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SUMMARY 

The proposed Stage I1 hydroe lec t r i c  development of t h e  Su l t an  River 

P ro jec t  w i l l  s i g n i f i c a n t l y  a l t e r  t h e  flow regime i n  approximately seven miles 

of the  Su l t an  River between t h e  e x i s t i n g  Culmback Dam and City of Evere t t  d i -  

vers ion  dam. An evaluat ion of the  impacts t h i s  flow reduction w i l l  have on 

f i s h  resources i n  t h e  Su l t an  River was conducted by t h e  Publ ic  U t i l i t y  D i s -  

t r i c t  No. 1 of Snohomish County. The incremental method, e s t ab l i shed  by t h e  

U. S. Fish  and Wild l i fe  Se rv ice ' s  Instream Flow Service  Group (IFG), was used 

t o  evalua te  a l t e r a t i o n s  i n  a v a i l a b i l i t y  of h a b i t a t  f o r  l i f e  s t a g e s  of se l ec ted  

spec ies  of f i s h e s  i n  response t o  incremental changes i n  r i v e r  discharge.  The 

study was a  mul t i -d isc ip l ined  cooperat ive e f f o r t  involving members of var ious  

agencies,  companies and i n t e r e s t  groups. F i e l d  methods and computer analyses  

were conducted according t o  l i t e r a t u r e  published by t h e  IFG s t a f f .  

The IFC incremental method involves  measurement of hydraul ic  para- 

meters a t  a r ep resen ta t ive  r i v e r  s e c t i o n  at t h r e e  discharges.  These da ta  were 

used a s  inpu t  i n t o  a  hydraulic  model t h a t  s imulates  hydraulic  parameters over 

a wide range of discharges.  The r e s u l t i n g  hydraul ic  s imula t ion  was then 

in t e r faced  with a  computer model which incorpora tes  h a b i t a t  c r i t e r i a  f o r  l i f e  

s t ages  of se l ec ted  f i s h  species .  The f i n a l  r e s u l t  shows t h e  weighted usable 

hab i t a t  a rea  i n  square f e e t  per  1,000 l i n e a r  f e e t  of stream f o r  each f i s h  l i f e  

s t age  a s  a  funct ion  of r i v e r  discharge. Habitat  c r i t e r i a  were those  published 

by the  U. S. F i sh  and Wild l i fe  Service  based on f i s h  h a b i t a t  s t u d i e s  conducted 

pr imar i ly  i n  P a c i f i c  Northwest streams. Species examined were rainbow (e 
g a i r d n e r i  ) , cu t th roa t  (e c l a r k i )  and winter-run s tee lhead t r o u t  (e 
g a i r d n e r i ) .  

The primary ob jec t ives  of the  s tudy were t o :  

1 .  Evaluate changes i n  usable h a b i t a t  of var ious  l i f e  s t a g e s  of se -  

l e c t e d  spec ies  as r e l a t e d  t o  incremental changes i n  r i v e r  discharge.  
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2. Compare h i s t o r i c  r i v e r  discharges t o  those expected under proposed 

power operat ion and as sess  t h e  r e spec t ive  usable  h a b i t a t  a v a i l a b l e  

t o  se l ec ted  spec ies  during r e l evan t  months. 

3. Provide a foundation f o r  nego t i a t ing  compensation o r  mi t iga t ion  

measures i n  the  Sul tan  River between Culmback Dam and t h e  water 

r e t u r n  p ipe l ine .  

To accomplish t h e  second ob jec t ive ,  a comparative a n a l y s i s  of h i s -  

t o r i c  and proposed power p ro jec t  flows was conducted. To s impl i fy  d iscuss ion ,  

monthly 1 i n  2 year  (median) flows were used t o  dep ic t  r ep resen ta t ive  flow 

condit ions under h i s t o r i c  and proposed p ro jec t  flow regimes. These a r e  flows 

which w i l l  be, o r  have been, equal led o r  exceeded 50% of the  time. 

Under the  proposed power p ro jec t  opera t ion ,  flows from Culmback Dam 

(minimum 20 c f s )  w i l l  be s i g n i f i c a n t l y  augmented during por t ions  of the  year 

by na tu ra l  inflows between Culmback and t h e  d ivers ion  dam. Thus, f i s h  h a b i t a t  

near Culmback Dam w i l l  d i f f e r  from t h a t  near the  d ivers ion  dam. Habi ta t  

a v a i l a b i l i t y  is the re fo re  discussed f o r  these  two a reas  separa te ly .  Flows 

represent ing  the  v i c i n i t y  of t h e  d ivers ion  dam, f o r  p r a c t i c a l  purposes, can be 

expected within two t o  th ree  miles upstream of t h a t  poin t  while  flows repre- 

sent ing  t h e  v i c i n i t y  of Culmback Dam can be expected wi th in  approximately two 

miles of t h a t  dam. These two a reas  a r e  subsequently r e fe r red  t o  a s  simply 

near  the d ivers ion  dam or  near  Culmback Dam. 

The proposed flow regime w i l l  provide l i t t l e  t r o u t  spawning h a b i t a t  

near Culmback D a m  and w i l l  reduce such h a b i t a t  near  the  d ivers ion  dam t o  ap- 

proximately 20% of t h a t  with pre-Culmback flows. Because s tee lhead spawning 

h a b i t a t  is l imi t ed  a t  proposed p ro jec t  flows, provision of upstream f i s h  pas- 

sage a t  t he  d ivers ion  dam is not recommended. Increas ing  discharges by even 

minimal increments above proposed p ro jec t  r e l e a s e s  would cause l o s t  power 

c o s t s  v a s t l y  i n  excess of f i s h  production benef i t s .  
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Adult t r o u t  h a b i t a t  would be reduced near  Culmback Dam under the  

proposed flow regime. However, near the  d ivers ion  dam l o c a l  inf lows inc rease  

t h e  proposed p ro jec t  flows enough t o  provide t r o u t  h a b i t a t  l a r g e l y  comparable 

t o  o r  g r e a t e r  than t h a t  with pre-Culmback flows. 

Proposed p ro jec t  flows would genera l ly  provide more winter-run 

s tee lhead r e a r i n g  h a b i t a t  than h i s t o r i c  flows. Rearing h a b i t a t  f o r  c u t t h r o a t  

and rainbow t r o u t  would be l e s s  o r  g r e a t e r  than t h a t  a v a i l a b l e  at h i s t o r i c  

flows depending on loca t ion  and season. I t  is apparent from t h e  r e s u l t s  of 

t h i s  study t h a t  t h e  most f e a s i b l e  use of t h e  reach between Culmback Dam and 

the  Ci ty  of Evere t t  d ivers ion  dam would be r e a r i n g  of winter-run s t ee lhead ,  

rainbow and c u t t h r o a t  t r o u t .  



SECTION I 

INTRODUCTION 

1. AUTHORIZATION 

This s tudy was authorized and funded by t h e  Publ ic  U t i l i t y  D i s t r i c t  

No. 1 of Snohomish County. I t  c o n s t i t u t e s  a p a r t  of t h e  environmental impact 

assessment of the  Sul tan  River Hydroelectr ic  P ro jec t ,  FERC Pro jec t  No. 2157. 

2. BACKGROUND 

Plans f o r  hydroe lec t r i c  development on the  Su l t an  River c a l l  f o r  

d ivers ion  of water from Culmback Dam (RM 16.5) t o  a  poin t  approximately n ine  

mi les  downstream a s  shown i n  Figure 1. Water d ivers ion  is of p a r t i c u l a r  con- 

cern t o  water resource and f i s h  and w i l d l i f e  managers. This  study was de- 

signed t o  address the  impacts of flow reduction i n  the  upper Su l t an  River 

(downstream of Culmback Dam) on l i f e  s t ages  of se l ec ted  spec ies  of f i s h e s .  

Impact evalua t ion  r equ i re s  comparison of h i s t o r i c  flows with those 

an t i c ipa ted  under power operat ion.  The Su l t an  River annual median flow a t  

Culmback Dam is 740 c f s .  Under proposed power operat ion a  minimum of 20 c f s  

w i l l  be re leased  t o  the  d ive r t ed  r i v e r  channel v i a  t h e  dam o u t l e t  works (RM 

16.5). This flow w i l l  be augmented by na tu ra l  inf lows o r  increased t o  a s su re  

flows i n  the  immediate v i c i n i t y  of the  d ivers ion  dam (RM 9.7) of a t  l e a s t  30 

cfs. I f  l o c a l  inf lows between Culmback Dam and t h e  d ive r s ion  dam a r e  not suf-  

f i c i e n t  t o  meet the  30 c f s  requirement t h e  Culmback D a m  r e l e a s e  would be in -  

creased. 

I d e a l l y  the  quest ion t o  be answered i s  how w i l l  a  change i n  the  

r i v e r ' s  flow regime a f f e c t  t h e  p roduc t iv i ty  of f i shes .  Unfortunately,  s t a t e  

of the  a r t  methods cannot address t h i s  quest ion d i r e c t l y .  I n d i r e c t l y ,  how- 

ever ,  t he  quest ion can be approached by determining t h e  change i n  h a b i t a t  

a v a i l a b l e  t o  var ious  l i f e  s t a g e s  of f i s h  with incremental changes i n  r i v e r  



discharge.  Th i s  r e l a t i o n s h i p  between h a b i t a t  a v a i l a b i l i t y  and r i v e r  d ischarge  

is t h e  b a s i s  of t h e  method used i n  t h i s  s tudy and is r e f e r r e d  t o  as a t h r e e  

po in t  incremental  methodology (Bovee and Milhous, 1978). The method has been 

developed by t h e  U. S. Fish  and Wi ld l i f e  S e r v i c e ' s  Cooperative Instream Flow 

Service  Group (IFG), F o r t  Co l l in s ,  Colorado. 

3 .  OBJECTIVES 

The primary ob jec t ives  of t h i s  s tudy were to :  

a. Evaluate  changes i n  usable h a b i t a t  a v a i l a b l e  t o  var ious  l i f e  s t a g e s  

of s e l ec t ed  f i s h  spec ie s  as r e l a t e d  t o  incremental  changes i n  r i v e r  

discharge.  

b. Compare h i s t o r i c  r i v e r  d ischarges  t o  those  expected under proposed 

power opera t ion  and a s ses s  t h e  r e spec t ive  usable  h a b i t a t  a v a i l a b l e  

f o r  l i f e  s t a g e s  of r e s iden t  rainbow, c u t t h r o a t  and winter-run 

s tee lhead  t r o u t .  

c. Provide a foundation f o r  nego t i a t ing  compensation o r  mi t iga t ion  

measures i n  t h e  Su l t an  River between Culmback Dam and t h e  water 

r e t u r n  p ipe l ine .  

4. PARTICIPANTS 

This  s tudy was conducted by a mul t i -d isc ip l ined  coopera t ive  team 

comprised of r ep resen ta t ives  from var ious  agencies ,  companies, and i n t e r e s t  

groups. Table 1-1 lists a l p h a b e t i c a l l y  t h e  p a r t i c i p a n t s '  names, whom they 

r ep resen t  and t h e i r  ro l e .  



TABLE 1-1 

SULTAN RIVER PROJECT 

Name 

P a r t i c i p a n t s  i n  the  Su l t an  River Gorge Instream Flow Study 
June - September, 1980 

Bradbury, Alex 
Eicher , George 
Engman, Gary 
Far ley ,  Paul 
G r i f f i t h ,  Dick 
Haapala, John 
Mead, Richard 
Riley,  Kevin 
Smith, Marvin 
Somers , David 
Tutrnark, Greg 
Wampler, P h i l  
Weller, C h r i s  
Wert , Michael 

Representing 

Washington Dept. of Game 
Eicher  Associates  
Washington Dept. of Game 
Parametrix 
R. W. Beck and Associates  
R .  W. Beck and Associates  
Parametrix 
Parametrix 
P a c i f i c  Helicopters  
T u l a l i p  Tr ibes  
Washington Dept. of Game 
U.S. F i sh  & Wild. Service  
R. W. Beck and Associates  
Eicher  Associates  

Key t o  Study Roles 

1. P ro jec t  Coordinator 
2. F ie ld  Work (da ta  c o l l e c t i o n )  
3. F ie ld  Support 
4. Data Analysis  
5. Data Analysis  Support 
6. Evaluation of Resul t s  
7. Report Write Up 
8. Study S i t e  Se lec t ion  

Role i n  
Disc ip l ine  Study 

Bio log i s t  2  
B io log i s t  3  
B io log i s t  3  
Water Q u a l i t y  S p e c i a l i s t  2  
Hydraulic Engineer 4 ,6 ,7  
Hydraulic Engineer 3,49697 
Surveyor 2 
Surveyor 2 
P i l o t  3 
Bio log i s t  2  
B io log i s t  3  
B io log i s t  8 
B io log i s t  395,697 
Bio log i s t  192,536,798 



SECTION I1 

METHODOLOGY 

1. OVERVIEW OF THE INCREMENTAL METHODOLOGY 

The IFG incremental methodology i s  designed t o  quant i fy  p o t e n t i a l  

h a b i t a t  a v a i l a b l e  f o r  each l i f e  h i s t o r y  s t a g e  of a f i s h  spec ies  a s  a  func t ion  

of stream discharge (Bovee and Milhous, 1978). The major components of t h i s  

method are: (1 )  f i e l d  measurement of stream channel c h a r a c t e r i s t i c s  using a 

mul t ip le  t r a n s e c t  approach; (2)  hydraul ic  s imulat ion t o  determine t h e  s p a t i a l  

d i s t r i b u t i o n  of combinations of depths and v e l o c i t i e s  with r e spec t  t o  sub- 

s t r a t e  under a l t e r n a t i v e  flow regimes; (3 )  app l i ca t ion  of h a b i t a t  s u i t a b i l i t y  

c r i t e r i a  t o  determine weighting f a c t o r s ;  and ( 4 )  c a l c u l a t i o n  of weighted usa- 

b l e  a rea  (gross  h a b i t a t  index) f o r  the  simulated streamflows based on physical  

c h a r a c t e r i s t i c s  of the  stream (Trihey,  1980). 

2. STUDY SITE SELECTION 

Documentation of streamflow-habitat r e l a t i o n s h i p s  f o r  an e n t i r e  

stream is o f t e n  impract ica l  due t o  time and f i n a n c i a l  cons t r a in t s .  For t h i s  

reason i t  is necessary t o  s e l e c t  s tudy s i t e s  which cha rac te r i ze  t h e  e n t i r e  

stream. This can be accomplished through e i t h e r  one of two approaches with 

the  incremental methodology; ( 1 )  c r i t i c a l  reach concept,  and (2)  representa-  

t i v e  reach concept. 

The c r i t i c a l  reach concept r equ i re s  p r i o r  knowledge of the  dynamics 

of t h e  f i s h  populat ion i n  t h e  stream. Due t o  t h e  i n a c c e s s i b l e  na ture  of t h e  

Su l t an  River gorge, previous b io log ica l  information is l imi t ed .  For t h i s  

reason t h e  r ep resen ta t ive  reach concept was used. This  concept is appropr i a t e  

when the  l i m i t i n g  l i f e  s t a g e  of a  f i s h  population is not  known with any 

c e r t a i n t y .  It does not assume a s i n g l e  type of h a b i t a t  is c o n t r o l l i n g  t h e  

population but t h a t  the  importance of a  p a r t i c u l a r  a rea  v a r i e s  with time as 

well a s  discharge (Bovee and Milhous, 1978). The major assumption is t h a t  t h e  

stream segment from which t h e  study reach is s e l e c t e d  is f a i r l y  homogeneous. 



I n  order  t o  determine major stream h a b i t a t  types (pools ,  r i f f l e s ,  

runs)  i n  the  s e c t i o n  of r i v e r  under cons idera t ion ,  a prel iminary he l i cop te r  

survey was conducted by t h e  Washington Department of Game and Eicher  Associ- 

a t e s .  F ina l  s i t e  s e l e c t i o n  was determined by an a d d i t i o n a l  h e l i c o p t e r  survey 

of the  r i v e r .  Due t o  l i m i t a t i o n s  of upstream and downstream access  a s i n g l e  

s i t e  was required t h a t  included rep resen ta t ive  proport ions of o v e r a l l  stream 

h a b i t a t  types. 

3. DATA COLLECTION 

Data were co l l ec ted  using the  methodology described by Bovee and 

Milhous, 1978. The method involves:  1 )  Determining t r a n s e c t s  which charac- 

t e r i z e  the  reach;  2)  Surveying the  loca t ion  and e l eva t ion  of t r a n s e c t  head- 

s t akes  loca ted  a t  t he  end of each t r a n s e c t ;  3)  Measuring s u b s t r a t e ,  depth and 

ve loc i ty  a t  v e r t i c a l  s t a t i o n s  along each t r a n s e c t ;  4)  Measuring water su r face  

e l eva t ion  a t  each t r ansec t ;  and 5) Measuring discharge at one of t h e  t ran-  

s e c t s ,  u sua l ly  t h e  one w i t h  t he  most continuous, homogeneous bottom contour. 

Transects  were s e l e c t e d  through t h e  j o i n t  e f f o r t  of a hydraulic  

engineer and f i s h  b i o l o g i s t s  t o  accura te ly  cha rac te r i ze  hydraul ic  and f i s h  

hab i t a t  condit ions.  A l l  surveying was done by profess ional  land surveyors. 

Physical  stream measurements were obtained using equipment and methods de- 

sc r ibed  i n  Bovee and Milhous, 1978. The cu r ren t  meter used was a Curley model 

622. 

Due t o  deep pools and s w i f t  c u r r e n t s ,  a d r i f t  boat was used a t  some 

t r ansec t s .  The s t e r n  of t h e  boat was guided along t h e  downstream s i d e  of t h e  

p a r t i c u l a r  t r a n s e c t  using a 1/4-inch cab le  a t tached near  the  headstake a t  each 

end of t h e  t r ansec t .  Transects  were marked by a braided nylon rope which was 

marked with a l l i g a t o r  c l i p s  a t  predetermined v e r t i c a l  d i s t ances  from t h e  l e f t  

bank headstake. The "ve r t i ca l s "  var ied  f o r  each t r a n s e c t  depending on changes 

i n  depth,  degree of bottom s lope ,  s u b s t r a t e  and ve loc i ty .  



The incremental  method provides p r e d i c t i v e  weighted usable  h a b i t a t  

va lues  down t o  40% below the  lowest flow a c t u a l l y  measured. Below t h e  40% 

range r e s u l t s  vary with respect  t o  t h e  q u a l i t y  of da ta  co l l ec ted .  The pro- 

posed r e l e a s e  from Culmback Dam is 20 cfs .  This flow a p p l i e s  only t o  the  v i -  

c i n i t y  of Culmback Dam and does not inc lude  na tu ra l  inflows between i t  and the  

d ivers ion  dam whose 40-year mean is 60 c f s .  During August ( d r i e s t  month) the  

mean inflow is 10 cfs .  For t h i s  reason, f i e l d  measurements were conducted a t  

flows providing an al lowable ex t rapo la t ion  of weighted usable h a b i t a t  down t o  

30 c f s ,  t he  combined r e l e a s e  and mean dry-month inflow quant i ty .  The lowest 

of the  t h r e e  flows measured i n  t h i s  study was 75 cfs. 

The o ther  flows used i n  t h e  s tudy were 178 c f s  and 352 c f s .  The 

values of these  two flows were determined by approximately doubling the  pre- 

ceding lower flow measured. This procedure provided a r e l a t i v e l y  good spread 

of da ta  poin ts  fo r  the  regress ion  ana lys i s .  

4. DATA ANALYSIS 

I f  the  v e l o c i t y  d i s t r i b u t i o n s  and water depths a r e  measured f o r  a 

flow, data can be used d i r e c t l y  without a n a l y t i c a l  procedure t o  es t imate  hy- 

d r a u l i c  parameters. However, because of l imi ted  f i e l d  resources and the  wide 

range of d ischarges  of i n t e r e s t ,  it was necessary t o  es t imate  hydraul ic  para- 

meters f o r  unmeasured discharges.  

Physical  Habi ta t  Simulation System (PHABSIM) is a s e t  of computer 

s imulat ion programs developed by t h e  Cooperative Instream Flow Service  Group 

t o  s imulate the  phys ica l  stream h a b i t a t .  PHABSIM computer models were used t o  

extend t h e  ana lys i s  t o  unmeasured discharges.  The two main computer programs 

used were a hydraul ic  s imulat ion model which c a l c u l a t e s  depth of flow and mean 

column ve loc i ty  da ta  t o  be used i n  t h e  o the r  main program, t h e  h a b i t a t  simu- 

l a t i o n  model. The da ta  ana lys i s  using the  PHABSIM programs was performed on 

the  R. W. Beck and Associates  HP 3000 computer. 



a. Hydraulic Simulation 

The two a l t e r n a t i v e  hydraul ic  models a v a i l a b l e  i n  t h e  PHABSIM sys- 

tem a r e  I F G 2  and IFG-4. The IFG-2 (WSP) program is a computer adaption of 

the  Water and Power Resources Se rv ice ' s  Water Surface P r o f i l e  Computation 

Method B. I F G 2  uses t h e  Bernoull i  and Manning equations t o  perform a s tep-  

backwater ana lys i s .  

The I F G 4  model employs an approach that d i f f e r s  from the  energy 

balance method used i n  t h e  IFG-2 model. IFG-4 uses a r a t i n g  curve approach t o  

c o r r e l a t e  discharge with water su r face  e l eva t ion  and with mean column v e l o c i t y  

using a log-log l i n e a r  fit. The log-log l i n e a r  r e l a t i o n s h i p  is automat ica l ly  

ca lcu la t ed  by t h e  program from the  measured data.  This  r e l a t i o n s h i p  is then 

used t o  c a l c u l a t e  hydraulic  parameters a t  o ther  flows. IFG-4 processes one 

cross-sec t ion  at a time independent of upstream o r  downstream hydraul ic  con- 

d i t i o n s .  

The I F G 4  model was used f o r  hydraul ic  s imula t ion  i n  t h i s  s tudy be- 

cause t e s t s  have shown it almost always produces b e t t e r  r e s u l t s  than IFG-2 and 

it i s  the  model recommended by t h e  Instream Flow Service  Group. The main ad- 

vantages of IFG-4 a r e  t h a t  it is not necessary t o  es t imate  Manning's "n" i n  

t h e  channel o r  vary t h e  "n" c o e f f i c i e n t s  w i t h  discharge.  IFG-4 does not re- 

qu i re  t r a n s e c t s  t o  be s e t  a t  hydraulic  con t ro l s  and is capable of handling 

reaches with r a p i d l y  varied flow. 

b. Habi ta t  Simulat ion 

The PHABSIM program used t o  s imula te  t h e  instream microhabitat  is 

c a l l e d  HABTAT. HABTAT p a r t i t i o n s  t h e  stream i n t o  a s e r i e s  of r ec tangu la r  

c e l l s ,  t h e  length  and width of which a r e  determined by t h e  reach length  and 

t h e  cross-sec t ional  s t a t i o n i n g ,  as entered i n  t h e  hydraul ic  s imulat ion.  Each 

c e l l  is evaluated f o r  i ts  h a b i t a t  s u i t a b i l i t y  f o r  var ious  l i f e  s t a g e s  and 

spec ies ,  based on: 



(1)  Fixed c h a r a c t e r i s t i c s  of t h e  c e l l ,  such a s  s u b s t r a t e ,  

(2) v a r i a b l e  c h a r a c t e r i s t i c s  of the  c e l l ,  such a s  depth and ve- 

l o c i t y ,  and 

(3 )  probab i l i ty  of use c r i t e r i a  f o r  each spec ies  and l i f e  s tage .  

C. Calcula t ion  of Weighted Usable Area 

The q u a l i t y  of f i s h  h a b i t a t  is a de te rmin i s t i c  funct ion  of stream- 

flow. A composite s u i t a b i l i t y  value can be determined f o r  each f i s h  spec ies  

and l i f e  s t age  f o r  a combination of hydraul ic  and physical  condi t ions  en- 

countered i n  t h e  stream reach. The condit ions t o  be measured a r e  depth and 

v e l o c i t y  of flow, channel geometry and s u b s t r a t e .  For a given increment of 

each parameter, a weighting funct ion  was determined from published s u i t a b i l i t y  

of use curves (Bovee, 1978). Composite s u i t a b i l i t y  va lues  were then calcu- 

l a t e d  f o r  each c e l l  of each cross-sect ion.  

The mean weighted usable  a rea  ( W U A )  determined from t h i s  calcu-  

l a t i o n  i s  defined as t he  t o t a l  su r face  a rea  of t h e  stream reach having a cer-  

t a i n  combination of hydraulic  condi t ions  mul t ip l i ed  by t h e  composite s u i t a -  

b i l i t y  value f o r  t h a t  combination. The weighted usable area  at a given d i s -  

charge i s  the  summation of the  ca lcula ted  values f o r  every c e l l  of each 

cross-sect ion.  The shape of t h e  weighted usable a rea  versus discharge curve 

is a funct ion  of the  channel form and t h e  d i s t r i b u t i o n  of hydraul ic  condi t ions  

throughout t h e  s tudy reach. 

5. TEMPERATURE 

Methods and ob jec t ives  address only physical  a spec t s  such a s  flows, 

s u b s t r a t e s  and depths. Not considered a r e  o ther  in f luences  on spawning and 

rea r ing  such a s  temperature, chemical c h a r a c t e r i s t i c s  and food production 

which could have dec i s ive  e f f e c t s .  It has been f o r e c a s t  t h a t  water i s su ing  

from Culmback Dam w i l l  be q u i t e  cold during the  growth season. This  w i l l  in -  

h i b i t  growth of f i s h  d i r e c t l y  a s  well  a s  food production. The e f f e c t  w i l l  d i -  

minish i n  summer with downstream progression t o  t h e  d ive r s ion  dam. 



SECTION I11 

RESULTS 

1. SELECTION OF REPRESENTATIVE STUDY SITE 

Prel iminary stream h a b i t a t  surveys determined t h e  composition of 

t h i s  segment of r i v e r  to cons i s t  of approximately 60% r u n - r i f f l e  h a b i t a t  and 

40% pool h a b i t a t .  The h a b i t a t  f o r  t h e  segment of the  Su l t an  River under con- 

s i d e r a t i o n  is summarized i n  Figure 2. The s e l e c t e d  study s i t e  was judged t o  

conta in  these  h a b i t a t  types i n  the  approximate proport ions e x i s t i n g  f o r  t h e  

e n t i r e  r i v e r  segment. F igure  3 shows the  t r a n s e c t  l o c a t i o n s  a t  t h e  s tudy s i t e  

i n  r e l a t i o n  t o  stream h a b i t a t  types. 

2. HYDRAULICS 

Results  of the  hydraulic  c a l c u l a t i o n s  showed a c l o s e  agreement be- 

tween measured and simulated water su r face  e l eva t ions  and flow v e l o c i t i e s .  

F i e l d  measurements were made f o r  t h r e e  sepa ra te  discharges and compared t o  

simulated r e s u l t s  f o r  t h e  same discharges a t  each cross-sect ion.  The calcu- 

l a t e d  water su r face  e l eva t ions  agreed with recorded da ta  t o  wi th in  0.02 f e e t  

which is the  des i red  accuracy. Most of t h e  simulated c e l l  v e l o c i t i e s  agreed 

with measured da ta  t o  wi th in  0.2 f e e t  per  second, well  wi th in  des i r ed  limits. 

The c l o s e  agreement between measured and simulated va lues  g ives  

confidence when extending t h e  ana lys i s  t o  es t imate  hydraul ic  parameters a t  

discharges not measured. 

The computer output  from the  IFG-4 hydraul ic  s imula t ion  program 

contained i n  Appendix A can be categorized a s  e i t h e r  measured o r  s imulated 

values.  The f i e l d  measured d a t a ,  inc luding the  X-Y coordina tes ,  s u b s t r a t e  

values and segment v e l o c i t i e s  a r e  shown on pages headed " c a l i b r a t i o n  d e t a i l s  

f o r  cross-sect ionw. Manning "n" values were used only with one o r  ze ro  re- 

corded v e l o c i t i e s  i n  a  segment and were obtained by c a l i b r a t i o n  from t h e  IFG-2 



program. The simulated water depths and v e l o c i t i e s  are shown on pages headed 

"computational d e t a i l s  f o r  cross-sect ion".  Simulated v e l o c i t i e s  can be com- 

pared t o  recorded v e l o c i t i e s  of the  corresponding discharge t o  determine t h e  

goodness of f i t  of the  c a l i b r a t i o n .  

3. HABITAT SUITABILITY 

Habitat  s u i t a b i l i t y  was s tudied  f o r  four  l i f e  s t a g e s  and t h r e e  

spec ies  of f i s h .  For each spec ies  and l i f e  s t age ,  t h e  weighted usable a r e a  

was calcula ted  f o r  discharges ranging from 20 t o  1,500 cfs. Shown are t h e  

weighted usable area f o r  f r y ,  juveni le  and a d u l t  l i f e  s t a g e s  of c u t t h r o a t ,  

rainbow and winter-run s tee lhead t r o u t .  Curves a r e  p lo t t ed  on a log-log s c a l e  

and weighted usable a rea  is presented as square f e e t  per thousand feet  of 

stream length .  The study a r e a  was approximately 700 f e e t  long. A f i g u r e  

showing weighted usable a reas  ca lcula ted  f o r  spawning of a l l  t h r e e  s p e c i e s  is 

a l s o  presented. Spawning curves have been grouped together  because t h e  calcu- 

l a t e d  weighted usable areas f o r  t h i s  l i f e  s t age  are s i g n i f i c a n t l y  l e s s  than 

f o r  o the r s .  Calculated weighted usable  a reas  of less than 100 square f e e t  per  

thousand f e e t  were considered i n s i g n i f i c a n t  and a r e  not  shown. Appendix B 

contains the  complete computer l i s t i n g  of a v a i l a b l e  h a b i t a t  i n  square feet per 

thousand feet of stream and a s  a percentage of g ross  stream sur face  area.  

The I F C  methodology does not quant i fy  stream produc t iv i ty  o r  maxi- 

mum sus ta inab le  f i s h  populat ions.  The weighted usable a reas  a r e  an i n d i c a t i o n  

of r e l a t i v e  h a b i t a t  s u i t a b i l i t y  a t  var ious  discharges.  

a .  Winter-Run Steelhead Trout  

A s  shown i n  Fig. 4, t h e  weighted usable  a r e a  a v a i l a b l e  t o  winter- 

run s tee lhead t r o u t  f r y  and juveni les  a t  20 c f s  is g r e a t e r  than t h a t  experi-  

enced a t  t he  average annual flow of 740 c f s .  Habitat  f o r  a d u l t s ,  however, i s  

g r e a t l y  reduced a t  20 c f s  and is maximum a t  approximately 250 c f s .  Adult 

h a b i t a t  a t  740 c f s  is 32% of t h a t  a v a i l a b l e  a t  250 c f s .  Adult h a b i t a t  a t  100 

c f s  is comparable t o  t h a t  a v a i l a b l e  a t  740 cfs .  



b. Rainbow Trout  

A s  shown i n  Fig. 5 ,  t he  weighted usable a rea  a v a i l a b l e  t o  rainbow 

t r o u t  f r y  and juveni les  a t  20 c f s  compared t o  t h a t  a v a i l a b l e  at 740 c f s  is 65% 

and 53% respec t ive ly .  Approximately 100% of f r y  and juveni le  h a b i t a t  ava i l -  

a b l e  a t  740 c f s  is a v a i l a b l e  a t  50 cfs .  A t  20 c f s  a d u l t  h a b i t a t  a v a i l a b i l i t y  

is reduced by approximately 50% from t h a t  a t  740 c f s .  Adult h a b i t a t  a t  45 c f s  

is comparable t o  t h a t  present  a t  740 c f s .  The diminished a v a i l a b i l i t y  of 

juvenile  and f r y  h a b i t a t  a t  flows between 100 and 400 c f s  is l i k e l y  due t o  in -  

creased ve loc i ty  and depth a t  t hese  in termedia te  flows. Flows exceeding 400 

c f s  r i s e  above t h e  bank and form low ve loc i ty  shallows i n  many areas .  Shal- 

lows formation was observed a t  flows exceeding 400 c f s  a t  t h e  s tudy s i t e .  

c. Cut throat  Trout 

A s  shown i n  Fig. 6,  t h e  maximum weighted usable  a rea  a v a i l a b l e  t o  

cu t th roa t  t r o u t  f r y  occurs a t  100 cfs .  Fry h a b i t a t  a v a i l a b l e  a t  20 c f s  is 

comparable t o  t h a t  occurr ing a t  approximately 180 c f s  and g r e a t e r  than t h a t  

occurring a t  740 c f s .  Maximum juveni le  h a b i t a t  occurs a t  100 c f s .  Juven i l e  

h a b i t a t  a v a i l a b l e  a t  20 c f s  is comparable t o  t h a t  occurr ing a t  300 c f s  and 

s l i g h t l y  g r e a t e r  than t h a t  occurr ing a t  740 c f s .  Maximum a d u l t  h a b i t a t  occurs 

a t  150 c f s .  Adult h a b i t a t  a t  20 c f s  is approximately 50% of t h a t  occurr ing a t  

740 c f s .  

d. Spawning Habi ta t  

A s  shown i n  Fig. 7,  t he  maximum weighted usable spawning a r e a s  f o r  

winter-run s tee lhead,  rainbow and cu t th roa t  t r o u t  occur a t  700, 500 and 500 

c f s ,  respect ive ly .  Spawning h a b i t a t  f o r  a l l  t h r e e  spec ies  is nonexistent  o r  

s l i g h t  a t  20 c f s .  It should be noted t h a t  t h e  range of weighted usable  spawn- 

ing  a r e a  i n  Fig. 7 is less than t h a t  presented f o r  o the r  l i f e  s t a g e s  of a l l  

f i s h e s  by one order  of magnitude. 



SECTION I V  

DISCUSSION OF RESULTS 

1. PRE-CULMBACK AND PROJECT FLOW REGIME 

The proposed p ro jec t  minimum flow c o n s t r a i n t s  are presented i n  

Volume I ,  Exhibi t  H of the  Su l t an  River P ro jec t ,  S tage  11, FERC License Appli- 

ca t ion  (Publ ic  U t i l i t y  District No. 1 of Snohomish County, 1979). The minimum 

flow requirements throughout t h e  year are 20 c f s  immediately downstream from 

Culmback Dam and 30 c f s  i n  the  immediate v i c i n i t y  of the  d ive r s ion  dam (up- 

stream of f i s h  water r e t u r n  l i n e ) .  These minimum flows, however, w i l l  be aug- 

mented by l o c a l  inflow such t h a t  the  minimum flows w i l l  be present  only f o r  

l imi ted  periods of the  year.  

Figures 8 and 9 present  t h e  d a i l y  flow f requencies  f o r  pre-Culmback 

flows a t  Culmback dam s i te  and proposed p ro jec t  flows at t h e  d ive r s ion  dam. 

These f i g u r e s  i n d i c a t e  the  p robab i l i ty  t h a t  a spec i f i ed  flow on a given day of 

the  year w i l l  be equalled o r  exceeded. For example, t h e  curves marked 90 in-  

d i c a t e  the  flows t h a t  w i l l  be equalled o r  exceeded 90 percent  of the  time, o r  

i n  9 of 10 years .  The flow frequencies were derived by rank order ing  t h e  

flows f o r  each day of the  40-year record and s e l e c t i n g  the  flows corresponding 

t o  the  des i red  exceedance p r o b a b i l i t i e s .  A 10-day moving average was used t o  

smooth the  curves. Figures 8 and 9 are presented t o  show t h e  range and va r i -  

a b i l i t y  of t h e  d a i l y  flows. The flow frequencies a r e  based on t h e  d a i l y  da ta  

which was summarized i n t o  monthly averages and presented i n  Volume I11 of the  

FERC License Application Environmental Report Appendices (Publ ic  U t i l i t y  D i s -  

t r i c t  No. 1 of Snohomish County, 1979). 

Table IV-1 presents  t h e  monthly 1 i n  2 year  flow frequency f o r  

t h r e e  l o c a t i o n s  on t h e  Su l t an  River. The flows a r e  based on da ta  presented i n  

Volume I11 of t h e  FERC License Applicat ion Environmental Report Appendices 

(Public  U t i l i t y  D i s t r i c t  No. 1 of Snohomish County, 1979). The va lues  repre-  

s e n t  t h e  average monthly discharges t h a t  w i l l  be equaled o r  exceeded an aver- 

age of one i n  two years.  



A set of flows was se lec ted  as most r ep resen ta t ive  of t h e  average 

monthly flow condi t ions  f o r  each loca t ion .  The 1 i n  2 year  (median) monthly 

flows were considered more r ep resen ta t ive  of average condi t ions  than mean 

flows because of t h e  s p e c i a l  flow regime crea ted  downstream of Culmback Dam by 

t h e  opera t ion  of t h e  r e se rvo i r .  The usual  20 c f s  con t ro l l ed  r e l e a s e s  are 

in te r rup ted  by inf requent  but r e l a t i v e l y  very high flows when the  r e s e r v o i r  is 

s p i l l i n g .  These s p i l l s  s i g n i f i c a n t l y  a f f e c t  t h e  mean flow but have no e f f e c t  

on the  1 i n  2 year  flows. 

To remove the  s i g n i f i c a n t  b ias ing  e f f e c t  of uncontrol led discharge 

and provide a common b a s i s  f o r  comparison, the  1 i n  2 year  flows were s e l e c t e d  

a s  most r ep resen ta t ive  of average flow condi t ions  a t  a l l  t h r e e  loca t ions .  

To evalua te  t h e  e f f e c t s  of t h e  power p ro jec t  flow regime on f i s h  

h a b i t a t  a v a i l a b i l i t y ,  t he  h i s t o r i c  (pre-Culmback) flow regime must be known. 

The curve represent ing  t h e  median monthly flow t o  Culmback D a m  ( t o t a l  Spada 

bas in  inflow) is rep resen ta t ive  of h i s t o r i c  flows between Culmback and t h e  

d ivers ion  dam. Inflow i n  t h i s  a rea  is r e l a t i v e l y  i n s i g n i f i c a n t  as compared t o  

the  h i s t o r i c  r i v e r  discharge and v a r i e s  on t h e  average from an a d d i t i o n a l  10% 

during wet months t o  5% during dry months. However, i n  r e l a t i o n  t o  t h e  power 

p ro jec t  flow regime they become more s i g n i f i c a n t  due t o  the  reduced volume. 

Proposed median monthly r e l e a s e s  from Culmback D a m  vary only from 20 t o  21 

c f s .  The median monthly flows a t  t he  d ivers ion  dam, however, exceed 70 c f s  

f o r  October through June and exceed 30 c f s  f o r  J u l y  through September (Table 

IV-1). 

Because of inflow between Culmback Dam and t h e  d ive r s ion  dam, habi- 

t a t  a v a i l a b i l i t y  is discussed sepa ra te ly  f o r  t h e  v i c i n i t i e s  of Culmback Dam 

and t h e  d ivers ion  dam under proposed power p ro jec t  opera t ion .  Flows repre-  

sen t ing  the  v i c i n i t y  of the  d ivers ion  dam, f o r  p r a c t i c a l  purposes, can be ex- 

pected wi th in  2 t o  3 miles upstream of the  d ivers ion  dam while  flows repre-  

sen t ing  the  v i c i n i t y  of Culmback D a m  can be expected within approximately two 

miles downstream of Culmback Dam. These two a reas  a r e  subsequently r e fe r red  

t o  as near the  d ivers ion  dam o r  near  Culmback Dam. 



2. HABITAT EVALUATION OF PRE-CULMBACK AND POWER PROJECT FLOW REGIMES 

The incremental method provides a predic t ion  of the  weighted usable  

area f o r  l i f e  s t ages  of f i s h e s  over a range of f l o w .  The s tudy focuses only 

on those flows that represent  the  monthly 1 i n  2 year h i s t o r i c  f lows,  p ro jec t  

flows and flows which provide maximum a v a i l a b l e  h a b i t a t  a l l  f o r  s p e c i f i c  

months r e l evan t  t o  ind iv idua l  l i f e  s t a g e s  of f i s h e s  i n  cons idera t ion .  

Tables IV-2, IV-3 and I V - 4  summarize t h e  r e l a t i v e  h a b i t a t  s u i t a -  

b i l i t y  and energy c o s t s  of instream flows f o r  juveni le ,  a d u l t  and spawning 

l i f e  s t ages ,  r e spec t ive ly ,  of winter-run s t ee lhead ,  rainbow and c u t t h r o a t  

t r o u t .  Common t r ends  occurred between juveni les  and f r y  of each spec ies .  For 

t h i s  reason, h a b i t a t  a v a i l a b i l i t y  w i l l  not be discussed i n  d e t a i l  f o r  both f r y  

and juveniles .  I n  gene ra l ,  flows which would provide maximum h a b i t a t  a v a i l -  

a b i l i t y  f o r  juveni les  would a l s o  do s o  f o r  f r y .  

a .  Winter-Run Steelhead 

Proposed p ro jec t  flows would provide g r e a t e r  s tee lhead f r y  h a b i t a t  

than h i s t o r i c  flows. Based on Sul tan  River S tud ies  by t h e  Washington Depart- 

ment of Game and Snohomish County PUD (1980), s tee lhead f r y  emerge from spawn- 

i n g  g rave l s  between e a r l y  June and mid-August. Although s tee lhead are cur- 

r e n t l y  absent  above the  d ivers ion  dam, it i s  l i k e l y  that June through October 

are the  months to consider  when d iscuss ing  r e l a t i o n s h i p s  of s tee lhead r e a r i n g  

h a b i t a t  with r i v e r  discharge. The h i s t o r i c  1 i n  2 year  average monthly flows 

range from 150 t o  840 c f s  f o r  these  months. The 1 i n  2 year  average monthly 

flows under proposed power p ro jec t  condi t ions  f o r  t h i s  same time i n t e r v a l  

would range from 20 t o  21 c f s  immediately below Culmback Dam and 30 t o  68 c f s  

a t  t h e  d ivers ion  dam. The weighted usable  a rea  a v a i l a b l e  t o  f r y  a t  20 cfs  

(near  Culmback Dam) is g r e a t e r  than t h a t  provided a t  flows exceeding 100 c f s .  

The weighted usable  a r e a  r e l a t e d  t o  t h e  30 t o  68 c f s  range near  t h e  d ivers ion  

dam is t h e  g r e a t e s t  amount a v a i l a b l e  under t h e  e n t i r e  range of flows examined. 



Proposed p ro jec t  flows genera l ly  would provide g r e a t e r  s tee lhead 

juveni le  h a b i t a t  than h i s t o r i c  flows. While juveni les  u t i l i z e  the  Su l t an  

R i v e r  downstream of t h e  d ivers ion  dam throughout t h e  year ,  June through Sep- 

tember a r e  most important f o r  f i s h  growth. Proposed power p ro jec t  1 i n  2 year  

monthly average flows range between 20 c f s  j u s t  below Culmback Dam t o  70 c f s  

a t  t he  d ivers ion  dam f o r  June through September. The h i s t o r i c  1 i n  2 year  

annual flow is 740 c f s .  The weighted usable  juveni le  h a b i t a t  a rea  at 20 c f s  

is 147% of t h a t  occurr ing a t  740 c f s .  Maximum juvenile  h a b i t a t  is a v a i l a b l e  

a t  80 c f s .  During June the  1 i n  2 year  average flow would be 68 c f s  a t  t h e  

d ivers ion  dam under proposed p ro jec t  condit ions.  This  flow would provide 

nearly 2-1/2 times more h a b i t a t  than t h e  h i s t o r i c  1 i n  2 year average f o r  June 

(840 c f s ) .  S imi la r  comparisons of flows f o r  J u l y  and September show more 

hab i t a t  a v a i l a b l e  under proposed p ro jec t  condit ions than under h i s t o r i c  con- 

d i t i o n s .  During August, t h e  1 i n  2 year  average flow a t  the  d ive r s ion  dam (30 

c f s )  under p ro jec t  condit ions would provide 80% of t h e  h a b i t a t  normally a v a i l -  

a b l e  at  h i s t o r i c  August flows (150 c f s ) .  

Proposed p ro jec t  flows near Culmback D a m  would reduce s u i t a b l e  

h a b i t a t  f o r  a d u l t  winter-run s tee lhead t r o u t .  Proposed p r o j e c t  flows would 

provide s u i t a b l e  a d u l t  h a b i t a t  near the  d ivers ion  dam comparable t o  t h a t  oc- 

cu r r ing  under h i s t o r i c  flows. Adult winter-run s tee lhead u t i l i z e  the  Su l t an  

River from December through May (WDG and Snohomish County PUD, 1980). The 

h i s t o r i c  1 i n  2 year average monthly flows f o r  t h i s  period range from 600 t o  

1,050 c f s .  The 1 i n  2 year  monthly proposed p ro jec t  flows at  t h e  d ive r s ion  

dam during t h i s  time period would range from 77 t o  120 c f s .  Adult h a b i t a t  

a v a i l a b l e  under t h i s  range of proposed p ro jec t  flows is comparable t o  t h a t  

a v a i l a b l e  under h i s t o r i c  1 i n  2 year flows f o r  December through May. 

Proposed p r o j e c t  flows near  Culmback Dam would provide no s u i t a b l e  

Spawning h a b i t a t  f o r  winter-run s tee lhead t r o u t .  A v a i l a b i l i t y  of spawning 

hab i t a t  near the  d ivers ion  dam a t  p ro jec t  flows is reduced compared t o  t h a t  

under h i s t o r i c  flows. Spawning genera l ly  occurs from Apr i l  through May i n  t h e  



upper reaches of t h e  Su l t an  River c u r r e n t l y  access ib le  t o  s tee lhead.  The h i s -  

t o r i c  1 i n  2 year  average monthly flows f o r  t h i s  period range from 830 t o  980 

c f s .  Maximum a v a i l a b i l i t y  of spawning h a b i t a t  occurs a t  approximately 700 

c f s .  The 1 i n  2 year  flow f o r  Apr i l  and May, under proposed p ro jec t  con- 

d i t i o n s ,  a t  t h e  d ivers ion  dam is approximately 90 cfs .  This  flow would pro- 

vide 15% and 20% of the  a v a i l a b l e  spawning h a b i t a t  occurr ing  i n  a r e l a t i v e l y  

small area  near the  d ivers ion  dam a t  t h e  h i s t o r i c  Apr i l  and May flows of 830 

and 980 c f s ,  respect ive ly .  

b. Rainbow Trout 

Proposed p ro jec t  flows near  Culmback Dam would provide reduced 

juveni le  rainbow t r o u t  r ea r ing  h a b i t a t  a s  compared t o  h i s t o r i c  flows. The 1 

i n  2 year  average monthly p ro jec t  flows near  the  d ivers ion  dam would provide 

s l i g h t l y  g r e a t e r  or  comparable juveni le  r ea r ing  h a b i t a t  f o r  October through 

June compared t o  t h a t  of h i s t o r i c  flows. Proposed p ro jec t  flows from J u l y  

through September would provide l e s s  juvenile  h a b i t a t  than do h i s t o r i c  flows. 

June through September are p a r t i c u l a r l y  important juveni le  r e a r i n g  months a s  

they a r e  gene ra l ly  considered the  most b io log ica l ly  productive. During 

August, t h e  month of lowest flow, t h e  1 i n  2 year  average flow near t h e  di- 

version dam under proposed p ro jec t  condit ions would be 30 cfs .  This  flow 

would provide 60% of the  juveni le  h a b i t a t  a v a i l a b l e  during t h e  h i s t o r i c  1 i n  2 

year average August flow of 150 c f s .  The 1 i n  2 year average flow ( p r o j e c t )  

f o r  June near  the  d ivers ion  dam would provide close. t o  maximum juveni le  habi- 

t a t  a v a i l a b l e  f o r  the  e n t i r e  range of flows s tudied  and is not equalled by any 

of the  h i s t o r i c  1 i n  2 year  average monthly flows. 

Proposed p r o j e c t  flows near Culmback Dam would provide reduced 

a d u l t  rainbow t r o u t  r ea r ing  h a b i t a t  compared t o  t h a t  a v a i l a b l e  a t  h i s t o r i c  

flows. The 1 i n  2 year average monthly p r o j e c t  flows near  t h e  d ivers ion  dam 

would provide g r e a t e r  a d u l t  h a b i t a t  than t h a t  provided a t  t h e  h i s t o r i c  1 i n  2 

year flows from October through June. H i s t o r i c  flows from J u l y  through Sep- 

tember provide g r e a t e r  a d u l t  h a b i t a t  than t h a t  provided under proposed p ro jec t  



flows during t h i s  same period. The 1 i n  2 year h i s t o r i c  flow f o r  September 

(240 c f s )  provides the  maximum a d u l t  h a b i t a t  a v a i l a b l e  a t  any flows examined. 

The 1 i n  2 year  September flow under proposed p ro jec t  condi t ions  a t  t h e  d i -  

vers ion  dam is 35 c f s .  This  flow would provide approximately 35% of the  a d u l t  

hab i t a t  a v a i l a b l e  at 240 c f s .  

Proposed flows near  Culmback Dam provide very l i t t l e  s u i t a b l e  

spawning h a b i t a t  f o r  rainbow t rou t .  Spawning h a b i t a t  near  t h e  d ivers ion  dam 

under proposed p ro jec t  flows is reduced compared t o  t h a t  a v a i l a b l e  a t  h i s t o r i c  

flows. Rainbow t r o u t  genera l ly  spawn from Apri l  through June. The 1 i n  2 

year proposed p ro jec t  flows occurring near  the  d ivers ion  dam during t h i s  per i -  

od would range from 68 t o  93 c f s  and would provide approximately 20% of t h e  

spawning h a b i t a t  a t  t he  corresponding monthly h i s t o r i c  flows. 

c. Cut throat  Trout 

Juven i l e  cu t th roa t  t r o u t  u t i l i z e  the  Sul tan  River throughout the  

year.  The 1 i n  2 year proposed p ro jec t  flows from October through J u l y  would 

provide g r e a t e r  juveni le  c u t t h r o a t  t r o u t  r ea r ing  h a b i t a t  than do h i s t o r i c  

flows. J u l y  through September a r e  important growth months a s  flows decrease 

and the  abundance of food genera l ly  increases .  The 1 i n  2 year  h i s t o r i c  

monthly flows f o r  August and September are 150 and 240 c f s ,  r e spec t ive ly .  The 

1 i n  2 year  proposed p ro jec t  flows near the  d ivers ion  dam f o r  August and Sep- 

tember would provide approximately 55% and 90% of t h e  juveni le  h a b i t a t  a v a i l -  

a b l e  a t  t he  r e spec t ive  h i s t o r i c  monthly flows. 

Adult cu t th roa t  t r o u t  u t i l i z e  t h e  Su l t an  River throughout t h e  

year.  Proposed p ro jec t  flows near  Culmback Dam would reduce t h e  a v a i l a b i l i t y  

of a d u l t  cu t th roa t  t r o u t  h a b i t a t  from t h a t  provided a t  h i s t o r i c  flows. The 1 

i n  2 year  monthly proposed p ro jec t  flows f o r  October through June near  the  d i -  

vers ion  dam would provide more a d u l t  h a b i t a t  than t h a t  provided a t  correspond- 

ing  h i s t o r i c  flows. Proposed p ro jec t  flows near the  d ivers ion  dam during 

Ju ly ,  August and September would provide a d u l t  h a b i t a t  which is 651, 35% and 

40% of t h a t  occurr ing a t  corresponding monthly h i s t o r i c  1 i n  2 year flows. 



Proposed p r o j e c t  flows near  Culmback Dam would provide very l i t t l e  

c u t t h r o a t  t r o u t  spawning h a b i t a t  during t h e  Apr i l  and May spawning months. 

Proposed p r o j e c t  flows near  t h e  d ivers ion  dam would provide approximately 20% 

of the  spawning h a b i t a t  a v a i l a b l e  a t  t h e  h i s t o r i c  Apr i l  and May 1 i n  2 year  

flows. 

3. ANNUAL COST OF LOST ENERGY 

Release of water from Culmback Dam i n  excess of t h e  proposed 20 c f s  

w i l l  r e s u l t  i n  a l o s s  of generat ing power at t h e  power p l a n t  downstream. Each 

add i t iona l  10 c f s  cont inuously r e l eased  equals  approximately $400,000 per  year  

i n  l o s t  energy. While a d d i t i o n a l  r e l e a s e s  may improve condi t ions  f o r  t h e  l i f e  

s t ages  of some f i s h e s  near  Culmback Dan, l o c a l  inf lows below t h e  dam w i l l  aug- 

ment t h e  proposed 20 c f s  r e l e a s e  s o  t h a t  flows near  t h e  d ive r s ion  dam w i l l  

provide,  i n  some ins t ances ,  comparable o r  g r e a t e r  weighted usable  h a b i t a t  than 

t h a t  a v a i l a b l e  a t  h i s t o r i c  flows. Tables  IV-2, IV-3 and IV-4 summarize t h e  

energy c o s t s  a s soc ia t ed  w i t h  a d d i t i o n a l  flow r e l e a s e s  a t  Culmback Dam. 



TABLE IV-1 

January 

February 

March 

Apri l  

May 

June 

Ju ly  

August 

September 

October 

November 

December 

SULTAN RIVER PROJECT 

Monthly 1 i n  2 Year Flows 

Pre-Culmback 
Flow 

a t  Culmback 
Dam S i t e  ( c f s )  

Proposed 
Pro jec t  Flow a t  

t h e  Diversion 
Dam ( c f s )  (1) 

Proposed 
Pro jec t  

Flow Released 
from Culmback 
Dam ( c f s )  (2 )  

( 1 )  The proposed minimum flow requirement a t  t he  d ivers ion  dam is 30 c f s  

throughout t h e  year.  

2 The proposed minimum flow r e l e a s e  requirement from Culmback Dam is 20 c f s  

throughout the  year.  









SECTION V 

CONCLUSIONS 

1.  The proposed 1 i n  2  year monthly flows near Culmback Dam (20-21 

c f s )  w i l l  not provide meaningful amounts of s u i t a b l e  spawning h a b i t a t  f o r  

winter-run s t ee lhead ,  rainbow or  cu t th roa t  t r o u t .  Including l o c a l  inf low, t h e  

proposed flows would provide winter-run s tee lhead spawning h a b i t a t  i n  a  r e l a -  

t i v e l y  small a rea  near the  d ivers ion  dam a t  15-202 of that a v a i l a b l e  a t  pre- 

Culmback flows. Rainbow and c u t t h r o a t  t r o u t  spawning h a b i t a t  a t  p r o j e c t  flows 

near the  d ive r s ion  dam would be reduced t o  20% of t h a t  a v a i l a b l e  a t  pre- 

Culmback flows. 

2. The proposed 1 i n  2  year  monthly p ro jec t  flows would provide 

g r e a t e r  winter-run s tee lhead and c u t t h r o a t  t r o u t  juveni le  h a b i t a t  from October 

through J u l y  than do pre-Culmback flows. Including l o c a l  inf low, t h e  proposed 

flows would provide juveni le  s tee lhead h a b i t a t  near t h e  d ivers ion  dam a t  80% 

and 110% of t h a t  a v a i l a b l e  during the  r e spec t ive  months of August and Sep- 

tember under pre-Culmback flows. Near t h e  d ivers ion  dam, t h e  proposed p r o j e c t  

flows would provide l e s s  juveni le  cu t th roa t  t r o u t  h a b i t a t  than was a v a i l a b l e  

a t  h i s t o r i c  flows f o r  these  same months. Juven i l e  rainbow t r o u t  h a b i t a t  near 

Culmback Dam would be reduced a t  proposed monthly p ro jec t  flows a s  compared t o  

pre-Culmback flows. Proposed p ro jec t  flows near t h e  d ivers ion  dam would pro- 

v ide  more juveni le  rainbow t r o u t  h a b i t a t  than t h a t  a v a i l a b l e  a t  pre-Culmback 

flows from October through June but less from Ju ly  through September. 

3. Proposed 1 i n  2  year  monthly p ro jec t  flows near Culmback D a m  would 

provide less a d u l t  rainbow and c u t t h r o a t  t r o u t  h a b i t a t  than t h a t  a v a i l a b l e  a t  

pre-Culmback flows. Adult s tee lhead h a b i t a t  would be g r e a t l y  reduced i n  t h i s  

area a t  proposed p r o j e c t  flows. Near the  d ivers ion  dam l o c a l  inf lows inc rease  

proposed p ro jec t  re leased  flows t o  l e v e l s  that would provide a d u l t  winter-run 

s tee lhead h a b i t a t  comparable t o  t h a t  a v a i l a b l e  at pre-Culmback flows. Pro- 

posed p ro jec t  flows near  the  d ivers ion  dam would provide more a d u l t  rainbow 

and c u t t h r o a t  t r o u t  h a b i t a t  than t h a t  a v a i l a b l e  a t  pre-Culmback flows from 

October through June and less than t h a t  a v a i l a b l e  at pre-Culmback flows from 

June through September. 



4. Discharges above proposed p ro jec t  r e l e a s e  of 20 c f s  e n t a i l  l a r g e  

c o s t s  of l o s t  energy a t  even minimal increments. Each a d d i t i o n a l  10 c f s  of 

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

5. Due t o  the  small amount of winter-run s tee lhead spawning h a b i t a t  a t  

proposed p r o j e c t  flows, cons t ruc t ion  of an upstream f i s h  passage f a c i l i t y  a t  

. t h e  d ivers ion  dam is not recommended. 

6. It is apparent t h a t  the  most f e a s i b l e  use of the  reach between 

Culmback Dam and t h e  Ci ty  of Evere t t  d ivers ion  dam would be t h e  r e a r i n g  of 

winter-run s t ee lhead ,  rainbow and cu t th roa t  t r o u t .  The add i t ion  of s tee lhead 

f r y  or  advanced f r y  would c o n s t i t u t e  an enhancement measure over present  con- 

d i t i o n s  as these  f i s h  c u r r e n t l y  do not e x i s t  i n  t h i s  sec t ion  of the  Sul tan  

River. 
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