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The Snohomish County Public U t i l i t y  D i s t r i c t  i s  present ly  conducting a study 

to  determine the  f e a s i b i l i t y  of developing the  Sultan River f o r  hydroelectr ic  

power production. Part  of the study must address water a v a i l a b i l i t y  and a l loca-  

t ion among present and potent ia l  uses. The salmon resource i s  current ly  an 

important water user downstream from the  City of Everett  diversion dam (RM 9.7) 

Therefore, i t  is  imperative t h a t  the flow requirements of the  f i shery  resource 

be considered in the  a l loca t ion  of flows and-in the  seasonal and da i ly  operation 

of t he  proposed project .  

In 1967, the Department of Fisher ies  conducted a flow study in the  Sultan 

River mainly t o  determine f ishery needs i n  the  lower t h r ee  miles of the  r i v e r  

below the canyon area (Magee, 1967). The r e s u l t s  of t h a t  study indicated t h a t  

a minimum of 165 c f s  and 200 c f s  were needed f o r  salmon rear ing  and spawning, 

respect ively .  

I f  t he  P U D  decides t o  proceed with hydroelectr ic  development, t he  Department 

of Fisher ies  will  request t h a t  s u f f i c i e n t  water be re leased,  w i t h  minimal d a i l y  

f luc tua t ions ,  in order t o  maintain the salmon runs below the  ex i s t i ng  divers ion 

dam. Consequently, the PUD asked the  Department of F i sher ies  t o  provide minimum 

flow requirements f o r  salmon spawning and rear ing f o r  both the  lower r i v e r  and 

the  Sultan River canyon. The previously reported minimum rear ing and spawning 

flows a re  acceptable in the  lower 3.5 miles of r iver .  However, the  flow require- 

ments fo r  the canyon area were unknown when the  PUD made the  request  f o r  t h i s  

information. 

To f i l l  t h i s  knowledge gap, Fisheries personnel conducted a study during 

the  summer of 1978 t o  quantify the  flow requirements f o r  salmon spawning and 

rear ing in the Sultan River canyon (RM 3.3-9.7). Higher than normal flows 



during the summer prevented the coi lect ion of a l l  the data needed t o  determine 

adequate rearing flows for  both f a l l  chinook and coho salmon. Additional data 

will  be col lected in 1979 and rearing flows f o r  the canyon area wi l l  be 

determined in a l a t e r  report. 

METHODOLOGY 

The methodology we used t o  determine spawning flows f o r  f a l l  chinook and 

coho salmon in the Sultan River canyon i s  ca7led "Usable Width" analysis .  

This method y ie lds  re l iab le  spawning flow information and has been used by 

f ishery b io logis t s  in Llashington, Oregon, and Idaho f o r  a number of years.  

(McKinley, 1956; Elagee, 1967; Stalnaker and Arnette, 1976). 

The basic  procedure i s  as follows: (1)  Several study s t a t i o n s  a r e  selected 

a t  representative spawning areas. I f  possible ,  the s t a t i o n s  are  selected with 

respect t o  the spa t i a l  d is t r ibut ion of the spawning population; ( 2 )  one o r  

more t ransects  a r e  established across spawning areas within each s t a t i on ;  

( 3 )  a t  each of several flows, evenly spaced depth and veloci ty  measurements 

are made along the t ransects ;  ( 4 )  depth and veloci ty  d i s t r i bu t ion  curves are  

constructed f o r  each transect a t  each flow; (5)  the portion of each t r ansec t  

which a t  each flow f a l l s  within predetermined, species-specif ic  veloci ty  and 

depth spawning c r i t e r i a  i s  considered "usable width"; ( 6 )  usable width r e s u l t s  

from a l l  t ransec ts  are  combined and an overall  recommended spawning flow i s  

determined for  the  en t i re  r iver  sect ion.  

We based our select ion of representative study s t a t i o n s  on two c r i t e r i a :  

(1 )  s u i t a b i l i t y  of the substrate for  salmon spawning, and ( 2 )  a cces s ib i l i t y .  

The steep-walled Sultan River canyon forced us t o  r e s t r i c t  t he  search f o r  

study s i t e s  to areas near the limited number of access points .  Fortunately, 



we found three  su i t ab l e  s i t e s ' i n  the upper and middle por t ions  of the  canyon 

(Figure 1 ) .  

Sta t ion 1  ( R N  9.5), i s  located approximately 114 of a  mile below the City 

of Everett  diversion dam, adjacent t o  the  s i t e  where the  water divers ion l i n e  

tunnels underground headed f o r  Lake Chaplain. Two t r ansec t s ,  approximately 20 

f e e t  a p a r t ,  were es tabl ished across a  gravel bed c lose  t o  the l e f t  bank 
2 

downstream'. Transect reference points were painted on boulders a t  the 

edge. Sta t ion 2 (RM 7.6), i s  located about 100 f e e t  above the  mouth of 

Creek across the t a i l  of a  large pool. One t r ansec t  was es tab l i shed  i n  

(looking 

water ' s  

I.larsh 

the  

t a i l o u t  which has a  l a rge  amount of s u i t a b l e  spawning subs t ra te .  S ta t ion  3 

(RM 5.7), i s  located downstream of the  USGS gauge s t a t i on  below the  mouth of 

Chaplain Creek. Three t ransec t s  were es tabl ished a t  this s t a t i o n  - one in the  

t a i l  of the  pool below the  gauge cable crossing and two i n  the  r i f f l e  area  

immediately below the pool. Selection of the  study s t a t i o n s  was l a t e r  /' 

supported by spawner u t i l i z a t i o n  surveys conducted i n  October, 1978. 

After reviewing the  r e su l t s  of the  1967 flow study, we decided t o  make 

depth and velocity measurements a t  four  d i f f e r e n t  flows - approximately 200, 

150, 100, and 50 c f s  measured a t  the  Chaplain Creek gauge. The r e s u l t s  o f  

the  1967 study indicated t ha t  the preferred spawning and rear ing flows i n  the  

canyon should be bracketed by these study flows. City of Everett  Water D i s t r i c t  

s t a f f  a s s i s t ed  by notifying study personnel when r i v e r  flows approximated the  

desired t e s t ' f l ows .  

!4e modified the  f i e l d  procedure by a l s o  considering t h e  s u i t a b i l i t y  of 

the subs t r a t e  f o r  spawning along each t ransect .  Depth and veloci ty  measure- 

ments were made only along the portion of the  t r ansec t  with acceptable spanning 
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substra te .  We considered gravel and small cobble (diameter 1 /4  - 6 inches) 

su i tab le  spawning material and c l a s s i f i ca t i on  across each t r ansec t  was made 

by on-site inspection.  

Depth and veloci ty  measurements were made over the spawnable por t ions  of 

each t r ansec t  using a standard Gurley current  meter, a graduated wading s t a f f ,  

stopwatch, and 100 foot  cloth tape. Eleasurements were made a t  $-foot i n t e rva l s  

with one exception (5 foot  in te rva l s  a t  Sta i ion 3 ,  t r ansec t  1 ) .  The c lo th  tape 

and t r ansec t  markers on opposite banks were used to a l i gn  and loca t e  the  cur ren t  

meter f o r  each s e t  of measurements. A t  each measurement s i t e ,  t h e  depth was 

1 / recorded t o  the neares t  0.1 f e e t  and velocity- was  measured twice and averaged. 

The nieasurenients were recorded on data  forms along with the  discharge a t  the  

Chaplain Creek gauge and any other per t inen t  observations (Figure 2 ) .  

Spawning C r i t e r i a  

Fall Chinook Salmon 

The spawning c r i t e r i a  used t o  evaluate the  depth-velocity data  f o r  f a l l  

chinook were es tabl ished a f t e r  reviewing the  per t inen t  l i t e r a t u r e .  Chambers 

e t . .  a l .  (1955) made depth and veloci ty  measurements over 45 individual  f a l l  

chinook redds in the Kalama and Coweman Rivers in south-western Washington. 

Using his  frequency d i s t r ibu t ions  f o r  redd depth and v e l o c i t i e s ,  we developed 

modal range c r i t e r i a  (most widely used depths and ve loc i t i e s )  which we bel ieve 

a r e  appl icable  t o  the  Sultan River canyon. The f a l l  chinook depth c r i t e r i a  

range from 1.00 - 2.25 f e e t  and the  veloci ty  c r i t e r i a  range from 1.00 - 2.50 

f e e t  per second. Approximately 86 and 90 percent of the  45 measured f a l l  chinook 

redds f e l l  within these depth and velocity c r i t e r i a ,  respect ively .  

1/ Velocity: average velocity 0.4 f e e t  above the  bottom. This depth 
represents the  average location of f i s h  above the subs t r a t e  a t  t he  
time of redd construction.  



Coho Salmon 

Chambers e t .  a l .  (1955) a lso measured depth and ve loc i t ies  over 277 i n -  

dividual coho salmon redds on eleven streams i n  b!ashington. Using his  frequency 

d is t r ibu t ions  f o r  redd depths and ve loc i t i e s ,  we developed modal range c r i t e r i a  

t h a t  are r e a l i s t i c  f o r  evaluating coho salmon spawning flows. The depth c r i t e r i a  

range from 0.50 - 2.00 f ee t  and encompass about 80 percent of Chamber's observa- 

t ions .  The velocity c r i t e r i a  range from 0.55 - 2.25 fps and include about . 

83 percent of the  observations. 

RESULTS 

Figures 3 - 8 show the depth and veloci ty  d i s t r i bu t ions  ( so l id  l i n e s )  a t  

205, 149, and 109 cfs  for  a l l  s i x  study t ransects .  The f a l l  chinook spawning 

c r i t e r i a  (dashed l i n e s )  a r e  superimposed over the depth and veloci ty  p lo t s ,  

thus allowing the reader t o  evaluate the  a b i l i t y  of a ce r t a in  flow t o  provide 

adequate depth and velocities-. High sumer  runoff eliminated the p o s s i b i l i t y  

of taking measurements a t  flows l e s s  t h n  100 c fs .  However, ana lys i s  of t h e  

data collected a t  higher discharges revealed tha t  low flow measurements were 

not necessary t o  determine preferred spawning flows f o r  both species .  

All three study flows provide adequate ve loc i t ies  a t  Stat ion 1 ,  w i t h  t he  

exception of a portion of t ransect  2 a t  108 c f s  (Figures 3 and 4 ) .  However. 

flows greater  than 149 c f s  r e su l t  in depth becoming l imiting,and a t  205 c f s  
J 

both t ransects  are completely unsuitable f o r  f a l l  chinook spawning on the bas i s  

of the depth c r i t e r i a .  

The ve loc i t ies  a t  Station 2 were too low over t h e  e n t i r e  t r ansec t  a t  108 

c f s ,  borderline a t  149 c f s  and acceptable over much of the  gravel a t  205 c f s  

(Figure 5 ) .  Hok~ever, depths were most sa t i s fac tory  a t  108 c f s  w i t h  progressively 

l e s s  su i tab le  depth as discharge increases.  



S t a t i o n  3, t r a n s e c t  1, i s  l oca ted  i n  an area deeper, w ide r  and s lower  

than the  o t h e r  f i v e  t ransec ts .  V e l o c i t i e s  a r e  b o r d e r l i n e  a t  205 c f s  and 

f l ows  o f  108 and 149 c f s  produce i n s u f f i c i e n t  v e l o c i t y  f o r  spawning f a l l  
2/ 

chinook (F igu re  6 ) .  I n  con t ras t ,  the  two t ransec ts  i n  the  r i f f l e  a t  S t a t i o n  3 

( t ransec ts  2  and 3)  a re  i n  a  c o n s t r i c t e d  area w i t h  r e l a t i v e l y  h i g h  v e l o c i t i e s  

and shal low depths. Al though 108 c f s  y i e l d s  t h e  most usable w i d t h  f rom a  
a 

v e l o c i t y  s  andpoint,  depths are too  sha l low over  the  m a j o r i t y  o f  b o t h  t r a n s e c t s  

(F igures 7 and 8). The minimum acceptable d ischarge f rom a  dep th  s t a n d p o i n t  i s  

approxin late ly  150 cfs .  

Table 1  summarizes t h e  r e s u l t s  o f  t h e  usab le  w i d t h  a n a l y s i s  f o r  f a l l  

chinook spawning h a b i t a t .  Usable w i d t h  a t  each f l o w  i s  d e f i n e d  as t h a t  

p o r t i o n  o f  t h e  t r a n s e c t  w i t h  bo th  s u i t a b l e  v e l o c i t i e s  and depths. A t  S t a t i o n  1, 

the  optimum spawning d ischarge i s  149 c f s  as t h i s  f l o w  y i e l d s  100 pe rcen t  

usable w i d t h  f o r  b o t h  t ransec ts .  Close i n s p e c t i o n  o f  F igu re  5  r e v e a l s  t h a t  

the  bes t  spawning f l o w  a t  S t a t i o n  2  i s  between 149 and 205 c f s .  An i n t e r m e d i a t e  

f low maximizes usable w i d t h  f o r  bo th  depth and v e l o c i t y .  By i n t e r p o l a t i n 9  

between 149 c f s  and 205 c fs  depth and v e l o c i t y  p l o t s ,  175 c f s  curves  can be 

approximated. We d i d  t h i s  and e s t i ~ i i a t e d  t h a t  175 c f s  would produce a  peak 

usable w id th  o f  65.3 percent  a t  S t a t i o n  2. I f  you  sum the  usab le  w id ths  and 

t o t a l  w id ths  f o r  t h e  t h r e e  t ransec ts  a t  S t a t i o n  3, t h e  h i g h 2 s t  combined p e r c e n t  

usable w i d t h  (29.8 percent )  i s  obta ined a t  205 c f s .  A  d ischarge o f  149 c f s  

o n l y  y i e l d s  a  combined percent  usable w id th  o f  11.0 percent .  



Unfortun 

DISCUSSIO?i 

~ o s s i b l e  t o  simul t a n e o ~  la te ly ,  i t  i s  i m ~   sly provide optimum spawning 

flows for  f a l l  chinook salmon a t  a l l  th ree  s t a t i o n s  i n  the Sultan River canyon. 

A s ing l e  flow is needed which will s a t i s f y  the  spawning requirements f o r  a 

majori ty of the  f i s h  u t i l i z ing  the canyon. Table 2 combines t h e  usable width 

r e s u l t s  f o r  a l l  s i x  t ransec t s  which allows evaluation of the d i f f e r e n t  flows 

on a canyon-wide basis. The r e su l t s  ind ica te  t h a t  149 c f s  i s  the  preferred 
I 

spawning discharge i f  differences in the  s p a t i a l  d i s t r i bu t ion  of spawners a r e  

not considered. 

However, the  spawning surveys conducted in the  f a l l  of  1978 did allow us 

t o  determine t he  areas  most heavily u t i l i z ed  by the f i sh .  This information 

should be considered in determining the  most s u i t a b l e  spawning flow. Table 3 

shows the  estimated f a l l  chinook escapement t o  the  Sultan River canyon by section. 

Sections I and 111 have s imilar  channel c h a r a c t e r i s t i c s  and a r e  best  represented 

by Stat ions  1 and 2.  Section I1  encompasses and i s  best  character ized by the  

three t ransec t s  a t  Station 3. The survey ind ica tes  t h a t  about 70 percent of the 

f a l l  chinook spawning i n  the  canyon u t i l i z e  the 2.5 miles of Section 11, while 

the  remaining 30 percent a r e  d i s t r ibu ted  between Sections I and 111. 

Selection of 149 c f s  a s  the recommended spawning flow would e l iminate  much 

of the preferred spawning hab i ta t  f o r  the  majori ty of the  f i s h  s ince  205 c f s  

and not 149 c f s  i s  the optimum flow a t  Sta t ion 3 (and presumably in  Section 11) 

Recommending 205 c f s  fo r  the whole canyon would maximize spawning hab i ta t  a t  

Sta t ion 3 (and in Section 11). However, t h i s  i s  not de s i r ab l e  e i t h e r  s ince 

t h i s  flow e s sen t i a l l y  eliminates spawning in four  miles of canyon u t i l i z e d  by 

30 percent of the  population. The evidence points  t o  s e l e c t i n g  an intermediate 

flow between 149 and 205 c fs .  



Therefore, on the basis of t h i s  study, we have determined t h a t  175 c f s  

i s  the optimum span ing  flow f o r  f a l l  chinook salmon i n  the canyon. T h i s  

flow provides soce usable spawning area a t  Stat ion 1 ,  maximizes spawnable area  

a t  Station 2, and provides habi ta t  f o r  s ign i f i can t  amounts of spawning i n  t h e  

heavily u t i l i z e d  area represented by Station 3. 

Spawning fa1 1 chinook redds were f i r s t  observed in the  canyon i n  e a r l y  

October t h i s  year. These f i sh  ascended the r i v e r  in l a t e  September. Therefore, 

we recormend t h a t  commencing September 15 of each year ,  a minimum discharge of 

150 c fs  be maintained t o  provide t ransporta t ion water f o r  re turning adults.  

Commencing October 1,  we would recommend t h a t  discharge b e  increased t o  175 

c f s  (measured a t  Chaplain gauge) t o  provide adequate spawning flows. 

Coho Salmon 

Table 4 summarizes the r e su l t s  of the usable width analysis  f o r  coho 

salmon spawning habi ta t .  \.k completed t h i s  analysis  using the same depth and 

velocity p lo t s  and techniques used t o  perform the f a l l  chinook analysis .  The - 
only difference i s  t ha t  coho spawning c r i t e r i a  were subs t i tu ted  f o r  f a l l  chinook 

c r i t e r i a  i n  making the evalutions. The r e s u l t s  c lear ly  i nd ica t e  t h a t  the over- 

a l l  optimum flow for  coho salmon spawning i n  the  canyon i s  108 c f s .  This 

finding leads t o  the conclusion t h a t  following completion of  f a l l  chinook 

spawning i n  October, discharge whould be lowered from 175 t o  108 c f s ,  i f  

possible, t o  accomodate coho. However, the  well-being of t h e  incubating 

chinook eggs must be considred before se lec t ing  t h i s  flow f o r  coho. The depth 

and veloci ty  plots  (Figures 3 - 8 )  ind ica te  t h a t  chinook redds constructed a t  

the study s t a t i o n s  a t  175 cfs  would be adequately covered with water a t  108 cfs .  

However, addit ional surveys would be necessary t o  determine i f  chinook redds 

a r e  adequately covered a t  108 c f s  in other areas of the canyon. 
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CONCLUSIONS 

1 )  The recommended spawning discharge fo r  f a l l  chinook salmon i n  t he  

Sultan River canyon i s  175 c f s  commencing October 1 s t  of each year. 

Minimum transportation flows of 150 cfs  should commence by September 15th 

of each year. 
A 

2 )  The preliminary spawning discharge for  coho salmon i s  108 c f s .  T h i s  

discharge i s  provisional and i s  subject  t o  upward revision based on 

fu ture  investigations t o  determine coho u t i l i z a t i o n  and whether reduced 

flows wil l  adequately cover f a l l  chinook redds. Coho u t i l i z a t i o n  and 

time of spawning will be determined based on surveys t o  be conducted i n  

November-December, 1978. 

3 )  Additional f i e l d  work wil l  be conducted during the summer of 1979 t o  

quantify rearing flows f o r  coho and f a l l  chinook salmon. 
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