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SUMMARY 

The S u l t a n  R i v e r  H y d r o e l e c t r i c  P r o j e c t  w i l l  s i g n i f i c a n t l y  

a l t e r  t h e  flow regime i n  a l l  9.7 miles of r i v e r  downstream of t h e  Evere t t  

d ivers ion  dam. Since various anadramus f i s h  s p e c i e s / l i f e  s t ages  use t h i s  

r i v e r  sec t ion ,  t h e  l i censee  agreed with f i s h  and w i l d l i f e  agencies t o  

determine shor t  and long term impacts of sedimentation and compaction of 

spawning gravels  due t o  p ro jec t  cons t ruc t ion  and operat ion.  I n  order  t o  

evalua te  e x i s t i n g  condit ions a base l ine  study of spawning gravel  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 S n o h d s h  County i n  

t h e  spr ing  of 1982. 

Object ives 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 

s e l e c t e d  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 .  Determine t h e  v e r t i c a l  heterogeneity of sediments within and 

among spawning reaches; 

3 .  Determine t h e  short-term temporal v a r i a b i l i t y  of sediment 

samples a t  a s p e c i f i c  loca t ion  before and a f t e r  a two week 

period of cont ro l led  increased flow. 

Streambed sediments were removed from f i v e  salrmnid spawning reaches 

using a t r i - tube  freeze-core sampler. A t o t a l  of 6 0 ,  12 inch-deep core  

samples w e r e  co l lec ted .  Each core was subdivided v e r t i c a l l y  i n t o  3-inch 

s t r a t a  y i e ld ing  a t o t a l  of 240 subsamples. 

Gravel samples were analyzed by w e t  s i ev ing  through a graduated s e r i e s  

of Tyler  screens. Textural  comqosition was ca lcula ted  using t h e  computer 

program SEDIMNT a t  t h e  F i she r i e s  Research I n s t i t u t e  (FRI), Universi ty of 

Washington. This program provided various s u b s t r a t e  s t a t i s t i c s  and expres- 

sed t e x t u r e  i n  terms of geometric mean diameter and percentage of f i n e s  

less than 0.841 mm. 



Results  shoved a s i g n i f i c a n t  va r i a t ion  among s t a t i o n s  with respect  t o  

gecsnetric mean diameter. S ta t ions  averaged between 11.41 and 18.42 nun 

with a combined average of 15 .32  mm. Values were progressively smaller 

with increased d is tance  upstream from t h e  r i v e r  mouth. 

The proportion of Sul tan  River f i n e  sediments l e s s  than 0.841 rnm 

averaged 7.1 percent f o r  a l l  s t a t i o n s  combined and ranged between 3.7 and 

9.1 percent f o r  individual  s t a t ions .  

Subsequent s tudies  w i l l  be conducted following projec t  construct ion 

and 3 years following projec t  operation. Comparison of r e s u l t s  i n  t h i s  

repor t  t o  those of f u t u r e  s tud ies  w i l l  provide a bas is  f o r  determining 

whether o r  not mit igat ive measures a r e  required t o  maintain t h e  qua l i ty  of 

Sultan River spawning gravels.  



1.0 INTRODUCTION 

1 -1 AUTIIORI ZATION 

T h i s  s tudy  was a u t h o r i z e d  and funded by t h e  P u b l i c  U t i l i t y  

D i s t r i c t  No. 1 of Snohanish County. I t  cons t i tu tes  t h e  f i r s t  of a  three-  

pa r t  s tudy t o  determine t h e  e f f e c t s  of t h e  Sul tan  River Hydroelectr ic  

Project ,  PERC Project  no. 2157, on t h e  t e x t u r a l  composition of salrmnid 

spawning gravels.  

1.2 PRCUECP BACRGROUND 

Plans f o r  hydroelec t r ic  development on t h e  Sultan River c a l l  f o r  

diversion of water from Culmhack 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  capacity 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  operating, o r  a t  t h e  C i ty  of 

Everet t  diversion dam (RM 9.7), regardless of powerhouse operation. Water 

r e t u r n e d  upstream t o  t h e  d i v e r s i o n  dam w i l l  p rov ide  c o n t r o l l e d  f lows  

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

conditions f o r  anadromous f i shes .  For fu r the r  d e t a i l s  of projec t  fea tures ,  

flow regimes, ex i s t ing  aqua t i c  and t e r r e s t r i a l  resources and expected 

projec t  inpacts  r e f e r  t o  PUD, 1982. 

1.3 ENVIIMNMENTFTAL SETTING 

The t e x t u r a l  composition of streambed sediments r e s u l t s  primari ly 

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

its drainage and streambed gradient .  I n  t h e  Sultan R i v e r ,  these parameters 

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

used by spawning anadrmnous f i s h e s  upstream t o  the  Everet t  diversion dam 

(RM 9.7).  Predominant species a r e  chinook, coho, pink and chum salmon, 

s teelhead and sea-run cutthroat .  

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 is ts  primari ly of bedrock, boulders and cobble. Gravel patches occur 

sparsely t h r o u g h a t  t h i s  sec t ion  and have been h i s t o r i c a l l y  subjected t o  

extreme flow f luc tuat ions  reaching over 10,000 c f s  every 1 i n  3.2 years 
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(Eicher 1981). See Figure 3 f o r  Sul tan  River (Spada Lake) da i ly  inflow and 

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

t h e  streambed and cause gravel  movement. T h i s  can r e s u l t  i n  dislodgement 

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

ac tua l  l o s s  of spawning gravel  (Burgner 1981 ) . 

Below t h e  powerhause, t h e  r i v e r  flows through approximately 1.5 

miles of canyon followed by 3.0 miles of f lood p l a i n  u n t i l  reaching i ts  

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

canyon, the r i v e r  widens and t h e  channel occasionally s p l i t s ,  c rea t ing  

i s lands  and numerous low-velocity s i d e  channels. Cobble and gravel  a r e  

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

1 .4  STUDY SOOPE AND OBJECTIVES 

A s  p a r t  of t h e  L i c e n s e  Agreement f o r  FERC P r o j e c t  2157, an  

Uncontested Offer  of Settlement w a s  made between t h e  J o i n t  Agencies ( see  

page 7) and t h e  licensee. Item 3 of t h a t  agreement requires t h a t  a deter-  

mination be made of "short-term and long-term impacts of sedimentation, 

gravel  compaction and spawning gravel  reduction i n  t h e  Sultan River due t o  

construct ion and operat ion of t h e  projec t . "  A three-phase evaluation of 

t h e  t e x t u r a l  composition of streambed sediments, ( 1  ) pr io r  t o  projec t  

construction; ( 2 )  following completion of construction but p r io r  t o  projec t  

operation and (3 )  3 years following i n i t i a l  projec t  operation, a r e  intended 

t o  determine whether o r  not spawning gravel  qua l i ty  has changed a s  a r e s u l t  

of projec t  construction and/or operation. Al tera t ion  of gravel  quant i ty ,  

i f  any, a s  a r e s u l t  of t h e  p ro jec t  w i l l  be evaluated i n  subsequent s tudies .  

The subject  of t h i s  repor t  focuses on evaluating t h e  s i z e  o r  

t ex tu ra l  composition of Sultan streambed gravels  p r io r  t o  projec t  construc- 

t i o n .  R e s u l t s  of t h i s  s t u d y  w i l l  p rov ide  a b a s e l i n e  t o  which f u t u r e  

measurements of streambed sediments can be compared. 

The object ives of t h i s  s tudy involved evaluation of t h e  t e x t u r a l  

composition of Sultan River spawning gravels  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 )  de te rmin ing  t h e  v e r t i c a l  h e t e r o g e n e i t y  of sediments  w i t h i n  

and among spawning reaches; 

3) de te rmin ing  t h e  s h o r t - t e r m  tempora l  v a r i a b i l i t y  of sediment 

samples a t  a  s p e c i f i c  l o c a t i o n  b e f o r e  and a f t e r  a  two week 

period of cont ro l led  increased flow. 



2.0 METHODS 

2.1 SAMPLE COLLECPION 

S u b s t r a t e  samples used  t o  e v a l u a t e  t h e  q u a l i t y  of spawning 

gravels wi th in  t h e  Sul tan  River were col lec ted  during Apr i l  and May, 1982, 

a t  f i v e  spawning reaches shown i n  Pigure 4. These study locat ions  w e r e  

cooperatively selected by f i s h e r i e s  b io log i s t s  from Washington Department 

of F i she r i e s  (WDF) , Washington Department of Game (WDG) , National Marine 

Fisher ies  Service (NMFS) and T u l a l i p  Indian Tribes (Tu la l ips ) .  Salmon o r  

s teelhead have been observed a t  a l l  sites during spawning surveys conducted 

by WDF, WDG and Eicher Associates between 1978 and 1982. 

Three study sites w e r e  located downstream and two upstream of 

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

52, S3, S4 and 55 a r e  located a s  follows: 

s1 (RM 0 -1 ) lies along t h e  w e s t  ( r i g h t )  bank jus t  north of SRZ bridge 

a t  t h e  town of S u l t a n  p u b l i c  f i s h i n g  a c c e s s  a r e a  ( F i g u r e  5). 

52 (RM 0.8) i s  mid-channel approx imate ly  300 ya rds  downstream of 

Winters Creek con£ h e n c e  (Figure 6). 

53 ( R M  2.5) is along t h e  east ( l e f t )  bank approximately 400 yards 

downstream from t h e  BPA powerline crossing a t  t h e  end of F i r s t  

Street (Figure 7 ) .  

54 (RM 4.7) is located adjacent  t o  t h e  w e s t  ( r i g h t )  bank approximately 

50 yards downstream from Chaplain Creek gaging s t a t i o n  (Figure 

8 ) .  

55 ( R M  7.2) i s  s i t u a t e d  along t h e  west ( r i g h t )  bank between Marsh 

Creek confluence and Horseshoe Bend i n  t h e  area r e fe r red  t o  a s  t h e  

Gold Camp (Figure 9 ) .  

Table 1 shows spawning use a t  a l l  sampling s t a t i o n s .  



Flgure 4 ~ a p  of Sultan a v e r  gravel sampling staclons. 
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Table 1 .  Anadronous f i s h  spawning use a t  gravel  sampling s t a t i o n s ,  
s u l t a n  River, Washington. 

River Primary S awning Occasional Spawning 
S ta t ion  - M i l e  use P use 

S1 0.1 SH CH 
S2 0.8 P r a 
S3 2.5 SH, CH, 03, P -- 
S4 4.7 SH. a3 -- 
S5 7.2 SH, CH CO 

l species  rode: SA( s tee lhead) ,  CH (chinook), a) (coho), P (p ink)  

I n  addit ion t o  t h e  requirement t h a t  study areas a r e  those  used by 

spawning salmonids, sites were se lec ted  on t h e  bas is  of representat iveness 

of associated r i v e r  reach and a c c e s s i b i l i t y .  The locat ion  of t h e  study 

areas and t h e  c r i t e r i a  used i n  t h e i r  se l ec t ion  were formally approved by 

WDP, WM;, NMFS and Tu la l ips  f i s h e r i e s  b io log i s t s  p r i o r  t o  i n i t i a t i o n  of 

f i e l d  sampling. 

A t  each study area, 10 samples were obtained along a t r a n s e c t  

p a r a l l e l  t o  t h e  d i rec t ion  of water movement. These samples w e r e  s e l ec ted  

a t  random distances along t h e  t r ansec t  within locat ions having spawning 

s i z e  gravel  less than 4 inches i n  diameter. Water ve loc i t i e s  were measured 

d i r e c t l y  above each sampl ing l o c a t i o n  f o r  compara t ive  purposes .  A l l  

samples within a given study area were col lec ted  within an 8-hcur period, 

w i t h  t h e  exception of S3. Sampling a t  t h i s  study area on Apri l  28 w a s  

in ter rupted  by a rapid and unexpected increase  i n  r i v e r  flow (670 t o  1100 

c f s ) .  The remaining samples, 4 through 10, were col lec ted  on May 12 a f t e r  

t h e  r i v e r  had s t a b i l i z e d  a t  its former level .  S ta t ion  S1 was sampled t w i c e  

during t h e  study, once before (SlA - 4/26/82) and once a f t e r  ( S I B  - 5/14/ 

82) ,  t h e  o the r  s t a t i o n s  had been sampled i n  order  t o  document changes i n  

streambed composition which may have occurred during t h e  sampling period a s  

a r e s u l t  of flow var ia t ion .  T a b l e  2 shows flows f o r  each sample day- 

location. 



Table 2. Sul tan  River flows during each da te  gravel  samples 
were collected.  

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

A t r i - tube  freeze-core sampler, a s  described by Lotspeich and 

Reid (1980) and Everest,  et a l .  (1980). was used t o  obta in  r e l a t i v e l y  

undisturbed s u b s t r a t e  samples. A l is t  of equipment used, scurces and 

cos t s  are provided i n  A p p ~ d i c e s  A and B.  To ta l  c o s t  f o r  major equipment 

i t e m s ,  excluding carbon dioxide 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 (Sh i raz i  and Seim 1979), 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 mater ia ls  (Peterson 1978; Sh i raz i  e t  a l .  

1979; A d a m  1979) but  not i n  o thers  ( P l a t t s  e t  a l .  1979). 

F ie ld  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 were driven were cont ro l led  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  lcwer por t ion  of 

each probe where it vaporized, inducing rapid  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) cyl inder  of 

carbon dioxide was used f o r  each sample. For sa fe ty  purposes a 3-1/2 

gal lon p l a s t i c  bucket was inver ted  over manifolds and held i n  place u n t i l  

t h e  C02 cylinder had completely discharged. This was done i n  order  t o  

a v o i d  sudden upward s u r g e s  of man i fo lds  when g a s e s  became t r a p p e d  a s  

condensation f roze  i n  bottom of probes. The probes and adhering sediment 

were extracted from t h e  substratum using a hand winch at tached t o  a t r i p o d  



s i t u a t e d  over t h e  sample site. The core was then posi t ioned hor izonta l ly  

over a set of six, adjacent,  7.6 cm ( 3  inch) w i d e  galvanized aluminum boxes 

and thawed with a propane torch. 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 ans fe r red  t o  thick-gage p l a s t i c  bags and taken t o  t h e  

l a b o r a t o r y  f o r  a n a l y s i s .  The we igh t  of a s i n g l e  c o r e ,  comprised of  

f o u r  subsample s t r a t a ,  ranged between 5 and 10 ki lograms ( 1 1  and 2 2  

pounds 1.  

2 .2  LAB ANALYSIS 

Subsamples were ana lyzed  s e p a r a t e l y  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  separa te  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 ieve  was measured 

t o  t h e  nearest  milliliter. Fine sediment passing through t h e  smal les t  

s ieve  was concentrated i n  a la rge  funnel  and allowed t o  settle f o r  approxi- 

mately one-half h m r .  For t h e  purposes of t h i s  study, it was assumed t h a t  

t h e  fine-grained sediment col lec ted  i n  a graduated cyl inder  a t  t h e  base 

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

load" of channel sediments (American Geophysical Union 1947) .  

Data collected by t h e  volumetric method w a s  corrected f o r  b ias  

r e s u l t i n g  from i n c r e a s e d  water -holding c a p a c i t y  of f i n e r  sediments .  

Following t h e  suggestion of Sh i raz i  and Seim ( 1 9 7 9 ) ,  t h e  dry contents of 

t h e  1 .68 mm s ieve  was used t o  est imate t h e  densi ty of the  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 w a t e r  it 

displaced i n  cubic centimeters. The densi ty was estimated f o r  a t  l e a s t  

one sample from each study area. Af ter  averaging, these  estimates enabled 

a correct ion fac tor  t o  be applied t o  volumetric da ta  i n  order  t o  derive dry 

weight estimates 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 

Although the re  is general concensus among f i s h e r i e s  b io log i s t s  

t h a t  t h e  t ex tu ra l  composition of spawning subs t ra t e s  a f f e c t s  survival  



and emergence of s a h 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  are general ly bel ieved t o  be t h e  reduction of oxygenated water 

t o  incubating embryos and t h e  t rapping of alevins during t h e  emergence 

period. Both of these  a r e  r e l a t e d  t o  t h e  proportion 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 mater ia ls  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  

qua l i ty  and have proposed various standardized indices  t o  charac ter ize  

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  advocated  u s e  of g e o m e t r i c  mean 

d iamete r  ( d g )  a s  a n  a p p r o p r i a t e  i n d e x  because  of i t s  r e l a t i o n  t o  t h e  

permeability and porosi ty of channel sediments, i ts  widespread use i n  

sedimentary petrography and engineering and i ts  amenability t o  statistical 

comparison. Sh i raz i  and Seim (1979) reiterate these  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 may a l s o  be used t o  c a l c u l a t e  t h e  

percentage of f i n e s  less than a spec i f i ed  p a r t i c l e  diameter. 

Lotspeich and Everest (1981) do not r e j e c t  t h e  regression methods 

of S h i r a z i  and Seim per se, tut  do r e j e c t  t h e i r  use of t h e  g ra in  s i z e s  a t  

t h e  16th ( d I 6 )  and 84th (dg4)  cumulative weight pe rcen t i l e s  i n  calcu- 

l a t i n g  t h e  sample variance, o r  s o r t i n g  coe f f i c i en t  (So). Lotspeich and 

Everest 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  dispersion 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  ca lcu la te  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  is by p l o t t i n g  a frequency curve of cumulative 

weight  a g a i n s t  p a r t i c l e  d iamete r .  I n  a d d i t i o n  t o  t h e  t e d i o u s n e s s  of 

construct ing such c u m l a t i v e  curves, each comprised of 11 d a t a  points  f o r  

mult iple s u b s t r a t e  samples, t h e  v i sua l  est imation of t h e  25th and 75th 

percent i les  is subjec t  t o  considerable e r ro r .  Lotspeich and Everest  do 

provide an alogrithm f o r  ca l&la t ing  dg, hmever,  and propose t h e  " f red le  



index" ( P i ) ,  where P i  = dg/So, as a measure of the qua l i ty  of spawning 

subs t ra te .  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  

standpoint,  we believe t h a t  t h e  methods of ca lu la t ing  So probably r e s u l t s  

i n  e r r o r s  la rge  enough t o  cast doubt on i ts  quan t i t a t ive  signif icance.  

w e  have therefore  chosen not t o  repor t  t h e  f r e d l e  index f o r  Sultan R i v e r  

spawning gravels. The data necessary t o  do so,  however, is readily avai l -  

able  should a more appropriate mans  of ca lcula t ing  So become available.  

Two general ca tegor ies  of subs t ra t e  indices,  percent f i n e s  and 

geometric mean diameter, w e r e  used t o  evaluate  t h e  q u a l i t y  of Sul tan  R i v e r  

gravel  samples. I n  t h i s  study, percent f i n e s  was designated as t h e  frac-  

t i o n  of sediment i n  a sample less than 0.841 mm i n  diameter. This  s t a t i s -  

t i c  has been used i n  o ther  inves t iga t ions  of spawning subs t ra t e  q u a l i t y  i n  

western Washington streams (Cederholm, et a l .  1981: Scott ,  et a l .  1982; and 

S t o b e r ,  e t  a l .  1982).  I t  has  been found t o  r e p r e s e n t  t h o s e  s i z e s  of 

inorganic sediment which influence f i s h  and i n s e c t  l i f e  i n  t h e  i n t a q r a v e l  

environment. 

2.3.2 COMPUTER PROGRAM "SEDIMNT" 

The computer program SEDIMNT (FRG-367), wr i t ten  by Gales and 

Swanson (1980), was used t o  summarize t h e  volumetric and qravimetric data 

described above. The program ca lcu la tes  t h e  percentage of t h e  sample 

col lec ted  by each s ieve  and t h e  percentage of t h e  sample which is smaller  

than each s ieve  diameter. The percentage of f ines  which pass thrcugh t h e  

0.841 mm mesh diaxeter  s ieve  is used i n  s t a t i s t i c a l  comparisons. The 

variables PFW and PFD i nd ica te  t h e  percent f i n e s  estimated from volumetric 

(wet) da ta  and g r a v i r e t r i c  (dry)  da ta ,  respectively.  

SEDIMtiT a l s o  performs a l e a s t  squares regression analys is  f o r  

each sample following t h e  procedure given by Sh i raz i  and Seim (1979). This  

regression analys is  a s sums  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 ibu t ion .  I f  t h i s  assumption i s  t rue ,  then t h e  

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

ed data. I t  a l s o  f a c i l i t a t e s  an analys is  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 lcula t ion  of t h e  geometric m a n  diameter 



and the  percent f ines  less  than 0.841 mm i n  diameter. The variable PFLS, 

used i n  t he  s t a t i s t i c a l  comparisons be lw ,  is the percent f ines  estimated 

by the regression method. The geometric mean diameter calculated f r m  t h e  

regression equation i s  ident i f ied as  DGLS. 

The alogrithm f o r  calculating dg suggested by Everest, e t  a1  

( 1980 ) ,  which resu l t s  i n  values dif ferent  than those derived from the  

regression equation, i s  provided belw:  

where d = midpoint diameter of par t ic les  retained by a 
given sieve 

and w = decimal f ract ion by weight of par t ic les  
retained by a given sieve. 

The variables DGW and DGD henceforth re fe r  t o  t he  geme t r i c  mean 

diameter c a l c u l a t e d  on t h e  bas i s  of volumetr ic  and g rav ime t r i c  d a t a ,  

respectively, using the above equation. Parametric s t a t i s t i c a l  analyses of 

the  above named variables were conducted and involved analysis of variance 

(ANOVA) for  differences between s t r a t a  and among s ta t ions ,  various t e s t s  

of normality and homoseedocity, and regression analysis using water velo- 

c i t y  as the  independent variable. I n  nnking a-posteriori comparisons 

following analysis of variance, the  non-parametric Scheffe's and Least 

Significant Difference (LSD)  t e s t s  were applied. 



3.0 RESULTS 

3.1 SOURCES OF ERIIOR 

Possible sources of subs t ra t e  sampling b ias  i n  t h i s  study include 

operator and ana ly t i ca l  e r r o r .  The former 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  in sampling and tech- 

nique. Equipment r e l i a b i l i t y  w a s  pr imari ly affected by t h e  blockage of 

gas flow through t h e  i n l i n e  f i l t e r s  and from manifold nozzles clogging with 

dry ice,  both re su l t ing  i n  a p a r t i a l l y  frozen core. This  s i t u a t i o n  occur- 

r e d  i n f r e q u e n t l y  and was r e a d i l y  d e t e c t e d  when t h e  c o r e  was removed 

from t h e  stream bed. I n  such cases, f a u l t y  nozzles and/or i n l i n e  f i l t e r s  

were replaced and a new sample was taken. 

Freeze-core sampling necessar i ly  d i s tu rbs  surface  sediments when 

probes are 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 

or  by s e t t l i n g  fu r the 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 

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 is tent  f reez ing of 

t h e  core a t  t h e  water-substrate in ter face .  

Variat ion i n  sampling technique was m i n m z e d  by assuring use 

of a uniform q u a n t i t y  (one  c y l i n d e r )  of l i q u i d  C02 i n  f r e e z i n g  each  

sample. Assignment of each t a sk  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 ro r ,  respectively.  

I n  order  t o  determine whether o r  not water ve loci ty  af fec ted  

sediment t ex tu re  va r i a t ion  among samples, veloci ty  measurements w e r e  taken 

a t  each f reeze  core sample. None of t h e  percent f i n e s  and g e o m t r i c  mean 

diameter variables were s ign i f i can t ly  corre la ted  with water column veloci- 

t i e s  measured d i r e c t l y  above t h e  s t r e a m  bed from which samples were 

obtained. Water veloci ty explained l e s s  than 2% of the var i a t ion  recorded 

i n  DGD, DGW, DGLS, Pm, PFW and PFLS. Bed composition is undoubtedly 

influenced by a combination of hydraulic and geomrphologic f a c t o r s  which 

were not inves t iga ted  i n  t h i s  study. 



3.2 PERCENT FINES AND GEOMETRIC MEAN DIAMETER 

The average peroent fines and geometric mean diameter values 

calculated for  each study area are  l i s t e d  i n  Table 3. The proportion of 

f ine  sediment averaged 7.1 percent for  a l l  s ta t ions combined and ranged 

from 3.7 t o  9.1 percent for  individual stations.  Geometric mean diameter 

values averagfed 15.32 mm ( D G W ) ,  17.93 mm (DGD) and 19.62 (EGIS). 

Table 4 shows F s t a t i s t i c s  calculated i n  analyses of variance 

which tes ted  for  differences among study areas. The mean percent f ines  and 

geometric mean diameter values calculated f r m  s ta t ion  S1 samples collected 

on April 24 and May 14 a r e  not s t a t i s t i c a l l y  different.  A t-test comparing 

these two sets of samples (SlA and SIB) revealed tha t  a l l  s i x  mean values 

a re  s t a t i s t i c a l l y  indistinguishable due t o  the influence of within-station 

var iab i l i ty  among samples. Since these two sampling dates bracket the  

sampling period, it appears t ha t  substrate composition within t h e  study 

areas remained constant throughout the duration of sampling and comparison 

amng s ta t ions are valid. 

From an inspection of Table 3 it is apparent t h a t  trends indicat- 

ed by DGW and DGD are  similar, although the geometric mean diameter calcu- 

la ted from gravimetric data is always larger than tha t  based on volumetric 

data. The reverse i s  t rue  of PFW and PFD, although differences tend t o  

remain constant. 

We have included estimates of geometric mean and percent f ines 

based on both volumetric and gravimetric data fo r  comparison with resu l t s  

of other studies. I n  the following s t a t i s t i c a l  comparisons, v i r tua l ly  a l l  

resu l t s  are  identical  when DGW and DGW or PFW and P m  are used. The DGLS 

and PPLS values, although calculated from gravimetric data, were typicaly 

higher and lower, respectively, than other geouetric mean (DGW, DGW) and 

percent f ines  (PPW, PW) values. 

Analysis of variance rejected t h e  hypothesis t ha t  a l l  study areas 

had equal mean values for  any of the variables tested a t  the 95 percent 

confidence l e v e l  (Table 4 ) .  A -pos t e r io r i  c o n t r a s t s  using t h e  Least  



Table  3.  

Study 
Area 

SlA 
Sl B 
52 
S3 
S4 
55 

Average geometric mean d i a m e t e r  by v o l u m e t r i c  (DGW), gravimetric 
(DGD), and least squares (DGLS) methods and average  p e r c e n t  f i n e s  
by v o l u m e t r i c  (PFW), g r a v i m e t r i c  (PA)) and  least s q u a r e s  ( P n S )  
methods f o r  gravel samples  c o l l e c t e d  i n  t h e  S u l t a n  River ,  Wash- 
i n g t o n  1982. 

NIlmber of DGW DGD DGLS PFW PR) PFLS 
samples (mm) - (m) M - % - % - % 

Table  4. R e s u l t s  of a n a l y s i s  of v a r i a n c e  (ANOVA) for S u l t a n  R i v e r  gravels 
t e s t i n g  h y p o t h e s i s  t h a t  average g e o m e t r i c  mean d i a m e t e r  a n d  
p e r c e n t  f i n e s  f o r  a l l  s t a t i o n s  are a l l  equa l .  

(ao : + I A  = -p ie  = 3 s 2  = 3 s 3  = 3 s4 = 3 s 5 )  

DGW DGD DGLS PEW PPD PFLS ------ 
F - R a t i o  5.73 5.02 2.89 10.79 10.39 8.85 

F P r o b a b i l i t y  <0.01 (0.01 <0.05 <0.01 <0.01 <0.01 



Signif igant Difference (LSD) Method (d=0.05)  resulted i n  a minimum of two 

homogeneous subsets for  each comparison, as shown i n  Figures 10  and 11 .  

Of special  i n t e r e s t  is tha t  study areas w e r e  generally grcuped d i f fe ren t ly  

using geometric mean and percent f ines  variables, suggesting t h a t  the  two 

measures were not completely inversely related. Using DGW and DGD resulted 

i n  s ta t ions  S4 and S5, those areas located fa r thes t  upstream, being ranked " 
separately from sta t ions  S1, S2 and S3 by v i r tue  of t h e i r  lower gecmetric 

mean values. Comparing a l l  s ta t ions  based on GGLS values indicated S5 was 

different  from a l l  other s ta t ions  except S4. The average geometric mean 

diameter f o r  S4, however, was not s ignif icant ly  dif ferent  £ran SlA, SIB o r  

S2, but was from S3.  The conclusion is that ,  when comparing a l l  s ta t ions  

regardless of which geometric mean value was used (DGW, DGD or  DGLS), t he  

average pa r t i c l e  s i z e  i n  t he  upstream spawning reaches of the  Sultan River 

was smaller than tha t  found downstream. A decrease i n  substra te  geometric 

mean diameter occurred for  the  m o s t  par t  with increasing distance from t h e  

r iver  mouth (Sl>S3>S2> S4>S5). 

Using percent f ines  as  the  dependent variable, ANOVA a l so  reject- 

ed the hypothesis t ha t  mean values of a l l  s ta t ions  were identical .  Figure 

11 shows tha t  Station S1, which had fewer f i ne  sediments on both sampling 

dates (SlA, SIB) than any other s ta t ion,  m y  effect ively be considered 

d is t inc t  from sta t ions  52. 53, 54 and S5. The l a t t e r  s ta t ions  could not 

be separated on the basis of t h e i r  mean percentage of f ine  sediments. 

Additionally, no general gradient of percent f ines  was apparent along t h e  

r iver  length, as was observed for  geometric mean diameter values. 



DGW 

DGD 

DGLS 
SIB SlA 52 

1 
53 

Figure 10. Schematic representa t ion  of geometric mean diameter (dg) by 
volumetric ( f f iw) ,  gravimetric (DGD) and l e a s t  squares (DGLS) 
methods f o r  gravels  co l l ec ted  from Su l t an  River s t a t i o n s  S1 -S5 
grouped i n t o  homogeneous subsets by t h e  L9) (a-pos ter ior i )  
method. Ranges are f o r  the d = 0.05 level .  

PFW 

PFD 

PFLS 

Figure 1 1 .  Schematic representa t ion  of percent f i n e s  less than 0.841 mm by 
volumetric (PPW) , gravimetric  (PFD) , and l e a s t  squares (PFLS) 
methods f o r  g r a v e l s  c o l l e c t e d  from S u l t a n  R i v e r  s t a t i o n s  
sl-95 grouped i n t o  hmgeneous  subsets  by t h e  Least S ign i f i can t  
Difference, LSD (a-pos ter ior i )  method. Ranges a r e  f o r  t h e  

= 0.05 level .  ~. 



3 - 3  SEDIMENT STRATIFICATIOEl 

In  order t o  detect  s t r a t i f i ca t ion  within streambed sediments, 

four  subsamples, o r  s t r a t a ,  from each core w e r e  analyzed sepa ra t e ly .  

Strata  1 extended from the bed surface t o  a depth of 3 inches. Stratas  2, 

3 and 4 represented bed depths ranging from 3 t o  6,  6 t o  9 and 9 t o  12 

inches, respectively. The texture of these deeper s t r a t a ,  pa r t imla r ly  the  

second and third,  is more inf luent ia l  i n  the  survival of salmonid embryos 

than is tha t  of surface substrate. 

S t ra ta  sediments were compared for differences i n  average geomet- 

r i c  mean diameter (DGW and !XD) and percent f ines  (PFW and PPD). For 

sinplification, the variables DGLS and PFLS were not used i n  comparing 

different s t ra ta .  Unless otherwise noted, resu l t s  and conclusims pertain- 

ing t o  geometric mean diameter and percent f ines  were equally valid fo r  

both DGW or DGD and PFW or PR), respectively. 

The geometric mean diameter and percent f ines values for individ- 

ual s ta t ions ( 4  s t r a t a  X 10 samples, N = 40)  and for a l l  s i x  s ta t ions  

combined (N = 240)  are  presented i n  Table 5. A l l  s t r a t a  within samples 

from a given s ta t ion have sediments with equal average geometric mean 

diameters a t  locations SlA, S2 and S3. The average geometric mean diameter 

i n  s t r a t a  1 is s ignif icant ly  greater than it is i n  cornposited s t r a t a s  2, 3 

and 4 a t  a l l  stations except 53. This suggests t ha t  surface sediments are  

generally coarser than those fmnd a t  deeper levels. The difference m n g  

average geometric =an diameter of a l l  s t r a t a  1 subsamples and tha t  of a l l  

other s t r a t a  combined was s t a t i s t i c a l l y  tes ted using a t - tes t .  Significent 

differences are indicated i n  Table 5 by the symbol "t". Similar compari- 

sons were made t o  test differences i n  percent f ines ,  When the  mean percent 

f i n e s  value f o r  s t r a t a  1 ( 9 1 )  was s i g n i f i c a n t l y  d i f f e r e n t  from t h e  

combined mean values  f o r  s t r a t a s  2 ,  3 and 4 ,  then t h e  hypothesis  Ho: 

9 1  = 3 2 = 3 3 = 3 4  was rejected as  indicated a l so  i n  Table 5 by the 

symbol 't'. s t r a t a  1 percent f i n e s  were s i g n i f i c a n t l y  lower a t  a l l  

s ta t ions when s ta t ions were examined individually or combined. 



Table  5. Average geometr ic  mean d iameter  by vo lumet r ic  (DGW)  and gravimet- 
r i c  (ED) and pe rcen t  f i n e s  (less t h a n  0.841 mm) by volumet r ic  
(PFW) and g r a v i m e t r i c  (PPD) methods f o r  gravel s t ra ta  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  s t a t i o n s  combined, S u l t a n  R i v e r ,  
Washington, 1982. 

DGW DGD PFW PPD 
S t a t i o n  strata - (mn) (nm) - ( 0 )  - ( $ 1  

S t a t i o n s  
Combined 1 21.49t 23.60t 3.3t  2 .3 t  

2 14.79 17.26 7.2 5.1 
3 14.50 17.32 8.8 6.2 
4 15.07 18 .24 8.9 6.1 

N o t e :  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 tum 1 and strata 
2-4 (composited) f o r  each s t a t i o n  and 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 t h e  symbol .tn. 



S t a t i s t i c a l  comparisons revealed t h a t  s t r a t a s  2 and 3 were l e s s  

l i k e l y  t o  be d i f f e r e n t  i n  composition than  were 2 and 4 o r  3 and 4 .  

Sediments from s t r a t a  1 shared greatest  var iabi l i ty  i n  geaoetric mean 

diameter, while percent f ines  variation was greatest  i n  s t r a t a  3 .  Changes 

in  geometric mean diameter  and percent f ines  followed no apparent trend i n  

relation t o  depth. 

3.4 STEELBEAD EGGS AND SEDIMENT TEXTURB 

Although an e f f o r t  was made t o  avoid sampling locations where 

evidence of egg deposition was apparent, freeze-core samples occasionally 

contained s t ee lhead  eggs i n  one o r  more s t r a t a .  The geometric mean 

diameter and percent f ines  calculated f o r  s t r a t a  containing eggs a re  l i s t e d  

i n  Table 6.  Steelhead embryos primarily occurred i n  sample s t r a t a  2 and 3 

( 3  t o  9 inches deep). Eggs occurred infrequently below 9 inches but were 

never present i n  stratum 1 (0 t o  3 inches). 

The DGD for  samples containing eggs averaged 16.65 mm and ranged 

from 9.76 t o  26.68 mm. Por comparison purposes, s t r a t a  2 ,  3 and 4 (combin- 

ed) of a l l  samples not containing eggs had an average DGD of 17.64 mm, with 

a range of 5.08 t o  4 1 . 4 2  mm. No s i g n i f i c a n t  d i f f e rence  was found i n  

average geometric mean diameter and percent f ines  values between s t r a t a  i n  

which eggs occurred and s t r a t a  2 ,  3 and 4 of samples without eggs. I n  

sp i t e  of the small sample size,  it was tentatively concluded tha t  w s t  of 

the samples collected i n  the  various study areas were of a texture  sui table  

for  salmonid egg incubation. 



Table 6. Geometric mean diameter and p a c e n t  f ines  (less than 0.841 mm) 
of sample s t r a t a  combined and f o r  individual s t r a t a  containing 
steelhead eggs. 

AVERAGE H)R SAMPLE STRATA COMBINH) 

Station 

53 
53 
S4 
55 
s 5  
55 
S5 

Sample 

5 
7 
8 
2 
3 
6 
8 

s t r a t a  

1-4 
1-4 
1-4 
1-4 
1-4 
1-4 
1-4 

DGLS 

39.83 
16.30 
6.69 
12.34 
23.26 
15.91 
7.29 

AVERAGE FOR 1N)IVIDUAL STRATA 

PPW 
( 0 )  

6.0 
10 .o 
12.0 
8.0 
3.0 

1 1  .o 
8.0 

l SUBSTRATE STATISTIC DODE 
DGW = Geometric mean diameter  by volumetric method (wet) 
DGD = Geometric man diameter by gravimetric method (dry) 
DGLS = Gecrmetric w a n  diameter by l e a s t  squares method 
PPW = Percent f ines  by volumetric method (wet) 
PA) = Percent f ines by gravimetric method (dry) 
PPLS = Percent f ines by l e a s t  squares method 

PPLS 
( 0 )  - 
2.0 
5.0 
8 .O 
5.0 
2 .o 
5 .O 
6 -0 



4.0 DISCUSSION 

Composition of streambed sediments used by spawning salmon and 

t rout  is highly variable i n  both tima and space. Althaugh t h i s  study did 

not investigate changes i n  streambed character is t ics  wer time, seasonal 

variations i n  runoff patterns and sediment loading are  knoom t o  influence 

local substrate  conditions. A s  t h a e  factors a l so  vary spa t ia l ly  consider- 

able differences i n  bed composition may be fcund among d i f fe ren t  areas 

of the stream bed, even within a s ingle  spawning r i f f  l a  (Adam8 and Beschta 

1980). Because of such potential  s p a t i a l  variation, several samples mst 

be taken within each s ta t ion  i n  order t o  effectively compare two o r  w r e  

areas with s t a t i s t i c a l  validity.  The sample variances of the mean values 

of gecmetric mean diameter and percent f ines  calculated f o r  a l l  areas 

indicated a sample s i ze  of ten per s ta t ion  vas suf f ic ien t  t o  allow val id  

s t a t i s t i c a l  comparisons, with 90 percent certainty,  between two o r  more 

s ta t ions (Sokal and Rdrlf 1969). Differences of 5 nrm i n  geometric mean 

diameter (DGW, DGD) and 5 percent f ines  (PRI, PA)) vere detectable between 

s ta t ions a t  the 5 percent level  of significance. 

Analysis of variance demDnstratsd t h a t  average geometric mean 

diameter and percent f ines  were not equal when compared among a l l  stations.  

A-posteriori tests indicate use of gecmetric mean diameter variables (DGw, 

DGD, DGLS) resu l t  i n  a different  grouping o r  ranking of study areas than 

tha t  from use of percent f ines variables (PPW, PA), PPLS). 

Mean geometric p a r t i c l e  s i z e  was progress ive ly  smal le r  w i t h  

increasing distance from t h e  r iver  mouth. Stations most upstream (S4, S5) 

were grouped separately f ran  other s ta t ions  on the basis of DGW and DGD 

values. This longitudinal gradient might r e f l ec t  qua l i ta t ive  differences 

between spawning areas i n  upstream reaches and those downstream. Spawning 

gravels i n  upstream reaches occurred a s  localized patches interspersed with 

boulder and cobble s u b s t r a t e s .  These g r a v e l  patches were t y p i c a l l y  

found near the  stream margins or a t  t h e  t a i l  end of pools where water 

velocity and bed transport condition8 resu l t  i n  smaller bed materials. I n  

contrast t o  t h i s  were the more open channel conditions fur ther  downstream. 

There the  stream bed was w r e  hq~~geneous .  yet coarser, i n  texture. The  



subs t ra t e  a t  s t a t i o n  S1, f o r  example, was dominated by gravel  and small 

cobble s i z e  p a r t i c l e s  d i s t r i b u t e d  uniformly across t h e  channel. I n  t h e  

lower r i v e r  var ia t ions  i n  bed morphology, p a r t i c u l a r l y  i n  t h e  form of 

g r a v e l  b a r s ,  were more a p p a r e n t  t o  t h e  o b s e r v e r  t h a n  were changes i n  

s u b s t r a t e  composition. A poss ib le  explanation f o r  d i f ferences  i n  s u b s t r a t e  

t e x t u r e  i n  t h e s e  two a r e a s  may b e  t h e  s o u r c e  of g r a v e l  r e c r u i t m e n t .  

~ l t h o u g h  subs t ra t e s  a r e  continuously transported downatream, new mater ia ls  

a r e  introduced along t h e  r i v e r ' s  course. I n  t h e  canyon. s l i d e s  and steep- 

gradient  t r i b u t a r y  streams a r e  an  important source of recruitment. These 

materials  may not have experienced t h e  same hydraulic  condit ions as those  

of t h e  lower  r i v e r  where s t r e a m  banks c o n t a i n i n g  g l a c i a l l y  d e p o s i t e d  

outwash sediments a r e  a m j o r  source. 

When measures of percent f i n e s  w e r e  used t o  compare d i f f e r e n t  

study areas,  s l i g h t l y  d i f f e r e n t  r e s u l t s  w e r e  obtained than those observed 

using geometric mean diameter. This  suggests t h a t  t h e  re la t ionship  between 

percent f i n e s  and geometric mean diameter is not simply an inverse  one. 

~ l t h o u g h  t h e  f i n e  sediment content a t  s t a t i o n  St averaged less than t h a t  a t  

any o the r  s t a t ions ,  the re  was no obviclls longitudinal  gradient  as was 

observed f o r  geometric mean diameter. 

Analysis of variance r e s u l t s  indica ted  t h a t  a s i g n i f i c a n t  d i f f e r -  

ence occurred among t h e  4 s t r a t a  i n  a t  l e a s t  one of t h e  mean values of 

percent f i n e s  and geometric mean diameter when a l l  samples were combined. 

Subsequent t-tests revealed t h a t  t h e  uppermost s t r a t a  was coarser  and 

contained fewer f i n e  sediments than deeper s t r a t a .  F ie ld  observations 

v e r i f i e d  t h a t  cores w e r e  completely frozen from top  t o  bottan,  ru l ing  out  

t h e  p o s s i b i l i t y  t h a t  t h e  raethod f a i l e d  t o  adequately sample t h e  top  of t h e  

bed. A s  mentioned e a r l i e r ,  t h e  inse r t ion  of probes i n t o  t h e  substratum 

may have a l t e r e d  t h e  composition of upper layers .  While f i n e s  w e r e  never 

observed t o  wash away when probes w e r e  driven i n t o  t h e  bed, sane may have 

f i l t e r e d  down i n t o  lower s t r a t a  thus  a f fec t ing  t h e  sediment content of 

uppenaost s t r a t a .  There i s  s u b s t a n t i a l  evidence, hwever, t h a t  t h e  pre- 

sence 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  is 

conmon i n  most gravel-bedded streams [Milhous and Klingeman 1971; Milhous 



1973). I t  has been shown tha t  during storms, surface layers of a gravel 

bed become progressively coarser during the  f a l l i ng  limb of the hydrograph 

(Garde, et al .  1977), a process referred t o  a s  -ring. Any of the above 

mentioned factors,  acting independently or i n  combination, may have caused 

the  s t r a t i f i ca t ion  observed i n  t h i s  study. These resu l t s  agree with the  

observations of other researchers. Gamin (1974). Adam (1980) and L o t s -  

peich and Everest  (1981) r e p o r t  s u b s t a n t i a l  v a r i a b i l i t y  i n  s u b s t r a t e  

composition among d i f fe ren t  s t r a t a  of the stream bed. 



5.0 CONCLUSIONS 

Subst ra te  t e x t u r a l  composition var ied  among t h e  s t a t i o n s  examin- 

ed. Analysis of variance demonstrated t h a t  average geometric mean diameter 

and percent f i n e s  (less than 0.841 mm) w e r e  s t a t i s t i c a l l y  unequal when 

compared among a l l  s t a t ions .  The average geometric mean diameter ( D G W )  

for a l l  s t a t i o n s  ranged from 11 -41  t o  18.42 mm with a grand average of 

15.32 mm. The average percent f i n e s  (PFW) for a l l  s t a t i o n s  ranged from 3.7 

t o  9.1 , with a grand average of 7.1 percent. Mean geometric p a r t i c l e  s i z e  

w a s  progressively smaller with increas ing d is tance  from t h e  r i v e r  mouth. 

No apparent t rend was observed between percent f i n e s  values and s t a t i o n s .  

Subst ra te  t e x t u r a l  composition varied among core  sample s t r a t a .  

Analysis of variance indica ted  t h a t  a t  least one of t h e  mean values of 

percent f i n e s  and geometric mean diameter w a s  s i g n i f i c a n t l y  d i f f e r e n t  among 

t h e  four  s t r a t a  when a l l  samples w e r e  combined. The uppermost s t r a t a  ( 0  t o  

3 inches) was s ign i f i can t ly  coarser and contained fewer f i n e  sediments than 

deeper s t r a t a .  T h i s  may be explained by, ht not l imi ted  t o ,  streambed 

armoring o r  d i s t u r b a n c e  of s u r f a c e  sediments  by sampl ing t e c h n i q u e s .  

Subst ra te  t e x t u r a l  composition d i d  not change throughcut t h e  

durat ion of sampling, although flows during t h i s  period increased t o  1,100 

c f s  f o r  seve ra l  days. 
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A P P E N D I X  A 

RECOMMENDED FIELD SAMPLING EpUIPMENT AND MAINTENANCE 
LIST FOR m2 SAHPLER~ ' (TRI-TLTBE) 

FREEZE-CORE SAMPLER EQUIPMENT 
3 each s t a i n l e s s  steel sample probes 
3 each YM3297 (332 metering manifold 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 cy l inder  manifold 

12 each ( o r  as required) 20-lb aluminun W2 cylinders w/siphon tubes 
1 each depth gage/extractor 

oTaw SAMPLING EpUIPMENT 
1 each aluminum t r i p o d  
1 each galvanized garbage can w/bottom removed (flow 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  a s  required) food s torage  bags, 11-1/2 x 13 x 1.01 m i l  
1 each 1 - l i t e r  p l a s t i c  wash bottle 
2 each p l a s t i c  spa tu las  

10 each 5 g a l  p l a s t i c  buckets (gravel  sample t r anspor t )  
1 each 3-1/2 g a l  galvanized steel bucket 
1 each 3 l b  s ledge hammer 
2 p a i r  insula ted  rubber gloves 
1 r o l l  t e f l o n  tape 
2 p a i r  goggles 
2 each b a l l  peine hammers 
1 each ueasuring tape ,  150 f t  
1 r o l l  f luorescent  survey tape  
2 each adjus table  wrenches, 8 inch 
1 each adjus table  wrench, 1 2  inch 
1 each v i s e  gr ips ,  la rge  
1 each t o o l  box 
1 each watch with second hand 

MAINTENANCE EQUIPMENT 
24 each Modern Hfg. Co. M)298-1 modified nozzles 
12 each Modern Mfg. Co. M)298-2 modified nozzle blanks 
36 each Modern ~ f g .  CO. nozzle screens 

3 each $97 d r i l l  f o r  cleaning nozzles 
1 each #29 dri l l  b i t  f o r  d r i l l i n g  out  broken nozzles 
1 each socket wrench, 1 / 4  inch d r ive  
1 each 1 / 4  inch socket 

' ~ d a p t e d  f ran Wallcotten, 1976 



1 each 7/13 inch socket 
1 each 8-36 taper, plug 6 bottom thread tapset  
1 each #=-I screw extractor 
1 each ballpoint pen r e f i l l  (nozzle screen inserter)  
1 each small hand d r i l l  
3 each Linde SG 6112  i n  l i n e  f i l t e r s ,  10 micron 
3 each spare s ta in les s  steel sampling probes 



A P P E N D I X  B 

FREEZE-CORE SAMPLW SOURCES~ AND PRICE LIST (1982) 

Modern Manufacturing, Inc. 
8 15 Houser Way North 
Rent*, w. 98053 
(206) 228-4500 Frank Leedle 

Unit To ta l  
Quantity Item - Price  P r i ce  

3 each lM3297 CO2 manifold (probe) $95.00 $285.00 
24 each $M0298-1 modified nozzles 2.15 51 .60 
12 each #M3298-2 modified nozzle blanks 2.15 25.80 
36 each Nozzle screens .85 30.60 

$393.00 

Eagle Metals 
4755 F i r s t  Avenue Scuth 
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 pipe  1 i n  Sch. 40 x 2 i n  ) 

133 .OO 

2 each T304 s t a i n l e s s  steel p l a t e  1/4 i n  x 6 i n  diameter 50.00 
$183.00 

Kolstrand Supply Canpany 
4714 Ballard Avenue, Northwest 
Sea t t l e ,  WA 98107 
(206) 789-1500 Nick Zardis 

1 each 5/8 i n  x 4 f t  threaded 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 1 

$130.00 

Cryogenics Northwest, InC. 
4020 Airport Way South 
S e a t t l e ,  WA 98108 
(206) 464-1950 Don Ostrander 

6 each Linde SG 6112 i n  l i n e  f i l t e r s  62.50 375.00 
3 each Synflex 31-50-04 hose w/f i t t ings  40 .00 120.00 
1 each Custom m n i f o l d  - 4 way 40.00 40.00 

$535 -00 

l ~ r a d e  names mentioned a r e  f o r  reader ' s  convenience and do not h p l y  
author 's  endorsement. 



Compressed Gas Western 
4535 West Marg~nal Way Southwest 
Sea t t l e ,  WA 98108 
(206) 935-5093 Russ Ivars  

Unit Total  
@anti  t y  I tern - Pcice Price 

AS required 20 ib aluminum C 0 2  cyiinders $10.50/refi . t~ A s  requlred 
with siphon tubes ( l e a s e )  

GTHER EQUIPMENT SOURCES 

Ballard Sheet Metal Works, Inc. 
4763 Ballard Avenue Northwest 
Seat t le ,  WA 98107 
(206) 784-0545 Don Simpson 

1 Alumnun t r ipod ( 7  ft Legs1 
1 s e t  of 6 subsampler boxes in  alum. frame 

(both fabricated according t o  Bvsrest, e t  a1 19801 $346.45 


