe sampler. 
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Figure 17. Plunger fully inserted. 

Step 4. Lift the sampler out 
of the substrate and care­
fully pour the gravel and 
water from the sampler into 
a clean plastic bucket (Fig­
ure 18). A five gallon 
bucket will usually hold a 
sample, however samples 

taken in deep areas contain Figure 18. Pour sample into clean 
more water and may require bucket. 
two buckets. After pouring 
the sample into the bucket, carefully rinse out the sampler with 
the rinse bottle, taking care to insure that fine particles that were 
inside the sampler end up in the bucket, while any on the outside 
of the sampler do not (Figure 19). 

Step 5. Finally, fill out a label on waterproof paper with the 
date, stream name, segment number, riffle-crest number, bucket! 
sample number, and crew names (Figure 20). Appendix B 

Figure 19. Rinse cylinder into bucket. provides a page of sample labels that can be copied on water­
proof paper. The outside of the bucket and its lid should have a 
discrete number, inscribed or marked with permanent marker. 

Seal the bucket -with a tight-fitting lid, placing the label in the bucket with a comer under the rim of 
the lid, so the label is inside the bucket above water level. Record the information in your field 
notebook or data sheet. ;. 

Date: ----------:-----,:,...--- L! ' 
Stream: Seg.# :.e i 1FW AmbIent 
Riffle Crest #. :0: ; Monitoring 
Bucket/Sample # i ~ravel Sample 
Crew: ~ . 

..... .. ......... ......... ... ......... ... ......... ... ....... .................... ... ....... .. .. ... :~ ... 1 ................... ~ .. 
Figure 20. Gravel sample label for bucket identificauon. 

Appropriate Times to Collect Samples 

Spawning gravel composition (particularly fine sediment levels) in a stream reach can vary over the 
course of the year. In western Oregon streams, substrate composition was relatively stable from 
early summer to early fall, and was most variable during the winter storm season when peak flows 
mobilized the substrate and the processes of fine sediment infiltration were most active (Adams and 
Beschta, 1980). In order to provide a management indicator of substrate composition that can be 
used to compare stream reaches and determine trends over time, sampling should be conducted 
during moderate to low flow conditions outside of the winter-spring high runoff period. The actual 
timing of the high runoff period will vary depending on the hydrologic regime of the system. If you 
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are unfamiliar with the system to be sampled, consult with people familiar with the system or refer 
to USGS stream flow records to determine an appropriate sampling period. 

Collecting spawning gravel samples during extremely low flow conditions is also to be avoided, 
because only a small portion of the potentially available spawning habitat will be wetted. This may 
introduce bias into site selection. We do not recommend sampling areas that do not have water 
flowing over them such as dry, exposed bars because the potential effect this may have on the 
sampling process or the composition of the sample is unknown. 

It is usually ideal to sample in the late summer/early fall low flow period when conditions are 
similar to those encountered by salmonids when they begin to spawn. Avoid working in the channel 
during spawning or when there are eggs in the gravel, to prevent unnecessary disturbance and 
mortality to sa1rnonid populations. 
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Methods for Processing Spawning Gravel Samples 

Two options are provided for processing spawning gravel samples. The volumetric method 
determines particle size distribution based on the volume of material in various size classes, mea­
sured while damp. The gravimetric method calculates the particle size distribution based on the 
weight of material that has been oven-dried. There are advantages and disadvantages to both meth­
ods. The greater labor and more elaborate equipment required by the gravimetric method make it 
more expensive, but the procedure eliminates many potential sources of inaccuracy and provides 
data meeting geology and engineering standards. The volumetric method is faster and requires less 
equipment, reducing processing costs, but it provides greater potential for inaccuracies. The choice 
of methods is left to the cooperator, depending on data needs and the time and equipment available. 
During data anaylsis, gravimetric data will be converted to volumetric equivalents and vice-versa. 

The Volumetric Processing Method 

The volumetric method of processing spawning gravel originated with Dr. William McNeil's studies 
of pink and chum salmon spawning grounds in southeast Alaska in the late 1950's (McNeil and 
Ahnell, 1960). This method has been used, with refinements, in many additional studies of spawn­
ing gravel in Washington State (Cederholm and Lestelle, 1974; Tagart, 1976). The procedure 
involves washing the gravel sample through a series of sieves and measuring the volume of material 
collected on each sieve to characterize the composition of the sample. 

The recommended sieve sizes provide a geometric progression of categories adequate to characterize 
the overall particle size-distribution of the sample, and include the 0.85 mm size-class that has been 
correlated with survival to emergence of salmonids. In some cases, cooperators may not have all of 
the suggested sieves, or may have a set with somewhat different sizes. At a minimum, it is essential 
to have the 0.85mm sieves and at least three sieves smaller than 0.85mm and four sieves larger than 
0.85mm at geometrically spaced intervals. 

Egujnment Needed 

Sieves- 12" diameter- one each of the following sizes: 

64.0 mm 
32.0 mm 
16.0 mm 
8.0 mm 
4.0 mm 
2.0 mm 
1.0 mm 
0.85 mm 
0.5 mm 
0.25 mm 
0.125 mm 
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I-Sieve holder 
I-Catch basin 
I-Stand 
I-Hose connected to pressurized water supply 
I-Nozzle that can be used to control water usage 
4-Graduated cylinders, modified to attach with flexible tubing to the bottom of the catch basin 
I-Flexible tubing 
I-Displacement flask, with rubber tubing on outlet and clip to 
control flow 
I-Graduated cylinder - 1000 m1 
I-Graduated cylinder- 500 m1 
I-Graduated cylinder - 100 m1 
I-small cup 
3-kitchen timers 
1- sturdy table 
I-level (2 or4 ft) 
Forms for recording data 
Pencils 
Rain gear 

Processing Samples 

Settini Up the Processin& Laboratory 

The lab should provide protection from the weather, but must be capable of handling water on the 
floor. An enclosed room with heat, electricity, a water faucet and a concrete floor with a drain is 
ideal for volumetric processing in all weather and temperature conditions. 

The stand that holds the sieves and the catch basin should be placed on a level surface, so that it will 
remain stable and withstand jostling. It should be elevated to allow water to drain from the catch 
basin into a graduated cylinder. Volumetric measurements are made on a table idea\ly located in the 
same room as the stand holding the sieves, but out of the way to avoid being bumped by people 
working around the stand. The table should be level to ensure accurate readings. Check the surface 
of the table with a level and use sma\l shims of wood under the legs to level it. 

Washini Samples Through the Sieves 

Once the lab has been set up, you are ready to begin processing samples. 

Step 1. Begin by filling out a spawning gravel composition data form each day. Appendix C con­
tains a copy of this form that can be copied on waterproof paper. Use a separate form for each 
stream segment. Record the steam name, WRIA number, segment number, the date of processing, 
date the sample was collected, and the name and affiliation of the person(s) processing the samples. 
Note the processing method used. Record the sieve sizes (in descending order) in the column on the 
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left hand side of the form. Don't forget to include a row for the material captured in the graduated 
cylinder attached to the bottom of the catch basin. Label this row "less than" the smallest sieve size 
(for example, <.12Smrn). 

64;onyn ! --.-----------------------~ 

32.qmm ! 

4,qmm I 

2.govn I 

1,qnm ! 

o.~mm! 

! o,J~mm I . 
• 

12' ella. sieves stacked 
In descending order of 
mesh IIze ana sat Into 
Sieve holder on stand 

• 
SIeve 
Holder 

Catch 
~ 

+ RelCl:lle 
tubing 

Stand .. 

~ModlfIed 
graduated 

cyUnder 

Figure 21. Diagram of a volumetric gravel processing station. 

Step 3. Place the sieve holder in the top of the stand. Stack 
the sieves one on top of another in order of descending mesh 
size, so that the one with the largest mesh size is on the top 
and the one with the smallest mesh size is on the bottom. 

Step 2. Next, rinse out the catch 
basin and place it in the stand (Figure 
21). Use a short piece of tight-fitting 
flexible tubing and hose clamps to 
attach a specially modified graduated 
cylinder to the outlet of the catch 
basin. These cylinders must have a 
plumbing fitting glued into the top 
that allows them to be attached to the 
rubber hose without leaking. 

Before beginning to sieve samples, it is 
imperative to check and make certain 
that a graduated cylinder has been 
attached to the bottom of the catch 
basin (Figure 22). Forgetting to 
attach one will result in irretrievable 
loss of the finest sediments, and the 
sample must be disgarded. 

Figure 22. Graduated cylinder 
attatched to bottom of catch basin. 

Place the tightly nested stack of sieves in the sieve holder. It is important to have the sieves in 
perfect descending order, otherwise the material will not be properly sorted and the sieve that is out 
of order will become clogged. 

Step 4. Open the plastic bucket containing the sample and remove the tag. Record the sample 
number and riffle crest number off the tag at the top of the appropriate column of the gravel sample 
composition data form. 

Step 5. Lift the bucket to the top of the stack of sieves, and carefully pour the contents into the top 
sieve without spilling gravel or water (Figure 23). Using the hose and nozzle, carefully rinse any 
particles remaining in the bucket, or on the inside of the lid, into the sieves (Figure 24). The entire 
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Figure 23. Pour contents of bucket into 
top sieve. 

contents of a bucket should 
empty into the sieves at one 
time, because the water in 
the sample washes the finer 
particles down into the stack 
of sieves. However, if the 
top sieve becomes full, stop 
and shake the material down 
before continuing to empty 
the sample bucket. 

Figure 24. Rinse sample bucket 
thoroughly. 

Step 6. Shake and wash the particles through the sieves. It is important to be thorough so that the 
material is accurately sorted by size class. Failure to thoroughly wash material through the sieves 
will result in inaccurate results because the volume of the smaller particle size-classes will be under­
estimated. 

To force the material through the sieves, use a combination of 
shaking and washing. Begin by grasping the outside of the 
sieves and forcefully shaking them back and forth. Be careful 
not to shake material out of the top sieve onto the floor, or to 
dislodge sieves from the stack or the sieve holder. When you no 
longer hear particles rattling down through the sieves, use a fine 
spray from the nozzle to carefully rinse the material in the top 
sieve (Figure 25). 

Figure 25. Shaking and washing 
The goal is to wash all particles small enough to pass through the sieves. 
screen into the next sieve. It often helps to jostle the sieve stack 
while washing. Make sure the stream of spray from the nozzle is not too powerful and is directed 
downward, or it may drive fine particles out of the sieve and onto the floor. When all the smaller 
particles have been washed down into the next sieve, remove the top sieve (Figure 26) and lean it up 

at a 45 degree angle to drain while you work on the other 
sieves. Repeat the procedure on each successive sieve until all 

Figure 26. View of top sieve after all 
finer particles have passed through 
mesh. 

sieves have been carefully 
washed and set to drain 
(Figure 27). 

Working with fine materials 
on the small-mesh sieves is 
challenging because there is 
little difference in diameter 
between the size-classes. 
The particles are layered on 
top of one another and cling 

together, and it is difficult to force them through the small 

Figure 27. Set sieves at 4SoangJe to 
drain. 

openings. Concentrate and work carefully, using the spray from the nozzle to move the particles 
around the screen (Figure 28). All particles must come in contact with the screen and have an 
opportunity to be washed through. Use an adequate amount of water during processing to ensure 
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good results. However, there is a limit to the amount of water 
that can be held by the catch basin without causing an overflow. 
Monitor the water level in the catch basin to avoid overfilling it. 
If the catch basin overflows and suspended fine sediments are 
lost, the sample should be disgarded. 

Step 7. While the sieves are being washed, water passing 
through them drains into the catch basin, carrying clay and silt 
particles fine enough to pass through the smallest screen. The 
wash water is captured in the catch basin, and the fine sediment 
particles settle to the bottom and slide down the steep sides of 

Figure 28. Concentrate and work 
carefully. 

the catch basin into the graduated cylinder. Make sure the rubber hose connecting the graduated 
cylinder is not twisted or pinched, so flow of sediment into the cylinder is not obstructed. In order 
to ensure consistent results, adequate time must be provided for sediment to settle into the graduated 
cylinder. Wait 20 minutes from the time you finish washing sieves before removing the graduated 
cylinder from the bottom of the catch basin. Use this time to begin volumetric measurement of the 
contents of the sieves. 

Measuring the volume of Material jn the Sjeyes 

Measure the volume of material in each sieve. Begin with the sieve having the largest mesh size and 
work down in the same order that the sieves were washed. This helps to ensure that each sieve 
drains for a similar amount of time. It is important to allow time for water to drain from the spaces 
between the particles because water mixed with the particles will create additional displacement, 
resulting in an overly high volume measurement. Some inaccuracy is unavoidable because water 
will be held between the smaller particles by capillary action. This is an inherent disadvantage of 
the wet-volume method. To minimize this problem, all sieves should drain for 15 minutes. 

Step 1. Check and make sure the sample number and rime crest number are recorded on the data 
form. 

Step 2. Before measuring the 
volume of material for a set of 
sieves, fill the displacement 
flask with water to a level 
above the outlet tube. Then, 
use the control valve to open 
the outlet hose and allow the 
excess water to drain. When 
no additional water comes out, 
close the outlet tube (Figure 
29). The displacement flask is 
now ready. I Oooe the conllol vallie I 

Step 3. Empty the material Figure 29. Displacement flask preparation. 

from the first (largest diameter) 
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Figure 30. Empty sieve material into 
flask. Make sure valve is closed. 

Figure 32. Brushing back of sieve 
screen to remove embedded particles. 

water 
level --

Figure 34. Place graduated cylinder under 
outlet tube and open valve to record volume 
displaced. 
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sieve into the displacement flask (Figure 30). Before putting 
material from the sieve into the displacement flask, always 
make sure the outlet tube is closed. Hold the sieve over the 
displacement flask and carefully pour the particles out of 
the sieve into the displacement flask, taking care not to 
splash water out. Be thorough and remove all material from 
the sieve. It is difficult to remove small particles from 
sieves with fine screens. It helps to use a small cup to dip 
water out of the dis-
placement flask and 
wash sediment from the 
screen into the displace­
ment flask (Figure 31). 
Be very careful to spill 
no water because all the 
water that is dipped out 
of the displacement 
flask must return to the 
flask or the measure­
ment will be inaccurate. 

Figure 31. Use cup to wash fine 
particles from screen into collection pan. 

Tap the excess water out of the cup into the displacement 
flask when you are done washing the screen. Brushing or 
scraping the back of the screen will help to remove particles 
that are lodged in the screen (Figure 32). Although it may 
be impossible to remove all particles from the mesh of some 
of the screens, they should be thoroughly clean before the 
measurement is taken. 

When you are done 
cleaning the sieve, use 
the cup to dip water 
from the flask and rinse 
all the particles from the 
surface of the collection 
pan into the water 
(Figure 33). Tap the 
excess water out of the 
cup into the displace­
ment flask when you are 
done. 

Figure 33. Rinse collection basin with 
flask water. 

Step 4. After the water in the flask has become still, open 
the valve on the outlet tube and drain the excess water into a 
graduated cylinder (Figure 34). Choose the smallest cylinder 
that will hold the water. After a little experience you will be 
able to judge the size of cylinder needed from the amount of 
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material in the sieve. If you underestimate, close the valve on 
the tube before the cylinder overflows and get a larger one. 
Close the valve after water stops coming out. Set the graduated 
cylinder on the table, read the line on the graduated cylinder 
corresponding with the top of the water (Figure 35) and record 
the volume in milliliters under the appropriate column on the 
form. Take care because the various sizes of graduated cylinders 
use different scales. It is also a good idea to check calibration 
among cylinders for manufacturing error at the start of a season 
or when replacing a cylinder. 

935 
ml 

Figure 35. Read volume of water in 
graduated cylinder. 

Step 5. Record the volume measurement (in milliliters) in the appropriate column on the spawning 
gravel data composition form. 

Step 6. Continue to measure and record the volume of material captured on each successive sieve 
using the same procedure. The displacement flask should have adequate capacity so that it will not 
have to be emptied until the set of sieves is done. 

Step 7. After all the sieves in the stack have 
been done, remove the graduated cylinder 
from the bottom of the catch basin, allowing 
the additional water to evacuate from the 
basin. Put the cylinder on the table, with a tag 
identifYing the sample number, and set the 
timer for 60 minutes (Figure 36). When the 
timer rings, record the amount of sediment 
that has settled out in the bottom of the cylin­
der. In the meantime, clean out and reset the 
displacement flask, rinse out the catch basin, 
attach another clean cylinder, and begin 
processing another sample. 
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Figure 36. Clay and silt sediments must settle for 60 minutes 
before recording the volume they displace. 
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The Gravimetric Processing Method 

The dry or gravimetric method of processing spawning gravel samples has its foundation in the 
engineering (materials testing) and soil sciences. Outside of Washington, fisheries biologists have 
increasingly used this methodology (Lotspeich and Everest, 1981, Shepard et aI., 1984, Platts et aI., 
1989). Although the cost of equipment makes the gravimetric technique more expensive, it has a 
decided advantage in terms of precision. The analysis procedure is conceptually similar to that of 
the volumetric method, with the main differences involving drying of samples and weighing of 
individual sample size. 

Equipment Needed 

ll~ Sieves (300 mm dia)- one each of the following sizes: 

64.0 mm 
32.0 mm 
16.0 mm 
8.0 mm 
4.0 mm 
2.0 mm 
1.0 mm 
0.85 mm 
0.5 mm 
0.25 mm 
0.125 mm 

1- Drying oven (Gilson BO-550). Note: Many options available here, check with various 
scientific supply companies. Regular domestic ovens will also work. 

1- Triple beam balance (20 kg capacity) 
6- Drying pans (stainless steel, 52.5 x 32.2 x 10.1 em) 
11- Weighing pans (34.29 cm diameter, 8.9 cm height) 
1- Mechanical shaker 
1- Sample splitter (necessary if sieves become overwhelmed by fines) 
Filter masks 
Forms for recording gravel composition data (Appendix C) 
Pencils 

Lab requirements for gravimetric processing are similar to those for the volumetric method. A dry, 
dust-resistant room, with a concrete floor, good lighting and ample electrical outlets is necessary. 
Because the shaking process is noisy, try to locate the lab away from other co-workers. A sturdy 
table to place the balance and record data is also nice. It is recommended that the mechanical shaker 
be bolted to a secure base, as vibration and movement of the unit can be significant. 
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Processing 

Field collected samples (previously stored in individual, labelled 5-gallon buckets) must be dried 
prior to processing. Sample buckets should be left undisturbed for 48 hours to allow the suspended 
fraction to drop out. Carefully open the lids of the sample buckets to be processed. Inspect the 
volume of water in each gravel sample. If there is significant water in your sample, carefully siphon 
or pump away excess supernatant (clear water) to within five cm of the gravel layer. 

Place samples in individual drying trays making sure that the bucket is cleaned of remaining sedi­
ment particles. Be sure to include the metal identification tag as well. Drying trays should be large 
enough to contain the entire McNeil sample. Oven dry your sample for 12-24 hours at between 50-
105 degrees centigrade. Experience will dictate the time and temperature setting for efficient pro­
cessing of your samples. If you are sampling in geologies dominated by clay, use a lower tempera­
ture setting, as some researchers have reported fracturing of gravel and rubble particles. 

Once your samples have been dried and cooled, they can be sieved. Check to see that the sieves are 
in descending order. Place them into the shaker frame, and add the gravel sample to the sieve stack. 
Place the shaker lid over the largest sieve, then adjust and tighten the adjustment bolts and set the 
shaker timer for five minutes. In clay geologies a longer shaking time may be necessary. If using 
the recommended Phi-series of sieves it will be necessary to shake each sample through II sieves. 
Because standard shakers hC'ld only 6 sieves, the investigator must shake the sample through the 
larger 5 sieves, then again through the final 6 small sieves. Once the samples have been shaken, 
remove each size sieve and place the sample portion into individual weighing pans. 

As sieve size decreases, the sieves will become increasingly "clogged" with sediment. Be sure to 
thoroughly clean each sieve with the appropriate brush. It is a good idea to pre-mark each weighing 
pan to a corresponding size class and to clearly mark the tare weight of the pan. Samples can then 
be weighed on the balance. The total weight of the sample/pan minus the tare weight equals the 
sample weight. Record the weight of material in each sieve on the form in Appendix C. 

Data Analysis 

Data analysis will be provided by the Ambient Monitoring Program for spawning gravel composi­
tion data collected by cooperators using the spawning gravel composition module. Forms are 
provided for recording spawning gravel composition data. Cooperators will have their data entered 
into a database where it will be analyzed and will receive a data summary sheet and a copy of their 
database on floppy disk. 

Spawning gravel composition has been characterized in a variety of ways by different investigators. 
Young et al. (1991) evaluated 15 different measures of substrate composition. They determined that 
geometric mean diameter (Og) was the most sensitive measure of survival to emergence and the 
percentage of particles less than 0.85mm was the most sensitive indicator of changes to substrate 
induced by land management activities. They concluded that no single measure would be adequate 
to describe both potential survival to emergence and alteration of substrate due to land management 
activities. 
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Consequently, substrate samples will be analyzed using both measures. The percentage of particles 
less than 0.85mm (volumetric equivalent) will be calculated for each individual sample and the 
segment average will be provided for use in Watershed Analysis. In addition, the geometric mean 
diameter (gravimetric equivalent) will also be provided. The results of the data analysis will be 
contained in a spawning gravel fine sediment segment summary report provided to cooperators. 

Data Analysis for Indiyjdual Samnles 

Information on the amount of material retained on each sieve will have been recorded in either 
grams or milliliters depending on the processing method used. This information will be entered into 
the database and a conversion factor will be used to calculate equivalent gravimetric values for 
volumetric data or volumetric equivalents for gravimetric data. 

The amount of material retained on each sieve, the percentage of the total it represents, and the 
cumulative percentage less than the next sieve size will be calculated separately for both the volu­
metric and gravimetric values. The cumulative percent less than the next largest sieve size will be 
calculated for each sieve size by summing the amount of material on that sieve and all smaller size 
classes and dividing this figure by the total material in the sample. 

Similarly, the percentage of fine sediments less than 0.85mm will be calculated by summing the 
total amount of material in the size classes less than 0.85mm and dividing by the total amount of 
material in the sample. The geometric mean diameter will be calculated with the formula used by 
Young et al. (1991) from Lotspeich and Everest (1981). 

Information on the amount and percentage of material retained on each sieve, in both volumetric and 
gravimetric equivalents, win be reported for each sample in the spawning gravel fine sediment 
segment summary report. The cumulative percentage less than each sieve size, the percentage of 
material less than 0.85mm, and the geometric mean diameter for each sample will also be reported. 

Data Analysis by Stream Segment 

The mean percentage of fine sediments less than 0.85mm (and standard deviation) and the mean 
value for geometric mean diameter will be calculated and reported for each segment in the segment 
summary report. The average value for geometric mean diameter is calculated by summing the 
individual geometric mean diameter values for all the samples in the segment and dividing by the 
total number of samples. The average value for percentage offine sediments less than 0.85mm is 
calculated by summing all the individual sample values for percent fine sediment values less than 
0.85mm and dividing by the total number of samples from the segment. 

In addition, individual samples within the segment will be sorted into three categories utilized in 
Watershed Analysis. The categories are based on the percentage offine sediment less than 0.85mm 
and include: samples with less than 12% fine sediment, samples with 12-17% fine sediment, and 
samples with greater than 17% fine sediment. The number and percentage of individual samples 
faDing in each category will be calculated and displayed in graphic form in the segment summary 
report. 
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Training, Field Assistance and Data Processing 

This manual is intended as a reference for those collecting information on spawning gravel compo­
sition in conjunction with the TFW Ambient Monitoring Program and Watershed Analysis. It is 
difficult to rely solely on a manual to learn and implement the methodology, so the TFW Ambient 
Monitoring Program offers formal training sessions and informal field assistance visits to help 
cooperators learn the methodology. In addition, the Ambient Monitoring Program also provides a 
quality control service to identifY and correct inconsistencies in application of the methods and to 
ensure replicable and consistent data is being collected throughout the state. 

We encourage cooperators to utilize these services. Please contact the Northwest Indian Fisheries 
Commission (1-206-438-1180) for more information concerning the TFW Ambient Monitoring 
Program. 
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APPENDIX A 

TABLE A.1. 2500 Random Digits 

1-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 ~1-45 46-50 

1 38742 24201 25580 18631 30563 11548 08022 62261 74563 54597 
2 01448 28091 45285 81470 09829 49377 88809 59780 46891 29447 
3 34768 23715 37836 17206 26527 21554 62118 78918 30845 78748 
4 89533 67552 74970 68065 50599 85529 20588 59726 84051 44388 
5 74163 13487 64602 07271 03530 88954 66174 68319 25323 05476 

6 92837 06594 01664 43011 27981 81256 75467 28245 29149 70357 
7 69008 55983 22496 55337 74159 11283 13316 27479 63079 34060 
8 92404 00156 38141 06269 51599 11371 24120 88150 99649 54740 
g 45369 68854 67952 06245 32056 67900 84670 50098 29179 47904 

10 16929 17418 70611 53752 39997 53621 67393 24891 53738 77251 

11 95400 57951 64492 52389 86037 52586 42206 74681 82599 24606 
12 36981 75140 26771 67681 54042 26121 70479 50295 43593 08220 
13 37705 05124 60924 24374 99850 12414 13982 83219 26396 93876 
14 67830 54660 89150 92919 90913 49560 49845 98239 78807 87479 
15 32789 25115 44030 86301 61900 17173 34870 37043 40625 17954 

16 60127 17491 59011 37625 03435 77178 08520 49910 34898 34345 
17 17115 42174 81592 04300 68875 30353 48630 86132 55173 05788 
18 27760 36661 85617 06242 09725 10642 44142 29625 49415 98360 
19 04494 95805 16053 37126 54750 12617 09310 94021 38471 57427 
20 34753 89545 33847 78318 41551 18705 64107 18200 56834 74584 

21 63319 12471 56242 06344 94606 89207 26550 93261 17931 79259 
22 99902 54600 92170 51425 74130 10301 08763 56046 00093 03793 
23 82661 67501 01368 91079 54810 68160 11860 84288 27053 00917 
24 99251 10089 48345 72786 81066 54353 17546 31595 77246 40514 
25 72756 52089 29291 46169 14636 26380 35201 07490 28845 02341 

26 96723 05193 38941 33288 13923 46860 12385 94973 43259 85010 
27 96169 16158 24345 78561 46611 66869 17678 38209 24023 56259 
28 96678 41518 88402 17882 79991 00083 29337 39994 06328 06476 
29 97329 58496 55229 90839 93840 67032 77411 57137 06172 11036 
30 38143 94319 58015 71878 42332 28120 80481 41745 68085 88776 

31 93510 94405 93811 02145 74541 29582 24535 21485 54519 93320 
32 98898 39140 50371 20646 07782 63276 66375 88305 77405 74749 
33 04406 76609 46544 55985 72507 98678 48840 16601 44598 50487 
34 55997 34203 29784 12914 37942 86041 48431 11784 28492 28049 
35 95911 198106573305412.18498793933732275911 92047 61599 

36 67151 13303 12466 08918 27140 22886 61210 67131 52278 95829 
37 59368 23548 60681 09171 18170 62627 48209 62135 44727 12937 
38 75670 78997 76059 83474 15744 71892 52740 22930 92624 93036 
39 94444 45866 42304 85506 26762 24841 47226 34746 90302 70785 
40 73516 82157 24905 75928 02150 84557 12930 63123 11922 76960 

41 89059 45446 56541 62549 21737 78963 30917 37046 81184 83397 
42 94958 71785 47469 29362 91492 80902 80586 66162 74551 87221 
43 21739 80710 61346 04257 09821 17188 80855 76589 36971 41982 
44 93859 78783 46343 03715 12473 48553 02762 45114 75502 42382 
45 14263 52552 17964 20078 82454 35167 35631 81815 18879 93676 

46 22894 01894 47934 54594 43739 51301 22511 39456 51031 58121 
47 29316 85620 09294 67074 77403 82789 22212 52358 69310 57604 
48 31889 40095 98007 15605 93206 86857 29784 63937 83545 ~0407 
49 60096 11744 74086 65948 37934 35941 25731 30787 68848 14320 
50 42450 70020 43245 05233 21149 85898 73527 55648 65388 55211 



I 
AnncNDIX B I tv1aster for gravel s~mple bucket labels -

. /",,'W-Tl: . Copy onto "Riterln-Raln" paper ~. p 
........................................................... ....................................... , ......................... ~ .. . , 

Date: :l : 
N..eam' Seg,#: E : TFW Pmbient 
vII' , -'~ , Mon'tori 
Riffle Crest # : iB :GravelISa~~le 
Bucket~mple # : (I) ~ 

..... q~~ ............................................. ...................................... [~ ... i .................. ~ ... . 
Date' ] : 
stream: SeQ,# ;E : TFW Pmbient 
Riffle Crest # : F : Monitoring 
Bucket~mple # ~ : Gravel Sample 

..... ?~~ ............................................. ...................................... ~ .. L ........... ..... ~ .. . , , 
• I 

Date: 1l : 
stream: Seg,# ;E : TFWPmbient 
Riffle Crest # : :~ : Monitoring 
Bucket~ple # ;i : Gravel Sample 
Cr~ ;0: 

:: - p .................................................................................................. , ......................... ~ .. . , : 

Date, :m ! . ~ . 
stream: Seg,# ~ ; lFWPmbient 
Riffle Crest # : ~ ; Monitoring 
Bucket~mple # ;(1) : Gravel Sample 
~ !5 I '-'lew. ;0 : 

.................................................................................................. ~ ..... : .................. ~ ... . 
Date' :e 
stream: SeQ,# i! : TFW Pmbient 
Riffle Crest # : :~ : M:>nitoring 
Bucket~mple # :B ; Gravel Sample 

Crew. iB i 
, . -P 

...................................................... ··················································1··· ................ ~ .. 

Date' :e : 
stream: SeQ,# :~ : lFW Pmblent 
Riffle Crest # : :~ ! Monitoring 
Bucket~mple # i~ ; Gravel Sample 

Crew. ~B ; 
g:'q:>ku~.ca 



APPENDIXC 

TFW Ambient Monitoring 
SPAWNING GRAVEL COMPOSITION DATA FORM 

Stream: Name: 
W.R.I.A.#: Affiliation: 
Segment#: Processing Method: 
Date of Sample Collection: D Volumetric data (mJ) 
Date of Sample Processing: D Gravimetric data (gm) 

Sieve Size SampJe#_ SampJe#_ SampJe#_ SampJe#_ Sample#_ SampJe#_ 
(mm) RC# RC# RC# RC# RC# RC# 

64I 

3'il 

'i6J 

81 

hi 

t21 

hi 

ro:m 

ro.n 

o:2s1 

IOilll 

<0.1251 

g:\apleus\sed3.pm4 
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STREAM TEMPERATURE MODULE 

Introduction 

Water temperature is a critical factor affecting the survival and growth of salmonid fishes that reside in 
freshwater streams during the summer low flow period. Lantz (1970) provides the following summary 
of the relationship between water temperature and salmonids: 

1. Water temperature is one ofthe most important environmental factors affecting fish because 
they are cold-blooded and their internal body temperature must adjust to the temperature of the 
external environment. 

2. Salmon and trout have a lower level of thermal tolerance than many less desirable species have. 

3. Fish have lower and upper lethal temperature limits. These limits are specific for each species, 
but may vary at different stages in their life history. 

4. Within the lethal thermal limits, other environmental factors (such as diseases, toxic materials, 
etc.) can operate in conjunction with temperature to reduce survival. The total impact of such 
interactions may be greater than the sum of their individual effects. 

5. Fish are able to acclimatize themselves to seasonal temperature changes and to minor fluctua­
tions in temperature. They acclimatize more readily to an increase than to a decrease in tem 
perature. 

6. Growth is an indicator of the well-being of an animal. The most efficient utilization of food 
resources for growth occurs at lower temperatures. 

7. Migratory behavior patterns of adults and juveniles can be altered by temperature changes. 

8. The scope for activity of cold-water fishes is greatest at moderately low temperatures, which 
correspond closely to the fishes preferred temperatures." 

The optimal temperature range for most salmonid species is approximately 12-14 degrees C. Increased 
stream temperature may have a beneficial effect on salmonids when it results in greater food production 
and increased growth but does not exceed the optimal temperature range (Beschta et al., 1987). Lethal 
levels for adult salmonids will vary according to factors such as the acclimation temperature and the 
duration of the temperature increase, but they generally are in the range of 23-29 degrees C (Bjomn and 
Reiser, 1991). Bjomn and Reiser (1991) caution that, "although some salmonids can survive at rela­
tively high temperatures, most are placed in life-threatening conditions when temperatures exceed 23-25 
degrees C, and they usually try to avoid such temperatures by moving to other areas" . The egg and 
juvenile life history stages are the most sensitive to high temperatures (MacDonald et aI., 1991). In 
some cases, the extent of temperature changes may be more critical than the maxima. 

Sub-lethal effects of above optimal water temperatures often appear to be more critical than direct 
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mortality. Examples of sub-lethal effects include: a) reduced survival of eggs and progeny when adults 
spawn in warm water (Lantz, 1970); b) increased virulence of many of the diseases most significant in 
the Pacific Northwest including kidney disease, furunculosis, vibriosis and colullU1aris (Lantz, 1970); c) 
avoidance of warm waters, resulting in changes in distribution or migration patterns (Beschta et aI. , 
1987); d) increased metabolic activity that results in reduced growth rate when temperatures exceed the 
optimum level (Lantz, 1970; Beschta et aI., 1987); e) change in timing of development and life history 
stages (Holtby, 1988); and f) reduced ability to compete with other species (Beschta et aI., 1987). 

How Forest practjces Effect Stream Temperature 

The principal source of heat for small mountain streams is the solar radiation that directly strikes the 
surface of the stream (Brown, 1971). The amount of sunlight reaching the stream depends on the 
surface area of the stream and the shade provided by vegetation and topography. Wide, shallow streams 
c~ceive more solar radiation relative to the volume of water than narrow, deep ones (Brown, 1971). For 
a given rate of solar radiation input, temperature change is directly proportional to surface area and 
inversely proportional to discharge (Sullivan et aI., 1990). Vegetation typically provides substantial 
shade to streams and other water bodies in forested areas. Reduction in vegetative cover along streams 
from human or natural causes increases incident solar radiation reaching the stream. This results in 
'ugher maximum summer temperatures and larger diurnal fluctuations, especially in small streams 
, Sullivan et aI., 1990). Other factors affecting water temperature include: extent of ground water inputs, 
air temperature, water depth and chaMel form (width:depth ratio). Heat is transported downstream with 
flowing water. As water moves downstream, its temperature seeks an equilibrium with air temperature 
although it responds to local environmental factors such as shading, ground water inputs and tributary 
inflow (Sullivan et aI., 1990). 

The effects of logging on stream temperature can be reduced by designing timber harvest units to 
maintain adequate shade. In Washington State, post-harvest shade requirements necessary to meet 
water quality standards are estimated with a screening tool based on the elevation of the site. Alter­
nately, a predictive temperature model with additional site-specific factors can be used (Doughty et aI., 
1991). Rashin and Graber (1992) tested the effectiveness of the 1988 riparian management zone regula­
tions and recommended periodic review and update of the temperature screen as new stream tempera­
ture data becomes available. 

Purpose of the TFW Stream Temperature Module 

The objectives of the TFW Stream Temperature Module are as follows: 

1. Determine the maximum temperature regime of a stream reach or specific location in a stream 
(Levels 1, 2 and 3); 

2. Provide data that can be used to test and improve the TFW temperature screen (Levels 2 and 3); 

-' . Provide data that can be used to test and improve the empirical relations in the TFWTEMP 
model and allow a more complete assessment of factors influencing stream temperature (Level 
3, only). 
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Methodology 

The Stream Temperature Module provides a three-level approach that allows you to choose the protocol 
that meets your monitoring objectives. Objectives must be fully defined in order to decide which 
parameters and protocols are appropriate to your monitoring project. 

Equipment Needed 

For Level I; 

- Min-Max Thermometers or Recording Electronic Thermograph 
- Locking steel box and chain (or other enclosure) to protect thermograph from weather, theft, and/or 

vandalism 
- Stakes and fasteners (wires or plastic ties) to set probes/thermometers in stream. 
- Calibration thermometer 
- Water bath or 5 gallon bucket of sand for calibration 
- Aerial photos of site 
- Field notebook and pencils 

For Leyel2 ' 

- Equipment listed for Level I ; and 
- Densiometer 
- Tape measure or hipchain 
- Topographic map of site (USGS 7.5 minute, if available) 

For Level 3' 

- Equipment listed for Levels I and 2; and 
- Map wheel or digitizer 
- Air temperature probe or MinIMax thermometer for air 
- Stadia rod or measuring stick 
- Clinometer 
- Flowmeter 
- Camera 

The Levell Method 

The Level I method is designed to determine the maximum temperature regime of a stream reach or a 
specific location in a stream. Either recording thermographs or min-max thermometers may be used to 
measure temperature. Both types of instruments are discussed in the following section. 
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Protocols 

1. Select a monitoring site. 

It is often preferable to establish a site that is near the downstream end of a thermal reach, so as to 
characterize that reach rather than local conditions. A thermal reach is a reach that has similar (rela­
tively homogeneous) stream and riparian conditions for a sufficient distance to allow the stream tem­
perature to reach equilibrium with those conditions. The length of reach required to reach equilibrium 
will depend on stream size (especially water depth) and morphology. A deep, slow moving stream 
responds more slowly to heat inputs and requires a longer thermal reach, while a shallow, faster moving 
stream will generally respond faster to changing riparian conditions, indicating a shorter thermal reach. 
As a rule of thumb, it takes about 600 meters (2000 feet) of similar conditions to establish a equilibrium 
thermal reach, although that may be reduced to as little as 300 meters for a small stream under certain 
conditions. If in doubt about the length of the thermal reach, use 600 meters. Aerial photos will help in 
the assessment of stream reach conditions. 

If the reach above your monitoring site has highly variable riparian or stream channel conditions (such 
as significant tributary input within 600 meters, or major changes in riparian vegetation), you can still 
rlatermine the temperature at that site. Keep in mind that you will be characterizing localized tempera­
ture conditions as opposed to conditions of a representative reach. In other words, the stream tempera­
ture at that site could be in a state of flux, either increasing or decreasing in order to come into equilib­
rium with changing conditions. 

2. Determine the monitoring period. 

For determining maximum equilibrium temperature (i.e. maximum annual temperature) of the reach, 
monitoring should be conducted between July 15 and August 15, although the period may be extended 
until August 30 in some areas, particularly in Eastern Washington~ Late June and early July may also 
be important high temperature periods in some areas. Use local knowledge to determine the best moni­
toring period, but include the July 15 - August 15 period. Monitoring should be conducted for at least 
14 consecutive days during this period. Longer monitoring periods may improve your ability to charac­
terize the temperature regime, but will also increase the risk oflosing or damaging your equipment due 
to floods, animal damage, or vandalism. 

3. Calibrate instruments. 

Before installing thermographs or thermometers, conduct a calibration check to ensure reliability. 

Calibration of recording thenno!!lJUlhs If thermographs consist of data loggers with separate tempera­
ture probes, each data logger and probe should be marked with a unique identification code. Data 
loggers and probes should be paired for calibration in the same combinations as they will be deployed 
for monitoring. Place all probes in a .slIlilil water bath, along with a reliable reference thermometer. 
(Note: In order for the water bath to be stable, it should be water that has had plenty of time to come 
into equilibrium with room temperature, or it should be iced so its temperature will not fluctuate rapidly 
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during calibration). Iffluctuating temperatures make a stable water bath difficult to obtain, a five gaUon 
bucket fiUed with sand can be used. Allow the sand bucket to stabilize for a day prior to calibration. 
After a couple minutes of eQuilibration time, record the reading from each instrument and the reference 
thermometer. You may want to do this each minute for ten minutes or so. If any instruments are more 
than one-half degree celsius off, adjust the data from these instruments, or qualifY the data as accurate to 
+/- x degrees. If the error is biased in a consistent direction, based on multiple checks with a reliable 
reference thermometer, an adjustment can be made to the thermograph results if desired. 

Any instruments off two or more degrees C should not be considered reliable until the problem is 
corrected. This is a minimum calibration procedure. It may be improved by running calibration checks 
in two different water baths (e.g. one iced and one at room temperature). If the instrument you are 
using allows you to obtain an instantaneous reading after it is instaUed in the stream, then field checks 
with a hand held thermometer are also a good idea. Even if you can't obtain an instantaneous reading in 
the field, it's a good idea to do a field check with a hand held thermometer, record the time of the 
reading, and compare it to recorded data as a check on thermograph performance. It is also a good idea 
to perform calibration checks at the completion of monitoring as added insurance of reliability. 

Calibration of maximum/minimym thermometers Mark each thermometer with a unique identification 
number or code. Place the thermometers in a stable water bath along with a reliable reference thermom­
eter. After approximately five minutes, record the readings from both the maximum and minimum 
sides of the thermometer. When taking measurements from maximum/minimum thermometers, try to 
keep them at least partially sllbmerged in the water bath so air temperatures do not alter the readings. 
Continue to take at least two more readings at five minute increments. Then slide a magnet downward 
along the thermometers to "zero out" the maximum and minimum marker pins. Record the temperature 
at the maximum marker pin placement. Add a substantial amount of ice to the bath to bring the water 
temperature down to near 0 degrees C. Gently mix the water bath to achieve a uniform water tempera­
ture. After approximately 20 minutes of equilibration time, with some ice still present, record the 
readings from the thermometers and reference instrument. Record the maximum marker pin placement 
to determine if it has changed from the initial measurement. In addition, record the minimum marker 
pin placement. This will be the initial minimum marker placement. Let the water bath sit over night 
and again take readings from both the maximum/minimum thermometers and the reference thermom­
eter. Also, record the minimum marker pin position and compare to the initial reading. 

Maximum/minimum thermometers can be manually adjusted to the same reading as the reference 
thermometer by loosening the set screws. Alternately, the recordings from the maximum/minimum 
thermometers can be adjusted during data analysis by taking the difference from the reference thermom­
eter. If a maximum/minimum thermometer is off by more than 2 degrees C, does not track uniformly 
with the reference thermometer during calibration, or the maximum or minimum marker pins are found 
to wander during calibration, do not use the instrument. 

4. Install instruments. 

When installing the temperature probe or max-min thermometer, choose a location in the stream that is 
representative of the overaU morphology of the reach. If pool habitat is common in the reach, choose a 
location in a representative pool. The instrument should be set in the stream so that it is not too near the 
bottom so as to be unduly influenced by groundwater inflow or stratification. Ensure it is deep enough 
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so that it will not be exposed as the water level drops during the low flow period. MacDonald et al. 
(1991) recommend areas with turbulent mixing in order to obtain a representative temperature. 

Installation of recordjni thermoiraphs It is often best to set the probe at about one-half of water depth. 
near the center of the cross-section. Attach the probe securely to a stake or rock to keep it where you set 
it. Install the probe at a location where it will be shaded from direct sunlight; shade can be from the 
canopy or some other feature such as large woody debris. If no shaded locations are available, then it 
may be necessary to construct a shade for the probe (e.g. using a section oflarge diameter plastic pipe). 

Several measures can be taken to reduce the potential for loss or damage of data loggers: 

1. Place data loggers outside of the mean high water line to prevent loss during a freshet; 

2. Some data loggers must be housed in a waterproof metal or plastic box that can be locked and 
chained to a tree, and; 

3. Data logger box and cables can be covered with rocks, moss and wood to hide equipment from 
passersby. 

Installation of maximumlminimum thermometers It is important that the thermometer is protected 
from excessive movement due to turbulent flow that can cause the marker to move. Build a rock cairn 
""ith a height of approximately 8-15 cm (3-6 inches) above the stream substrate to house the maximum/ 
minimum thermometer. Locate the cairn near the thalweg where uniform flows will give reliable 
temperature readings. The site must be deep enough in the water column to insure that the thermometer 
will not become de-watered during the monitoring period. Place the maximum/minimum and a refer­
ence thermometer in the stream and wait a minute to allow the instruments to adjust to the water 
temerature. This is critical, otherwise the first maximum reading will likely be that of the air. Record 
the initial water temperatures from the maximum/minimum thermometers. "Zero out" the maximum 
and minimum marker pins with a magnet and lay the thermometer in the cairn with the top of the 
instrument slightly elevated. Place a single layer of rocks on top of the thermometer. If the stream may 
experience high, scouring flows, anchor the thermometer with string or wire to a large rock or stable 
material on the bank. 

S. Data collection and checking. 

ThennolWlllhs Ifusing recording thermographs, set to record maximum and average temperature at 
one hour intervals. The site should be visited periodically to make sure the instruments are in working 
order. Once the field monitoring is completed and the results are transferred to a spreadsheet, the data 
must be checked. Recording thermographs may begin to drift after a period of time, even if they cali­
brated all right, or direct sunlight hitting a probe or thermometer can cause a spike that does not reflect 
actual water temperature. The best way to detect spurious data is to prepare an X -Y graph of the results. 
Field checks can also be used to detect gross errors. Spurious data (spikes or drift that cannot be ex­
plained) should be censored before maximums, minimums, or averages are calculated. 

Maximumlminimum thennometers If using min-max thermometers, record data and reset thermom­
eters every one to three days, preferably at the same time each day. By resetting them often, you will be 
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able to establish how often high temperatures are reached, and also will be able to characterize the 
diurnal temperature range. If, however, your objective is only to determine the maximum temperature 
that is reached over the monitoring period and you aren't concerned with how often it is reached, you 
may leave the min-max thermometer out for longer periods without reading or resetting it. 

Min-max thermometers should always be read and reset while in the water, so that air temperature 
doesn't influence the marker pins. Also, it is best to reset them in the morning when air temperatures 
are somewhat near the daily mean. Record the information and lay the thermometer back in the cairn. 
Wait a minute to ensure the thermometer is back at equilibrium and then "zero out" the marker pins 
with the magnet. At the end of the monitoring period, record the final temperatures and take a reading 
with a reference thermometer to gauge if the maximum/minimum thermometer is still performing 
properly. 

The LeyeJ 2 Method 

The Level 2 method is designed to: I) determine the maximum temperature regime ofa stream reach; 
and 2) provide data that can be used to test and improve the Temperature Screens used to design RMZs. 

Protocols 

I. Monitor stream temperature as described for Levell. 

2. Determine canopy closure/shade level. 

Use a spherical densiometer at evenly spaced intervals to determine average canopy closure for the 
thermal reach above the monitoring site. See the TFW Ambient Monitoring Reference Point Survey 
Module for a discussion on taking canopy closure measurements. Take the canopy closure measure­
ments at 50 meter intervals throughout the thermal reach. The thermal reach extends 300-600 meters 
above the site, depending on stream size (see selecting a monitoring site, above). If the percent canopy 
closure varies by more than 20% between measurements, then take additional measurements at 25 meter 
intervals to more accurately determine the average percent canopy closure for the reach. (In order to 
save time, it may be preferable to determine canopy closure at 25 meter intervals from the start, thus 
avoiding the need to back-track in cases where the variability exceeds 20%). In addition to calculating 
the average canopy closure, keep track of the percent canopy closure at each plot and note plot locations 
on a map or sketch of the reach to document how the shade level varies through the reach. At each plot, 
stand in the center of the low flow channel and measure canopy closure four times facing upstream, 
right bank, downstream, and left bank, and average these to obtain canopy closure for the plot. Depend­
ing on whether the canopy is primarily open or closed, it may be easier to count openings and determine 
percent skyview, and then convert this to canopy closure. 

3. Determine reach elevation. 

Determine the elevation at the midpoint of the thermal reach from a topographic map. 
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4. Determine Water Quality Standard Classification of the reach. 

The classification of streams is established by the provisions of Sections 120 and 130 of Chapter 173-
201A WAC (the State Water Quality Standards). The stream you are monitoring may be specifically 
classified in Section 130, or its classification may be determined by the downstream water it is tributary 
to or its location (e.g. all streams within national forests, national parks, or wilderness areas are Class 
AA). A copy of the water quality classification list is included in Appendix A. 

5. Determine temperature region. 

Determine whether the site is located in the Coastal, Western Washington, or Eastern Washington 
temperature region (Figure 1). These regions generally correspond to ecoregion boundaries. 

The l,cYe1 3 Method 

The Level 3 method is designed to: 1) determine the maximum temperature regime of a stream reach; 2) 
provide data that can be used to test and improve the Temperature Screen used to design RMZs; and 3) 
provide data that can be used to test and improve the empirical relations in the lFWTEMP model used 
to determine shade requirements in RMZs. The additional information will also allow a more complete 
assessment of factors influencing stream temperature. 

Protocols 

1. Monitor stream temperature as described for Levell, and detennine canopy closure, elevation, 
Water Quality Class, and temperature region as described for Level 2. 

2. Determine distance from divide. 

Measure the stream distance from the monitoring site up the drainage network (longest tributary) to the 
drainage divide on a topographic map using a map wheel or digitizer (Figure 2). This parameter is 
needed to run the lFWTEMP model, and the model uses this distance to approximate water depth and 
groundwater inflow rate based on empirical relationships. 

3. Monitor air temperature. 

Using procedures similar to those described for stream temperature, install a thermograph! thermometer 
in the riparian zone, near the stream bank, about 1 meter off the ground. Make sure it is shaded from 
direct sun. Set recording thermographs to record average rather than maximum hourly temperature. 
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Use a 7' or IS' USGS topographic map, or a Water Type map. Pinpoint the site(s). Detennine the divide, by 
freehand-drawing a line between the next-to-highest contour lines (2500 ft. in this example), making sure you 
intersect with the highest contour line as well (2600 ft.). Using a ruler or a map wheel. measure from the site up 
to the hand-drawn divide line, moving up the stream channel. ruse the contour lines to approximate the channel 
if the channel is not on the map.) TFWI'EMP requires tbe distyance-from-divide value in miles or kilometers. 

In this example, distance from divide from Site A is 4.5 miles, and 3.4 miles from Site B. 

Fig. 2. Distance from divide detennination. 
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4. Measure stream depth and width. 

Measure water depth and bankfull depth at cross-sections spaced at 50 meter intervals through the 
thermal reach. Also measure wetted and bankfull width. These should be measured during the same 
flow regime as the monitoring period (i.e. summer baseflow). 

5. Document other parameters. 

These are optional depending on your objectives and the level of evaluation you wish to cQnduct: 

Groundwater inflow rate This is difficult to determine, but can be approximated. Careful discharge 
measurements made at the upstream and downstream ends of the thermal reach on the same day and 
time of day can be compared to yield an approximation of the flow gain or loss within the reach. This 
can be converted to groundwater inflow rate (volume per unit length). Whether or not the rate is mea­
sured, make notes of obvious groundwater features such as significant springs or seeps or places where 
the stream appears to lose flow to the subsurface. 

Riparian Manaiement Zone Width Determine the average RMZ width on each side of the stream by 
measuring from the ordinary high water mark to the edge of the RMZ (determined by tree markings 
and/or harvest boundary) at each transect established for stream depth/width or canopy closure (prefer­
ably 50 meter intervals). 

Other RMZ Characteristics At each RMZ width transect, make a visual estimate of other important 
characteristics including the ratio of hardwoods to conifer at that location, seral stage of the riparian 
forest, extent of blow down, and other pertinent observations. Document with photographs wherever 
possible. For more objective data on these characteristics, plots can be installed for sampling the hard­
wood/conifer ratio, etc. See Washington Department of Wildlife (1990) for methods. 

Stream Gradient, Using a clinometer, take gradient between 50 meter sampling points, or more often if 
necessary. 

Channel Mm:phoIQi)' Describe the predominant channel morphology within the reach; note whether 
there is substantial modification by aggradation, debris flows, beaver activity or other influences. The 
classification scheme given in Montgomery and Buffington (1993) may be used to describe channel 
morphology. 

Study Design Considerations 

If the monitoring objective is to test the effects of a land management activity (e.g. timber harvest) on 
the temperature regime of a stream reach, there are various alternatives for designing the monitoring 
program. The main difference between characterizing the conditions of a stream reach and evaluating a 
management activity is the need to establish a reference point of comparison to assess effects of the 
activity. Either an upstream/downstream design or a before/after design may be used, or the two ap­
proaches can be combined. There are advantages and disadvantages to each approach. 
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The before/after design requires a minimum of two summers. The pretreatment summer provides the 
control against which the effects of changes caused by management are compared. If both the before 
and after monitoring periods are representative of maximum equilibrium temperature conditions (i .e. 
monitored between July 15 and August 15), then the comparison is valid and incremental temperature 
change can be assessed. This sample design requires the assumption that minor year to year climatic 
variability is inconsequential to stream temperature conditions, since the maximum equilibrium stream 
temperature is independent of minor fluctuations in regional air temperature maximums. Rather, the 
maximum equilibrium temperature of a given stream reach is dependent primarily on riparian conditions 
as they affect local air temperature, solar radiation, and relative humidity. Major variation in regional 
summer weather and air temperature would invalidate the assumption of year to year comparability. 
This can be checked by reviewing regional NOAA weather station records. 

The upstream/downstream design can be conducted in a single summer. It requires monitoring at the 
upstream end of the thermal reach affected by management to establish incoming stream temperature 
(i.e. the conditions resulting from the thermal reach above the treatment). If the riparian vegetation and 
stream channel of the upstream reach are similar to that of the downstream reach before management 
(i.e. similar stand age, similar stream morphology, etc.), then an assessment of the incremental tempera­
ture change attributable to the management can be made by comparing upstream and downstream 
values. Any major differences between the upstream and the pre-management downstream reach would 
invalidate an assessment of incremental change, but one could still assess the effects of management on 
stream temperature as water flowed through the affected reach. 
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17J·20IA·110 Water Quality Standards-Surface Waters 

II APPENDIX A II 

~ WAC 17J.201A·120 General dassllicatlons. General 
,.. classifications applying to various surface water bodies not 

speCifically classified under WAC 173·20IA·130 or 173· 
:20IA·140 are as follows: 

(I) All surface waters lying within national parks. 
national forests. andior wilderness areas are classified Class 
AA or Lake Class. 

(2) All lakes and their feeder streams within the state 
are classified Lake Class and Class AA respectively. except 
for those feeder streams specifically classified otherwise. 

ICb. l7J.lOtA WAC-jI. 101 

(3) All reservoirs with a mean detention time of greater 
than 15 days are classified Lake Class. 

(4) All reservoirs with a mean detention time of 15 days 
or less are classified the same as the river section in which 
they are located. 

(5) All reservoirs established on preexisting lakes are 
classified as Lake Class. 

(6) All unclassified surface waters that are Dibutaries to 
Class AA waters are classified Class AA. All other unclas· 
sified surface waters within the state are hereby classified 
Class A. 

(StalutOry AUlhorilY: Chapler 90.48 RCW. 92-24-037 (Order 92-29), § 
173-201 A-120. filed 1112519:2. effective 12126192.] 

WAC 173·201A·130 Specific c1asslfications­
Freshwater. Specific fresh surface walers of the state of 
Washington are classified as follows: 

( J) Americ.1.ft River. 
(2) BiC Quilcene River and tributaries. 
(3) Bumping Ri...er. 
I~) Bum( Brid,e Creek. 
(S) Cedar River from Lake Wash;·nlton 10 the 

Maplewood Brid,e (river mile 4.1), 
(6) Cedar River and tributaries (rom the Maplewood 

Brid,e (nver mile 4.1) to Landsburg Dam (river 
mile 21.6). 

(7) Cedar River and tributaries from Landsbur, Dam 
(river mile 21.6) to headwaters. Special condilioa -
no waste dischar,e will be penniued. 

(8) Chehalis River t'rom upper boundary of Grays 
Harbor al Cosmopolis (river mile 3.1. longitude 
123c.S'4S M W) to Scammon Creet (river mile 
65.8). 

(9) Chehalis River from Scammon Creet (river mile 
65.8) to Newaukum River (river mile 7S.2). SpeCial 
condition - dis50lvcd oXYJCn shall exceed S.O melt 
from June I 10 Sepcember 15. For the renwnder ot' 
lhe year. the dissolved oxygen shall meet Class A 
CriltriL 

(10) Chehalis River from Newautum River (river mile 
75.2) 10 Rock C ... k (river mile 106.7). 

(II) Chehalis River. from Rock Crect (river mile 106.1) 
to headwaters. 

((2) Chehalis River. south fort.. 
(13) Chewuch River. 
(14) ChiWIWI River. 
(IS) Cispus River. 
(16) Clearwater River. 
t 17) Cle Elum River. 
t t 8) Cloquallum Ct<ek. 
(19) Oover Creek from outlet of Lake SpanawlY to inlet 

of Lake Steilacoom. 
(20) Columbia River from mouth 10 Ihe Washington­

Orqon bonier (river mile 309.3). Special condilions 
, temperature sh:lll DO( exceed 20.00C due 10 human 
lCIivities. When natural conditions exceed 20,o-C. 
no temperature increase will be allowed which will 
lOlise the receiving water temperature by greater than 
0.3-C: nor shall such temperalure increases, al any 
lime. exceed 0.3-e due 10 ~fty single source or 
1.1-<: due 10 all such activities combined. Dissolved 
oxygen shall e"ceed 90 percent of saiuration. 

Class AA 
Class AA 
ClISS AA 
Ctass A 

Class A 

Class AA 

Class AA 

Class A 

Class A 

Class A 

Class AA 
Class A 

Class AA 
Class AA 
Class AA 
Class A 

Closs AA 
Class A 

Class A 

Class A 

IllnSI9~) 



(21) 

Ill) 

(23) 
(24) 

(25) 

(26) 

(27) 

(28) 
(29) 
(30) 

(31 ) 

(32) 
(33) 
(34) 
(3S) 

(36) 

(37) 

(38) 
(39) 
(40' 

(41) 

(42) 

(43) 
(44) 

(45) 

(46) 

(47) 

(4K) 

(49) 

(SO) 

1III2S~2) 

Water Quality StaDdards-Surface Walers 173-201A·130 

Columbia River from Washington·Oregon border 
(nvcr mile 309.3) 10 Grand Coulee Dam (rivcr mile 
596.6', Special condition from Wastungl0n·Oregon 
border (river mile 309.3) 10 Prie~t Rapids Dam Inver 
mile 397 .1). Temperature shall not exceed 20.0"C 
due to human ac(ivuies. When natural conditions 
exceed lO.O°C. no temperature increase will be 
allowed which willl'llsc the receiving water temper· 
ature by ,realcr th.:I.n a.3°e: nor sh.:all such tempera· 
ture iOCrt3liCS. at any time. exceed t=3-"n +9). 
Columbia River from Grand Coutee Dam (nver mile 
596.6) to Canadian border (nver mile 745.0). 
Colville River. 
Coweeman River from mouth to Mulholland Creek 
(nver mile 18.4). 
Coweeman River from Mulholland Creek (nver mile 
18.4) 10 headwaters. 
Cowlitz River from mouth to base of Riffe Lake 
Dam (river mile 52.0). 
Cowlitz River from base of Riffe Lal;.e Dam (river 
mite S2.0) 10 headwaters. 
Crab Creek and tributaries. 
Decker Creek. 
Deschules River from mouth to boundary of 
Snoqualmie National Forest (river mile 48.2). 
Deschutes River from boundary of Snoqualmie 
National Forest (river mile 48.2) to headwaters. 
Dickey River. 
Oosewallips River and tributaries. 
Duckabush River and tributaries. 
Dungeness River from mouth to Canyon Creek 
(river mite 10.8). 
Oungeness River and tributaries from Canyon Creek 
(river mite 10.8) to headwaters. 
Duwamish River from mouth 50Uth of a line bearing 
254· true from the NW comer of henh 3. lenninal 
No. 37 10 the Black River (river mile 11.0) 
(Duwamish River conlinues as the Green River 
above the Black River). 
Elochoman River. 
Elwha River and tributaries. 
Enuat River from Wenatchee National Fon:st bound-
ary .river mile 20.S) to headwate~. 
Grande Ronde River from mouth to Orelon border 
(river mile 37). Special condition - temperature 
shall nOI exceed 20.0·C due 10 human activities. 
When natural conditions exceed 2O.00c. no tempera-
ture increase will be allowed which will raise lhe 
receiving wiler temperature by greller than 0.3ee; 
nor shall such lemperalutC increases. at any time. 
exceed t=341(T +9). 
Grays River from Grays River Falls (river mik 15.8) 
10 headwaters. 
Green River (CowlilZ County). 
Green River (King County) from Black River (river 
mik 11.0 and point where Duwamish River contin-
ues a~ Ihe Green River) to weSI boundary of Sec. 
17·T2IN·R6E (wesl boundary of Raming Geyser 
Stale Park at river mile 42.3), 
Green River (King County) from weS( boundary of 
Sec. 27·T2IN-R6E (wesl boundary or Flaming 
Geyser State Pad. river mile 42.3) 10 west boundary 
or Sec. 13-TIIN·R7E (river mile S9.I). 
Green River and tribuW'ies (King County) from west 
boundary of Sec. 13-TIIN-R7E (river mile 59.1) to 
headwaters. Special condilion - no waste discharge 
will be permitted. 
H3mma Hamma River and tribularies. 
Hanaford Creek from mouth 10 east boundary of 
Scc.15-TISN-R2W (nver rmk: 4.1). Spc:clal condi-
tion - dissolved oxygen shall c:IlI,:eed o.S miYL. 
Hanarord Creek from easl boun..Jary of Sec. 2S· 
TISN·R2W (river mile 4.1) 10 headwalers. 
Hoh River and lribularies. 

Class A 

Class AA 
Class A 

Class A 

Class AA 

Class A 

Class AA 
Class B 

Class AA 

CllSs A 

Class AA 
Class A 

Class AA 
Class AA 

Class A 

CIas, AA 

Clau B 
CLlss A 

Class AA 

Cb .... s AA 

Class A 

Class AA 
Class AA 

Class A 

Cla.~~ AA 

Cla~s AA 
Class AA 

CI3SS A 

Cla.ss A 
Class AA 

(5 I) Hoquiam River (continues as west fork above east 
fork) from mouth 10 nver mile 9.3 (Dekay Road 
Bridge) (upper limit of tidal innuence). Class B 

(52) Humptulips River and tribularies from mouth 10 
Olympic National Forest boundary on east fork 
(river mile 12.8) and west fork (river mile 40.4) 
(main stem continues as west fork). Class A 

(53) Humpculips River. east fork from Olympic Nllional 
Foresl boundary (nver mile 12.8) 10 headwalers. Class AA 

(54) Humptuhps River. west fork from Olympic National 
Forest boundary (nver mile 40.4) to headwlrers. Class AA 

(SS) Issaquah Creek. Class A 
(56) Kalama River from lower Kalama River Falls (river 

mile 10.4) 10 headwaters. Class AA 
(S7) Klickiw River from Lirtle 'Klickil.ll River (river mile 

19.8) 10 boundary of Yakima Indian Reservllion. Class AA 
.58) Lake Washington Ship Canal from Government 

Locks lriver mile 1.0) to Lake Washington (river 
mile 8.6). Special condition - salinily shall not 
exceed one pan per thousand (1.0 ppt) II any point 
or depth alon, a line thai transects the ship canal .. 
the UniversilY Bridge (river mile 6.1). Lake Class 

(S9) Lewis River ..... fori<. from Multoo F .... (ri .... mile ; 
24.6) to Iteodwatets. Class AA 

(60) Linle Wenatchee River. Class AA 
(61) Methow River from mouth to Chewuch River (river 

mile SO.I). Class A 
.62) Methow River from Chewuch River (river mile 

50.1) to headwalers. Class AA 
(63) Mill Creek from mouth 10 131h Street Bridle in 

WaUa Walla (river mile 6.4). Special condition • 
dissolved oxygen concentralion shall Clceed 5.0 
mgIL. Class B 

(64) Mill Creek from 13th Street Bridge in Wana Walla 
(river mile 6.4) 10 Walla Walla Waterworks Dam 
(river mile 2S~)' Class A 

(65) Mill Creek and lribuwies from cily of Walla Walla 
Wllerworks Dam (rivermile 25.2) to headwaters. 
Special condilion - no waSle discharge will be 
pennined. Class AA 

(66) Naches River from Snoqualmie National Forest 
boundary triver mile 35.7) 10 headwaters. Class AA 

(07) Naselle River from Nasclh: "Falls· (cascade at river 
mile 18.6) to headwaters. Class AA 

(68) Newaukum River. Class A 
(69) Nisqually River from mouth 10 Alder Dam (river 

mile 44.2). Class A 
(70) Ni ...... ly River from Alder Dam (river mile 44.2) 10 

Iteodwaters. Class AA 
(71) Nooksack River (rom moulh 10 Mapk Creek (river 

mile 49.7). Class A 
(72) NooIcsacIc River from Maple Creek (river mile 49.7) 

to headwaters. Class AA 
(73) Nooksack River. south fork. from mouth 10 

Skookum C ... k (river mile 14.3). Class A 
(74) Nooksack River. south fork. from Skookum Creek 

(riVet mile 14.3) 10 headwaters. Class AA 
(7S) Nooksack River. middle fodt. Class AA 
(76) Okanog.n River. Class A 
(77) . Palouse River from mouth to south fork rcolCIl. 

river mile 89.0). Class B 
(78) Palouse River from south fork (Colfax. river mile 

89.6) 10 Idaho border (river mile 123.4). Special 
condition· temperature shall POt exceed 20.00C due 
to human activities. When natural condilions exceed 
20 OQC. no temperature IftcrC!a.~e will be allowed 
wht.:h will raise the recelvmg waler temperature by 
greater than 0.3·C: n01 shall such lemperllurc 
increa.lIICs. II any lime. exceed 1=341(T +9). Class A 

ICh. 17J·20IA WAC-po III 
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(79) Pend Ott,lk River from CMl3d~ bonier (nvcr mitt 
16.0) 10 Idaho border (river mile 87 .7) . Special 
condition· tcmpcralure shall not uceed 20.0·C due 
10 human atUvltlCS. When [\Olrural condilion.c; c~cecd 
~O.O·C. no temptr'lure incruse will be allowed 
which will rllsc the Rce,..,ine: water temperature by 
Irealer than 0.3°e: nor shall such temperature 
Increases, ,I any lime. ucecd t-?t4ICT +9). 

(SO) Pilchud: River from city of Snohomish Waterworks 
Dam (river miw: 26.8) 10 headwaters. 

(81) Puyallup River from mouth 10 river mile 1.0. 
(82) Puyallup River from nvcr mile 1.0 to KlnlS Creek. 

In.., mil< 31 .6). 
(83) Puyallup River (rom Kines Creek Cnver mik .11.6) 

10 headWJaeB. 
(&4) QUCClS River and tributaries. 
laSI QuilloY1ll< Rive'. 
(16) Qui .... k Rive, .... lribularics. 
(17) Salmon C ... k (Cut Counly). 
(88) Salsop River from mouth 10 west fork (river mile 

6.4). 
(a9) Sa.sop River ..... lad<. 
(90) Sa.sop Rive,. middle lad<. 
(91) Satsop River. we51 fort. 
(92) Skllil River from moutb 10 Skiyou Slou~h·lower 

• nd (rive, mil< 2S.6). 
(93) SUlie River and cribuwies (includes Baker. Suu. 

Sujalile. and Cascade rivcrs) from Skiyou Slough­
lower end. (river mile 2S.6) 10 Canadian border 
(nvcr mile 127.0). Special condilion • SU,. Rive, 
(Oarse by-pass reach) from Gcqe Dam (river mile 
96.6) 10 Gorce Powerhouse (ri\'cr mile 94.2). 
Temperllure shalllOf uceed 21·C due 10 human 
activities. When MlVnJ coodiEions uc:eed 21-C. ftC) 

temperature increase will be allowed which will 
r:ai~ the ruei ... in, Wiler lemperalure by IreIlCf than 
0.3·C. nor shall such Ie~un: incr=~s. "1 iIn)' 

lime. er.C'ftd t=l4ICT .9). 
(94) Sltokomish River and lribularies. 
(9S) Skookumchuck River from Blood ... Run Creek. (river 

mile 21.4) 10 htadwa~rs. . 
1961 Skykomisll Rive, lrom mG4IClt 10 May C ... k lobov. 

Gold Bar at river mile .1.2). 
(97) Skykomish Rive, lrom May C ... k (above Gold Bar 

at river mile .1.2) 10 headWllerl. 
(98) Snake River from mouth 10 Washin,IOCI·ldaho­

Oregon bonier lriver mile 176.11. Special condition: 
(3) Below Oearwlaer River (river milt 139.3). Temper· 

;alare shall noc exceed 2OJ)"C due 10 hulNll iM:tivi­
lies . When naeural condieion~ ucced 2O.O"C. no 
lemperaeure increase will be allowed which will 
raise the rueivinl water tempcriture by Irtater than 
0.3°C: nor shall such tempen.ture increaq,J, II any 
lime, exc:eecl t=l4I(T +9), 

(b) ... bove Clearw ... , Rive, (river mil< 139.)). Temper· 
ature shall DOt exceed 20.O"C due 10 human activi­
IteS. When .aIDra) conditions exceed 20.ere. DO 
lempenlwre incnJistS will be allowed whicb will 
raiK the receivinl wiler lemperatwe by .rellef than 
0.3°e: nor shall such temperalare increaK!!. at any 
lime, Clceed O.3"C due 10 any sin,lc source or 
1.1 "C due 10 Jill such acuvnies combined. 

(99) Snohom~h River (rom mouth and cast of kln!!itudc 
122°I3'40"W upMream to latitude 41"56'JO"N 
("outhern lip or Ebey Island 011 rlvcr mile 8.1). 
SpeNt condilioe • Ii.-cal .:oIiform or,anism levels 
"hall both noc exceed a a;eometric mean vaklc of 200 
colonie5l100 mL and nDi have more than 10 percent 
of the samples oblained for calculaling the mean 
, .. aJue exceed;n, 400 colon;esllOO mL. 

(100) Snohomish River up!itream from laUludc 41~56'J()"N 

(southern lip 01' Ebey Isl~nd fl\'er mil ... )I, I) to 
("llnnucnc.:e With Skykoml!lh 3nd Snoqualmie: Rivcr 
lnvtr mile .!O.5). 

(Cb. 173.:101" W"C-p. III 

CI;ass A 

CI;assAA 
Class 8 

Cbs!l A 

Clas!l AA 
Class AA 
Class AA 
Cb.S!l AA 
CI;a.u A 

Clas!' A 
Class AA 
Clas!' AA 
Class AA 

Class A 

03MAA 
Class AA 

CI.;1sS AA 

CIil.~S A 

Class ...... 

Cla~~ A 

Class A 

1101} 

( 102) 
11031 
II (») 

11051 
,1061 

1107) 

Snoqu:.lmle: River and tobutomes from moulh 10 
wesl boundary of Twin Falls Siale Park on south 
fon. (rh'cr mile 9.1). 
Snoqualmie: River. middle fork. 
Snoqullmie River. nonh fork . 
Snoqualmie River. south fork. from WCSI boundary 
of Twin Falls Swe Park (river mile 9.1) to headwa· 
tets. 
Soleduck RiYC"f and tributaries. 
Spokane River from mouth to Lon, Lake Dun (river 
mile 33.9). Special condition • lempem~ shan noc 
exceed 20.0·C due to human activilics. When 
natural conditions exceed 20.0·C. no temperature 
increase wtll be allo~d which willl1lise the receiv· 
inl Wiler temperature by ltealer Ihan 0.3·C: nor 
shall such tempef:1lure incteucs. ill ;my lime. exceed 
1=341(T ... 9). 
Spokane River (rom Long Lake Dam (river milc 
33.9) 10 Nine Mile Bridle (nver mile 58.0). Special 
condillons: 

(a) The average euphotic ZODe concentration of 10111 
phosphorus (as P) shall IlOl exceed ~S~gIL dunn, 
.he penod 01 lun. I (D Octobe, 31. 

(b) Temptrauue shall nOC exceed 20.O"C. due 10 human 
activities. When natural conditions exceed 2O.O"C • 
no temperalure IftCTe&Se will be .. &owed which ... iII 
raise the teceivine water lCmperalure by pealer Ihan 
0.3"C: nor shall such temperature increases. at an)' 

Class A 
Class AA 
Class AA 

Class AA 
Class AA 

Closs A 

lime cx.ceed t=l4l(T +9). Lake Class 
IIOS} 

,1(9) 
(110) 

(III) 

(Il3) 

(114) 

(115) 
(116) 

(117) 

( lIa} 

(119) 
(120) 

1111, 

Spokane River from Nine Mile Bridle (river mde 
58,0) '0 !he Idaho borde, (rive, mil< 96.S). Tempe" 
ature shall not eacced 20.O"C due to human actiyi· 
lies . When nalural conditions cx.ceed 20.0·C no 
temperature iRereale will be aUowed whicb will 
raise the rec:eiYin. waler temperat\ft by pater thu 
0.3°C: nor shall !ouch temperature increases. at any 
lime exceed I=W(T +9). 
S&ehelcin RIver. 
Slilla,uamish River from mot.Mh to nonh and south 
forks (river mile 17.8). 
Slilla,uamish River, nonh fork. from moulh 10 
Squi .. C...t lrive, mile .J1.2}. 
Stilla,Ulmish River. nonh fork. from Squire Creek 
(river mile 31.2) 10 headw.lCfS. 
Slil1a,uamish River. south fork. from mouth 10 
C .. yao C...t (rive, mil< 33.7}. 
Stillopamish River. soudI lad<. !rom Canyon C,..k 
(river mile 33.7) 10 headwalCrs. 
Sulphur C...t. 
Sultan River from mouth 10 Chaplain Creek (nycr 
mil< S.91. 
Sulw River and tribularies from Chaplain Creek 
(riYer mile 5.9) 10 headwaters. Special condilion • 
no w .... disdlalJ< will be pennitled above city of 
Everen Diversion Dam (riycr mile 9.4). 
Sumas River from canadian border (river mile 12) 
to headwaters (river mile 23). 
Tieton River. 
Toll Rivet. souch fort and tribucaries from ~h 10 
we!';t boundary of Sec. 31 -T26N-R9E (river mile 
6.9). 
Tull River. ~h fork from west boundary of Sec. 
JI·T26N·R9E (river mile 6.9) 10 headwalers . 
Special condition - no waste di~charle will be 
pcnnmed. 
Toucl'k.'1 Rive-r. nonh fork from ~)1on waler "\lake 
slruc:tu~ lriver mile 3.0) 10 headwaaen. 
Toutle River. north fork. from Green River to 

Class ... 
Class ...... 

CIISS ... 

Clau ... 

CIISS ...... 

Clau ... 

Class A ... 
CILU 8 

Clau ... 

Clau AA 

Closs ... 
Clau ...... 

Class ...... 

Cla1;S AA 

Class ...... 

he3dwalers. CI.:1$." AA 
(124) Toulle River. SOUlh fork . Class AA 
fl2S) Tucannon Riyer from Um'llilla Nallonal Forest 

houncbry (river mile 38.1) to headwalers. Clasl'; AA 
1126) Twi~p River. C13ss AA 
(117) Union River and lributaricl'; from Bremcnon W3ler· 

worts O;am (river mlk 6.9l to hQdw3ten. Spea.1 
condiuon - no W'!lte dtscharce ... ili be: pennilled. Clasl'; AA 

(l112S1921 
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(118) Wall .. Wall:. Ri ... er from moulh 10 Lowden lOry 
Creek .11 n ... ct mile 27.2), Class B 

111ql Walla Walla River .rom Lowden (Ory Cfttk.llt nvcr 
mile 27.2) to Ore:p border (n\ler mile 40t SpcC:131 
condition · temperature shall not exceed 10.0·C due 
10 hUm:ln actlvilaes. When nilural condi(ion~ ucced 
20.0·C. no temperature increase will be Illowed 
whu:h will raise (he receiving wiler lempefltu" by 
, realer than O.3·C; nor shaU such lemptfllure 
IncrustS. II any l&mc. exceed 1=341CT +9). Class A 

(130) Wenatchee River from Wenltchee Nalion.al Forese 
boundary (river mile: 27.1) to headwtlers. Class AA 

11311 While River (Pierce- King (ountin) from Mud 
Mountain Dam (river mile 27.1) to headwaters. CI;m AA 

1132) While River (CbeIU1 County). CI3~~ AA 
f 133) Wildcat Creck. Class A 
(1)4) WiII:.pa River upstream of a line beanne 70· (rue 

lilrouth Mailboor Slouch light lriver milt 1.1" Closs A 
IllS) Wis!Wh Ri_ I"",, _ 10 river milt 6 (SW I,. 

SW 1/4 NE 1/4 Sec. 21-Tl8N·R9WI, Class B 
fl36) Wishbh River (rom river mile 6 (SW 114 SW lb. 

NE 1/4 Sec, 21-TIIN-R9W) 10 ..... lork lri .. , milt 
17,7), Class A 

(137) Wishkah River from west fork of Wishkah River 
(river mile 11.7> to souCh boundary of Sec. 33· 
T.!IN-RIW (ri .. , mile 32.0), Class AA 

(1311 Wishltah Ri_1IId tributaries '''"'' .... h bounduy 
of Sec, 33-T.! I N-RSW (ri.., mile )2,0) 10 headwa­
terS. Special_iDa· .. _ disdwJe will be 
petIIII1Ied, Class AA 

11391 Wy_ RIver lrom _ 10 Olympic Nat_ 
F ..... bounduy (river mile 45,9), Class A 

(40) Wynoochec River from Olympic National Forest 
boundary lriver mile 45.9) 10 headwaten, Class AA 

(1"41) Yakima Rivet from mouth to Cle Elum River (river 
mile 18S.6). Speeill condition - temperature 5ba1l 
nOl exceed 21.o-f: due 10 hUmID actiVllitS. Whe. 
natural conditions exceed 21.o-C. DO temperaam 
incfUK will be allowed wbic:b win Rise the receiv­
in, wiser temperature by ,realer dun O.) ·C: ItOf 

.. hall such ft:mpc:, .. ~ iac:ruses. :aI any limE. exceed 
I=W(T +91, Closs A 

(I"~) Yakima River from Cle Elum River Iflvcr mile 
115,6) to _waten, Class AA 

IS'alulory Authorily: Ch.apte,9O,41 RCW, 92-24·037 IOrde, 92-29). § 
173-20IA-130. filed 11125192. .lrcai .. 12r.!6192,1 

173-201A·130 

ICh. J7J·lOJA WAC-p, 131 
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