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S U M M A R Y  

The Sultan River Hydroelectric Project w i l l  s ignif icant ly  a l t e r  

t h e  flow regime i n  16 miles of r i v e r  downstream from Culmback D a m .  

Since various anadromous f i sh  species/ l i fe  stages u s e  t h e  9.7-mile r iver  

reach below t h e  Everett diversion dam, the licensee agreed with f i s h  and 

wi ld l i fe  agencies t o  determine short- and long-term impacts of sedimenta- 

t ion  and compaction of spawning gravels due t o  project constuction and 

operation. I n  order t o  evaluate pre-construction conditions, a baseline 

s tudy of spawning g r a v e l  t e x t u r e  was i n i t i a t e d  by t h e  Pub l i c  U t i l i t y  

D i s t r i c t  No. 1 of Snohcmish County i n  the  spring of 1982. I n  order t o  

determine e f fec ts  of project construction on sediment texture,  the  subject 

of t h i s  study, gravel samples were collected and evaluated during February 

- April 1984 following termination of construction ac t iv i t i e s .  This report  

compares pre-construction (baseline) study resu l t s  with those of post- 

construction. In  1987, three years following operation s t a r t  up, sediment 

samples w i l l  again be collected and evaluated. 

Objectives of t h i s  study were to: 

1 .  Determine t h e  s p a t i a l  v a r i a b i l i t y  of sediment samples among 

selected spawning reaches between t h e  divers ion dam downstream t o  

the  r iver  mouth; 

2 .  Determine the  ver t ica l  heterogeneity of sediments within and among 

spawning reaches ; 

3. Compare pre-construction sediment composition with tha t  of post- 

construction; 

4 .  Compare pre- and post-construction sediment composition with t h a t  

of other west coast drainages: 

5. Determine the expected survival of incubating salnwnid eggs by 

comparing Sultan River gravel texture  t o  reported relationships 



of survival and tex tura l  compostion i n  the  laboratory and other 

Pacif ic  Northwest drainages. 

Streambed sediments were removed from f ive  salmonid spawning 

reaches using a t r i - tube freeze-core sampler. A t o t a l  of 50,  12 inch-deep 

core samples w e r e  collected. Each core w a s  subdivided i n t o  four 3-inch 

s t r a t a  yielding a t o t a l  of 200 subsamples. 

Gravel samples were analyzed by w e t  sieving through a graduated 

ser ies  of Tyler screens. Tex tu ra l  composition was calculated using t h e  

computer program SEDIMNT a t  t h e  Fisheries Research I n s t i t u t e  (FRI), Univer- 

s i t y  of Washington. This program provided various substrate  s t a t i s t i c s  and 

expressed texture i n  terms of gecsnetric mean diameter and percentage of 

f ines  less than 0.841 nrm i n  diameter. 

Results showed the  tex tura l  composition of Sultan River streambed 

sediments following project  construction (1984) was generally similar t o  

t h a t  evaluated fo r  the  same sites pr ior  t o  construction (1982) .  Some 

differences, however, did occur. 

Gravels sampled a t  s ta t ions  located near the  r iver  mouth and 2 

miles downstream of the  powerhouse had the  coarsest texture, and provided 

the  most sui table  egg incubation qua l i t i es ,  i n  both 1982 and 1984. The 

only s ignif icant  change a t  corresponding s ta t ions between 1982 and 1984 was 

a t  s ta t ion  5 4 ,  upstream of the powerhouse, where a decrease i n  f ine  sedi- 

ments was noted. 

The average proportion of f ine  sediment less than 0.841 mm i n  

diameter f o r  a l l  s t a t i o n s  ranged between 4.5 and 10 .4  percent .  This  

compares favorably t o  reported levels  i n  15 re la t ive ly  undisturbed west 

coast salmonid spawning streams where averages ranged between 3 and 21 

percent. 

Sediment s t r a t i f i c a t i o n  was apparent during both years of study. 

The combined mean values of t h e  upper 3 inches of substrate contained a 



v i i  

s i g n i f i c a n t l y  lower percentage of f i n e s  and a g r e a t e r  geometric mean 

pa r t i c l e  s i z e  than did t h e  underlying 9 inches of sediment. 

I t  appears the  tex tura l  composition of Sultan River spawning 

gravels following project  construction remains qui te  good and could provide 

sui table  conditions t o  y i e ld  high ra tes  of embryonic survival,  depending on 

other survival-limiting factors.  

Based on r e su l t s  of t h i s  study, the  need f o r  mitigative measures 

fo r  maintaining t h e  qual i ty  of sa lmnid  spawning gravels is not indicated. 

Another study w i l l  be conducted 3 years following project opera- 

t ion.  Comparison of r e su l t s  i n  t h i s  report t o  those of the  future  study 

w i l l  help determine whether or not mitigative measures a re  required i n  

order t o  maintain r ive r  gravel of sui table  quali ty.  





1.0 INTRODUCTION 

1 .1 AUTHOR1 ZATION 

This  s tudy was author ized  and funded by Publ ic  U t i l i t y  D i s t r i c t  

No. 1 of Snohomish County (PUD). It c o n s t i t u t e s  t h e  second of a three-par t  

s tudy of t h e  e f f e c t s  of t h e  Su l t an  River Hydroelectr ic  Projec t ,  Federal  

Energy Regulatory Commission (FERC) Pro jec t  NO. 2157, on t h e  t e x t u r a l  

composition of salmonid spawning gravels .  

1.2 PROJECT BACKGROUND 

Plans  f o r  hydroe lec t r i c  development on t h e  Su l t an  River call f o r  

diversion of water from Culmback Dam (RM 16.5) t o  a powerhouse (RM 4.5) 

having a t o t a l  i n s t a l l e d  capaci ty  of 112 mw (Figure 1). Water w i l l  be 

returned t o  t h e  r i v e r  a t  t h e  powerhouse, i f  operat ing,  o r  a t  t h e  C i t y  of 

Evere t t  d ivers ion  dam (RM 9.7), regardless  of powerhouse operat ion.  Water 

r e t u r n e d  ups t ream t o  t h e  d i v e r s i o n  dam w i l l  p r o v i d e  c o n t r o l l e d  f l o w s  

downstream t o  t h e  powerhouse a t  a l l  times. This  w i l l  a s su re  s u i t a b l e  flow 

condit ions f o r  anadromous f i shes .  For f u r t h e r  d e t a i l s  of p r o j e c t  f ea tu res ,  

flow regimes, e x i s t i n g  aqua t i c  and t e r r e s t r i a l  resources and expected 

p ro jec t  impacts, r e f e r  t o  PUD 1982. 

1 . 3  ENVIRONMENTAL SETTING 

The t e x t u r a l  composition of streambed sediments r e s u l t s  pr imar i ly  

from a r i v e r ' s  flow regime, t h e  na tu re  of s o i l s  and e ros ive  a c t i v i t i e s  i n  

its drainage and streambed gradient .  I n  t h e  Su l t an  River, t h e s e  parameters 

have combined t o  provide streambed sediments (g rave l s )  which a r e  present ly  

used by spawning anadromous f i s h e s  upstream t o  t h e  Evere t t  d ivers ion  dam 

(RM 9.7) .  Species a r e  chinook, coho, pink and chum salmon, s tee lhead and 

sea-run cut throat .  

Between RM 9.7 and RM 3 . O ,  t h e  Sul tan  flows through a narrow 

canyon i n  a s e r i e s  of pools and r i f f l e s  (Figure 2 ) .  The r i v e r  bed here 

cons i s t s  pr imar i ly  of bedrock, boulders and cobble. Gravel patches occur 

sparse ly  throughout t h i s  sec t ion  and have been h i s t o r i c a l l y  subjec ted  t o  

extreme flow f l u c t u a t i o n s  reaching over 10,000 c i s  every 1 i n  3.2 years  





Figure 2 .  SULTAN RIVER HABITAT MAP. BETWEEN 
DIVERSION D A M  A N D  RIVER MOUTH 



(Eicher 1 9 8 1 ) .  See Figure 3 f o r  Su l t an  River (Spada Lake) d a i l y  inflow and 

exceedance frequency. High flows can produce s u f f i c i e n t  ve loc i ty  t o  scour 

t h e  stream bed and cause gravel  movement. This  can r e s u l t  i n  dislodgement 

and des t ruct ion  of salmonid eggs and a lev ins ,  and i n  extreme cases, cause 

ac tua l  l o s s  of spawning g rave l  (Burgner 1982).  

Below t h e  powerhouse, t h e  r i v e r  f lows through approximately 1.5 

m i l e s  of canyon followed by 3.0 miles of g l a c i a t e d  s o i l s  u n t i l  reaching i t s  

confluence with t h e  Skykomish River a t  t h e  town of Sultan. Below the 

canyon, t h e  r i v e r  widens and t h e  c h a ~ e l  occasionally s p l i t s ,  c r e a t i n g  

i s l ands  and numerous low-velocity s i d e  channels. Cobble and gravel  are 

abundant, providing condit ions q u i t e  conducive t o  anadrawus f i s h  spawning. 

1 .4  PROJECT EFFECTS 

H y d r o e l e c t r i c  development w i l l  a l t e r  t h e  f low regime of t h e  

s u l t a n  River. This w i l l  include increased minimum flows during low flow 

periods and reduced frequency and magnitude of l o w  t o  rmderate f lood flows 

below Culmback Dam t o  t h e  r i v e r  mouth. Between t h e  diversion dam (RM 9.7) 

and powerhouse (RM 4.51, flows w i l l  be regula ted  continuously a t  l e v e l s  

determined t o  provide optimum o r  adequate condit ions f o r  salmonid l i f e  

stages. Except during extreme high f loods,  when s p i l l s  would occur a t  

Culmback Dam, winter and sp r ing  f r e s h e t s  would no longer exist i n  t h i s  

r i v e r  sec t ion  (PUD 1982) .  While e l iminat ion  of f r e she t s  would appear t o  

o f f e r  improved flow condit ions by providing water depths and v e l o c i t i e s  

more favorable t o  f i s h  l i f e ,  t h e s e  f r e s h e t s  can a l s o  play an important r o l e  

i n  cleansing stream beds of f i n e  sediments (Shapley and Bishop 1965 ) .  

Entrapment of upstream sediment sources i n  t h e  s torage  rese rvo i r  combined 

with in te rmi t t en t  s p i l l s  of c l e a r ,  larsediment-bearing water may o f f s e t  

sediment accumulation r e s u l t i n g  from reduced frequency of f r e she t s .  For 

t h e s e  reasons, it becomes important t o  know whether o r  not flow constancy 

f o r  ex tended  p e r i o d s  of t i m e  r e s u l t s  i n  a b u i l d u p  of f i n e  sed iment s  

i n  stream bed gravels.  

An increased proport ion of f i n e  sediments i n  salmonid spawning 

gravels  may reduce gravel  pore s i z e  and permeability, thus  inf luencing 





su rv iva l  t o  emergence of incubating embryos. This  occurs primari ly a s  a 

r e s u l t  of ( 1 )  decreased in t rag rave l  water ve loc i ty  which c a r r i e s  oxygen t o  

and removes metaboli tes  from incubating embryos and ( 2 )  decreased i n t r a -  

gravel  movement and emergence of a l e v i n s  (Lotspeich and Everest 1981) .  

Downstream of t h e  powerhouse p r o j e c t  flows w i l l  a l s o  be s t a b i l -  

i z e d  during times of high p r e c i p i t a t i o n  or runoff; however, flows of 1,300 

c f s  o r  g rea te r  w i l l  p e r s i s t  f o r  longer durat ions.  I t  is uncertain whether 

or not  such a change i n  t h e  flow regime w i l l  r e s u l t  i n  a l t e r e d  streambed 

t e x t u r e  i n  t h e  lower r ive r .  

1.5 STUDY SCOPE AM) ORJECTIVES 

A s  p a r t  of t h e  process t o  ob ta in  a FBRC l i cense  t o  cons t ruct  t h e  

p ro jec t  an Uncontested Offer  of Set t lement was made between t h e  J o i n t  

Agencies (see page 8 )  and t h e  l icensee .  Item 3 of t h a t  agreement r equ i res  

t h a t  a d e t e r m i n a t i o n  be made of  . shor t - t e rm and long-term impacts  of 

sedimentat ion, gravel  compaction and spawning gravel  reduction i n  t h e  

Sul tan  River due t o  cons t ruct ion  and opera t ion  of t h e  projec t . "  A three-  

phase evaluat ion of t h e  t e x t u r a l  composition of streambed sediments ( 1 )  

p r i o r  t o  p ro jec t  construct ion ( 2 )  following completion of construct ion,  but 

p r i o r  t o  projec t  operat ion,  and ( 3 )  3 years  following i n i t i a l  p r o j e c t  

o p e r a t i o n ,  w i l l  d e t e r m i n e  whether  o r  n o t  spawning g r a v e l  q u a l i t y  has  

changed a s  a r e s u l t  of p ro jec t  cons t ruct ion  and/or operation. Al te ra t ion  

of gravel  quant i ty  a s  a r e s u l t  of p ro jec t  operat ion w i l l  be evaluated i n  

subsequent s tudies .  

The s u b j e c t  of t h i s  r e p o r t  i a  a n  e v a l u a t i o n  of t h e  t e x t u r a l  

composition of Sul tan  streambed gravels  fol lowing p ro jec t  construction. 

R e s u l t s  of t h i s  s t u d y  a r e  h e r e i n  compared t o  p r e - c o n s t r u c t i o n  g r a v e l  

t e x t u r e  and w i l l  be l a t e r  compared t o  gravel  t e x t u r e  th ree  yea r s  following 

operation start-up. Object ives of t h i s  s tudy w e r e  completed by: 

1 )  Determining t h e  s p a t i a l  v a r i a b i l i t y  of sediment samples among 

spawning r e a c h e s  between t h e  d i v e r s i o n  dam and r i v e r  mouth; 



2 )  determining t h e  v e r t i c a l  he te rogenei ty  of sediments w i th in  

and among spawning reaches; 

3 )  comparison of pre-construction Sultan River sediment composition 

w i t h  t h a t  of post-construction; 

4 ) comparison of pre- and post-construction sediment composition with 

tha t  of other west coast drainages. 

5 )  determining the  expected survival of incubating salmonid eggs by 

comparing Sultan River gravel texture  t o  reported relationships of 

s u r v i v a l  and t e x t u r a l  composition from l abora to ry  and f i e l d  

investigations of other Pac i f ic  Northwest drainages. 



2.0 METHODS 

2.1 SAMPLE COLLECTION 

Following t h e  remmnendation of Adams and Beschta (1980) and 

because t h e  in ten t ion  of t h e  gravel  t e x t u r e  analyses was t o  index Su l t an  

River q u a l i t y  as a f i s h e r i e s  resource, t h e  stream bed was sampled during 

t h e  w i n t e r  when eggs  of anadromous f i s h  are i n  t h e  g r a v e l .  S u b s t r a t e  

samples used t o  eva lua te  t h e  q u a l i t y  of spawning gravels  were co l l ec ted  

d u r i n g  February  and March, 1984, a t  f i v e  spawning r e a c h e s  ( sampl ing  

s t a t i o n s )  shown i n  Figure 4.  The loca t ions  of t h e s e  s t a t i o n s  were coopea-  

t i v e l y  se lec ted  during t h e  base l ine  study phase by f i s h e r i e s  b i o l o g i s t s  

from t h e  J o i n t  Agencies: Washington Department of F i she r i e s  (WDF), Wash- 

ington Department of Game (WDG) , National  Marine F i she r i e s  Service (NMFS) , 
U S .  F ish  and Wildl i fe  Service  (USFWS), and T u l a l i p  Indian Tribes.  Salmon 

o r  s tee lhead have been observed a t  a l l  study sites during spawning surveys 

conducted by WDP, WDG and Eicher Associates between 1978 and 1982. 

Three  s t a t i o n s  w e r e  l o c a t e d  downstream and two ups t ream of  

t h e  powerhouse (RM 4.5). The s t a t i o n s ,  henceforth r e fe r red  t o  a s  S1, 

S2, 53, 5 4  and 55 a r e  located  a s  follows: 

sl (RM 0 .1)  l i e s  along t h e  w e s t  ( r i g h t )  bank j u s t  north of SRZ bridge 

a t  t h e  town of Sul tan  publ ic  park (Figure 5 ) .  

S2 (RM 0.8) is mid-channel approximately 300 yards downstream of 

Winters Creek conf h e n c e  (Figure 6 ) .  

53 (RM 2.5) is along t h e  e a s t  ( l e f t )  bank approximately 400 yards 

downstream from t h e  BPA powerline c ross ing  a t  t h e  end of F i r s t  

S t r e e t  (Figure 7 ) .  

S4 (RM 4.7) is located  adjacent  t o  t h e  w e s t  bank approximately 50 

ya rds  downstream from C h a p l a i n  Creek gag ing  s t a t i o n  ( F i g u r e  

8 ) .  



LEGEND 

P - POOL 
S - U N D  
C - COBBLE RUN 
8 -BOULDERS 
R - RIFFLE 

1 INCH - 2.004 FEET 
1- - 
14' -  S t a t i o n  
I .- I 

F i g u r e  4 ~ a p  o f  S u l t a n  River g r a v e l  sampl ing s t a t i o n s .  



55 (RM 7.2) i s  s i t u a t e d  along t h e  west bank between Marsh Creek 

confluence and Horseshoe Bend i n  t h e  a r e a  r e f e r r e d  t o  a s  t h e  

Gold Camp (Figure 9 ) .  

Table 1 shows spawning use a t  a l l  sampling s ta t ions.  

Table 1.  Anadromus f i s h  spawning use a t  gravel sampling s ta t ions,  
Sultan River, Washington. 

River Primary s awning occasional Spawning 
s ta t ion  M i l e  U s e  P Use 

s1 0.1 SH CH 
52 0 -8 P CA, 
53 2.5 SH, C H  CO, P -- 
S4 4 -7 SH, CH -- 
55 7.2 SH, CH W 

lSpecies code: SH(stee1head). CH (chinook), W (coho), P (pink) 

In  addition t o  t h e  requirement t h a t  study locations are  areas 

used by spawning salmonids, s ta t ions were selected on the  basis of repre- 

sentativeness of associated r ive r  reach and accessibi l i ty .  The location of 

the  s ta t ions and the  c r i t e r i a  used i n  t h e i r  selection were f i e l d  approved 

by Jo in t  Agency f isher ies  biologists pr ior  t o  i n i t i a t i o n  of f i e l d  sampling. 

A t  each s t a t i o n  10 samples were obtained along a t r a n s e c t  

para l le l  t o  the  direction of water movement. These samples were collected 

a t  t h e  same random distances along t h e  t ransect  as  i n  t h e  baseline study 

within locations having spawning s i z e  gravel less than 4 inches i n  diame- 

t e r .  A l l  samples from a given s ta t ion  were collected within an 8-hour 

period. Table 2 shows r ive r  flows f o r  each sample day by location. 
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FIGURE 5 Map of gravel sampling station S1. 
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Table 2. Su l t an  River flows during each d a t e  gravel  samples 
were co l l ec ted  i n  1984. 

Flow 
S t a t i o n  Date ( c f s )  

A t r i - t u b e  freeze-core sampler, as described by Lotspeich and 

Reid  (1980)  and E v e r e s t  e t  a l .  (1980) .  was used  t o  o b t a i n  r e l a t i v e l y  

undisturbed s u b s t r a t e  samples. A list of equipment used, sources and 

cos t s  a r e  provided i n  Appendices A and B. To ta l  c o s t  f o r  major equipment 

i t e m s ,  excluding carbon dioxide (C02) and cyl inders ,  was approximately 

$1,700. 

The advantages of freeze-core sampling over more t r a d i t i o n a l  

methods have been w e l l  documented ( S h i r a z i  and Seim 19791, p a r t i c u l a r l y  i ts  

a b i l i t y  t o  de tec t  s t r a t i f i c a t i o n  of sediments. Ver t i ca l  heterogeneity has 

been observed i n  some spawning bed mate r i a l s  (Peterson 1978; S h i r a z i  e t  al .  

1979; Adam 1979) but  not i n  o the r s  ( P l a t t s  -- et  a l .  1979). 

F i e l d  sampling procedures involved d r iv ing  t h r e e  s t a i n l e s s  steel 

probes i n t o  t h e  stream bed t o  a depth of 30 cm (12 inches) .  The alignment 

of t h e  probes and t h e  depth t o  which they w e r e  driven were con t ro l l ed  by 

two templates (depth gage-extractor).  Liquid carbon dioxide was discharged 

f o r  approximately 5 minutes through manifolds i n t o  t h e  lower por t ion  of 

each probe where it vaporized, inducing rap id  f r eez ing  of adjacent  i n t e r -  

s t i t i a l  water and sediments t o  t h e  probes. One 9-kg (20-lb) cy l inder  of 

carton dioxide was used f o r  each sample. 

I n  o r d e r  t o  a s s u r e  r a p i d  sed iment  f r e e z i n g  and uni form s i z e  

cores, t h e  t h r e e  10 micron f i l t e r s  a t tached t o  t h e  gas del ivery manifolds 

were replaced o r  cleaned following t h e  discharge of twenty carbon dioxide 

cylinders.  Cleaning was accomplished~by backflushing f i l t e r s  with compres- 

sed  a i r  and tapping f i l t e r s  t o  dislodge contaminants. 



For s a f e t y  purposes a 3.5 ga l lon  galvanized steel bucket was 

i n v e r t e d  o v e r  man i fo lds  and h e l d  i n  p l a c e  u n t i l  t h e  C02 c y l i n d e r  had 

completely discharged. Th i s  was done i n  order  t o  avoid sudden upward 

surges of manifolds when gases be- trapped as condensation f r o z e  i n  t h e  

bottom of probes. 

The probes and adhering sediment w e r e  ex t rac ted  from t h e  sub- 

s tratum us ing a hand winch a t tached t o  a t r i p o d  s i t u a t e d  overhead. The 

core was then posi t ioned h o r i z o n t a l l y  over a set of s i x ,  adjacent ,  7.6  c m  

( 3  inch) wide galvanized aluminum boxes and thawed with propane torches.  

Material  which f e l l  i n t o  t h e  boxes w a s  co l l ec ted  and t r a n s f e r r e d  t o  thick- 

gage p l a s t i c  bags and taken t o  t h e  labora tory  f o r  analys is .  The weight of 

a s i n g l e  core, comprised of four  subsample strata, ranged between 5 and 10 

kilograms ( 1  1 and 22 pounds). 

2.2 LAB ANALYSIS 

The procedures used t o  q u a n t i t a t i v e l y  s o r t  gravel  samples i n  t h e  

laboratory a r e  i d e n t i c a l  t o  t h o s e  described i n  Wert et  a l .  ( 1982 ) .  Subsam- 

p l e s  were analyzed separa te ly  by washing t h e  sediment through a series of 

10 Tyler  screens ranging from 53.8 t o  0.105 mm (2 .12  t o  0.004 inches)  i n  

mesh diameter i n  order  t o  s e p a r a t e  p a r t i c l e  s i z e  groups. The volumetric 

displacement of mater ia l  r e t a ined  on each s i eve  was measured t o  t h e  nea res t  

m i l l i l i t e r .  Fine sediment pass ing through t h e  smal l e s t  s i eve  was concen- 

t r a t e d  i n  a la rge  funnel  and allowed t o  s e t t l e  f o r  approximately one-half 

hour. For t h e  purposes of t h i s  study, it was assumed t h a t  t h e  f ine-grained 

sediment  c o l l e c t e d  i n  a g r a d u a t e d  c y l i n d e r  a t  t h e  b a s e  of t h e  f u n n e l  

averaged 0.063 mm i n  diameter,  t h e  s i z e  c l a s s  known a s  "wash load" of 

channel sediments (American Geophysical Union 1947) .  

Data co l l ec ted  by t h e  volumetric method was corrected f o r  b i a s  

r e s u l t i n g  from i n c r e a s e d  w a t e r - h o l d i n g  c a p a c i t y  of f i n e r  sed iment s .  

Following t h e  suggestion of S h i r a z i  and Seim ( 19791, t h e  dry contents  of 

t h e  1.68 mm s i e v e  was used t o  e s t ima te  t h e  dens i ty  of t h e  sediment by 

d iv id ing t h e  dry weight of t h e  sample i n  grams by t h e  volume of water it 

displaced i n  cubic centimeters .  The dens i ty  was est imated f o r  a t  least 



one sample from each study area. A f t e r  averaging, t h e s e  es t imates  enabled 

a correc t ion  fac to r  t o  be appl ied  t o  volumetric d a t a  i n  order  t o  der ive  dry 

weight es t imates  of t h e  d i f f e r e n t  p a r t i c l e  s i z e  c lasses .  

2.3 DATA ANALYSIS 

2.3.1 REVIEW OF SUBSTRATE INDICES 

~ l t h o u g h  t h e r e  is  general  concensus among f i s h e r i e s  b i o l o g i s t s  

t h a t  t h e  t e x t u r a l  composition of spawning s u b s t r a t e s  a f f e c t s  s u r v i v a l  

and emergence of s a l m n i d  embryos, a u n i f i e d  methodology f o r  c o l l e c t i n g  

and i n t e r p r e t i n g  gravel  q u a l i t y  has not been adopted. The causal  f a c t o r s  

of mor ta l i ty  a r e  genera l ly  bel ieved t o  be t h e  reduction of oxygenated water 

t o  incubating embryos and t h e  t r app ing  of a l ev ins  during t h e  emergence 

period. Both of these  a r e  r e l a t e d  t o  t h e  proport ion of f i n e  sediments 

within gravel .  Consequently, researchers  have used an es t imate  of t h e  

percentage of f i n e s  less than  a spec i f i ed  diameter (e.g., 0.841 mm, 1.0 mm, 

3.3 mm o r  6.5 mm) t o  i n t e r p r e t  t h e  s u i t a b i l i t y  of streambed mate r i a l s  f o r  

spawning and incubation. More recent ly ,  inves t iga to r s  have recognized t h e  

inadequacy of using "percent f i n e s "  a s  a comprehensive index of s u b s t r a t e  

q u a l i t y  and have proposed var ious  standardized indices  t o  cha rac te r i ze  

t h e  t e x t u r a l  composition of spawning gravels .  

P l a t t s ,  e t  a l .  (1979)  f i r s t  advoca ted  u s e  o f  geomet r i c  mean 

d i a m e t e r  ( d g )  a s  an  a p p r o p r i a t e  i n d e x  b e c a u s e  of i t s  r e l a t i o n  t o  t h e  

permeabil i ty and poros i ty  of c h a ~ e l  sediments, i ts widespread use  i n  

sedimentary petrography and engineering and i ts  amenability t o  s t a t i s t i c a l  

comparison. Sh i raz i  and Seim (1979) r e i t e r a t e  t h e s e  advantages and provide 

severa l  methods, including regress ion  anaysis ,  t o  a i d  i n  t h e  ca lcu la t ion  

of dg. The regression technique m y  a l s o  be used t o  c a l c u l a t e  t h e  per- 

centage of f ines  less than a spec i f i ed  p a r t i c l e  diameter. 

Lotspeich and Everest  (1981) do not  reject t h e  regress ion  methods 

of S h i r a z i  and Seim, trut do reject t h e i r  use of t h e  g r a i n  s i z e s  a t  t h e  16th 

(d16)  and 84th (dS4) cumulative weight p e r c e n t i l e s  i n  ca lcu la t ing  t h e  

sample v a r i a n c e ,  o r  s o r t i n g  c o e f f i c i e n t  ( S o ) .  L o t s p e i c h  and E v e r e s t  



suggest using t h e  square root of t h e  r a t i o  of d25 and d75 a s  a measure 

of t h e  d ispers ion  of p a r t i c l e s  wi th in  a sample. Unfortunately, i n  l i e u  of 

a regression equation, t h e  only way t o  c a l c u l a t e  p a r t i c l e  s i z e  a t  t h e  25th 

and 75th q u a r t i l e s  i s  by p l o t t i n g  a frequency curve of cumulative weight 

agains t  p a r t i c l e  diameter. I n  add i t ion  t o  t h e  tediousness of cons t ruct ing  

such cumulative curves, each comprised of 11 da ta  po in t s  f o r  mul t ip le  

s u b s t r a t e  samples, t h e  v i s u a l  es t imat ion  of t h e  25th and 75th p e r c e n t i l e s  

i s  sub jec t  t o  considerable e r r o r .  Lotspeich and Everest  do provide an  

alogrithm f o r  ca lcu la t ing  dg, hwever ,  and propose t h e  " f r e d l e  index" 

( P i ) ,  where P i  = dg/So, as a measure of t h e  q u a l i t y  of spawning subs t ra t e .  

Although t h e  use of P i  appears j u s t i f i e d  from a t h e o r e t i c a l  s tandpoint ,  

w e  be l ieve  t h a t  t h e  methods of c a l u l a t i n g  So probably r e s u l t s  i n  e r r o r s  

l a r g e  enough t o  c a s t  doubt  on i t s  q u a n t i t a t i v e  s i g n i f i c a n c e .  W e  have 

therefore  chosen not t o  r epor t  t h e  f r e d l e  index f o r  Sul tan  River spawning 

gravels.  The data  necessary t o  do so ,  however, is read i ly  ava i l ab le  should 

a more appropr ia te  means of c a l c u l a t i n g  So become avai lable .  

Because of t h e i r  wide acceptance and use  two general  ca tegor ies  

of s u b s t r a t e  indices ,  percent f i n e s  and geometric mean diameter,  w e r e  

s e l ec ted  t o  eva lua te  t h e  q u a l i t y  of Su l t an  River gravel  samples. I n  t h i s  

study, percent f i n e s  was designated a s  t h e  f r a c t i o n  of sediment i n  a sample 

l e s s  than 0.841 mm i n  diameter. This  threshold value  has been used i n  

o the r  inves t iga t ions  of spawning s u b s t r a t e  q u a l i t y  i n  western Washington 

streams (Cederholm and Salo  1979; Sco t t  e t  a l .  1982: and Stober e t  a l .  

1982). I t  has been found t o  represent  those  s i z e s  of inorganic sediment 

which i n f l u e n c e  f i s h  and i n s e c t  l i f e  i n  t h e  i n t r a g r a v e l  envi ronment .  

2.3.2 COMPUTER PROGRAM "SEDIMNT" 

The computer program SEDIMNT (FRG-3671, wr i t t en  by Gales and 

Swanson (1980), was used t o  summarize t h e  volumetric and gravimetr ic  da ta  

described above. The program c a l c u l a t e s  t h e  percentage of sample co l l ec ted  

by each s i e v e  and t h e  percentage of sample which i s  smal ler  than  each s i e v e  

diameter (Appendix C). The percentage of f i n e s  which pass through t h e  

0.841 mm mesh di-ter s i e v e  i s  used i n  s t a t i s t i c a l  comparisons. The 

var iables  PFW and P m  i n d i c a t e  t h e  percent  f i n e s  est imated from volumetric  



(wet) d a t a  and gravimetric  (d ry )  da ta ,  respect ive ly .  

SEDIMNT a l s o  performs a least squares regress ion  ana lys i s  f o r  

each sample following t h e  procedure given by S h i r a z i  and Seim ( 1 9 7 9 ) .  This  

regress ion  ana lys i s  assumes t h e  s i z e  c l a s s  d i s t r i b u t i o n  of stream sediments 

follows a log  normal d i s t r i b u t i o n .  I f  t h i s  assumption is t r u e ,  then t h e  

regression procedure reduces t h e  v a r i a b i l i t y  inherent  i n  us ing untransform- 

ed data. I t  a l s o  f a c i l i t a t e s  an ana lys i s  of t h e  e n t i r e  t e x t u r a l  composi- 

t i o n  of t h e  sample and enables ca lcu la t ion  of t h e  geometric mean diameter 

and t h e  percent f i n e s  less than 0.841 mm i n  diameter. The Variable PIGS, 

used i n  t h e  s t a t i s t i c a l  comparisons below, is t h e  percent f i n e s  est imated 

by t h e  regression method. The geometric mean diameter ca lcula ted  from t h e  

regression equation is  i d e n t i f i e d  a s  DGLS. 

The alogrithm f o r  c a l c u l a t i n g  dg suggested by Everest  -- e t  a l .  

( 1 9 8 0 )  which r e s u l t s  i n  v a l u e s  d i f f e r e n t  t h a n  t h o s e  d e r i v e d  from t h e  

regression equation, is provided below: 

where d = midpoint diameter of p a r t i c l e s  re ta ined by a 
given s i eve  

and w = decimal f r a c t i o n  by weight of p a r t i c l e s  
re ta ined by a given sieve.  

The var iables  DGW and DGD henceforth r e f e r  t o  t h e  geometric mean 

d i a m e t e r  c a l c u l a t e d  on t h e  b a s i s  of v o l u m e t r i c  and g r a v i m e t r i c  d a t a ,  

respect ive ly ,  using t h e  above equation. 

P a r a m e t r i c  s t a t i s t i c a l  a n a l y s e s  of t h e  t h r e e  g e o m e t r i c  mean 

diameter ( X W ,  DGE, XLS) and percent  f i n e s  (PFW, PFD, PFLS) va r i ab les  

described above included ana lys i s  of variance (ANOVA) and S tuden t ' s  t-tests 

f o r  d i f f e rences  between s t r a t a  and among study areas. Non-regression 

sample s t a t i s t i c s  were computed a s  t h e  a v e r a g e  of t h e  f o u r  subsample 

( s t r a t a )  which comprised each sample. I n  sane cases only t h e  lower t h r e e  

s t r a t a  were used t o  c a l c u l a t e  t h e  sample means used i n  comparisons between 



s t a t ions .  The reason f o r  t h e  o d s s i o n  of t h e  upper substratum i s  discus-  

sed l a t e r .  E s t i m t e s  of DGLS and P n S  values f o r  each sample were de te r -  

mined by regress ion  ana lys i s  of subsample d a t a  (n=44). 

Following ANOVA comparisons, t h e  non-parametric Scheffe ' s  and 

Least S ign i f i can t  Difference (LSD) tests were used t o  d e t e c t  f u r t h e r  t r ends  

i n  s t r a t a  and study area  in te r - re l a t ionsh ips .  



3.0 RESULTS 

3.1 SOURCES OF ERROR 

Possible sources of s u b s t r a t e  sampling b ias  i n  t h i s  study include 

operator  and a n a l y t i c a l  e r r o r .  The f o m r  is influenced by t h e  r e l i a b i l i t y  

of t h e  freeze-core sampler and by t h e  v a r i a b i l i t y  i n  sampling and s ieving 

technique. Equipment r e l i a b i l i t y  was assured by preventing contaminants o r  

dry i c e  from blocking gas flow through t h e  10-micron i n l i n e  f i l t e r s  and 

manifold nozzles. Per iodic  cleaning of f i l t e r s  and nozzles precluded gas 

blockage which would o therwise  r e s u l t  i n  a r e l a t i v e l y  smaller  and p a r t i a l l y  

frozen core v i sua l ly  recognizeable by t h e  poor adhesion of sediment t o  t h e  

s t e e l  probes. This s i t u a t i o n  was avoided but  would have been read i ly  

detected when t h e  core was remved from t h e  stream bed. 

Freeze-core sampling necessa r i ly  d i s tu rbs  su r face  sediments when 

probes a r e  driven i n t o  t h e  substratum. The disturbance of t h e  bed may 

cause some l o s s  of f i n e s  i n  t h e  upper s t r a t a ,  e i t h e r  by washing downstream 

o r  by s e t t l i n g  f u r t h e r  down i n t o  t h e  subs t ra te .  I n  order  t o  reduce t h e  

downstream t ranspor t  of f i n e  sediments, a galvanized garbage can with 

i t s  bottom removed was used a s  a flow shunt. The shunt was pressed i n t o  

t h e  stream bed around t h e  probes and resu l t ed  i n  more cons i s t en t  f r eez ing  

of t h e  core a t  t h e  water-substrate in te r face .  

Variat ion i n  sampling technique was minimized by assuring use 

of a uni form q u a n t i t y  ( o n e  c y l i n d e r )  of l i q u i d  C 0 2  i n  f r e e z i n g  each 

sample. Assignment of each t a s k  i n  t h e  f i e l d  and laboratory t o  t h e  same 

person minimized sampling and a n a l y t i c a l  e r r o r ,  respectively.  

3.2 GEOMETRIC MEAN DIAMETER AND PERCENT FINES 

The average values f o r  geometric mean diameter (dg) and percent 

f i n e s  ca lcula ted  f o r  each study area  a r e  l i s t e d  i n  Table 3 .  Gecmetric 

mean diameter values for a l l  s t a t i o n s  combined averaged 16.13 mm (DGW), 

18-80 ( X D )  and 20.02 (XLS) . The percentage of f i n e  sediment less than 

0.841 mm diameter f o r  a l l  s t a t i o n s  combined averaged 8.7 (PFW), 5.8 (PFD) 

and 4.9 (PFLS). Subst ra te  values determined f o r  individual  samples a t  



each s t a t i o n  during both 1982 and 1984 s tud ies  are provided i n  Appendix 

D .  

A l l  t h r e e  measures of dg ind ica ted  t h a t  streambed composition 

a t  s t a t i o n  53 was t h e  coarsest of t h e  f i v e  study areas  sampled. S t a t i o n  55 

w a s  charac ter ized  by a conspicuously low dg. ANOVA r e s u l t s ,  Table 4 ,  

r e j ec ted  t h e  hypothesis of no d i f fe rence  amng  mean dg values ca lcu la ted  

f o r  t h e  f i v e  s t a t i o n s ,  regardless  of t h e  va r i ab le  t e s t ed .  A-priori and 

a-pos ter ior i  s t a t i s t i c a l  tests ind ica ted  t h a t  t h e  geometric mean diameter 

f o r  s t a t i o n  55 was s i g n i f i c a n t l y  d i f f e r e n t  than values  obtained f o r  t h e  

o the r  s tudy areas.  The grouping of s t a t i o n  mean dg values by t h e  Leas t  

S i g n i f i c a n t  D i f f e r e n c e  (LSD) a - p o s t e r i o r i  comparison r e s u l t e d  i n  two 

homogeneous subsets  f o r ' a l l  var iables .  

Table 3. 

S ta t ion  

s 1 
5 2  
53 
54 
S5 

Average geometric mean diameter by volumetric (DGW) , gravimetric  
( D G D ) ,  and l e a s t  s q u a r e s  (DGLS) methods and a v e r a g e  p e r c e n t  
f ines*  by volumetric (PFW), gravimetr ic  (PFD), and l e a s t  squares 
(PFLS) methods f o r  gravel  samples co l l ec ted  i n  t h e  Sultan River, 
Washington, 1984. Samples v a l u e s  a r e  based on f o u r  s t r a t a  
co l l ec ted  i n  ind iv idua l  f r e e z e  cores. 

NO. of DGW DGD DGLS PFW PFD PFLS 
samples - nml nml mm % - - - - - % 

Total/Mean 50 16.13 18.80 20.02 8.7 5.8 4.9 

*Percent f i n e s  is t h e  proport ion of sediment less than 0.841 mm i n  diameter.  



Table 4. Results  of ana lys i s  of var iance  (ANOVA) f o r  Sul tan  River gravels  
t e s t i n g  h y p o t h e s i s  t h a t  ave rage  geomet r i c  mean d i a m e t e r  and  
percent f i n e s  f o r  a l l  s t a t i o n s  a r e  equal. 
n o :  S1 = ?S2 = 3 5 3  = 9.34 = 7.55) 

DGW DGD DGLS PFW PFD PFLS 

F - Ratio 4.26 5.81 4.78  10.06 9.48  11.57 
F - Probabi l i ty  (0.01 <0.001 (0.01 <0.001 <0.001 <0.001 

A l l  t h r e e  m a s u r e s  of percent  f i n e s  indica ted  t h a t  t h e  stream bed 

a t  s t a t i o n  55 contained t h e  h ighes t  proport ion of f i n e  sediment while S1 

contained t h e  lowest. An inverse  r e l a t ionsh ip  between s t a t i o n  mean dg 

and percent f i n e s  values was not observed. While s t a t i o n  S5 exh ib i t s  both 

t h e  lowest dg and t h e  h ighes t  percent  f i n e s  values, s t a t i o n  S1 had only 

a  modera te ly  h igh  dg  b u t  was l o w e s t  i n  f i n e  sediments .  T h i s  i m p l i e s  

t h a t  t h e  s u b s t r a t e  a t  S1 is poorly sor ted ,  with l a r g e r  cobble and smaller 

sand / s i l t  sediments forming t h e  dominant s i z e  c lasses .  

From an i n s p e c t i o n  of t h e  F - s t a t i s t i c s  a s s o c i a t e d  w i t h  t h e  

ANOVA's performed t o  test f o r  d i f f e rences  among s t a t i o n  percent f i n e s  

sample means, Table 4 ,  it is evident  t h a t  s i g n i f i c a n t  v a r i a t i o n  exists 

among s t u d y  a r e a s .  I n  c o n t r a s t  t o  t h e  r e s u l t s  of t h e  dg s t a t i s t i c a l  

t e s t s ,  however, s t a t i o n  S1 ( r a t h e r  than S5) is grouped separa te ly  from t h e  

o the r  s t a t i o n s  by the LSD method. 

The combined mean percent  f i n e s  es t imates  f o r  study areas  down- 

stream of t h e  powerhouse (S1, 52, 53) were s i g n i f i c a n t l y  lower than  t h e  

combined means f o r  upr iver  s t a t i o n s  S4 and S5. This d i f ference  was primar- 

i l y  due t o  t h e  preponderant inf luence  of t h e  r e l a t i v e l y  low percent f i n e s  

value a t  s t a t i o n  S1. The percentage of f i n e  sediments recorded f o r  samples 

taken from t h e  two s t a t i o n s  upstream of t h e  powerhouse were e i t h e r  higher 

o r  not s i g n i f i c a n t l y  d i f f e r e n t  from values obtained f o r  downstream s t a -  

t ions. 



3.3 SEDIMENT STRATIFICATION 

Geometric mean diameter and percent  f i n e s  values obtained f o r  t h e  

individual  four  s t r a t a  which comprised each freeze-core sample a r e  pre- 

sented i n  Appendix E. Mean values  a t  each s t a t i o n  f o r  s t r a t a  a r e  shown i n  

Table 5. I n  a l l  cases t h e  h ighes t  mean dg and t h e  lowest percent  f i n e s  

values occurred i n  t h e  uppermost stratum. The uniqueness of the sur face  

layer  was corroborated by s t a t i s t i c a l  tests which re jec ted  t h e  n u l l  hypoth- 

esis t h a t  mean s u b s t r a t e  values ( e i t h e r  Q o r  percent  f i n e s )  determined 

f o r  t h e  uppermost s t ra tum w e r e  equal  t o  corresponding values obtained f o r  

t h e  o the r  s t r a t a .  

An apparent t r end  of increas ing mean dg and percent  f i n e s  with 

increas ing depth of s u b s t r a t e  i n  t h e  lower t h r e e  s t r a t a  was suggested by 

t h e  combined s t a t i o n  values l i s t e d  i n  Table 5. S t a t i s t i c a l  tests, hcwever, 

d id  not i n d i c a t e  a s i g n i f i c a n t  d i f f e rence  i n  t h e  s u b s t r a t e  composition 

of these  s t r a t a .  

Since t h e  e f f e c t  of t h e  uppermost s t ra tum e leva tes  mean dg and 

lowers percent f i n e s  est imates,  it was decided t o  t e s t  f o r  d i f f e rences  

among study areas  using averages of t h e  lower t h r e e  s t r a t a  (Table 6 and 

Appendix F ) .  Fur ther  j u s t i f i c a t i o n  f o r  t h i s  is t h a t  s a l m n i d  eggs a r e  

usually deposited a t  depths g r e a t e r  than 3 inches from t h e  gravel  surface.  

Although t h e  composition of t h e  su r face  l aye r s  of sediment inf luences  

in t rag rave l  flow and f r y  emergence, s a l m n i d  egg and a l e v i n  su rv iva l  is 

dependent f o r  longer periods of t i m e  upon h a b i t a t  occurring a t  g r e a t e r  

streambed depth. Resultant  s t a t i s t i c a l  comparions were s i m i l a r  t o  those  

described e a r l i e r  f o r  sample means of a l l  four  s t r a t a .  S t a t i o n  S5 was 

found t o  have t h e  l o w e s t  dg and S1 t h e  l o w e s t  p e r c e n t  f i n e s  c o n t e n t .  

S igni f icant  d i f ferences  among t h e  f i v e  study sites were ind ica ted  by ANOVA 

due t o  t h e  e f f e c t  of these  two s t a t i o n s .  



Table  5. Average g e m t r i c  mean d iameter  determined by vo lumet r ic  (DGW) , 
grav ime t r i c  (DGD),  and least squares (DGLS) methods, and pe rcen t  
f i n e s  d e t e r m i n e d  by t h e  same methods  (PFW, PPD, and  PFLS) , 
r e s p e c t i v e l y ,  f o r  g r a v e l  s t r a t a  w i t h i n  i n d i v i d u a l  s t a t i o n s  and 
f o r  a l l  s t a t i o n s  combined,  S u l t a n  R i v e r ,  Washing ton ,  1984 .  

DGW DGD X L S  PFW PFU PFLS 
n S t r a t a  S t a t i o n  - m rn m % % - -  % - 

S t a t i o n s  50 1 22.53t 25.23t 61.87t 4.9t 3 .3 t  3 .2 t  
Combined 50 2 13 -09 15.91 21.56 9.0 6.2 5.9 

50 3 13.40 16.87 24.86 10.3 7.0 6.0 
5 0 4 13.98 17.75 27.92 10.6 7.0 6.2 

Overa l l  
Mean 200 16.13 18.80 20.02 8.7 5.8 4 -9 

Note: S t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  between s t r a t u m  1 and strata 
2 ,  3 and  4 ( c o m p o s i t e d )  f o r  e a c h  s t a t i o n  a n d  f o r  a l l  s t a t i o n s  
combined are i n d i c a t e d  by the symbol "t". 



Table 6.  Average geometric  mean diameter (DG) and percent  f i n e s  (PF) 
determined by volumetric ( f f i W ,  PPW) and gravimetric (DGD, PFD) 
methods based on three lower s trata  of individual freeze cores, 
1984 

Number  of D G W  DGD PFW PFn 
Station samples m m % % - - - 

Total Mean 50 13.49 16.84 10.0 6.7 

Indicates substrate mean values which are s ignif icant ly  di f ferent  from 
those of other s tat ions .  



4.0 DISCUSSION 

The t e x t u r a l  composition of streambed sediments analyzed i n  t h i s  

study was general ly s i m i l a r  t o  t h a t  reported f o r  spawning gravels  p r i o r  t o  

construct ion ( W e r t  e t  a l .  1982). Hmever, some di f ferences  were apparent.  

The s p a t i a l  v a r i a b i l i t y  of geometric mean p a r t i c l e  s i z e  showed no t r end  

among s t a t i o n s  whereas 1982 gravels  indica ted  a progressively smaller 

s i z e  with increased d i s t ance  from t h e  r i v e r  mouth. S ta t ions  S1 and S3 had 

t h e  coarses t  gravel  t e x t u r e  both p r i o r  t o  and following p ro jec t  constuc- 

t ion .  I n  1984, s t a t i o n  S5 had a s i g n i f i c a n t l y  lower geometric mean p a r t i -  

c l e  s i z e  than  o the r  s t a t i o n s  while both 54 and SS were of s i g n i f i c a n t  lower 

value i n  1982. Comparison of gravel  t e x t u r e  of corresponding individual  

s t a t i o n s  between both yea r s  indica ted  only s t a t i o n  54 was s i g n i f i c a n t l y  

changed ( F i g u r e  1 0 ) .  The sediment  a t  t h i s  l o c a t i o n ,  ups t ream of  t h e  

powerhouse site, became s i g n i f i c a n t l y  inproved (coa r se r ) .  A poss ib le  

explanation f o r  t h i s  change may be t h a t  i n  1984, t h e  stream bed a t  t h i s  

site was a l t e r e d  by t h e  flow regime during t h e  winter  months p r i o r  t o  

sampling. Examination of 1984 hydrology records would show whether o r  not  

flows were of g r e a t e r  magnitude with more peaks than those  of 1982. 

Relat ionships between geometric mean p a r t i c l e  s i z e  and expected 

percent salmonid embryo su rv iva l  f o r  1982 and 1984 a r e  shown i n  Table 7. 

These values were obtained from a curve (Figure 1 1 )  developed by S h i r a z i  

and Seim (1979) and based on f i e l d  s tud ies  i n  Washington and Oregon streams 

and laboratory experiments using coho and sockeye salnon and cu t th roa t  and 

s tee lhead t r o u t .  

Expected su rv iva l  exceeds 80 percent i n  gravels  at  s t a t i o n s  S1 

through 54 i n  1984 but  only exceeds this l e v e l  i n  s t a t i o n s  S1 through 53 

p r i o r  t o  construct ion.  This  corresponds t o  e a r l i e r  discussion ind ica t ing  

t h a t  s t a t i o n  S5 (1984) and 54 and S5 (1982) had s i g n i f i c a n t l y  lower geomet- 

r i c  mean p a r t i c l e  s i z e  than o the r  locat ions  i n  t h e  respect ive  years. I t  is 

of i n t e r e s t  t o  no te  t h a t  s t a t i o n  53, which is associated with t h e  most 

abundant and species  d ive r se  spawning a c t i v i t y  of t h e  sites sampled, a l s o  

provides t h e  g r e a t e s t  expected percent  embryo s u ~ i v a l .  



Geometric Mean 

Diameter 
1 

DGW DGD K L S  

Percent Fines 
1 

(0.841 run 

Station PFW PFD PFLS 

Figure 10. Comparison of Sultan River streambed gravel geometric mean diameter 
values and percentage of fines (C0.841 nun in diameter) between 1984 
and 1982. Statistically significant differences between 1984 and 
1982 mean values are indicated by an asterisk ( * ) .  

1 
Geometric mean diameter and percentage of fines by volumetric (DGW, PFW), qravi- 
metric (DGD, PFD) and least squares regression (DGLS, PFLS) methods. 



Table  7. 

S t a t i o n  

1 

2  

3  

4  

5 

Mean 

Comparative r e l a t i o n s h i p s  of theoretical e r c e n t  s a lnvn id  embryo f s u r v i v a l 1  a n d  g e o m e t r i c  mean d i a m e t e r  , i n  p a r e n t h e s e s ,  i n  
S u l t a n  R i v e r  stream bed g r a v e l s  between 1982 and 1984 a t  i nd i -  
v i d u a l  s t a t i o n s  ( n  = 4 s t r a t a  x 10 s a m p l e s  = 40)  a n d  a t  a l l  
s t a t i o n s  combined ( n  = 200). 

PERCENT EMBRYO SURVIVAL 

DGW 
(mm) 

89% 
(17.79) 

82% 
(15.85) 

91% 
(18.62) 

89%* 
(17.66) 

48 % 

(10.74) 

83% 
(16.13) 

DGLS 
(mm) 

95% 
(21.89) 

95% 
(23.22) 

95% 
(24.56) 

78 % 
(15.15) 

48 % 
(10.95) 

92% 
(19.62) 

Based on r e l a t i o n s h i p s  between pe rcen t  embryo s u r v i v a l  and s u b s t r a t e  
composition by S h i r a z i  and Seim, 1979. 

Based on vo lumet r ic  ( D G W ) ,  g r av ime t r i c  (DGD) and least squa re s  (DGLS) 
i nd i ce s .  

S t a t i s t i c a l l y  s i g n i f i c a n t  change i n  geomet r ic  mean diameter between 
Corresponding 1982 and 1984 va lues .  



Species Source 

0 0 Coho Koski 1966 
A Coho Phillips et al. 1975 
/ 0 Coho.  ~ a ~ a r t  1976 

@ Coho Cederholm Unpublished Laboratory 
- 0 Cutthroat Cederholm and 

Lestelle 1974 Stequaleho Creek, WA 
0 Sockeye Cooper 1965 Loboratory 

- A Steelhead Phillips et 01. 1975 Laboratory 
A Steelhead Cederholm and 

n Lestelle 1974 Stequaleho Creek, WA 

GEOMETRIC MEAN DIAMETER, dg  (rnm) 

F iy:w 11 H e l d l i o ~ ~ ~ l ~ i ~ ~  LleLween p e r c e n l  eml)~.yo S L I I ' V I V ~ ~  anu siusLrar .e  compo:,~ t i o n  expresses i n  geometr ic  
medn diameter.  From Shirazi  and Seim, 1979. 



The amount of f i n e  sediments a t  t h e  s e l e c t e d  study sites was 

e s s e n t i a l l y  unchanged between 1982 and 1984 (Table 8) .  The only notable 

t r end  among s t a t i o n s  f o r  both years  was t h a t  gravels  a t  s t a t i o n  S1 contin- 

ued t o  conta in  s i g n i f i c a n t l y  lower proport ions of f i n e  sediments. Although 

not s i g n i f i c a n t l y  d i f f e r e n t ,  mean values were i n  almost a l l  cases s l i q h t l y  

g r e a t e r  following cos t ruc t ion  (Figure 10).  The only s i g n i f i c a n t  inc rease  

was ind ica ted  by t h e  regress ion  value  PFLS a t  s t a t i o n  S5. 

Comparative values f o r  percent f i n e s  i n  sediments of r e l a t i v e l y  

undisturbed salxmnd spawning streams i n  t h e  P a c i f i c  Northwest have reported 

values (PE'W) ranging from 3.1 t o  20.6 percent  (Table 9 ) .  Oregon c o a s t a l  

streams have been excluded from t h i s  t ab le ,  a s  the geology of the coastal 

range is characterized by eros ive  marine sediments which o o n t r i t u t e  higher 

l e v e l s  of  f i n e  m a t e r i a l s  t o  t h e i r  d r a i n a g e  s t r e a m s  (Moring and Lan tz  

1974). The proportion of f i n e  sediment i n  t h e  Sul tan  River study sites 

averaged 7.1 and 8.7 percent o v e r a l l  p r i o r  t o  and following const ruct ion ,  

respectively.  Average values f o r  individual  sites ranged from 4.7 t o  9.1 

and 4.5 t o  10.4 percent f o r  t h e  same respect ive  periods. This  ind ica tes  

t h a t  t h e  proportions of f i n e  sediments wi th in  s e l e c t e d  spawning gravels  of 

t h e  lower Sul tan  River remain comparable, following p ro jec t  construct ion,  

t o  those  reported f o r  undisturbed P a c i f i c  Northwest watersheds. 

Sediment s t r a t i f i c a t i o n  continued t o  occur i n  t h e  stream bed 

following p ro jec t  construct ion.  I n  both 1982 and 1984, t h e  combined mean 

values of t h e  upper 3 inches of s u b s t r a t e  contained s i g n i f i c a n t l y  lower 

percent f i n e s  and g rea te r  geometric mean p a r t i c l e  s i z e  than  t h e  underlying 

9 inches. 

These  r e s u l t s  a g r e e  w i t h  o b s e r v a t i o n s  of  o t h e r  r e s e a r c h e r s .  

Adams ( 1979) and Lotspeich and Everest  ( 198 1 ) repor ted  s u b s t a n t i a l  var ia-  

b i l i t y  i n  s u b s t r a t e  composition a m n g  d i f f e r e n t  s t r a t a  of t h e  stream bed. 

Milhous and Klingeman (1971) and Milhous (1973) reported t h e  presence of 

r e l a t i v e l y  coarse bed mater ia l  a t  t h e  water-substrate i n t e r f a c e  a s  common 

i n  most gravel-bedded streams. Such v a r i a t i o n  most l i k e l y  r e s u l t s  from 

exposure  of s u r f i c i a l  sed iment  t o  h i g h e r  water v e l o c i t i e s  t h a n  t h o s e  



present  i n  i n t r a g r a v e l  flows (Garde, -- et  a l .  1977 ) .  This  f u r t h e r  ind ica tes  

t h a t  evaluat ion of su r face  l aye r s  of streambed gravels  does not provide a 

t r u e  desc r ip t ion  of underlying sediment texture .  

Table 8.  comparison of percentage of f i n e s  less than 0.841 mm i n  diameter 
i n  S u l t a n  R i v e r  s t r eambed  g r a v e l s  between 1 9 8 2  and 1 9 8 4  a t  
individual  s t a t i o n s  (n = 4 s t r a t a  x 10 samples = 4 0 )  and a t  a l l  
s t a t i o n s  combined ( n  = 100 ) .  

PERCENT PINES 

1 9 8 4  1 9 8 2  

Sta t ion  PFW - PFLS - PEW PFn PFLS - PFn - - - 

1 4.5 3.1 3.3 4 -7 3.4 3.2 

2 9.5 6 .5  4.5 

3 9.1 6.2 4 .4  

4 9.7 6 .3  5 .4  

5 10.4 7.2 7.1*  

Mean 8.7 5.8 4.9 

* S t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  i n  mean p e r c e n t  f i n e s  between 
corresponding 1982 and 1984 values. 



Table 9 .  Percentage of f ine  sediment ( w e t  volume - PFW) i n  streambed core samples from 
P a c i f i c  Northwest streams not impacted by development1. 

Stream ( s t a t e )  

Upstream Harr i s  River (AK) 

Anan Creek (AK) 

Upper Clearwater River (WA) 

South Fork Hoh River Tributary (WA) 

South Fork Hoh River (WA) 

Tshlecthy Creek (WA) 

Bob Creek (WA) 

Harlow Creek (WA) 

Stequaleho Creek No. 1 (WA) 

Sol lecks River Nos. 1-3 

L i t t l e  Lost Man Creek (CA) 

Blumner Lake Creek (CAI 

South Fork Yager Creek (CA) 

L i t t l e  North ~ o r k  Noyo River (CA) 

South Fork Casper Creek (CAI 

Number of 
Samples 

25 

5 

27 

6 

19 

6 

6 

5 

43 

91 

20 

21 

10 

27 

20 

Cutoff 
Point  

<.a33 

<.a33 

C.850 

<.a50 

<.a50 

<.a50 

<.a50 

<.a50 

<.a50 

<.a50 

<.a33 

c.800 

<.a00 

<.a00 

<.a00 

Percent 
f i n e s  

13.7 

5 - 7  

8.3 

3.1 

8 -3 

6 .O 

4.9 

9.6 

6.9 

7.9 

16.3 

10.2 

16.4 

20 .o 

20.6 

source 

McNeil 6 Ahnell ( 1 9 6 0 )  

" 

Cederholm h Salo  ( 1979 

I 

.I 

. 
I 

" 

" 

" 

W o o d s  ( 1 9 8 0 )  

Burns ( 1 9 7 2 )  

I 

" 

" 

l ~ r o m  Scot t ,  et a l .  1982.  -- 



5.0 CONCLUSION 

The t e x t u r a l  composition of Sul tan  River streambed sediments a t  

s e l e c t e d  spawning loca t ions  following p r o j e c t  cons t ruct ion  (1984) w a s  

generaly s i m i l a r  t o  t h a t  evaluated f o r  t h e  same sites p r i o r  t o  construc- 

t i o n  (1982). Some d i f fe rences ,  however, d i d  occur. Average values f o r  

geometric mean p a r t i c l e  s i z e  (dg) showed no t r end  i n  s p a t i a l  v a r i a b i l i t y  

among s t a t i o n s  sampled i n  1984 whereas a t r end  of smaller dg with in- 

creased d i s t ance  upstream w a s  apparent i n  1982. 

S t a t i o n s  S1 ( r i v e r  mouth) and S3 ( t w o  miles downstream of power- 

house) had t h e  coarsest t e x t u r e  ( b e s t  sediment q u a l i t y )  i n  both 1982 and 

1984. 

S t a t i o n  S5 had a s i g n i f i c a n t l y  lower dg a s  compared t o  o t h e r  

s t a t i o n s  i n  1984, while S4 and S5 were s i g n i f i c a n t l y  lower i n  1982. 

Comparison of dg f o r  corresponding individual  s t a t i o n s  between 

1982 and 1984 showed only S4 s i g n i f i c a n t l y  changed (became improved o r  

coa r se r ) .  

Average values f o r  percentage of f i n e s  less than  0.841 mm w a s  

e s s e n t i a l l y  unchanged between 1982 and 1984 a t  a l l  s t a t i o n s .  The only 

t r end  i n  v a r i a b i l i t y  amng  study sites was t h a t  s t a t i o n  S1 continued t o  

have s i g n i f i c a n t l y  lower l e v e l s  of f i n e s  a s  compared t o  a l l  o the r  s t a t i o n s  

during both years. 

P r o p o r t i o n  of f i n e s  w i t h i n  g r a v e l s  of t h e  s e l e c t e d  sa lmonid  

spawning sites remained comparable, following p ro jec t  constuct ion,  t o  those  

reported f o r  undisturbed watersheds of the w e s t  coast.  

Sediment s t r a t i f i c a t i o n  was noted during both years  of study. 

The combined mean values of t h e  upper 3 inches of s u b s t r a t e  contained 

s i g n i f i c a n t l y  lower percentage of f i n e s  and g r e a t e r  geometric mean p a r t i c l e  

s i z e  t h a n  d i d  t h e  underlying 9 inches of sediment. 



Based on relationships from other Pac i f ic  Northwest studies,  the  

expected percent sunrival of salmonid embryos incubating within gravels 

having sedinent tex tura l  composition equal t o  those levels  determined for  

a l l  s ta t ions  downstream of the  powerhouse exceeds 80 percent. The average 

percent survival expected for  a l l  locations combined is s imilar  for  both 

years of study. 

The tex tura l  compositon of Sultan River sa lmnid  spawning gravel 

following hydroelectric construction continues t o  be of re la t ively good 

quality and potentially provides conditions conducive t o  a high r a t e  of 

embryonic survival depending on other survival-limiting factors.  Therefore 

the  need f o r  mitigative measures is not indicated. 
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A P P E N D I X  A 

RECOMMENDED FIELD SAMPLING qUIPMENT AND MAINTENANCE 
LIST FOR co2  SAMPLER^ (TRI-TUBE) 

FREEZE-CORE SAMPLER EQUIPMENT 
3 each s t a i n l e s s  steel sample probes 
3 each #K)297 002 metering nvlnifold assembly 
3 each Synflex 31-50-04 pressure  hose w/ f i t t ings  (20 f t  ea) 
3 each Linde SG 6112 i n  l i n e  f i l t e r s ,  10 micron 
1 each 4-way C02 cyl inder  manifold 

12 each ( o r  as requi red)  20-lb aluminun C02 cy l inders  w/siphon tubes  
1 each depth gage/extractor  

OTHER SAMPLING EQUIPMENT 
1 each aluminum t r i p o d  
1 each galvanized garbage can w/bottom removed (f low shunt)  
1 each set of subsampler boxes (6)  i n  aluminum frame 
1 each hand winch 
2 each propane torches ,  extra f u e l  as required 
6 boxes ( o r  as required)  food s to rage  bags, 11-1/2 x 13 x 1.01 mi l  
1 each 
2 each 

10 each 
1 each 
1 each 
2 p a i r  
1 r o l l  
2 p a i r  
2 each 
1 each 
1 r o l l  
2 each 
1 each 
1 each 
1 each 
1 each 

1-liter p l a s t i c  wash b o t t l e  
p l a s t i c  spa tu las  
5 g a l  p l a s t i c  buckets (g rave l  sample t r a n s p o r t )  
3-1/2 g a l  galvanized bucket 
3 l b  s ledge hammer 
insu la ted  rubber gloves 
t e f l o n  t ape  
goggles 
b a l l  peine harmers 
measuring tape ,  150 f t  
f luorescent  survey t ape  
adjus table  wrenches, 8 inch 
adjus table  wrench, 12 inch 
v i s e  gr ips ,  l a r g e  
tool box 
watch with second hand 

MAINTENANCE EQUIPMENT 
24 each Modern Mfg. Co. MO298-1 modified nozzles 
12 each Modern Mfg. Co. MO298-2 modified nozzle blanks 
36 each Modern Mfg. Co. nozzle screens 

3 each f97 d r i l l  f o r  cleaning nozzles 
1 each #29 d r i l l  b i t  f o r  d r i l l i n g  o u t  broken nozzles 
1 each socket wrench, 1 /4  inch d r ive  
1 each 1 /4  inch socket  

l ~ d a ~ t e d  from Walkotten, 1976 
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1 each 7/13 inch socket 
1 each 8-36 taper, plug 6 bottom thread tapset  
1 each YM-1 screw extractor 
1 each ballpoint pen refill (nozzle screen inserter)  
1 each small hand drill 
3 each Linde SG 6112 i n  l i n e  f i l t e r s ,  10 micron 
3 each spare s t a i n l e s s  steel sampling probes 



A P P E N D I X  B 

FREEZE-CORE SAMPLER SOURCES' AND PRICE LIST ( 1982) 

Modern Manufacturing, I nc .  
815 Houser Way North 
Renton. WA 98053 
(206)  228-4500 Frank Leedle  

u n i t  T o t a l  
Quant i ty  item P r i c e  P r i c e  

3 each  PKI297 C02 mani fo ld  (probe)  $95.00 $285.00 
24 each  1KI298-1 modif ied nozz l e s  2.15 51.60 
12 each PKI298-2 modi f ied  nozz l e  b lanks  2.15 25 -80 
36 each  Nozzle s c r e e n s  

Eagle  Metals 
4755 F i r s t  Avenue South 
S e a t t l e ,  WA 98134 
( 206) 762-0600 Rick Johnson 

6 each  T316 s t a i n l e s s  steel p i p e  3/4 i n  Sch. 40 x 41 f t )  
6 each  T316 s t a i n l e s s  steel p i p e  1 i n  Sch. 40 x 2 i n  > 133.00 

2 each T304 s t a i n l e s s  s teel  p l a t e  1/4 i n  x 6 i n  d iameter  50.00 
$183.00 

Kols t rand  Supply C a p a n y  
47 14 B a l l a r d  Avenue, Northwest 
S e a t t l e ,  WA 98107 
(206) 789-1500 Nick Za rd i s  

1 each 5/8 i n  x 4 f t  th readed  s t a i n l e s s  steel rod), 
weld c o l l a r s  and t i p s  on 6 s.s. probes  ) 

$130.00 

Cryogenics Northwest, I n c .  
4020 A i r p o r t  Way South 
S e a t t l e ,  WA 98108 
(206) 464-1950 Don O s t r a n d e ~  

6 each Linde SG 6112 i n  l i n e  f i l t e r s  62.50 375.00 
3 each  Synf lex  31-50-04 hose  w / f i t t i n g s  40.00 120.00 
1 each Custom manifold - 4 way 

' ~ r a d e  names mentioned are f o r  r e a d e r ' s  convenience and do no t  imply 
a u t h o r ' s  endorsement. 
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Compressed Gas Western 
4535 West Marginal Way Southwest 
S e a t t l e ,  WA 98108 
(206) 935-5093 ~ u s s  I v e r s  

Unit To ta l  
Quantity Item Pr ice  P r i c e  

AS required 20 l b  aluminum C02 cy l inders  $10.50/refill  A s  required 
with siphon tubes ( l e a s e )  

Ballard Sheet Metal Works, InC. 
4763 Bal lard  Avenue Northwest 
S e a t t l e ,  WA 98107 
(206) 784-0545 Don Simpson 

1 Aluminum t r i p o d  (7 f t  l e g s )  
1 set of 6 subsampler boxes i n  alum. frame 

(both fabr ica ted  accurding t o  Everest,  e t  a 1  1980) $346.45 



A P P E N D I X  C 

Ident i f icat ion 
PRG -- 367 : SEDIMNT, a program which analyzes sediment samples 

Programmed by: L. Gales and K.  Swanson, Fisheries Analysis Center, Univer- 
s i t y  of Washington 

Date : September 1980 

Purpose 
SEDIMNT is a program which summarizes regression s t a t i s t i c s  fo r  sediment 
samples collectd a t  various sites. (Each sample consists of a sediment 
volume reading collected by a sieve of a cer ta in  diameter and is ident i f ied  
by stream ident i f icat ion,  location on t h e  stream, date, sieve diameter, and 
rep l ica te  number. The stream, location, and date  must be properly sorted 
p r i o r  t o  i n p u t  and a r e  used t o  d i v i d e  t h e  d a t a  i n t o  groups which a r e  
analyzed separately.) The program generates one l i n e  of s t a t i s t i c s ,  an 
optional scattergram, and an optional tab le  fo r  each group. There is a l so  
an option whereby the d i f fe ren t  locat ins  fo r  a given date and stream can be 
combined fo r  purposes of t h e  regression analysis. 

Operation 
SBDIMNT reads i n  sediment volumes f o r  each group and perf- t h e  following 
operations: 

( 1 )  Adjusts the sediment volume by a diameter- and density-dependent 
factor  i n  order t o  determine t h e  actual  dry volume. 

( 2 )  Divides t h e  r e p l i c a t e s  i n t o  s e p a r a t e  subgroups based on t h e  
rep l ica te  value and, for  each subgroup: 

( a )  sor t s  the samples i n  descending order by sieve diameter, 

(b)  computes a "percent f i ne r  than" (PPT) s t a t i s t i c  fo r  each 
sample which s p e c i f i e s  t h e  percentage of t h e  t o t a l  
adjusted volume collected by a l l  sieves i n  t h i s  subgroup 
which t r ap  f ine r  (smaller) sediments, 

( c )  computes the  inverse probability of the PET s t a t i s t i c  f o r  
each sample, based on the  standard (0.1) normal probabil- 
i t y  dis t r icut ion.  

( 3 )  Combines the samples for  a l l  the  subgroups ident i f ied by ( 2 )  and 
computes the slope, intercept,  and correlation coeff ic ient  of a 
regression l i n e  which passes through s e t s  of (x,y) pairs ,  where x 
= the  log10 (s ieve diameter), and y = the  inverse probabili ty 
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c o r r e s p o n d i n g  t o  PFT. The r e g r e s s i o n  l i n e  i s  of t h e  form: 

where A is t h e  s lope  and B is t h e  in tercept .  

( 4 )  Computes a set of s i eve  diameters which correspond t o  a f ixed  
set of PFT values, using t h e  inver se  of t h e  regress ion  l ine :  

( 5 )  P r i n t s  o u t  t h e  stream, locat ion ,  da te ,  slope, in te rcep t ,  correla- 
t i o n  c o e f f i c i e n t ,  and s i e v e  d i a m e t e r s  co r respond ing  t o  PFT 
values, f o r  t h i s  group, p lus  t h e  percent  of f i n e s  smal ler  than  a 
s i e v e  diameter s e l e c t e d  vy t h e  user .  

For a more complete desc r ip t ion  of t h e  above algorithms, see pages 24 and 
25 i n  reference 1 .  

output 
The main output from SEDIMNT is a t a b l e  which contains one l i n e  of Statis- 
t i c s  f o r  each group, and is formatted a s  follows: 

Column Header Example Meaning 

STREAM I D  
LOCATION 
MO/DY/YR 
N 
SLOPE 
INTRCP 
CORR 
D5(MM) 

D16(MM) 
D50(MM) 
D84M.M) 
D95(MM) 
SIGMA 
%<n.nnn 

BEAR CR 
11 
06/76/79 
22 
1-19 
-0.08 
0.99 
0 -05 

Stream i d e n t i f i c a t i o n  
Location code 
Date 
Number of samples i n  t h e  group 
Slope of t h e  regress ion  l i n e  
I n t e r c e p t  of t h e  regression l i n e  
Corre la t ion  coe f f i c i en t  
Sieve diameter, i n  millimeters, which corres- 
ponds t o  a 5 "percent f i n e r  than" s t a t i s t i c  f o r  
t h e  regression l i n e  
Sieve diameter corresp. t o  16 PFT 
Sieve diameter corresp. t o  50 PFT 
Sieve diameter corresp. t o  84 PFT 
Sieve diameter corresp. t o  95 PFT 
Ra t io  of D84/D50 
Percent of f i n e s  less than n.nnn i n  diameter 

Optional Output 
The use r  may obta in  ~ r i n t e r  d o t  scatterwains and/or t a b l e s  of "percent - - - - - 
f i n e r "  s t a t i s t i c s  through t h e  u s e  of opt ional  "*COMDECK" f i l e s  which select 
those data sets t o  be p l o t t e d  o r  printed.  

The "*COMDEM" statements begin i n  column 1 and t h e  For t ran  "IF" statements 
t h a t  follow them begin on column 7. 
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The p r i n t e r  p l o t s  a r e  scat tergrams of inve r se  p robab i l i ty  versus log10 
( s i e v e  diameter) .  The u s e r  may s e l e c t  any group of c o l l e c t i o n  of groups 
f o r  p l o t t i n g  by including a For t ran  'IF" statement i n  a 'COMDECK named 
SELPLT a s  follows: 

fCOMDECK SELPLT 
I F  (<user-supplied boolean expression>) PLT = .TRUE. 

where t h e  <boolean expression> opera tes  on t h e  v a r i a b l e s  STFM (stream 
i d e n t i f i c a t i o n )  , LOC ( l o c a t i o n ) ,  and DATE (mm/dd/yy), e. g. 

w i l l  generate p r i n t e r  p l o t s  f o r  a l l  BEAR CR stream samples collected on 
June 26, 1979. 

The op t iona l  t a b l e s  contain t h e  following information f o r  w e t  and dry 
sediment volumes f o r  each s e l e c t e d  group: 

Column Header 

SIZE CLASS (MM) 
WET VOLUME 
PERCENT FINER THAN 

PERCENT RETAINED 
ON 
DRY VOLUME 

PERCENT FINER THAN 

PERCENT RETAINED 
ON 
REPLICATE 

Example Meaning 

Sieve diameter i n  nm, 
Volume of w e t  sediment i n  cc 
Percent of trapped sediment which is f i n e r  
t h a n  t h e  above d i a m e t e r  i n  mm ( d e c i m a l  
f r a c t i o n  ) 
Percent  of sediment t rapped on t h i s  s i eve  
(decimal f r a c t i o n )  
Volume of sediment  a f t e r  t h e  wet- to-dry 
conversion f a c t o r  is applied 
Percent of dry sediment which is f i n e r  than 
t h e  above s i e v e  diameter (decimal f r a c t i o n )  
P e r c e n t  of d r y  sediment  t r a p p e d  on t h i s  
s ieve  (decimal f r a t i o n )  
Repl ica te  number of experiment 

The use r  may s e l e c t  t a b l e s  f o r  any group o r  set of groups by means of a 
For t ran  "IF" statement contained i n  a "*COMDECKn named SELTBL a s  follows: 

'COMDECK SELTBL 
I F  (<user-supplied boolean expression>) TEL = .TRUE. 

where t h e  <boolean expression> opera tes  on t h e  same Variables a s  i n  t h e  
SELPLT block above, STRM, LOC, and DATE, e.g. 

'COMDECK SELTBL 
I F  (DATE.EQ." 62679") TBL = .TRUE. 

w i l l  p r i n t  out  t a b l e s  f o r  a l l  d a t a  co l l ec ted  on June 26, 1979. N o t e  t h a t  
s ince  MONTH ( a n  alpha var iable9  was coded i n  t h e  da ta  with a leading blank 
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i n s t ead  of a leading zero, then t h i s  form must be used i n  t h e  boolean 
expression. 

Input Data 
The input  da ta  t o  program SEDIMNT is described by F i she r i e s  Analysis Center  
form 5320.2 and cons i s t s  of one card f o r  each sample punched a s  follows: 

Variable Type 

STRM alpha 
LOC alpha 
DATE alpha 
MONTH alpha 
DAY alpha 
YEAR alpha 
REP in tege r  
D I A  r ea  1 
VOL real 

Meaning 

Stream i d e n t i f i c a t i o n ,  l e f t  adjusted 
Location code, r i l g h r  adjus ted  
Date of sample c o l l e c t i o n  
Month 
Day 
Year 
Replicate,  r i g h t  adjusted 
S i e v e  d i a m e t e r ,  r i g h t  a d j . ,  mm ( o r  i n . )  
Sediment volume, r i g h t  adj . ,  ml 

N o t e :  t h e  decimal point  is s p e c i f i c a l l y  coded f o r  DIA and VOL. Alpha 
va r i ab le  must be coded cons i s t en t ly  as regards t o  leading blanks o r  zeroes, 
e.g. K)NTH = "07" and MONTI1 = * 7" a r e  not  iden t i ca l .  

The data  must be so r t ed  i n  ascending order  p r i o r  t o  input  by the s o r t  

keys 

YEAR ( co l .  19-20) 
MNTH ( co l .  15-16) 

DAY ( ~ 0 1 .  17-18) 
STRM (col .  1-70) 

LOC (col .  12-13) 
REP ( c o l .  22-23) 

I n  addi t ion ,  t h e  use r  must include a *COMDECK named INPAR which suppl ies  3 
input  parameters: RHO, DPFT and INCH.  RHO is a densi ty f a c t o r  which is 
used i n  t h e  ca lcula t ion  of wet-to-dry sediment volumes. I t  represents  
gravel  dens i ty  i n  grams/cm**3 and t y p i c a l l y  ranges from 2.2 t o  2.9. I f  
samples taken a r e  a l ready dry volume measurements, use RHO-0.0 and ignore 
t h e  wet volume columns i n  t h e  opt ional  t a b l e s .  DPET is a s i n g l e  diameter 
f o r  which t h e  " p e r c e n t  f i n e r  t h a n "  s t a t i s t i c  is t o  be c a l c u l a t e d  and 
p r in ted  i n  t h e  main output  under t h e  column head "%<n.nnnn. DPFT is t h e  
number "n.mn". The INCH parameter was included f o r  those  who record  
s i eve  diameter i n  inches: set INCH=.TRUE. t o  cause i n t e r n a l  conversion t o  
millimters ( t a b l e s  w i l l  g ive diameters i n  mil l imeters ,  not inches, s o  set 
DPFT i n  mm always!). 

The input  parameters a r e  spec i f i ed  a s  follows: 

*COMDZCR INPAR 
RHO = <value> 
DPFT = <value> 
I N C H  = <log ica l  value> 
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The u s e r  must a l s o  inc lude  a *COMDECK named SELIlGRS which supp l i e s  t w o  
l o g i c a l  parameters which con t ro l  t h e  form of t h e  regress ion  analysis:  they 
a r e  c a l l e d  RGRS and COMBLOC. I f  RGRS=.TWE. t h e  regress ion  ana lys i s  w i l l  
be performed, otherwise it is bypassed ( t h i s  is t o  save computer resources 
when only t a b l e s  a r e  wanted). When RGRS=.TRUE. and COMBLOD.TRUE. a s  w e l l ,  
t h e n  a l l  t h e  l o c a t i o n s  w i t h i n  a s t r e a m  and d a t e  w i l l  b e  combined f o r  
purposes of t h e  regress ion  ana lys i s  ( t h e  r e p l i c a t e s  a r e  e s s e n t i a l l y  re- 
numbered). 

*COMDEcK SELRGRS 
RGRS* = ( l o g i c a l  values> 
COMBLOC = < l o g i c a l  value> 

F i l e  Structure/How t o  Obtain t h e  Program 
The SEDIMNT system c o n s i s t s  of a set of f i l e s  contained on a FILESET f i l e  
s t ruc tu red  a s  follows: 

UPDATE/SWIMNT : source program f o r  SEDIMNT i n  UPDATE format 
COMDEM/INPAR : an UPDATE COMDECK which spec i f i ed  t h e  values f o r  RHO, 

DPFT and I N C H  
COMDECK/SELPLT : an UPDATE COMDEM which selects t h e  da ta  sets t o  be 

p l o t t e d  
COMDECK/SELTBL : an UPDATE COMDECK which s e l e c t s  t h e  da ta  sets t o  be 

p r in ted  i n  t a b l e  format 
COMDECK/SELRGRS: an  UPDATE COMDECK which c o n t r o l s  t h e  r e g r e s s i o n  

ana lys i s  
DATA/SORTW : c o n t a i n s  t h e  i n p u t  d a t a  a f t e r  s o r t i n g  by SORTMGR 
XEQ/SEDIMNT : an execution f i l e  which c o l l e c t s  a l l  of t h e  above 

f i l e s  and,  a f t e r  UPDATE and c o m p i l a t i o n ,  a p p l i e s  
program SEDIMNT t o  t h e  da ta  

Once t h e  above f i l e  s t r u c t u r e  has been es tabl i shed,  it is only necessary t o  
SUBMIT t h e  f i l e  XEQ/SEDIMNT i n  order  t o  run t h e  program. 

A bas ic  f i l e s e t  containing t h e  element f i l e s  UPDATE/SEDIMNT and XEQ/SWIMNT 
is found on t h e  usernumber BABPOOO and can be copied t o  your usernumber a s  
follows: 

DEFINE ,FILESET=SDMPSET 
ATTACH,SDMPSET/WBABPOOO 
COPYEI ,SDMPSET ,FILEShT 
RETURN,SDrnSET 

This w i l l  leave you with a d i r e c t  access f i l e  on your usernumber c a l l e d  
SDMTSET which contains t h e  bas ic  s t a r t e r  system. You must then add t h e  
so r t ed  da ta  f i l e  and t h e  four  COP.mECKs described above, t o  t h e  f i l e s e t .  

Limitat ions 
The number of points ,  o r  s i eve  s i z e s ,  within t h e  r e p l i c a t e s  f o r  a stream- 

location-date, i s  l imi ted  t o  20 per  r ep l i ca te .  
The number of r e p l i c a t e s  per  stream-location-date is l imi ted  t o  30. 
The t o t a l  nu*; of d a t i  poin ts  per  stream-location-date ( a l l  r e p s )  is 

l imi ted  t o  300. 
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Computer Resources 

Hardware Resources: 
~ r o c e s s o r  : Q)C 170-750 
Memory required : 760000 Octal .  - Execution time : about 50 d a t a  cards/second of processing t ime 

Software Resources - Operating system : NOS 1.4 (see reference 2 .  ) 
Language : Fortran I V ,  a s  compiled under t h e  Minnesota 

Fortran compiler ( s e e  reference 3.) - Subroutine package needed: 
PRNT3D ( s e e  reference 4 . )  - Software l i b r a r i e s  needed: 
ImLPTN ( s e e  reference 5 . )  
NORFISH ( s e e  reference 6.) 
FSHLIB ( see  reference 7.) 
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S a m p l e  R u n  

For the  sample run, the files needed for t h e  SEDIMNT system were contained 
i n  a f i l e s e t  called SDMPSBT. T h e  f i l e  DATWSORTED contained data for  3 
d i s t i n c t  s t r e a m - l o c a t i o n - d a t e  groups. 

T h e  f i le  XEQ/SEDIMNT looked as f o l l o w s :  
XEpSED ,T30.  
I D  CARD. 
UN CARD. 
ATTACii,FILESET-SDmSET. 
G F  ,COMDECK/INPAR. 
GF ,COMDECK/SELRGRS . 
G F  ,co~DECK/SELPLT. 
GF,COMDECK/SELTBI.. 
REh'IND,*,ouTPUT. 
COPYBR,INPAR,X. 
COPYBR,SELT(GRS ,X. 
COPYBR,SELPLT,X. 
COPYBR,SELTBL,X. 
COPYBR , SEDIMNT J. 
PACK ,X . 
REWIND ,X . 
UPDATE,N=NEWSED,F,L=~~,I=X. 
MNF, I=COMPILE, J ,R=O, G O .  
RETURN, ,LGO ,FILESET ,OUTPUT. 
GF ,DATA/SORTED. 
RETURN ,FILESET. 
PUBLIC,IMSL. 
ATTACH ,BPR3D/Ul?=BAKP000 ,NA. 
ATTACH ,NOW1 SH/UN=GAHMOO tNA. 
ATTACH ,PISHLIB/UN=BAKPOOO ,NA. 
LDSET ,LIB=FI SHLIB/NORFISH/ISL. 
LOAD ,LGO . 
LOAD ,BPR3D. 
EXECUTE,SEDIMNT,SORTED,RGRF,PLTP,TBLF. 
S K I P .  
EXIT. 
REWIND ,* ,OUTPUT. 
COPYEI,RGRF,OUTPUT. 
COPYEI ,PLTF,OUTPUT. 
COPYEI ,TBLF ,OUTPUT. 
*EOP 

T h e  f i l e  COM)ECK/INPAR l o o k e d  as f o l l o w s :  
COMDECK INPAR 

RHO = 2.2 
DPET = .841 
INCH = .FALSE. 



A p p e n d i x  C, P a g e  9 

T h e  f i l e  cOMDW(/SELPLT l o o k e d  as f o l l o w s ,  w h e r e  t h e  date "071574" w a s  
known t o  exist i n  t h e  test data for one s t r e a m - l o c a t i o n d a t e  g r o u p :  

*COMDECK SELPLT 
IF (DATE .EQ. "071574") PLT = .TRUE. 

T h e  f i l e  COWXCK/SELTBL l o o k e d  as f o l l o w s :  
*COMDECK SELTBL 

I F  (DATE .EQ. "071574") TBL = .TRUE. 

A t t a c h e d  is a reduced copy of t he  o u t p u t  from the s a m p l e  run. 





Appendix D. R e s u l t s  of 1984  a n d  1982  S u l t a n  R i v e r  s e d i m e n t  
ana lyses .  ~ l l  s t r a t a  are combined for  each sample. 

PFD - 
0.040  
0.027 
0.032 
0 .025  
0 .040  
0 .026  
0.027 
0.037 
0.022 
0 .023  
0.115 
0.056 
0 .051  
0.064 
0.059 
0.063 
0.053 
0.056 
0.064 
0.C54 
0.073 
0.035 
0.C94 
0 .054  
0.066 
0.075 
0.026 
0 .048  
0.029 
0.065 
0.050 
0.070 
0.057 
0 .073  
0.044 
0 .098  
0 .065  
0.050 
0.067 
0.050 
0.084 
0.064 
0.066 
0.670 
0.072 
0 .067  
0.060 
0.049 
0 .101  
0 .086  

- 
PELS - 

0.040 
0.030 
0.050 
0.020 
0.050 
0.020 
0.030 
0.040 
0.030 
0.040 
0.030 
0.040 
0.040 
0.050 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.050 
0.060 
0.040 
0.050 
0.060 
0.020 
0.040 
0.020 
0.060 
0.040 
0.060 
0.050 
0.060 
0.040 
o .  oao 
0.050 
0.040 
0.050 
0.070 
0.090 
0.070 
0 .  070 
0.070 
0.070 
0.060 
0.060 
0.050 
0.100 
0.070 

DGW E D  - - 
22.60 25.45 
15.54 17.57 
19.96 21.67 
20.19 22.56 

9.39 11.24' 
17.07 19.36 
16.56 19 .44  
21.73 24.92 
13.54 15 .31  
16.22 19 .40  
24.59 28.36 
20.39 23.46 
14.09 16 .90  
1 3 . 4 8  21.19 
12.57 15 .97  
13 .05  15.90 
17 .63  21.22 
11 .41  14.18 
19.79 23.72 
10.16 12 .28  
22.12 26.09 
15.24 17.74 
13.38 16.46 
22.57 26.01 
22.55 26.11 
10.35 12 .05  
13.29 16.40 
13.50 16.11 
17.65 20.56 
13.82 16.27 
16.08 19.31 
12.62 14 .50  
3 .47  11.17 
8.73 11 .03  

15.59 20.22 
10.20 13.54 
9.56 12.56 

13.46 16.20 
11.52 13.02 
13.90 15 .43  
9.00 1 0 . 5 8  

11.68 13.22 
21.17 23.59 
11.32 14 .00  
10.17 12.17 
12.51 16.30 
11 .00  12.56 
10.36 12.10 
7.23 8 .72  
9.38 11.58 

- 
PFD - 
.03 
.04  
.03 
. 0 3  
.04 
. 05  
.03 
. 03  
.04 
.02  
.05 
.04  
.06 
.04 
.37 
.07 
.07 
. 0 8  
. 05  
.08  
- 9 5  
.0S 
.38 
.04 
.04 
.OS 
.07 
.05  
.05 
.05 
.Q5 
.04 
.09 
.08 
.07 
.9a 
.09 
. 05  
.04 
. 03  
. 0 5  
.06 
.02 
.06 
.07 
.07 
.04 
.05  
. oa 
. 08  





Appendix E. R e s u l t s  of 1984 Sultan R i v e r  sediment ana ly se s  for 
i n d i v i d u a l  strata of each sample. 

PFW - 
0.017 
0.063 
0.078 
0.077 
0.001 
0.026 
0.036 
0.089 
0.016 
0.039 
0.073 
0.051 
0.007 
0.034 
0.052 
0.058 
0.027 
0.061 
0.074 
0.068 
0.016 
0.046 
0.047 
0.049 
0.028 
0.042 
0.045 
0.043 
0.028 
0.051 
0.075 
0.067 
0.015 
0.044 
0.039 
0.033 
0.020 
0.046 
0.045 
0.086 
0.055 
0.168 
0.185 
0.251 
0.036 
0.080 
0.121 
0.086 
0.027 
0.062 

PFD - 

0.011 
0.043 
0.053 
0.054 
0.005 
0.018 
0.023 
0.063 
0.011 
0.026 
0.051 
0.039 
0.004 
0.022 
0.036 
0.040 
0.017 
0.042 
0.052 
0.048 
0.011 
C.031 
0.031 
0.033 
0.019 
0.028 
0.030 
0.032 
0.019 
0.034 
0.051 
0.045 
0.009 
0.031 
0.026 
0.022 
0.012 
0.031 
0 .O29 
0.059 
0.034 
0.114 
0.125 
0.188 
0.023 
0.057 
0.085 
0.058 
0.017 
0.042 

PELS - 
0.010 
0.040 
0.050 
0.050 
0.010 
0.020 
0.020 
0.080 
0.010 
0.030 
0.050 
0.050 
0.010 
0.030 
0.030 
0.040 
0.040 
0.050 
0.040 
0.060 
0.010 
0.030 
0.030 
0.030 
0.020 
0.030 
0.030 
0.040 
0.020 
0.040 
0.070 
0.070 
0.010 
0.050 
0.030 
0.030 
0.020 
0.040 
0 .O4O 
0.050 
0.040 
0.080 
0.090 Station N u m b e r  
0.160 
0.030 
0.070 Sample N u m b e r  

0.060 
0.030 Stratum N u m b e r  
0.020 
0.040 



1 2 3  A B C  ffiw M;LS --- - PFW - 
0.173 
0.092 
0.041 
0.087 
0.100 
0.143 
0.027 
0.069 
0.136 
0.113 
0.031 
0.118 
0.105 
0.118 
0.021 
0.095 
0.120 
0 .083  
0.044 
0.094 
0.102 
0.094 
0.052 
0.129 
0.093 
0.107 
0.025 
0.078 
0.120 
0.109 
0.016 
0.071 
0.185 
0.168 
0.058 
0.163 
0.123 
0.156 
0.090 
0.177 
0.142 
0.139 
0.058 
0.076 
0.087 
0.106 
0.068 
0.116 
0.108 
0.094 
0.079 
0.136 
0.148 
0.086 
0.014 
0.020 
0.065 
0.054 
0.026 
0.078 

PFD - 
0.124 
0.060 
0.027 
0.060 
0.070 
0.100 
0.017 
0.046 
0.097 
0.076 
0.019 
0.081 
0.071 
0.080 
0.014 
0.063 
0.081 
0.055 
0.029 
0.063 
0.068 
0.062 
0.034 
0.090 
0.062 
0.071 
0.016 
0.052 
0.077 
0.071 
c.  010 
C.046 
0.126 
0.112 
0.039 
0.112 
0.082 
0.106 
0.061 
0.128 
0.095 
0.091 
0.037 
0.051 
0.059 
0.070 
0.046 
0.082 
0.074 
0.062 
0.055 
0.096 
0.095 
0.053 
0.009 
0.013 
0.047 
0.035 
0.018 
0.053 

PFLS - 
0.100 
0.030 
0.040 
0.040 
0.040 
0.070 
0.020 
0.030 
0.070 
0.050 
0.020 
0.060 
0.040 
0.050 
0.020 
0.050 
0.050 
0.040 
0.030 
0.040 
0.050 
0.040 
0.030 
0.060 
0.040 
0.050 
0.020 
0.040 
0.060 
0.050 
0.010 
0.030 
0.090 
0.090 
0.030 
0.070 
0.050 
0.060 
0.040 
0.110 
0.060 
0.050 
0.030 
0.040 
0.040 
0.040 
0.030 
0.060 
0.060 
0.050 
0.050 
0.070 
o.oao 
0.030 
0.010 
0.010 
0.060 
0.030 
0.010 
0.070 
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A1 B~ c3 DGW --- - DGD DGLS - - 
3 8 3 6.755 8.462 4.650 
3 8 4 25.568 32.056 83.870 
3 9 1 25.393 28.126 37.520 
3 9 2 20.014 22.985 29.260 
3 9 3 30.592 35.733 85.640 
3 9 4 29.182 34.637 86.970 
3 10 1 10.418 12.387 6.330 
3 10 2 11.263 14.060 16.020 
3 10 3 23.283 29.141 63.210 
3 10 4 8.409 11.853 13.630 
4 1 1 46.756 50.819277.580 
4 1 2 24.677 30.024 60.360 
4 1 3 9.614 12.302 12.860 
4 1 4 9.492 13.027 14.450 
4 2 1 14.725 17.560 18.760 
4 2 2 5.152 6.801 3.900 
4 2 3 19.240 26.312 61.170 
4 2 4 11.125 15.296 19.170 
4 3 1 15.662 17.425 17.470 
4 3 2 12.215 15.004 17.220 
4 3 3 15.138 21.180 37.610 
4 3 4 8.652 11.973 5.850 
4 4 1 18.503 22.060 30.180 
4 4 2 16.077 21.105 32.860 
4 4 3 8.200 11.582 12.440 
4 4 4 9.607 13.464 15.930 
4 5 1 48.426 51.609243.150 
4 5 2 4.432 5.303 3.450 
4 5 3 14.738 17.623 21.620 
4 5 4 21.973 26.624 47.770 
4 6 114.663 19.1C6 25.950 
4 6 2 3.631 4.624 3.150 
4 6 3 5.429 6.208 4.010 
4 6 4 14.244 19.736 30.940 
4 7 1 17.039 19.122 9.350 
4 7 2 10.710 13.744 15.270 
4 7 3 6.900 9.258 9.650 
4 7 4 24.422 30.357 69.400 
4 2 1 29.413 34.002 77.570 
4 8 2 21.263 27.414 56.810 
4 8 3 21.120 28.007 66.550 
4 8 4 13.753 19.726 33.710 
4 9 1 11.462 13.946 13.100 
4 9 2 9.891 12.955 15.100 
4 9 3 21.626 27.266 53.270 
4 9 4 10.951 15.254 16.810 
4 10 1 24.075 27.294 79.230 
4 10 2 12.004 14.342 6.990 
4 10 3 18.556 23.184 35.460 
4 10 4 4.700 5.715 3.390 
5 1 1 2.293 3.492 2.690 
5 1 2 4.537 5.371 3.620 
5 1 3 3.901 4.711 3.290 
5 1 4 21.366 26.205 44.530 
5 2 1 4.975 5.971 3.740 
5 2 2 21.655 26.025 42.730 
5 2 3 6.755 8.383 4.560 
5 2 4 11.998 15.131 16.290 
5 3 1 9.826 11.068 6.040 
5 3 2 4.715 5.683 3.460 

PFW - 
0.108 
0.074 
0.033 
0.044 
0.045 
0.052 
0.074 
0.088 
0.076 
0.154 
0.020 
0.059 
0.103 
0.125 
0.065 
0.152 
0.102 
0.118 
0.041 
0.070 
0.117 
0.134 
0.056 
0.101 
0.161 
0.141 
0.014 
0,107 
0.061 
0.073 
0.111 
0.195 
0.139 
0.123 
0.042 
0.115 
0.151 
0.078 
0.047 
0.100 
0.103 
0.130 
0.082 
0.116 
0.083 
0.134 
0.053 
0.077 
o .oal 
0.134 
0.169 
0.089 
0.135 
0.064 
0.116 
0.054 
0.114 
0.093 
0.050 
0.132 

PFD - 
0.073 
0.047 
0.023 
0.031 
0.030 
0.033 
0.052 
0.061 
0.048 
0.100 
0.013 
0.038 
0.070 
0.078 
0.042 
0.104 
0.061 
0.072 
0 .O29 
0.047 
0.071 
0.082 
0.036 
0.065 
0.104 
0.088 
0.009 
0.077 
0.041 
0.048 
0.072 
0.146 
1). 098 
0.075 
0.028 
0.078 
0.104 
0.049 
0.030 
0.066 
0.065 
0.079 
0.055 
0.079 
0.054 
0.081 
0.035 
0.052 
0.054 
0.096 
0.128 
0.064 
0.100 
0.043 
0.084 
0.035 
0.077 
0.059 
0.035 
0.095 
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2 3 -- X D  DGLS A ~ B C  DGW - - 
5 3 3 6.849 8.674 4.760 
5 3 4 22.171 27.238 51.060 
5 4 1 7.080 8.418 4.750 
5 4 2 5.583 6.488 4.090 
5 4 3 11.120 14.782 18.240 
5 4 4 13.769 19.011 29.980 
5 5 1 17.682 21.165 28.320 
5 5 2 18.935 23.326 35.020 
5 5 3 4.185 5.403 3.410 
5 5 4 6.308 8.041 4.340 
5 6 1 13.626 16.315 18.700 
5 6 2 17.506 21.527 30.410 
5 6 3 9.405 12.680 14.890 
5 6 4 7.372 9.899 5.100 
5 7 1 9.705 11.464 5.930 
5 7 2 7.407 9.130 9.420 
5 7 3 20.435 24.877 39.750 
5 7 4 6.514 8.150 4.530 
5 8 1 30.607 33.450 65.740 
5 8 2 11.018 13.402 6.560 
5 8 3 7.765 9.312 5.010 
5 8 4 6.441 7.911 4.370 
5 9 1 14.796 18.408 22.720 
5 9 2 6.354 8.204 4.500 
5 9 3 3.765 4.715 3.110 
5 9 4 3.574 4.735 3.120 
5 10 1 16.754 20.896 26.540 
5 10 2 2.664 3.313 2.490 
5 10 3 21.S70 26.055 41.940 
5 10 4 5.529 6.991 3.920 

PFW - 
0.132 
0 -067 
0.100 
0.082 
0.112 
0.122 
0.067 
0.071 
0.164 
0.126 
0.063 
0.070 
0.127 
0.144 
0.074 
0.098 
0.062 
0.118 
0.023 
0.087 
0.085 
0.103 
0.092 
0.131 
0.156 
G. 199 
0.089 
0.208 
0.054 
0.137 

PFD - 
0.094 
0.042 
0.071 
0.059 
0.073 
0.079 
0.043 
0.047 
0.116 
0.1283 
0.043 
0.046 
0.084 
0.097 
0 .OSO 
0.069 
0.041 
0.081 
0.015 
0.056 
0.057 
0.068 
0.061 
0.389 
0.112 
0.143 
0.060 
0.157 
0.036 
0.093 

PFLS - 
0.090 
0.030 
0.080 
0.090 
0.060 
0.060 
0.040 
0.040 
0.130 
0.100 
0.040 
0.040 
0.070 
0.100 
0.060 
0.070 
0.030 
0.100 
0.010 
0.070 
0.080 
0.100 
0.040 
0.100 
0.140 
0.150 
0.040 
0.170 
0.030 
0.110 
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Appendix F. R e s u l t s  of 1984  S u l t a n  R i v e r  s e d i m e n t  a n a l y s e s .  
Lower t h r e e  strata o n l y  combined f o r  each  sample. 

S t a #  DGW E D  DGLS - - 
1 1 11.078 13.333 20.010 
1 2 17.416 20.194 21.500 
1 3 12.211 14.398 20.470 
1 4 16.616 19.659 43.050 
1 5 11.028 13.191 9.900 
1 6 17.403 20.697 33.270 
1 7 17.565 20.823 29.000 
1 8 10.906 13.072 11.200 
1 9 13.673 15.728 17.010 
1 10 11.296 13.305 15.380 
2 1 6.129 8.380 8.220 
2 2 13.256 16.177 14.380 
2 3 14.720 18.122 17.490 
2 4 14.126 17.747 15.210 
2 5 13.956 17.443 21.060 
2 6 15.215 19.504 31.980 
2 7 16.318 20.688 20.340 
2 8 17.709 22.485 29.890 
2 9 15.768 20.151 29.460 
2 10  15.350 19.745 31.380 
3 1 12.615 16.278 32.090 
3 2 14.123 19.426 32.380 
3 3 12.305 16.827 15.090 
3 4 17.704 22.201 30.350 
3 5 11.841 15.104 18.750 
3 6 14.776 19.419 20.510 
3 7 24.228 27.398 35.960 
3 8 13.850 17.184 14.110 
3 9 26.596 31.118 49.980 
3 10 14.318 18.351 14.460 
4 1 14.661 18.451 36.000 
4 2 11.839 16.136 13.430 
4 3 12.002 16.052 14.470 
4 4 11.295 15.384 20.800 
4 5 13.714 16.650 19.970 
4 6 7.768 10.389 7.490 
4 -  7 14.011 17.786 15.330 
4 8 18.712 25.049 56.230 
4 9 14.156 18.492 19.370 
4 10 11.753 14.414 15.280 
5 1 9.935 12.096 4.750 
5 2 13.469 16.513 8.350 
5 3 11.245 13.265 6.650 
5 4 10.157 13.427 7.940 
5 5 9.809 12.257 8.670 
5 6 11.428 14.702 13.140 
5 7 11.452 14.052 8.580 
5 8 8.408 10.208 8.160 
5 9 4.571 5.885 4.880 
5 10 10.021 12.120 7.550 

PFW - 
0.073 
0.050 
0.056 
0.048 
0.068 
0.047 
0.045 
0.064 
0.039 
0.059 
0.201 
0.096 
0.109 
0.110 
0.106 
0.114 
0.099 
0.097 
0.110 
0.102 
0.141 
0.147 
3 153 
0.090 
0.106 
0.123 
0.046 
0.087 
0.047 
0.106 
0.096 
0.124 
0.107 
0.134 
0.080 
0.152 
0.115 
0.111 
0.111 
0.097 
0.096 
0.087 
0.110 
0.105 
0.120 
0.114 
0.093 
0.092 
0.162 
0.133 

PFD - 
0.050 
0.035 
0.039 
0.033 
0.047 
0.032 
0.030 
0.043 
0.026 
0.040 
0.142 
0.067 
0.075 
0.077 
0.073 
0.077 
0.066 
0.064 
0.074 
0.067 
0.095 
0.100 
0.105 
0.060 
0.073 
0 .oai 
0.032 
0.058 
0.031 
0.070 
0.062 
0.079 
0.067 
0.086 
0.055 
0.106 
0.077 
0.070 
0.071 
0.067 
0 .069  
0.057 
0.077 
0.070 
0.082 
0.076 
0.064 
0.060 
0.115 
0.095 

PFLS - 
0.040 
0.030 
0.030 
0.020 
0.050 
0.020 
0.030 
0.040 
0.030 
0.040 
0.080 
0.040 
0.040 
0.050 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.050 
0.060 
0.040 
0 .  OSO 
0.060 
0.020 
0.040 
0.020 
0.060 
0.040 
0.060 
0.050 
0.060 
0.040 
o.oao 
0.050 
0.040 
0.050 
0.070 
0.090 
0.070 
0.070 
0.070 
0.070 
0.060 
0.060 
0.050 
0.100 
0.070 




