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SUMMARY

The proposed Stage II hydroelectric development of the Sultan River
Project will signifieantly alter the flow regime in approximately seven miles
of the Sultan River between the existing Culmback Dam and City of Everett di-
version dam. An evaluation of the impacts this flow reduction will have on
fish resources in the Sultan River was conducted by the Public Utility Dis-
trict No. 1 of Snohomish County. The incremental method, established by the
U. S. Fish and Wildlife Service's Instream Flow Service Group (IFG), was used
to evaluate alterations in availability of habitat for life stages of selected
species of fishes in response to incremental changes in river discharge. The
study was a multi-disciplined cooperative effort involving members of wvarious
agencies, companies and interest groups. Field methods and computer analyses

were conducted according to literature published by the IFG staff.

The IFG incremental method inveolves measurement of hydraulic para-
meters at a representative river section at three discharges. These data were
used as input into a hydraulic model that simulates hydrauliec parameters cover
a wide range of discharges. The resulting hydraulic simulation was then
interfaced with a computer model which incorporates habitat criteria for life
stages of selected fish species. The final result shows the weighted usable
habitat area in square feet per 1,000 linear feet of atream for each fish life
stage as a funetion of river discharge. Habitat criteria were those published
by the U. S. Fish and Wildlife Service based on fish habitat studies conducted
primarily in Pacific Northwest streams. Species examined were rainbow (Salmo

gairdneri), cutthroat (Salmo clarki) and winter-run steelhead trout (Salmo
gairdneri).

The primary objectives of the study were to:

1. Evaluate changes in usable habitat of various life stages of se-

lected species as related to incremental changes in river discharge.
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2. Compare historic river discharges to those expected under proposed
power operation and assess the respective usable habitat available

to selected species during relevant months.

3. Provide a2 foundation for negotiating compensation or mitigation
measures in the Sultan River between Culmback Dam and the water

return pipeline.

To accomplish the second objective, a comparative analysis of his~
toric and proposed power project flows was conducted., To simplify discussion,
monthly 1 in 2 year (median) flows were used to depict representative flow
conditions under historic and proposed project flow regimes. These are flows

which will be, or have beern, equalled or exceeded 50% of the time.

Under the proposed power project operation, flows from Culmback Dam
{minimum 20 cfs) will be significantly augmented during portions of the year
by natural inflows between Culmback and the diversion dam. Thus, flsh habitat
near Culmback Dam will differ from that near the diversion dam. Habitat
availability is therefore discussed for these two areas separately. Flows
representing the vicinity of the diversion dam, for practical purposes, can be
expected within two to three miles upstream of that point while flows repre-
senting the vicinity of Culmback Dam can be expected within approximately two
miles of that dam. These two areas are subsequently referred to as simply

near the diversion dam or near Culmback Dam.

The proposed flow regime will provide little trout spawning habitat
near Culmback Dam and will reduce such habitat near the diversion dam to ap-
proximately 20% of that with pre-Culmback flows. Because steelhead spawning
habitat is limited at proposed project flows, provision of upstream fish pas-
sage at the diversion dam is not recommended. Increasing discharges by even
minimal inerements above proposed project releases would cause lost power

costs vastly in excess of fish production benefits.
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Adult trout habitat would be reduced near Culmback Dam under the
proposed flow regime. However, near the diversion dam local inflows increase
the proposed project flows encugh to provide trout habitat largely comparable
to or greater than that with pre-Culmback flows.

Proposed project flows would generally provide more winter-run
steelhead rearing habitat than historic flows. Rearing habitat for cutthroat
and rainbow trout would be less or greater than that available at hiatoric
flows depending on location and season. It is apparent from the results of
this study that the most feasible use of the reach between Culmback Dam and
the City of Everett diversion dam would be rearing of winter-run steelhead,

rainbow and cutthroat trout.



SECTION I

INTRODUCTION

1.  AUTHORIZATION

This study was authorized and funded by the Public Utility Distriect
No. 1 of Snohomish County. It constitutes a part of the environmental impact
assessment of the Sultan River Hydroelectric Project, FERC Project No. 2157.

2. BACKGROUND

Plans for hydroelectric develcpment on the Sultan River call for
diversion of water from Culmback Dam (RM 16.5) to a point approximately nine
miles downstream as shown in Figure 1. Water diverzion ia of particular con-
cern to water resource and fish and wildlife managers. This study was de-
signed to address the impacts of flow reduction in the upper Sultan River

(downstream of Culmback Dam) on life stages of selected sapecies of fishes.

Impact evaluation requires comparison of historic flows with those
anticipated under power operation. The Sultan River annual median flow at
Culmback Dam is T40 cfs. Under proposed power operation a minimum of 20 cfs
will be released to the diverted river channel via the dam outlet works (RM
16.5). This flow will be augmented by natural inflows or increased to assure
flows in the immediate viecinity of the diversion dam (RM 9.7) of at least 30
efs. If local inflows between Culmback Dam and the diversion dam are not suf-
ficient to meet the 30 cofs requirement the Culmback Dam release would be in-

creased.

Ideally the question to be answered 1s how will a change in the
river's flow regime affect the productivity of fishes. Unfortunately, state
of the art methods cannot address this question directly. Indirectly, how-
ever, the guestion can be approached by determining the change in habitat
available to various life stages of fish with ineremental changes in river



discharge. This relationship between habitat availability and river discharge
is the basiz of the method used in this study and is referred to as a three
point incremental methodology (Bovee and Milhous, 1978). The method has been
developed by the U. S. Fish and Wildlife Service's Cooperative Instream Flow
Service Group (IFG), Fort Collins, Colorado.

3. OBJECTIVES

The primary objectives of this study were to:

a. Evaluate changes in usable habitat available to various life stages
of selected fish species as related to incremental changes in river

discharge.

b. Compare historic river discharges to those expected under proposed
power operation and assess the respective usable habitat available
for life stages of resident rainbow, cutthroat and winter-run
steelhead trout.

c. Provide a foundation for negotiating compensation or mitigation
measures in the Sultan River between Culmback Dam and the water

return pipeline.

5. PARTICIPANTS

This study was conducted by a multi-disciplined cooperative team
comprised of representatives from various agencies, companies, and interest
groups. Table I-1 lists alphabetically the participants' names, whom they

represent and their role.



Name

TABLE I-1

SULTAN RIVER PROJECT

Partiecipants in the Sultan River Gorge Instream Flow Study
June - September, 1980

Bradbury, Alex
Eicher, George
Engman, Gary
Farley, Faul
Griffith, Dick
Haapala, John
Mead, Richard
Riley, Kevin
Smith, Marvin
Somers, David
Tutmark, Greg
Wampler, Phil
Weller, Chris
Wert, Michael

Role in

Representing Discipline Study
Washington Dept. of Game Biologist 2
Eicher Associates Biologist 3
Washington Dept. of Game Biologist -3
Parametrix Water Quality Specialist 2
R. W. Beck and Assoclates Hydraulic Engineer 4,6,7
R. W, Beck and Associates Hydraulic Engineer 3,4,6,7
Parametrix Surveyor 2
Parametrix Surveyor 2
Pacific Helicopters Pilot 3
Tulalip Tribes Biologist 2
Washington Dept. of Game Biologist 3
U.S8. Fish & Wild, Service Biologist 8
R. W. Beck and Associates Biologist 3,5,6,7
Eicher Associates Biologist 1,2,5,6,7,8

oles
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1. Project C
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3. Field Sup
y, Data Anal
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SECTION II

METHODOLOGY

1. OVERVIEW OF THE INCREMENTAL METHODOLOGY

The IFG incremental methodology is designed to quantify potential
habitat avallable for each life history stage of a fish species as a function
of stream discharge (Bovee and Milhous, 1978). The major components of this
method are: (1) field measurement of stream channel characteristics using a
multiple transect approach; (2) hydraulic simulation to determine the spatial
distribution of combinations of depths and velocities with respect to sub-
strate under alternative flow regimes; (3) application of habitat suitability
criteria to determine weighting factors; and (4) calculation of weighted usa-
ble area (gross habitat index) for the simulated streamflows based on physical
characteristics of the stream (Trihey, 1980).

2. STUDY SITE SELECTION

Documentation of streamflow-habitat relationships for an entire
stream is often impractical due to time and financial constraints. For this
reason it i3 necessary to select study sites which characterize the entire
stream. This can be accomplished through either one of two approaches with
the incremental methodology; (1} eritical reach concept, and (2) representa-

tive reach concept.

The critieal reach concept requires prior knowledge of the dynamies
of the fish population in the stream. Due to the inaccessible nature of the
Sultan River gorge, previous biological information is limited. For this
reason the representative reach concept was used. This concept is appropriate
when the limiting life stage of a fish population is not known with any
certainty. It does not assume a single type of habitat is controlling the
population but that the importance of a particular area varies with time as
well as discharge (Bovee and Milhous, 1978). The major assumption is that the

stream segment from which the study reach is selected is fairly homogeneous.
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In order to determine major stream habitat types (pools, riffles,
runs) in the section of river under consideration, a preliminary helicopter
survey was conducted by the Washington Department of Game and Eicher Asaoci-
ates., Final site selection was determined by an additional helicopter survey
of the river, Due to limitations of upstream and downstream access a single
site was required that included representative proportions of overall stream
habitat types.

3. DATA COLLECTION

Data were collected using the methodology described by Bovee and
Milhous, 1978. The method involves: 1) Determining transects which charac-
terize the reach; 2) Surveying the location and elevation of transect head-
stakes located at the end of each transect; 3) Measuring substrate, depth and
velocity at vertical stations along each transect; U) Measuring water surface
elevation at each transect; and 5) Measuring discharge at one of the tran-

sects, usually the one with the most continuous, homogeneous bottom contour.

Transects were selected through the joint effort of a hydraulic
engineer and fish biologiats to accurately characterize hydraulic and fish
habitat conditions. All surveying was done by professional land surveyors.
Physical stream measurements were obtained using equipment and methods de-
scribed in Bovee and Milhous, 1978. The current meter used was a Gurley model
g22.

Due to deep pools and swift currents, a drift boat was used at some
transects., The stern of the boat was guided along the downstream side of the
particular transect using a 1/4-inch cable attached near the headstake at each
end of the transect. Transects were marked by a braided nylon rope which was
marked with alligator clips at predetermined vertical distances from the left
bank headstake. The "“verticals" varied for each transect depending on changes

in depth, degree of bottom slope, substrate and veloecity.
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The incremental method provides predictive weighted usable habitat
values down to 40% below the lowest flow actually measured. Below the 40%
range results vary with respect to the quality of data collected. The pro-
posed release from Culmback Dam is 20 c¢fs. This flow applies only to the vi-
cinity of Culmback Dam and dees not include natural inflows between it and the
diversion dam whose UQ-year mean is 60 cfs. During August (driest month) the
mean inflow is 10 ¢fs., For this reason, field measurements were conducted at
flows providing an allowable extrapolation of weighted usable habitat down to
30 efs, the combined release and mean dry-month inflow guantity. The lowest

of the three flows measured in this study waz 75 efs.

The other flows used in the study were 178 ofs and 352 cfs. The
values of these two flows were determined by approximately doubling the pre-
ceding lower flow measured. This procedure provided a relatively good spread

of data points for the regression analysis.

4, DATA ANALYSIS

If the velocity distributions and water depths are measured for a
flow, data can be used directly without analytical procedure to estimate hy-
draulic parameters. However, because of limited field resources and the wide
range of discharges of interest, it was necessary to estimate hydraulic para-

meters for unmeasured discharges.

Pnysical Habitat Simulation System (PHABSIM) is a set of computer
simulation programs developed by the Cooperative Insiream Flow Service Group
to simulate the physical stream habitat. PHABSIM computer models were used to
extend the analysis to unmeasured discharges. The two main computer programs
used were a hydraulie simulation model which calculates depth of flow and mean
column velocity data to be used in the other main program, the habitat simu-
lation model. The data analysis using the PHABSIM programs was performed_on
the R. W. Beck and Associates HP 3000 computer.
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a. Hydraulic Simulation

The two alternative hydraulic models available in the PHABSIM sys-
tem are IFG-2 and IFG-U4, The IFG-2 (WSP) program is a computer adaption of
the Water and Power Resources Service'a Water Surface Profile Computation
Method B, IFG-2 uses the Bernoulli and Manning equations to perform a step-
backwater analysis.

The IFG-4 model employs an approach that differs from the energy
balance method used in the IFG-2 model. IFG-U4 uses a rating curve approach to
correlate discharge with water surface elevation and with mean column velocity
using a log-log linear fit. The log-log linear relationship is autcmatically
calculated by the program from the measured data. This relationship is then
used to calculate hydraulie parameters at other flows. IFG-4 processes one
eross-section at a time independent of upstream or downstream hydrauliec con-
ditions.

The IFG-Y4 model was used for hydraulic simulation in this study be-
cause tests have shown it almost always produces better results than IFG-2 and
it is the model recommended by the Instream Flow Service Group. The main ad-
vantages of IFG-4 are that i1t is not necessary to estimate Manning's "n" in
the channel or vary the "n" coefficients with discharge. IFG-4 does not re-
quire transects to be set at hydraulic controls and is capable of handling
reaches with rapidly varied flow.

b. Habitat Simulation

The PHABSIM program used to simulate the instream microhabitat is
called HABTAT. HABTAT partitions the stream into a series of rectangular
cells, the length and width of which are determined by the reach length and
the cross-sectional stationing,'as entered in the hydraulic simulation. Each
cell is evaluated for its habitat suitability for various life stages and

species, based on:
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(1) Fixed characteristies of the cell, such as substrate,

{(2) variable characteristies of the cell, such as depth and ve-
loeity, and

(3) probability of use criteria for each species and life stage.

c. Calculation of Weighted Usable Area

The quality of fish habitat is a deterministic¢ funetion of stream-
flow. A composite suitability value can be determined for each fish species
and life stage for a combination of hydraulic and physical conditions en-
countered in the stream reach. The conditions to be measured are depth and
velocity of flow, channel geometry and substrate. For a given inerement of
each parameter, a weighting function was determined from published suitability
of use curves {Bovee, 1978). Composite suitability values were then calcu-

lated for each cell of each cross-section.

The mean weighted usable area (WUA) determined from this calcu-
lation is defined as the total surface area of the stream reach having a cer-
tain combination of hydraulic conditions multiplied by the composite suita-
bility value for that combination, The weighted usable area at a given dis-
charge is the summation of the calculated values for every cell of each
cross-section., The shape of the weighted usable area versus discharge curve
is a function of the channel form and the distribution of hydraulic conditions

throughout the study reach.
5. TEMPERATURE

Methods and objectives address only physical aspects such as flows,
substratea and depths. Not considered are other influences on spawning and
rearing such as temperature, chemical characteristiecs and food production
which could have decisive effects. It has been forecast that water issuing
from Culmback Dam will be quite ecold during the growth season. This will in-
hibit growth of fish directly as well as food production. The effect will di-

minish in summer with downstream progression to the diversion dam.



SECTION III

RESULTS

1.  SELECTION OF REPRESENTATIVE STUDY SITE

Preliminary stream habitat surveys determined the composition of
this segment of river to consist of approximately 60% run-riffle habitat and
40% pool habitat., The habitat for the segment of the Sultan River under con-
sideration is summarized in Figure 2. The selected study site was judged to
contain these habitat types in the approximate proportions existing for the
entire river segment. Figure 3 shows the transect locations at the study site

in relation to stream habitat types.

2. HYDRAULICS

Results of the hydraulic calculations showed a close agreement be-
tween measured and simulated water surface elevations and flow velocities.
Field measurements were made for three separate discharges and compared to
simulated results for the same discharges at each cross-section. The calcu-
lated water surface elevations agreed with recorded data to within 0,02 feet
which is the desired accuracy. Most of the simulated cell velocities agreed
Wwith measured data to within 0.2 feet per second, well within desired limits,

The close agreement between measured and simulated values gives
confidence when extending the analysis to estimate hydraulic parameters at

discharges not measured.

The computer output from the IFG-4 hydraulic simulation program
contained in Appendix A can be categorized as elther measured or simulated
values. The field measured data, including the X-Y coordinates, substrate
values and segment velocities are shown on pages headed "calibration details
for cross-section”. Manning "n" values were used only with one or zero re-

corded velocities in a segment and were obtained by calibration from the IFG-2
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program. The simulated water depths and velocities are shown on pages headed
"ecomputational details for cross-section". Simulated velocities can be com-
pared to recorded velocities of the corresponding discharge to determine the

goodness of fit of the calibration.

3. HABITAT SUITABILITY

Habitat suitability was studied for four life stages and three
species of fish, For each species and life stage, the weighted usable area
was calculated for discharges ranging from 20 to 1,500 cfs. Shown are the
weighted usable area for fry, juvenile and adult life stages of cutthreoat,
rainbow and winter-run steelhead trout. Curves are plotted on a log-log scale
and weighted usable area is presented as square feet per thousand feet of
stream length. The study area was approximately 700 feet long. A figure
showing weighted usable areas calculated for spawning of all three species is
also presented. Spawning curves have been grouped together because the calcu-
lated weighted usable areas for this life stage are significantly less than
for others. Calculated weighted usable areas of less than 100 square feet per
thousand feet were considered insignificant and are not shown. Appendix B
contains the complete computer listing of available habitat in square feet per

thousand feet of stream and as a percentage of gross stream surface area.
The IFG methodology does not quantify stream productivity or maxi-
mum sustainable fish populations. The weighted usable areas are an indication

of relative habitat suitability at various discharges.

a. Winter-Run Steelhead Trout

As shown in Fig. 4, the weighted usable area avallable to winter-
run steelhead trout fry and juveniles at 20 cfs is greater than that experi-
enced at the average annual flow of T40 eofs. Habitat for adults, however, is
greatly reduced at 20 efs and is maximum at approximately 250 cfs. Adult
habitat at 740 efs is 32% of that available at 250 c¢fs. Adult habitat at 100

cfa is comparable to that available at TUO efs.
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b. Rainbow Trout

As shown in Fig. 5, the weighted usable area available to rainbow
trout fry and juveniles at 20 cfs compared to that available at 740 cofs is 65%
and 53% respectively. Approximately 100% of fry and juvenile habitat avail-
able at T40 cfs is available at 50 cfs. At 20 cfs adult habitat availability
is reduced by approximately 50% from that at 740 efs. Adult habitat at 45 cfs
is comparable to that present at TUD e¢fs, The diminished availability of
juvenile and fry habitat at flows between 100 and 400 efs is likely due to in-
creased velocity and depth at these intermediate flows. Flows exceeding 400
efs rise above the bank and form low velocity shallows in many areas. Shal-

lows formation was observed at flows exceeding 400 e¢fs at the study site.

c. Cutthroat Trout

As shown in Fig. 6, the maximum weighted usable area available to
cutthroat trout fry occurs at 100 ¢fs. Fry habitat available at 20 cfs is
comparable to that occurring at approximately 180 cfs and greater than that
oceurring at 740 efs. Maximum juvenile habitat occurs at 100 efs. Juvenile
habitat available at 20 cfs is comparable to that occurring at 300 efs and
slightly greater than that occurring at 740 efs. Maximum adult habitat occurs
at 150 efs. Adult habitat at 20 efs is approximately 50% of that occurring at
740 ofs.

d. Spawningz Habitat

As shown in Fig. 7, the maximum weighted usable spawning areas for
winter-run steelhead, rainbow and cutthroat trout occur at 700, 500 and 500
ofs, respectively. Spawning habitat for all three species is nonexistent or
slight at 20 efs. It should be noted that the range of weighted usable spawn-
ing area in Fig. 7 is less than that presented for other 1life stages of all

fishes by one order of magnitude.



SECTION IV

DISCUSSION OF RESULTS

1. PRE-CULMBACK AND PROJECT FLOW REGIME

The proposed project minimum flow constraints are presented in
Volume I, Exhibit H of the Sultan River Project, Stage II, FERC License Appli-
cation (Public Utility District No. 1 of Snohomish County, 1979). The minimum
flow reguirements throughout the year are 20 cfs immediately downstream from
Culmback Dam and 30 c¢fs in the immediate vieinity of the diversion dam (up-
stream of fish water return line). These minimum flows, however, will be aug-
mented by local inflow such that the minimum flows will be present only for

limited periods of the year.

Figures 8 and 9 present the daily flow frequencies for pre-Culmback
flows at Culmback dam site and proposed project flows at the diversion dam.
These figures indicate the probability that a specified flow on a given day of
the year will be equalled or exceeded. For example, the curves marked 90 in-
dicate the flows that will be equalled or exceeded 90 percent of the time, or
in 9 of 10 years. The flow frequencies were derived by rank ordering the
flows for each day of the UY0-year record and selecting the flows corresponding
to the desired exceedance probabilities. A 10-day moving average was used to
smooth the curves. Figures 8 and ¢ are presented to show the range and vari-
ability of the daily flows. The flow frequencies are based on the daily data
which was summarized into monthly averages and presented in Volume III of the
FERC License Application Environmental Report Appendices (Public Utility Dis-
trict No. 1 of Snohomish County, 1979).

Table IV-1 presents the monthly 1 in 2 year flow frequency for
three locations on the Sultan River. The flows are based on data presented in
Volume III of the FERC License Application Environmental Report Appendices
(Public Utility Distriet No. 1 of Snohomish County, 1979). The values repre-
sent the average monthly discharges that will be equaled or exceeded an aver-

age of one iIn two years.
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A set of flows waz selected as most representative of the average
monthly flow conditions for each location. The t in 2 year (median) monthly
flows were considered more representative of average conditions than mean
flows because of the special flow regime created downstream of Culmback Dam by
the operation of the reservoir. The usual 20 cfs controlled releases are
interrupted by infrequent but relatively very high flows when the reservoir is
spilling. These spills significantly affect the mean flow but have no effect

on the 1 in 2 year flows.

To remove the significant biasing effect of uncontrolled discharge
and provide a common basis for compariscn, the 1 in 2 year flows were selected

as most representative of average flow conditions at all three locations.

To evaluate the effects of the power project flow regime on fish
habitat availability, the historic (pre-Culmback) flow regime muat be known.
The curve representing the median monthly flow to Culmback Dam {total Spada
basin inflow) is representative of historic flows between Culmback and the
diversion dam. Inflow in this area is relatively insignificant as compared to
the historic river discharge and varies on the average from an additional 10%
during wet months to 5% during dry months. However, in relation to the power
project flow regime they become more significant due to the reduced volume.
Proposed median monthly releases from Culmback Dam vary only from 20 to 21
efs. The median monthly flows at the diversion dam, however, exceed 70 cfs
for October through June and exceed 30 cofs for July through September (Table
wv-1).

Because of inflow between Culmback Dam and the diversion dam, habi-
tat availability is discussed separately for the vieinities of Culmback Dam
and the diversion dam under propcsed power project operation. Flows repre-
senting the vicinity of the diversion dam, for practieal purposes, can be ex-
pected within 2 to 3 miles upstream of the diversion dam while flows repre-
senting the vicinity of Culmback Dam can be expected within approximately two
miles downstream of Culmback Dam. These two areas are subsegquently referred

to as near the diversion dam or near Culmback Dam.
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2. HABITAT EVALUATION OF PRE-CULMBACK AND POWER PROJECT FLOW REGIMES

The incremental method provides a prediction of the weighted usable
area for life stages of fishes over a range of flows. The study focuses only
on those flows that represent the monthly 1 in 2 year historic flows, project
flows and flows which provide maximum available habitat all for specific

months relevant to individual life stages of fishes in consideration.

Tables IV-2, IV-3 and IV-4 summarize the relative habitat suita-
bility and energy costs of instream flows for juvenile, adult and spawning
life stages, respectively, of winter-run steelhead, rainbow and cutthroat
trout. Common trends occurred between juveniles and fry of each species. For
this reason, habitat availability will not be discussed in detail for both fry
and juveniles., In general, flows which would provide maximum habitat avail-

ability for juveniles would also do so for fry.

a. Winter-Run Steelhead

Proposed project flows would provide greater steelhead fry habitat
than historic flows. Based on Sultan River Studies by the Washington Depart-
ment of Game and Snohomish County PUD (1980}, steelhead fry emerge from spawn-
ing gravels between early June and mid-August. Although steelhead are cur-
rently absent above the diversion dam, it is likely that June through October
are the months to consider when discussing relationships of steelhead rearing
habitat with river discharge. The historic 1 in 2 year average monthly flows
range from 150 to 840 cfs for these months, The 1 in 2 year average monthly
flows under proposed power project conditiona for this same time interval
would range from 20 to 21 efs immediately below Culmback Dam and 30 to 68 cfs
at the diversion dam. The weighted usable area available to fry at 20 ¢fs
{near Culmback Dam) is greater than that provided at flows exceeding 100 cfs.
The weighted usable area related to the 30 to 68 cfs range near the diversion
dam is the greatest amount available under the entire range of flows examined.
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Proposed project flows generally would provide greater steelhead
Jjuvenile habitat than historic flows. While juveniles utilize the Sultan
River downstream of the diversion dam throughout the year, June through Sep-
tember are most important for fish growth. Proposed power project 1 in 2 year
monthly average flows range between 20 cfs just below Culmback Dam to 70 efs
at the diversion dam for June through September. The historic 1 in 2 year
annual flow is 7U0 ofs. The weighted usable juvenile habitat area at 20 cfs
is 147% of that occurring at 740 c¢fs. Maximum juvenile habitat is available
at 80 cfs. During June the 1 in 2 year average flow would be 68 cfs at the
diversion dam under proposed project conditions. This flow would provide
nearly 2-1/2 times more habitat than the historic 1 in 2 year average for June
(8B40 efs). Similar comparisons of flows for July and September show more
habitat available under proposed project conditions than under historic con-
ditions. During August, the 1 in 2 year average flow at the diversion dam (30
efs) under project conditions would provide 80% of the habitat normally avail-
able at historic August flows (150 cfs).

Proposed project flows near Culmback Dam would reduce suitable
habitat for adult winter-run steelhead trout. Proposed project flows would
provide suitable adult habitat near the diversion dam comparable to that oc-
curring under historic flows. Adult winter-run steelhead utilize the Sultan
River from December through May (WDG and Snohomish County PUD, 1980). The
historic 1 in 2 year average monthly flows for this period range from 600 to
1,050 efs., The 1 in 2 year monthly proposed project flows at the diversion
dam during this time period would range from 77 to 120 efs. Adult habitat
available under this range of proposed project flows is comparable to that
available under historiec 1 in 2 year flows for December through May.

Proposed project flows near Culmback Dam would provide nc suitable
spawning habitat for winter-run steelhead trout. Availability of spawning
habitat near the diversion dam at project flows is reduced compared to that

under historic flows. Spawning generally occurs from April through May in the
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upper reaches of the Sultan River currently accessible to steelhead. The his-
torie 1 in 2 year average monthly flows for this period range from 830 to 980
efs. Maximum availability of spawning habitat occurs at approximately 700
efs. The 1 in 2 year flow for April and May, under proposed project con-
ditions, at the diversion dam is approximately 90 efs. This flow would pro-
vide 15% and 208 of the available spawning habitat occurring in a relatively
small area near the diversion dam at the historic April and May flows of 830

and 980 cfs, respectively.

b. Rainbow Trout

Proposed project flows near Culmback Dam would provide reduced
juvenile rainbow trout rearing habitat as compared to historic flows. The 1
in 2 year average monthly project flows near the diversion dam would provide
slightly greater or comparable juvenile rearing habitat for Cctober through
June compared to that of historic flows. Proposed project flows from July
through September would provide less juvenile habitat than do historic flows.
June through September are particularly important juvenile rearing months as
they are generally considered the most biologically productive. During
August, the month of lowest flow, the 1 in 2 year average flow near the di-
version dam under proposed project conditions would be 30 efs. This flow
would provide 60% of the juvenile habitat available during the historic 1 in 2
year average August flow of 150 cfs. The 1 in 2 year average flow (project)
for June near the diversion dam would provide close to maximum juvenile habi-
tat available for the entire range of flows studied and is not equalled by any

of the historic 1 in 2 year average monthly flows.

Proposed project flows near Culmback Dam would provide reduced
adult rainbow trout rearing habitat compared to that available at historic
flows. The 1 in 2 year average monthly project flows near the diverasion dam
would provide greater adult habitat than that provided at the historic 1 in 2
year flows from October through June. Historic flows from July through Sep-
tember provide greater adult habitat than that provided under proposed project
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flows during this same period. The 1 in 2 year historic flow for September
(240 cfs) provides the maximum adult habitat available at any flows examined.
The 1 in 2 year September flow under proposed project conditions at the di-
version dam is 35 cofs. This flow would provide approximately 35% of the adult
habitat available at 240 cfs.

Proposed flows near Culmback Dam provide very little suitable
spawning habitat for rainbow trout. Spawning habitat near the diversion dam
under proposed project flows is reduced compared to that available at historic
flows. Rainbow trout generally spawn from April through June. The 1 in 2
year proposed project flows cccurring near the diversion dam during this peri-
od would range from 68 to 93 cfs and would provide approximately 20% of the
spawning habitat at the corresponding monthly historic flows.

C. Cutthroat Trout

Juvenile cutthreoat trout utilize the Sultan River throughout the
vear. The 1 in 2 year proposed project flows from October through July would
provide greater juvenile cutthroat trout rearing habitat than do historic
flows. July through September are important growth months as flows decrease
and the abundance of food generally increases. The 1 in 2 year historic
monthly flows for August and September are 150 and 240 cfs, respectively. The
1 in 2 year proposed project flows near the diversion dam for August and Sep-
tember would provide approximately 55% and 90% of the juvenile habitat avail-

able at the respective historic monthly flows.

Adult cutthroat trout utilize the Sultan River throughout the

year. Proposed project flows near Culmback Dam would reduce the availability
of adult cutthrocat trout habitat from that provided at historic flows., The 1
in 2 year monthly proposed project flows for October through June near the di-
version dam would provide more adult habitat than that provided at correspond-
ing historic flows, Proposed project flows near the diversion dam during
July, August and September would provide adult habitat which is 65%, 35% and
40% of that occurring at corresponding monthly historice 1 in 2 year flows.
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Proposed project flows near Culmback Dam would provide very little
cutthroat trout spawning habitat during the April and May spawning months.
Proposed project flows near the diversion dam would provide approximately 20%
of the spawning habitat available at the historic April and May 1 in 2 year

flows.

3. ANNUAL COST OF LOST ENERGY

Release of water from Culmback Dam in excess of the proposed 20 cfs
will result in a loss of generating power at the power plant downstream. Each
additional 10 c¢fs continuously released equals approximately $400,000 per year
in lost energy. While additional releases may improve conditions for the life
stages of some fishes near Culmback Dam, local inflows below the dam will aug-
ment the proposed 20 efs release so that flows near the diversion dam will
provide, in some instances, comparable or greater weighted usable habitat than
that available at historiec flows. Tables IV-2, IV-3 and IV-Y4 summarize the

energy costs associated with additional flow releases at Culmback Dam.



TABLE IV-1

SULTAN RIVER PROJECT

Monthly 1 in 2 Year Flows

Proposed
Pre-Culmback Proposed Project
Flow Project Flow at Flow Released
at Culmback the Diversion from Culmback
Dam Site (cfs) Dam (cfs) (1) Dam (ecfs) (2)
January 770 110 20
February 680 92 20
March 600 77 20
April 830 92 20
May 980 93 20
June 840 68 20
July 380 38 20
August 150 30 21
September 240 35 21
October 670 81 20
November 910 110 20
December 1,050 120 20

{1} The proposed minimum flow requirement at the diversion dam is 30 cfs
throughout the year.
(2) The proposed minimum flow release requirement from Culmback Dam is 20 cfs

throughout the year.
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TABLE IV-3
RELATIVE HABITAT SUITABTLITY AND
ENERGY COSTS OF INSTREAM FLOWS FOR THE
ADULT LIFE STAGE

Winter Bteelhead Rainbow Cutthroat Annual Cost of Enargy Lost

Flow %t of N of WUA at t of s of WUA at 8 of % of WOA at Rainbow and Cutthroat Winter-Run Steelhesad
Condition WUA {3} Maximum Historic Flow WUA {3) Maximum Historic Flow WUA (3) Maximum Historic Flow __{Dollare Per Year) {Dollacs Per Year)
Haximum{l} 11,000 100 11,000 100 14,000 100
Historic{2) 3,500 32 100 9,200 42 100 6,700 4B lo0 Not Bstimated
50 1,800 16 51 9,400 43 102 6, 700 [1:} 100 1,200,000 600, 000
40 1,100 10 al 9,200 a7 B89 6,000 43 90 800, 000 400, 000
1] 530 5 15 6,800 i 74 4,800 k?} 72 400, 000 200,000
20 0 2 8 4,700 2 S1 3,700 26 85 Q 0

{1} - Maximum weightad usable area occcurs at 150 cfs for winter steelhead, 200 cfa for rainbow
and 150 cfa for cutthroat trout.

{2) - Pre-Culmback discharges averaged B90 cfs for the December through May adult winter-run
steelhead use and 740 cfs for the annual use by rainbow and cutthroat trout.

{3) - Weighted usable area in square feet per 1,000 feet of stream.
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SECTION V

CONCLUSIONS

1. The proposed 1 in 2 year monthly flows near Culmback Dam (20-21
efs) will not provide meaningful amounts of suitable spawning habitat for
winter-run steelhead, rainbow or cutthroat trout. Including local inflow, the
proposed flows would provide winter-run steelhead spawning habitat in a rela-
tively small area near the diversion dam at 15-20% of that available at pre-
Culmback flows. Rainbow and cutthroat trout spawning habitat at project flows
near the diversion dam would be reduced to 204 of that available at pre-

Culmback flows.

2. The proposed 1 in 2 year monthly project flows would provide
greater winter-run steelhead and cutthroat trout juvenile habitat from October
through July than do pre-Culmback flows. Including local inflow, the proposed
flows would provide juvenile steelhead habitat near the diversion dam at 80%
and 110% of that available during the respective months of August and Sep-
tember under pre-Culmback flows. Near the diversion dam, the proposed project
flows would provide less juvenile cutthroat trout habitat than was available
at historiec flows for these same months. Juvenile rainbow trout habitat near
Culmback Dam would be reduced at proposed monthly project flows as compared to
pre-Culmback flows. Proposed project flows near the diversion dam would pro-
vide more juvenile rainbow trout habitat than that available at pre-Culmback

flows from October through June but less from July through September.

3. Proposed 1 in 2 year monthly project flows near Culmback Dam would
provide less adult rainbow and cutthroat trout habitat than that available at
pre-Culmback flows. Adult steelhead habitat would be greatly reduced in this
area at proposed project flows. Near the diversion dam local inflows increase
proposed project released flows to levels that would provide adult winter-run
steelhead habitat comparable to that available at pre-Culmback flows. Pro-
posed project flows near the diversion dam would provide more adult rainbow
and cutthroat trout habitat than that available at pre-Culmback flows from
October through June and less than that available at pre-Culmback flows from

June through September.



4, Discharges above proposed project release of 20 cfs entail large
costs of lost energy at even minimal increments. Each additional 10 efs of

flow reduces annual power revenues by approximately $400,000.

5. Due to the small amount cof winter-run steelhead spawning habitat at
proposed project flows, construction of an upstream fish passage facility at

the diversion dam is not recommended.

6. It is apparent that the most feasible use of the reach between
Culmback Dam and the City of Everett diversion dam would be the rearing of
winter-run steelhead, rainbow and cutthroat trout. The addition of steelhead
fry or advanced fry would constitute an enhancement measure over present con-
ditions as these fish currently do not exist in this section of the Sultan

River.
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APPENDIX B
HABITAT SIMULATICN OUTPUT
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