
• 

~ 
0 

I 
0\ 
0 
0 
(\J 

UNITED STATES 
DEPARTi'IENT OF THE INTERIOR 

GEOLOGICAL SURVEY 
Water Resources Division 

TURBIDITY AND SUSPENDED-SEDIMENT TRANSPORT IN THE 

RUSSIAN RIVER BASIN, CALIFORNIA 

By 

John R. Ritter and \.Jilliam it. Br01vn III 

Prepared in cooperation with the 
U.S. Army Corps of Engineers 

OPEN-FILE REPORT 

Menlo Park, California 
Ocl u ! Jt~ r 1, 1971 



• 

CONTENTS 

Abstract-------------------------------------------------------------
Introduction----------------------------------------------------------

Purpose 3nd scope-----------------------------------------------
Previous invest i ga tions-----------------------------------------
Definition of t e rms----------------------------------------------

Physical se(ting------------------------------------------------------
Physiography and drainage---------------------------------------
Dams and diversions---------------------------------------------
Industries and principal cities----------------------------------
Clirn t e and runoff------------------------------------------------
Geology---------------------------------------------~------------

Land use and vege tation------------------------------------------
~ethods---------------------------------------------------------------

Transportation of suspend d sediment---------------------------------
Th~:: flood uf D~..:: t.:~mbcr 1964--------------------------------------
Suspended-sedimellt discharge------------------------------------
Suspended-sediment yield-----------------------------------------
Pa rticl e size----------------------------------------------------

Suspend d s ediment and temperature in reservoirs-------------·--------
Lak~ ~endocino------------- --------------------------------------

Lake Pillsbury---------------------------------------------------
Turbidity-------------------------------------------------------------

Factors related to turbidity------------------------------------
Rel a tion bet\.J~. _ en Lurbidity and the concentra:ion of suspended 

sediment-------------------------------------------------------
Persistenc e of turbidity----------------------------------------

Lake Pillsbury nea r Potter Valley--------------------------
Eel River below Scott Dam, near Potter Vall ey--------------
Pctter Va lle y pot.Jerhouse tailrace near Potter Valley-------
East Fork Russian River n c~ r Calpella----------------------
Lake Hendoci no near Ukiah----------------------------------
East Fork Russian Rive r n ar Ukiah-------------------------
Russian Riv e r near Ukiah-----------------------------------
Russian Riv e r near Cloverdale------------------------------
Big Sulphur Cr_ck n ar Cloverdale--------------------------
Dry Cree k nea r Geys erville---------·------------------------
Russia n River near Guerneville------------------------------

Explanation f persis lence of turbidity------------------------------
Summary and conclusions----------- ------------------------------------
Selected referenc es---------------------------------------------------

III 

Page 
1 
3 
6 
7 
7 
9 
9 

12 
13 
14 
16 
16 
17 
1.8 
19 
24 
28 
29 
31 
31 
) ( 

40 
40 

42 
46 
47 
47 
47 
54 
54 
70 
70 
70 
87 
87 
94 
95 
98 
99 



IV CO~TENTS 

ILLUSTRATIONS 

Figure 1. 
2-3. 

; iap of study area-----------------------------------------
Pilotographs sho\ving--

Page 
4 

4. 
5. 

6. 

7. 

3. 

9. 

10 . 

11. 

2. Russian Riv e r at Squaw Rock-----------------------

3. Russian River at Guerncvill ---------------------
Graph sho\..ring slopes of streams refer red to in this report
Plio tog ra ph shoving pumping plants h e t\..re e n Ilea ld sburg and 

Guerneville that uivert Russian River wat r for municipal 
purposes-------------------------------------------------

1.-ap ho\·Jing mean annual precipitation in the Russian River 
bas in and the upper Eel River b...ts in----------------------

Diagram sho\.Jing monthly suspended-sediment discharge at 
s lccted sampling stations in the Russian River basin, 
October 1965 to September 1966--------------------------

Sedim nt-transport curves for Eel River at Scotia showing 
tiu~ increase in s diment transport subsequent to the flood 
of December 1964 ----------------------------------------

da p of East Fork Russian River sho\ving the stations on the 
East Fork J{ussian River near Calpella and near Ukiah 
(1953-55)------------------------------------------------

Graph sh Hin~ H ter discharge and estimated susp nded-
s >dim -•nt discharge and yield at East Fork Russian River 
near Ukial1 (1953-55)------------------------------------

S diment-transport cur v s for East Fork Russian River near 
Ul·iah, 1953-54, and L::ast Fork Russian Riv e r near 
Calp~lla, 1965-67----------------------------------------

lr' Sedi11 nt-transport curves for: A. Russian River near 
Ukiah, 1965-67, B. Russian Riv r near Cloverdale) 
1965-67 ) C. Big Sulphur Creek near Cloverdale, 1967, and 

10 
11 
11 

13 

14 

18 

20 

21 

22 

23 

n; Dry Creek nea r G yservillc~ 1965-67------------------- 25 
13. Sediment-transport curves for; A. Naacama Creek near 

l ~cd l ogt. nn l B. Russian River nea r Guerneville------------ 26 
14. Graphs sh0\ving r ela tion of sand, silt) and clay content of 

the suspend e d seu im nt to \vater discharge at: A. Russian 
River n ~ ar Clov rdal , B. Big Sulphur Creek near Cloverdale, 
and C. Dry Creek near Geyservill ~ ------------------------ 30 

15. ; la p . ho\·ling sampling sites on Lake l-lendocino--------------- 31 
16. Profiles r e lating cone ·ntrations of suspended sediment to 

deplll at samplint.; site A, Lake Hendocino~ December 1964 to 
September 1968------------------------------------------- 32 

17. Din •ram sho,o~ing A. Seasonal variations in temperature at 
s .:-u;&pling site A, Lake le ndocino, January 1965 to 
Sept mber 1968. B. Profiles of seasonal temperatures 
sllO\·ln in A----------------..:.------------------------------ 34 

18. Gr pl1 showing maximum daily tempe ratures of water near the 
s urface of Lake Hu 1d .1 ino at sampling site A. January 
1966 to September i ··• .. ') -------- --------------------------- 36 

19. Profiles relating c. ,, _, ~: ntration of suspended sediment to 
d e pth, Lake Pillsl•tt: .. near Scott Dam, November 1965 to 

September 1968--- - - - ----------------------------------- 37 



CONTENTS 

20. Diagram showing A. Seasonal vari a tion in tempera tur e at 
Lake Pillsbury, October 1965 t n September 1968. 

v 

Page 

B. Profiles of seasonal t ~mpcratures shown in A--------- 38 
21. Graph shm.Jing maximum daily t empe r at ures of water near the 

surface of Lake Pillsbury, January 1966 to September 
1963---------------------------------------------------- 40 

22. Photomicrograph sho\.Jing typical dia toms found in the 
suspended material in the Rus C'i qn ~{iver basin----------- 41 

23 . ilap sho\._rin g location of sand and gravel pl·1nts in the 
Russian River basin------------------------------------- 41 

24 . Graph sho\.Jing typical plot of t urbidity ve rsus 
concentration of suspended sediment in the Russian River 
ba ~in- -------------------------------------------------- 43 

25. P..l:!gressi n lines sho\·Jing the relatio n bet\-Jeen turbidity 
and concentration of sus pe nd ed sediment for successive 
Hat r years at eight stations--------------------------- 44 

26-28. Graphs sho\.Jing p ·riods of--
26. T u rbiJ t.Ja ter) daily prec ipi ta tion and percentage 

of algae in the suspended mat ri ·il a t Potter 
Vall y powerhouse t ai lrace near Potter Valley, 
1964-68---·------------------------------------ 49 

27A. Turbid \.Jater and daily precipitation in the 
suspend ed material at East Fork ltussl.an River 
near Ukial1, 1953-55--------------------------- 56 

278. Turbid water, daily precipitation, and 
pcrce~tage of algae in th e suspended material 
at Ea~ t Fork Russian Riv r nea r Calpella, 
196!!- 68--------------------------------------- 59 

28 . Turbid w~ter, daily precipitation, and 
percentage of algae in the suspended material 
~ t East Fork Russian Rive r near Ukiah, 1964-68 64 

29. Diagram showing turbidity of surf~ce and bottom samples 
collec t d monthly '-'t three sites in Lake i·lendocino, 
1966 wat r year----------------------------------------- 69 

30-32. Graphs showing periods of turbid water, daily 
precipitation, and pe rcentage of a lgae in the suspended 
m::lt~;:ri 1 a t--

30. East Fork !{ussian P-iver near Ukiah, 1964-68----- 71 
3l. Russian River nea r Ukiah , 1964-68--------------- 76 
32. P.ussian River nt!ar Clov rdale, 1964-68----------· 81 

33. Graphs sho\oJing effect of releases from La·ke l·lendocino on 
the ~._rater discha rge, turbidity ~ and concentration of 
suspended sediment at Russian River near Cloverdale, 
January-; la rch, 196 5------------ · ·------------------------ 86 

3~. Pho t og raph sho\o~ing bank erosiqn near the station, Russian 
River ne.:t r Clov rda le--------·------- - -- ·------------ --·---- 87 

3 5 . Graph:.> s h ; '•' in g per io d s o f t u r b i d \-.'a t e r , d a i 1 y 
pr cipi tation, and pt:r Lentage of algae in the suspended 
material at Big Su l1 I, 1t Creek near Cloverdale) 1967-63-- 88 

) (} . Graphs sho\oJing period ;-, d. turbid Hater and daily 
precipitation at Dr·; t·eek near Geyse rville, 1965-68---- 90 



VI CONTENTS 

Page 
rigu· e 37. Photogr a ph showing sand and gravel m1n1ng in the channe l of 

Ta b I \..' 

Dr y Cre e k n a r Heald s burg, August 1969------------------ 94 
3 8 • Gra ph s h o \.J in g occurr e nce o f turbid '"a t e r ups t r eam from 

Lake '.le ndocino (Pott e r Vall e y powe rhouse t a ilrace), 

1. 

2 . 

3. 

4. 

5 . 

6 . 

7. 

8. 

9. 

10. 

uea r the surf a ce of Lake ··tcndoc ino, and do\.,rn s tre am from 
La ke ·1 ndocino ( Ea st Fork Russian Riv e r near Ukiah), a nd 
p ~ riods o f precipit a tion, Novembe r 5, 1964, to 
J~nua ry l5, 1~65---------------------------------------- 96 

TABL ES 

Page 
Cl a ssi f ication of turbidity in the Russian River basin· on 

t he bas i s o f visua l ob se rva ti ns and measurements--------- 3 
Pr ~ c ip i t a tion dat a from s e l ected U.S. Wea th r Bureau stations 

in th~..= l~u ·si n Riv e r basin-------------------------------- 15 
Fl ood s tage s and di scharge s at s ever a l ga ging stations in 

t l1e Russian Rive r bas in----------------------------------- 19 
Summa r y o f · nnua l su s pe nd ed-sediment and wat e r discharge in 

the Russia n Rive r ba sin, Octobe r 1964 to Sept ember 1968--- 24 
:-:umbe r of day s r equir ed for tran s porting 50, 75, ~nd 

90 pe rc E: nt of th e a nnua l suspended-s edime nt load at 
se l ec t ed s t a ti ons----------------------------------------- 27 

Pa rti e ! - size J ·1t a f or suspe nd ed-s ediment stations in the 
Russ i a n Ri ve r a nd uppe r Ee l Kive r basins~ 1964-68--------- 29 

Heasur eme nt s of turbidity at La ke Pillsbury and Ee l River 
belm.,r Sc tt !Ja•u a nd co rre l a tive measur eme nts at Potter 
Va ll e y pm·J rhou s e t a i 1 r ac e -------------------------------- 48 

Pe ri ds of pe rsist ent turbidity, East Fork Russian River, 
1965 -68-------------------------------------------------- 48 

Turb i Jit y of s mpl e s c ull ected a t Russian River near 
Gu e rn e".ill e in i\ovemb e r 1967 compa red \.Jith turbidity of 
sampl s coll ec t ed a t near est upstream stations------------ 94 

umbe r o ( da ys of c l ear wat e r (turbidity less than 20 mg/1) 
at fiv e sta tion s 1n the Russia n Riv e r basin, November 8 to 
··Ia rc il 31 (1 4 5 days)--------------------------------------- 97 



TURBIDITY AND SUSPENDED-SEDUIEi~T TRANSPORT IN THE 

RUSSIA~ RIVER RASIN, CALIFORNIA 

By John R. (titter and Hilliam I. Brmvn III 

ABSTRACT 

Th f{ussi~n Ttiver in north coastal California has a persistent 
turbidn ss, \-.dli.Lh has r e portedly caus 'd a decl i.ne in the success 
of the sports fishermen. As ...1 consequence> the number of sports 
fisherme n an g ling in the river has d •cl in d, and industries 
d~penJent on their business hav s uffer ed. To d e termine tbe source 
of the turbidity and the rate of s dimC::n t transport in the basin, a 
n e t\.Jork of s .::1 mpling st a tions \vas establ is:1ed in Fe bruary 1964 
along the rive r, on some of its tributaries~ and near Lake Pillsbury 
in the uppe r Eel l~ive r basin. 

1 



2 SU ~PE t 'DED-SEDL·lENT TR.A.i~SPORT, RUSSIJ\ri RIVER BASIN, CAL IF. 

The ~hief cause of turbid \vater throughout the Russian River basin 
\v.:ls rain Hhich created runoff and e rosion. For exampl~, large quantities 
of sediment nwd · available for fluvi a l transport by the De cember 1964 flood 
\.JE:rc at l eas t partly l"i;Sponsible for th · pe rsistence of the turbidity in 
the basin. 

Th most persistently turbiJ \.Jat r in the Russian River basin was the 
\..tater divertcJ from the Eel Riv~r into the E:.st Fork Russian River. As 
lon r~ ... 1s tlt .:J t \.J.Jt ·r \o.ras flo\vlng i11to Lake ·1··lHI cino, thl! \.J<lter in the lake 
r em.t in d turbid, a nd cunsequ •nt 1 y th rPlL' ; l S L' S from tlw lakC:' '-''e re turbid. 
t)uring period· .Jf little r nu r a in \vh ·n the: lake \.Ji1tcr \vas turbid, the 
riv e r Ju\·.mstr~am from the lake \.JOuld bl2 turbid whe n the releases \vere high 
und cl--are r \vl1 ·n the r eleas s were Jo\..r. Turbidity currents flo\ving through 
th 131··. also influ ne -d the turbidity of th rel e as e s. Sand and gravel 
nini.ng , r ad c n ~ tructi n, flushitl' of irrigation dit c hes) and algal blooms 
~ ls .. • p r oduc l. d turbid H t r in th Russian 11iv r basin. 

Turbidity anJ c nc e ntra tion of suspended sediment, expressed in 
mi.llig r <.1ms per liter, \,, <:! rt:! highly correlative (r..-0. O) at almost every 
sampliug stution. The co rrelatio n differ e d for each station and varied 
sl i t! tly each y, ... ~r. ,\t st:1tions Hhc re flo\v \vas r gulated, the turbidity 
\va::. u s ually h i ~ her tha n th • corresponding conc e ntration. At stations 
\'h\..! 1.- e f lo\..r \",ls unreguldteJ, conr:12:ntration \vas usually high e r than 
tur b i d ity. 1he difference in cor rclation b e twee n the stations \.Jhere flo\.J 
\..ras rl."~ulateJ a nJ those \.Jh e re f lc \" \.Jas unregulated seemed to be related 
to tn~ qu..1 ntity o f sand in the suspenJed lo.::1d. Usually little or no sand 
\.Jas tr.:1nsporc:ed a t stati ns \"h r e flotv was regulated, Hhereas sand 
constituteJ ,J ::>ignifi c;lnt part of the suspended sediment transported at 
s t<-Itiun,:; \vherl.· flu\.J Has unregul a t e l. From these correlations it is 
co ncluJ J th::Il a conc e ntration f particles finer than sand produces a 
higl11.:r tur b idit y than does a n e qual concentration of sand. itost of the 
pt::rsiste1ce of turbidity se -•med to be produced by particles finer than 
sand carried in suspension. 

The avera :; a nnual suspended-sediment yield for the basin upstream 
from G u ~ r n <.; v i 1 1 .. [ o r t h \v a t 2 r y e ·1 r s 1 9 6 5-68 \vas 4 , 3 7 0 tons per square 
r.1ile. Th12: a r e: .J o f lm·Jes t · nnual yi e ld (1,350 t C'n s per sq mi) and lowest 
runoff h'as i.n t h ~ East Fork i{ussian tUvcr basin, Hhere the \vater \11 CI S the 
most persist nll } Lurbid because of the diverted Eel River water. The 
a r\..! a havinP. the hig \ e ~l annual yield (5, 770 tons per sq ml) \vas the Dry 
Cr (; · k basin, \vh r e the \·: :Jte r Has th least persistently turbid. Dry Creek 
transportt:d mo L of its annual suspended load in less than 4 days. 
In L tc t, a t ti) S t s t a tions in the Russian River basin, over half the annual 
suspendE:!d load \v s t ransportcd in 6 days or less. 
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SUSPENDED-SEDINENT TRANSPORT, RUSSIAN RIVER BASIN, CALIF. 

JNTRODUCT lOi 

Turbid \.J3t ' r in rec~n t yu.1rs h.1s betn l>l:llllL'i ( r a dcclin ~ 1lf 

su cessful sporL f i s lling al tg rht' Russi. <tn 1\i.v ·r in not·lln.J stl'rll 
California, -.:spccLtlly fn)m lh .. cl'ml>~r tlll·ou :1 h l·l.1 r It \.JII•n Lit · majur 

stel.!ll1l.ad migratiun occurs . Til-.: llHtrisL-ocu:! nted resort area near 
Guerneville (fig. l) has r e portedly suffered a co nsequential d'-~ clinc 

in t raJ e d u r in g • . .; i n t e r m on t h s . A par t i c u 1 a r target o f rna n y a c c u S\.:1 t i on s 
abo u t t h cause f t h t u r b i d ""a t e r has b e n · o yo t e Dam , \.J h i c h i m pound s 
Li.lke :·tt.?nJocino o n th e East Fork (fig. l) . Coyote Dam is a mult ipurposc 
fl~1od-contr 1 and \·J .1ter - supply project built '>Y the U.S. Army ~o rps uf 
Lngineers in cuop~ratiun \·lith Son01 d and :·tenJ.:>cino Counti s. 

Turbi.dity ClH;nnt nly is a probl m Hhen it becomvs e:xccssive . Fishing 
c o nditions u~u lly ar-.: con~idcreJ poor Juring p...:riuds of highly turbiJ 
\.Jater; lHHveVC;r, in S<•me s tr eams they are c nsidereJ bt:"'S t \..rhen the vmter is 
slightly turbid--prob~hl y ::1Lout 20 mg/1 (milligrams per lit r). Bcsid s 
i t s e f f ~ c t s on f i s h in g r1 n J l h c e s l II e t i c s o f a !:> t r L: am, t u r b i d i t y m:.t y a f ft. c t 
life in the strc .. H41. Turbi.dity xcluJes sunlight and thus restri.cts tht:! 
g r o\..rth of both planktonic a nJ bent hi ::1lga ., , \.Jhich arl:: important to the 
foo<.l chain in th~ strc:1m. :\n ·xtr "t.lely l.O\.J turbidity i~ required for 
Jr in. · ing \·JatL:r ~ t1J f r sOi•l industri.:ll use~ i.n \vh.ich lurbid \.J<H ·r may 
Jdver~ely ~ll L .L l :n.1 ·· hin ry and processes . 

"Cl ·ar'' o r ''muddy'' H.:.ttc•r is d iff icul t to define in describing turbid 
conditions ... 1f a str\.'arn . ecological Survey ohs·rvcrs \·Jer instructed to 
not .. th ~ ir visual i: , pr ·~;si tb of .the clarity of tht:! \vatcr. Table 1 shmvs 
that tltt~ obsE:rVL!r!> rep rtcd turbidity in thre e categories . The visu·tl 
observations probably \•.r. •• :r influe nc e d by the depth of flo\11, prior 
turbidity, turbul en e , typ · and size of sediment transported, quantity of 
phytoplankton, and cloud c )ver . Gen e rally, the turbidity of clear \\•ate r 
is less than 20 mg /1. Tid s r port i s concern ·d mainly \.Jith turbid \.Jater 

or \vater having ta:asur ·J turb1dity of mor' than 20 mg/ J. 

TABLE 1.- - Cl .--: ~ i;'ic "i ) ~ o · tztrbiclity in tJ {" F?1.A. siar 
tile L-u ···i.; of v·z:0ual o se 1• ,Jatiorz and 

Station 
Huddy 

Potter ,,~lley no~"erhouse >25 
tAilrace 

Rus9:fan River near 0-30 Jrl-60 >45 
Cloverdale 

Dry Creek near 0-20 10-RS >15 
Ceyservi lle 

3 
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6 SUSPL::NDED-SEDitlENT TRANSPORT, HUSSIAN RIVEP BASIN, CALIF. 

T tis sr udv HilS pnlJH1sed aft r man~ mtetings ., c.1ll e d by the Corps of 
En, in ·t: rs, ~I t t.l at t ndvJ by sev e ral h.~ d e ral, Stat~, and c ounty agencies . 
'llt ~ purpo s e 11f tllos · m ~(·t i ngs and sui>· quent on :::, \vas to di s cuss the 
turl>idit~l pr hl~..m ;-~nd it s causes in th e l{ussLJn Riv~r b sin. 

\ t L h ~· me- ·tin g~ th follO\·I"ing possible c.:tuscs for turbid \vater in the 
b .ts i.n h'l!rl' s u g ~·v s t ed; 

l. 't ie turbid \·J.Jtcr uas c aus t.l by e rosion during rainstorms in the 
I\ u •' s ian I i v L~ r bas in • 

J.. Th~ \.J<.lt ·r d iv rt d from the Ee l River into the East Fork Russian 
IU '.'l! r Hns pers i s tently turbid a nd, therefore , caused turbidity 
d i J\·:n . · tr ·.: 1m i n ti H l'us s i an rtivcr. 

3 . T h l~ '· ·-' t e r in L 1 k P t I n doc i n 1 rem a i :1 e d t u r b i d f o r 1 on g period s o f 
t i l.t · h · a u s • of s l c \v s · ttllng o f susp nded material ., and 
· • n1 ::> • q u 11 t l y t he r e l L~ a ::; c s [ r m th e 1 a k e r e met in e d l u r b i d \.J hen 

t ! v r L' · t o f t h ~.:: \.J ·t t e r i n t he bas i n \.J as c 1 e a r . 

4 . 1n .. : rl·d s ' d dis c: har g0 r esultin g from releases frum Lake Hendocino, 
L'l . >JL:d sccli ~~ nt fro ra th e b d ...~n d banks of the stream and became 
L u r h i J as i. t movcJ d cH·ms t r .. am. 

S . :lird no <. f s,m J anc.! )ravel along the Russian River and its 
t r iiH tl :1r i · ~ · r en t e d turbidit y . 

6 . !< · •: ,J C l ) ll ~·aruct i o n , logg i.n ~ , and other activities of man in the 
b . ::-:. i 11 'l.HIS ·d •ros ion. 

7 . l\lg ;_ll bl ooms crea t e d a turl id conditjon in the \vater. 

lb · p 1r p<'s' o f t h i s r po rt i:; t describe conditions of turbidity on 
tn v ! ·~u:; . · L:1n i ;,i.v ·' r from 1964 tv l ~J68 , to e xplain t h e cnuses and origins of 
lllrlJi d H tLLr ir l!te l ~ us s i ~m Ri v •r b ·1s in, Dnd to determine the quantity 
~lttJ clt.Jr :t : t~.. r of ~ usp,: lldvd seJitn ~ n t tran s p rt c d by th e rive r. Emphasis 
in tlli s r vp., rt i. s rd <aced o n tilL' r l:' Jation bt. t\lc ~ n suspended-sediment 
concL:ntr : tt i. 111 anJ turb idit v . nn t hl' •f f ec t s of upstream impoundments on 
tit · turh i dit ·: of d< \vrl!:i tr e.l t \.J ;1t(;r, on tit · suspend d-s dimcnt loads in the 
):ts in , llJ d \) ll t! t-· r ~.: r s ist ' L ·v uf Lurldd \.J~ It •r at several sites. The effects 
uf Lht.:. Lllrl;itllty uf tit · \·J, tl~..: r dive rte d f rom the Ee l Riv e r into the East 
Fnr:.: i ~ tJ S~·d .ln t: Jv · r uas o f p.1rticul.:1r int L· r cs t to the study, and tvas 
... •:< :.1 n i 1 ·d i n d · t~ti l . 
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INTRODUCTION 

The study was conducted from February 1964 to September 1968 by the 
U.S. Geological Survey in cooperation with tlte Corps of Engineers. 

The study was mad under the general supervision of R. Stanley Lord, 
district chief in charge of U.S. Geological Survey Hater-resources 
investioations in California, H. \~. Dean, chief of the Sacramento 
subdistrict office, and L. E. Young, chief of the Nenlo Park subdistrict 
office. George Porterfi ld began the project and \.Jas the report advisor. 
The manuscript ben~flted from the criticism of D. H. Culbe rtson, 
H. L. Ha ushild, and K. ~·i. Scott. 

Previous Investigatiots 

Measurements of turbidity and concentration of suspended sediment 
made in 1908 at th ltus sian River 2 mile::. north of Ukiah were summarized 
by Van Winkle and Eaton (191 0 ) in a water-supply paper on the c1uality of 
surface \va t e rs in California. Reports on the \.Jater resources of the 
Russian River basin published by t~1e Geolog ical Survey include t\.JO 

water-supply pap~rs by Cardwell (1958, 1965) on the ground-water resources 
of pa t"ts of tLe basin, a \.Jater-supply paper by Rantz and Thompson (1967) 
on the s urfac e -wat e r hydrology , and a hydrologic atlas by Rantz (1968) on 
the precipitation and runoff in the basin. The California Department of 
~~ater Resources (1964, 1965) published reports on the land and water use 
in the Russia n Riv er hydr graphic unit and on the \.Jater resources and 
futur e \.Jat e r rcquir ·ments of north coastal California. The department, 
in 1966, published a report on turbiJity in north coastal California, 
including the aussian River, and in 1968 published a report on the water 
qual ity of the Russian River basin. 

Definition of Terms 

.Iany terms relating to fluvial sediment are not completely 
standardized, but the generally accepted terminology used in this report 
is based on th e following definitions: 

Algae are pr1m1t1ve plants in \-lhich the body shO\-lS little or no 
differentia tion of vege tative organs. 

7 
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Bedload or sediment discharged as bedload includes both the sediment 
that moves along in continuous contact with the streambed and the material 
that bounces along the bed in short skips or leaps. 

Concentration of suspended sediment is the ratio of the dry weight 
of the suspended sediment to the volume of the mixture of water and 
suspended sediment and is expressed as milligrams per liter. 

Diatoms are unicellular algae characterized by a siliceous cell wall. 

Erosion is the process or process s \vhi.ch initiate movement of earth 
material. 

Fluvial sediment is sediment that is transported by, suspended in, or 
deposited by streams. 

Observers are local residents who assist the Geological Survey in 
coll ecting water samples. 

Phytoplankton comprises all floating plants. 

Runoff is that part of the precipitation that appears in surface 
streams. 

Sediment is material, both mineral and organic, that is transported 
by) suspended in, or deposited by \.Jater , air, ice> gravity, organisms:. or 
combinations the reof. 

Sediment discharge is the dry weight of sediment that passes a cross 
section of a str~am in a unit time and is generally expressed as tons per 
day. 

Sediment sample is a quantity of water-sediment mixture that is 
collected to det~rmine the concentration or the particle-size distribution 
of suspended sediment. 

Suspended sediment is sediment that is moved in suspension in water 
and is mainc:lith.:c..l in suspension by the up\·mrd components of turbulent 
currents or uy colloidal suspension. 
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Sediment-transport curve is a graph in w~ich suspended-sediment 
discharge is related to water discharge (see fig. 8). 

Turbidity, according to Rainwater and Thatcher (1960, p. 289)~ is the 
optical property of a suspension \.Jith reference to the extent to \..rhich the 
penetration of light is inhibited by the presence of insoluble material 
and) in this report, is expressed in milligrams of silica per liter. A 
less precise but perhaps more und~rstandable definition is the one agreed 
upon by those Federal, State, and county a~encies concerned \.Jith the 
turbid water in the Russian River basin; they defined turbidity as an 
unclear condition of water. In this report, 20 mg/1 is used as the 
separation between clear and unclear water {p. 3). 

Water discharge or discharge is the quantity of water passing through 
a cross s~ction cf a stream in unit time aDd is generally expressed as 
cubic feet per second. 

\~ater year is the 12-month period, October 1 through September 30. 
The wat e r yea r is designated by the calendar year in which it ends. 

PHYSICAL SE1TING 

Physiography and Drainage 

The Russian River was named after a Russian colony at Fort Ross from 
1812 to 1841, although the Russians themselves called the river Slavianka 
(Slav woman). Th e Spanish called it San Ignacio and Rio Ruso, but the 
most colorful nailles for the river were giv2n by the Indians, \vho named it 
Shabaikai or Hisalla·1ka, meaning long snake. The present name has been 
u~ed since American occupation (Gudde, 1965). 

9 
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Th ! Russian River ba sin has an ar (:) of 1,485 square miles and is 12 to 
32 mil es \..tid e fi nd abuut 80 miles l()ng . The river f lm..rs southward for 
90 mil es fr om its hc.:ld\..ra t e r s n o rth of Ukia h ( f ig. 1) , it turns 
soutlt\-.'e :5t\.Jard nea r II aldsLur g .Jnd continues sout:no.~estward 20 miles to the 
P.:1c i.f ic Occ:an , L .J enn ·r, \vhi c h is about 6 ') mil es north of S ~m Francisco. 
;·tos L of its s utlt\·nrd ·our sl.! is thr o u gh alluvial v <1 lleys that are separated 
by mo unt a in <_;O r '~.:: :-; (fi g. 2 ) , \.J ill.! r ea s 10 ~; t u ( it s sou Lln.Jes t\va rd course is 
t lt n ) u g h ~ .Jnvu 1 in th e: Co..1s t K:1n pcs (fig. 3) . 

. \)Litul'-s in tlll.~ basin ran ge [ rom !:-> ,::: l e vel to ·1h0ul L.,soo feet near 
Cobb .-i\)Utlt:lin. S LrL·~1m i' LJJi cn ts ran g· from <~bout 2 f t:L~l per mile in the 
l o\vl.! r 1urt oi t h · )u ss iun l { iv ~r t o s vVL'L11 hundr e d f ee t per mile in the 
upp e r p :11·t. Tla~ s l. c pes f Lit e !{u~·s i.1n I! i vcr .:ttH.l Sl..lii1L' of its principal 
t r i b u t ..1 r i L: s <.1 r t: , · h <.H.' t1 i n f i g u r e /._ 

FIGUI!E L.--Russian River at Sflua•.J Rock. Coarse 
bed llld teri a l is typi ca 1 in tl1e reac:1 of tile 
river near Squa\·J koc k. 
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Dams and Diversions 

Three main developments divert or store water in the basin. The oldest 
dt!ve lopmen t diverts \.Jater from the Eel River into Potter Valley. In 1908 
the Snm,.r i-lountai11 \~ater and PO\.Jer Company began diverting \~Tater from the 
Eel IUver thr ough a tunnel nea r Van ArsJale Uam to a po\oJerhouse at Potter 
Valll:y. From the pO\ve rhouse the \vater \.Jas dL>charged through a tailrace 
into th~ East Fork Russian River. In l9LL Scott Da m, \·Jhich impounds \.Jater 
in Lake Pillsbury, \.Jas completed on the Eel Rive r upstream from Van 
ArsJalc Dam. Scott Dam is 105 feet high, and the storage ca1-acity of the 
l a ke is 86,780 acre-f~et (Porterfield and Uunnam, 1964) p. E£45). The 
storage of Ha t e r behind Scott Dam stabilized and increased the diversion 
into thl! East Fork Russ inn River. In 1930 the Pacific Gas and Electric 
Company dCquirec.l Sno\oJ Hountain \~ater and Po\..rer Company and its Potter 
Vall!.!y systl.!m. Th0 average discharge through the powerhouse from 1910 to 
1968 \.'as 199 cf::; (c ubic feet per second) and the maximum daily discharge 
\.Jas 34 8 cfs. 

Also on the East Fork near Ukiah is Coyote Dam, completed in 1958 by 
tl1e U.S. Army Engineer District, San Francisco, Corps of Engineers. Coyote 
Dam rises about 160 feet above the streambed. The invert of the 
single-l .. vel outlet i s near the bottom of the reservoir. Lake Hendocino, 
impound~d by Coyote Dam, has a storage capacity of 122,500 acre-feet. Of 
this capacity, th~ flood control pool is 48,000, the conservation pool is 
70,000 , and the space for sediment storage is 4,500 acre-feet. During the 
study period the contents of the reservoir ranged from 35,100 acre-feet on 
Octobe r 6, 1964, to 128)700 acre-feet on December 24, 1964, a day \.Jhen the 
resc:rvoir \vas spilling. The t..rater l evel rose 57 feet bet\..reen October 6 
ti Od UL·cemher 24. Usua lly the yearly range of \.Jater level is about 20 feet. 
R e lca~e a nd storage of water in Lake Mendocino help control floods and 
provide water for urban , 3gricultural, and recreational uses during the 
summer. 

The Sonoma County Flood Control and Hater Conservation District built 
pumping pl a nts (fig. 5) in 1959 at a site bet\veen Guerneville and 
Healdsburg. The plants are designed to pump water at a rate of 62 cfs 
from D gallery 60 feet bclo\v the streambed of the Russian River. The \<later 
i s usC::<..l as .1 municipal supply by Santa Rosa and Forestville in the Russian 
RivL:r basin and by several communities outside the basin. 

Gther c.l.:1ms Hill be constructed in the basin in the future. Knights 
Valley i.Jam on i-laa cama anJ Franz Creeks has bee n authorized, and \~arm 

Springs Dam on Dry Creek is und e r construction. The Harm Springs Dam 
\-!ill impound 381,000 acre-feet of \<later or more than triple the 
122,500 acre-feet of H.:lter impounded by Coyote Dam. 
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FIGuRf 5.--Pumping plants 
bet\·1een llea 1 dsburg 
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Industries and Principal Cities 

and Guerneville that 
divert Russian River 
\!ater for municipal 
purposes. 

The Russian River basin is noted for its agriculture upon \.Jhich much 
of the economy of tiH: reg ion is based. Pear and prune orchards are common 
and vineyards and \·.'ineries are scattered throughout the basin. 

Other principal industries include lumber and recreation. Logging 
and the manufacture of lumber products are economically important in the 
northern half of the basin, \.Jhereas along the lm-.~er reaches of the Russian 
River (fig. 3) the resort industry is a large source of income. Swimming, 
boating, and fishing facilities make the loto~er reaches a popular 
recreational ar~a. 

Important minc>ral deposits are cinnabar and sand and gravel. A large 
mercury mine is about 3 miles northeast of Guerneville, and there are 
several large sand and gravel plants along the Russian River and Dry Creek. 

The largest c1t1cs in the bas:in are Santa Rosa (population, t.8,450 in 
196U). and Ukiah (popul."ltion, 10)350 in 1964). Other cities having 
populations of more than 2 ) 500 ar e Cloverdale) Healdsburg ., and Sebastopol. 



14 SUSPENDED-SEDIHENT TRANSPORT, RUSSIAN RIVER BASIN, CALIF. 

Climate and Runoff 

The Russian River basin hns a .-lediterranean climate characterized 
by warm dry su~ners and cool wet winters. About 80 percent of the annual 
precipitation occurs from i-.:ovembcr through Harch \olith maximums usually 
occurring in December and January. Figure 6 shows the mean annual 
precipitation throughout the basin and that part of the Eel River basin 
upstream from the diversion into P0tter Valley. Hean annual precipitation 
ranges from more tl1an 80 inches in the mountains southeast of Cloverdale 
to about 30 inchC:!s in thC! valley near Santa Rosa. Snow falls at higher 
altittH.lcs in the basin but seldom remains more than a few days. 

0 10 20 Ml LES 

-~ Potter 

EXPLI\NAT ION 
-....._<1\0...........--

Line of equal mean 
annual precipitation 

Interval - 10 inches ----- -- ---.___ 

Drainage-basin brundary 

c 1 ty 

t{ussian 
basin 

FIGURt 6.--.,~an annual precipitation in the 
r'!ussian River basin and t:le upper E~l River 
basi 11 (modi fi 2J ft <:ill Hantz, 1963). 
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Tt·mpcratures ar~ generally mild: the mean monthly temperature ranges 
&111111 .&btmt 7°C (45°F} in January to about 21 °C (70°F) in July. The highest 
f , ·ni'l'f:llUrc observed in the basin \·nlS 46°C (ll5°F) ; the lowest, -l0°C (l2°F). 

During the stuJy period, annual precipitation was lowest in the 
ffW u.ltl·r year and highes t in the 1965 and 1967 \.Jater years (table 2). 
:.nlina~llt transport along the north coast of California, hoHever, is not 
.ellt·t.:tt·J as much by the annual quantity of rainfall as it is by the 
tntt·nsity and duration of each rainstorm. For example, the sediment 
ta·.anspvrtcd at Russian River near Cloverdale during 1965 \oJas l1 times the 
l.1.hl transported during 1967 even though the precipitation of both years 
w. t~-t :1hout the sam..: at the Heather Bureau station near Cloverdale. 

'1.\IILE 2. --Prec:ipi tat ~o ·: dat:..:. fl' Or:". se Zected U. ~. ll.z.:zthi!l' Bul .. ealt a tat ions in ti1e Russian 
i-.itJe r b '•si~z 

Stntton I IY l Noma! I Precipitation (inches) 
Altitude e:rs annual ------------

\ (feet) I 0 d precipitation Water year 
______ __._! ___ _. __ r_e_co_r (inches) 1964 1965 J 1266 11967 

Santa Rosa 
lh~Rldshurg 

tfk { Rh 
r.1overdale 
Potter Valley 

167 
]02 
623 
320 

1,015 

RO 
92 
91 
71 
57 

29.25 
19.Al 
)5.94 
40.50 
44.05 

20.29 
26.50 
25.10 
31.25 
32.22 

31.46 
47.97 
51.06 
56.07 
57.37 

25.09 
39.75 
35. )2 
47.55 
39.23 

41.93 
57.55 
42.75 
59,75 
52 .A7 

196R 

26.64 
35.50 
34.33 
3R.S9 
39.12 

The mean annual runoff in the Russian R: ver basin upstream from 
Guerneville was about 19 inches for the period 1931-63 (Rantz and Thompson, 
}q67, p. 37). Runoff was adjusted to natural conditions by subtracting 
the quantity of water imported from the Eel River. The mean annual runoff 
ranged from 15.6 inches in the East Fork Russian River basin to 48.3 inches 

'Sn the Big Austin Creek basin. Hater loss (the difference between 
precipitation and runoff) ranged from 22 inches in the Big Austin Creek 
basin to 31 inches in the Haacama Creek basin. 

About 80 percent of the runoff occurs from December through Narch 
(Rantz and Thompson) 1967, p. 17). The November rains often fall on dry 
ground and produce little runoff. Although sno\v sometimes falls in the 
higher altitudes of the basin, the quantity is so small that runoff from 
snowmelt is usually insignificant. 
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Geology 

Geology may affect thl! sediment yie ld of an area. For example, Colby 
and othe rs (1956 , p. 85) shoHed a relation bet\11een sediment yield and the 
type of und e rlying rock in the \·JinJ River basin in l~yoming. No such 
interpre tation is attempt..!d in this report because the geology in the 
Russian River basin i s cumpl~.:x. The basin is underlain mostly by the 
Frc1nciscan Formation and other rocks of Jurassic-Cretaceous age,. but 
outcrllps of ultrabasic rocks of t·iesozoic age and many volcanic rocks of 
Pliocene age are sc.:1ttered throughout the basin. ln the valleys, 
sedimen tary d~posits of Quat~.:rnary age are deminant. 

A good brief gl!ologic history and description of the Russian River 
basin Has \·:r i tten by Caru\.Jcll (1965), and maps of the general geology were 
pr~par~J by Koenig (1963) and Jennings a nd Strand (1960). The geology of 
the: loHcr r e~1ch of th~ RussLm River is thoroughly discussed by Higgins 
( 19 52) . 

LanJ Use and Ve~etation 

Investigators, such as Hallis (1965), have shown that sediment yield may 
be re)at cd to lanJ use and vege tation. Although a study of those 
rL:l a ti ons in the Russian !Uve t basin is beyond the scope of this report, 
it is r ecognized that the background information on land use and 
v~.;:g e tation may b ~ pt.;rlincnt to sediment yield and transport. 

The California Department of \~ater Resources (1964) estimated that 
in 19(,4 in the Russ ian River bas in irrigated lands or all-agricultural 
lands to \llhich wat e r is applied, comprise 36,316 acres. Lands supporting 
vegetation by uttlizing \·la ter from a naturally high water table covered 
only 756 acres. Ury farmed lands, those land8 that are normally planted 
for crops but do not receive applied water, comprised 60,377 acres. Urban 
lands had a t ota l area of 29,966 acres and recreational lands covered 
3,180 acres. The remaining 819,415 acres, which is 86 percent of the 
basin, had a cov~r of native vegetation or was largely in a native state. 
Those remaining lands, ho~..rever, Here used for quarrying, commercial timber 
production, and livestock range. 

The highest parts of the basin are moderately to heavily wooded, 
\.Jhereas the valleys are commonly covered with grass and orchards. The 
principal trees are coastal red\vood .. Douglas-fir, and live oak. ttanzanita 
and chaparral are also widespread. 
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l·iETIIODS 

Sampling stations (fig. 1) were established in the Russian River basin 
and the Lake Pillsbury area to determine the Juration and magnitude of 
turuidity in the sur(.3ct! t.Jaters anJ to detl:!rmine the quantity of suspended 
sediment being transported in the str(!ams. At some stations, the sampling 
frequency \vas usually daily, anJ Juring storms, more frequently: at others, 
the sampling \oJas monthly. Tht: streams we re s;tmpled mostly at gaging 
stations. 

~ie thods of measurement and analysis of sediment, as used in this 
study, are given in Report :~o. 14 of the U.S. Inter-Agency Committee on 
\~ater Resources (1963} and reports by Guy (1969) and Cuy and Norman (1970), 
Procedures for the me.Jsuremen:: of Hater discharge are described in detail 
in Water-Supply Paper 888 (Corbett and others, 1943). 

The \.J.Jter-sedim~nt mixture in a strea.n vertical Has sampled \.Jith a 
deptll-integrating sampler for analysis of suspended-sediment concentrations. 
Suspended-sediment and turbidity samples at Lake ,iendocino and Lake 
Pillsbury \.Jere obtained at 10-foot intervals of depth t.Jith a Foerst 
sampler. Samples t..rere collected daily at Lake i·lendocino during 1964 and 
1965 and Ht:!ekly Juring 19u6-6d. They \·Jere collecLeJ from the outlet to\.Jer, 
\o~hich is on the upst t·eam face of the dam. The Jeepest samples collected 
there at each sampling t..rere not representative of conditions at the bottom 
of the reservoir becausl! they \.Jere taken at the face of the dam many feet 
above the bottom of the r e servoir. donthly samples \.Jere collected at 
sites in Lake Nendocino and Lak\:: Pillsbury, and at the inflotvs of Eel 
River and Rice Fork to Lake Pillsbury. 

The turbidity of one sample from each set of stream samples and the 
turbidity of each lake sample \·Jere liH .. !asurcd. In the early part of the 
s·tudy, turbidity tvas measured both in the field and in the laboratory to 

· determiue Hhether the turbidity changed during transportation and storage 
of the samples. The field measurement t.Jas discontinued after several 
months because the field and laboratory turbidities tvere not significantly 
different. Until July 1966 turbidity Has measured in the laboratory \oJith 
a Hellige turbidimeter after the sample had been shaken for a fe\v minutes. 
After July 1966, a model 1860 llach turbidimeter \o~as used. 11easurements of 
turbidity are not easily reproduced even on the same instrument, and 
observed turbidities of a sample may differ if they are measured on 
different instruments. 
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After the concentration of suspended sediment was determined, slides 
of the suspended sediment were made so that the percentage of algae in 
the s ediment could be e stimated. The sediment was resuspended and, with 
a pipe t, Has placed on a slide ) the preparation of \oJhich, \.Jith a few 
minor adaptions, folloHed the standard technique outlined in Krumbein 
and Pe ttijoltn (l93G, p. 360-361). The estimation was made visually on 
the basis of th~ a r ea of the slide covered by algae versus the area covered 
by s e Jime nt anJ al g<J ~ . 

Tl~\N SPORTI\TION OF SUSPENDEll SEUIHENT 

~ lost of the suspended sediment carried hy streams in the Russian 
LUve r ba sin is transport<:d during i!ovember through i'larch when most of the 
rain and runoff occurs. Su s pe nded-sedimt.:nt discharge in the summer and 
e a rly a ututun, \vhl!n little o r no pr ~cipitatiou falls, is extremely low. 
Fi gur e 7 snoHs tht! rnontl1ly s uspe nd ed-sedime nt discharges Juring the 
19r, () \.Jat~r y ar. As in many yl..!ars, most of the suspended sediment in 1966 
\.Ja s transport ed in l month, in this case January. 
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FIGURE 7 .-·-.• onthly 
suspended- sed i111ent 
discharges at selected 
sampling stations in 
the Russian River 
bas1n) October 1965 
to September 196G. 
Stations are in order 
of downstream location 
from Potter Valley 
pm·Jerhouse ta i 1 race. 
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The Flood of December 1964 

Despite the flood control of the East Fork by Coyote Dam, record or 
near-record floods occurred in the Russian 1{ivcr basin during Christmas 
week , 1964 (tabll! 3). The floou created \.Jic.lespread destruction throughout 
the bas in, es pecially at Guernevill.e and nP.arby areas, \oJhere 500 people 
were left homeless and 1,000 summer homes u e re d3magcd or destroyed. The 
business district of Guerneville was ~loodcd to depths of 4 feet. In the 
upper basin mo s t of the damage \vas done to agricultural lands (Rantz and 
..Ioo r e , 1 9 6 5 ) • 

The quantity of suspended sediment transptlrted by streams during the 
flood '"as tremendous. In the Rus:5i.:ln River basin 1 as well as in other 
basins in north coastal California, more suspended seJiment \..ras transported 
during 2 days lJf the f lood than during each succeeding year from 1966 to 
1968. Ho reover, the flood probably made lar~e q'uantities of sediment 
available for transport in subsequent y~ars. 

TABLE 3.--Pl.ood a:.agea w::i. dis:Jnw•ges at seve r•::zl gagin.g statiotiB in t.he Russiatl River basin 
(.i:.L:.:.J. /r·o··, i'o:,,:g an:l C: ·u;J , l 9u? , an.J .1~u~1 tz ami ."10oN, l9t:5) 

Stat ion I' 
numbe r 

Station 
Period 

of 
record 

Drainage! Maximum floods 
area r-----------~~T=~G~a~g~e~~------

Discharge 
(square Date height 
m i 1 c s ) I ( f e e t) ( c f s ) 

4610 Russian Riv er ncar Ukiah 

461S East Fork Russ ian River 
near Calpc ll..1 

4620 East fork Ru~sian River 

1911-13 
l9S 2-67 

11941-67 

99.7 
Dec. 22, 1964 
Dec. 21, 1955 

92.2 o~c. 22, 1964 
Jan. 5, 1965 

_________ ___uec. 21. 12~5 

1958-67 105 Dec. 30, 1964 
____ near Uki ~a_h _ _ ___ _ . _ _ ·-- --. _ __ _ _ _ --- - -·-
4625 

4630 

4632 

4639 

4652 

4670 

Russian Rive r near Hopland 1939-67 362 Dec. 22, 196/t 

Russian River nea r 
Cloverdale 

lUg Sulphur Creek near 
Clvverdal e 

Maacama Cr~ck near 
Kellogg 

Dry Creek nea r 
Geyserv 1 lle 

Russian River near 
Guerneville 

195L-67 502 
Pee. 22, 1955 
Dec. 22, 1964 
Oec. 22. 19SS 
Dec. 22, 1964 

·----------~-:---Dec. 22, 1955 
1958-67 43.4 Dec. 22, 1964 

1957-67 b2.3 

1959-67 162 

1939-67 

Feb. 24, 1958 
Dec. 22. 1964 
Jan . 31. 196 3 
Dec. 23,1964 
Dec. 23. 1955 

19.44 
2l.O 
20.21 
17.19 

2 LS.06 
10.82 

26.01 
27.00 
31.60 
)0.09 
15.08 
16.8 
17.56 

2 20.06 
17. 0'· 
17.5 
49.6 
49.7 

1Prior to May 28, !9S7, at site 0.9 mile downstream at different datum. 
2stte and/or datum then in use. 
~ Release af tcr f 1oc d to d t. p ty tht! lluuo control pool. 

17.900 
18,900 
18,700 
14,400 
13,300 
j6 t 780 

41,500 
45,000 
55,200 
53,000 
15,700 
20,000 
8,920 
8,100 

31,800 
32,400 
93,400 
90.100 
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~ot enough data were collected in the Russian River basin prior to the 
flood to determice if the sediment-transport curve had channed after the 
196l:. flood: hoHever, after the 1.964 flood~ the suspended-sediment discharges 
of streams in the Eel River basin \-Jere at least t\·Ji.ce as great as those 
transported by an equal water discharge before the flood (Brown and Ritter, 
1970~ and fig. 8). llO\J long the postflood relation bet\o~een '"ater discharge 
and suspended-sediment discharge \·Jill remain unchanged before returning to 
the pr~flood r~lation is unknown. It is assumed that the flood may have 
similarly affcct~c.l the transport of suspended sediment in the Russian River 
basin. ltoHever, there are tHo basic differences in the Russian and Eel 
r.ivt:!r basins. 
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1 . The Eel River basin is noted for tlae size and number of landslides 
Hithin its boundaries. The erosion of the landslides increases 
sediment loads, and during the 1964 flood many landslides \o7ere 
produced. Landslides are not as numerous in the Russian River 
basin as in the Eel River basin. 

2. The flou of the Eel River is unregulated except for Lake Pillsbury 
and Van Arsdale Reservoir in the headwaters. The flow of the 
Rnssian River is afft:!cted by Lake dendocino and the diversion 
from the Eel River. Storage of \vater in Lake Hendocino 
substantially reduced the peak flow downstream during the 
1964 flood. For example) the peak discharge of the Russian 
River at Hopland during the flood was 41,500 cfs and that 
discharge probabl _ Hould have reached about 57,000 cfs if Coyote 
Dam had not bet:!n built (Rantz and iioore "~ 1965). 
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FIGURE B.--Sediment transport 
curves for Eel River at 
Scotia (inset, fig. 1) 
sho\'1L1g the increase in 
sec; i m~n t transport subsequent 
to the flood of Jecember 1961 
( Brm·.'ll a.lu Ritter, 1970). 
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Because of thes e tHo differences be t\-leen the basins) suspended-sediment 
transport by streams in the Ru~sian River basin probably Nas not affected 
as greatly by the aftereffects of the 1964 flood as was that in the Eel 
!liver basin; h<>H v e r, the flood may have caused the sediment loads for the 
study period (1964- ()G ) to be higher than normal. The possible influence 
of the flood on turbidity in streams and lakes in the Russian l~iver basin 
is discussed later. 

The East Fork Russian l~iver i~ the onl.y pl:1ce in the Russian P.lver 
basin \·.rhl.:rc suspe nd t:d- :;t·dinH.:nt rransport u(:fore and after the 19(,4 flood 
can be comp<lrcd. In the llJ53-55 \·Jater years sediment-transport data \·Jere 
collected at a now-inundated station, East Fork Kussian River near Ukiah, 
about 4 miles do\.Jlts t ream from tile stat ion at L:.as t Fork near Calp<:.! lla 
(fig. 9). The inundated statiL'n, no\·J covered hy Lak~ i'lenducino, \.Jas 1 mile 
upstream from the present station of the same name. 'fhe drainage area 
upstream from the old station near Ukiah \vas 12 square milE!s more than the 
drainage .:1 r ea of the Calpella station. Because the data collected in 
1953-5) \-! C' re not afl PC ted by Lake ·lc:ntloc ino, -then nonexistent, and because 
the difft:rencc in Jrain.::1gc areas upstream frL)lol tl1c llJ)J-55 and llJ64-68 
stations \·.'as not t o o great, the susp Pnded l•>Jd~ and sediment-transport 
curves at e<1 ch st.::1t ion \-Jere ('Ompart=d to determine if tile suspended-sediment 
yields hnd changed . 

F I LURE lJ. --11ap of East Fork 
r.ussian ~iver s:lm.'ing tl1e 
stations on ti1e East Fori~ 
Russian River near Calpella 
and near Ukiah (1953-~5). 
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Of the years 1953-55, only 1954 had a complete record of daily 
suspended-sedim~nt discharge. Because no samples were collected from 
October 1 to Dec ember 10, 1952, and from April 1 to September 30, 1955, 
the suspended-sediment discharges for those pe riods \.Jere estimated to 
determine annual suspended-sediment discharges for the 1953 and 1955 water 
years. Figure 10 shows that during those years the estimated yearly 
suspended-sedime nt dischar3c ranged from 15,000 to 186,000 tons, whereas 
the \.Jatcr discharge ranged only from 205,600 to 295,900 acre-feet. The 
diversion from the E~l River ranged from 182,900 to 196,300 acre-feet and 
kept the annual f1o\.J at the st a tion fairly uniform. In 1955, a very dry 
year, the suspended-sediment discharge was extremely small owing to the lack 
of erosion from runoff; in fact, the 1955 suspended-sediment discharge was 
only one-twelfth the 1953 suspended discharge. If the water discharge 
through the Potter Valley pm.;erhouse tailrace is subtracted from the 
discharge at East Fork Russian River near Ukiah, then the yearly runoff at 
the East Fork station was 105,300, 71,000, and 22,700 acre-feet for 1953, 
1954, and 1955, resp ectively. 
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FIGURE 10.--Water ·'ischarge and suspended-sediment discharge and 
yield at East Fork Russian River near Ukiah (1953-55}. Suspended
sediment yield was calculated by dividing 80 percent of the 
annual suspenrled-sediment disc:1arge by the drainage area of 104 square 
unles. Tl.e annual susper1Jeu- selliltlent discharge diverted through 
Potter Valley pm·1erhouse \'Jas estimated to be 20 percent of the annual 
suspended-sediment discharge ,) L East Fork Russian River near Ukiah. 
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At East Fork Russian River near Calpella, the annual suspended-sediment 
discharge for 1965-60 ranged from 33,200 to 451,000 tons (table 4}. 
Figure 11 shows that the sediment-transport curves fitted by eye for 
1953-54 and 1965 and 1967 are fairly similar. Any differences in the 
curves possibly can be attributed to the difference in the locations of 
the sampling stations or errors in estimating sediment discharges. The 
effects of the 1964 flood on the relation between water discharge and 
suspended-sediment discharge in the East Fork, probably were not 
significant; however, because the East For~ is the area of lowPst sediment 
yield and runoff in the Russian River basin (table 4), it may not have been 
affected as much as areas Hith higher yields. Even so, the quantity 
of sediment transported by the flood is impressive. For example, the 
suspended-sediment discharge of the day of the peak of the flood at 
Calpella--an estimated 220,000 tons--was greater than the discharge for 
any year of record on the East Fork. 
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FIGURE 11.--Sediment-transport 
curves for East Fork Russian 
River near Ukiah, 1953-54, 
and East Fork Russian River 
near Calpella, 1965-67. 
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Suspended-Sediment Discharge 

A summary of the annual suspended-sediment discharge and corresponding 
yield per square mile for each station is given in table 4. The water year 
having the highest annual suspended-sediment yield at every station was 
1965, l·lhich included the flood of Christmas 1964. The water year having 
the lowest annual suspended-sediment yield at every station was 1968, the 
driest study year. 

For the period 1965-68 the combined suspended-sediment discharge at 
the three stations, Big Sulphur Creek near Cloverdale, Dry Creek near 
Geyserville, and Russian River near Cloverdale was 41 percent of the 
suspended-sediment discharge at Russian River near Guerneville. Therefore, 
59 percent of the suspended sediment transported at the Guerneville station 
must have been eroded from that part of the basin downstream from those 
three stations. 
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The relation of water discharge to sediment discharge for each of the 
five stations having the smallest drainage areas (East Fork Russian River 
near Calpella, Russian River near Ukiah, Big Sulphur Creek near Cloverdale, 
Dry Creek near Geyserville, and Haacama Creek near Kellogg) is similar as 
shown in figures 11, 12A, 12C, and 13A. The coordinates of the points 
used to define the sediment-transport curves in figure 12 were averages 
for selected intervals of water discharge and the corresponding averages 
of sediment discharge computed for that interval. In many cases, the few 
'o~ater and sediment discharges that were available to define upper ends of 
the curves were estimated or computed rather than measured directly. 
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FIGURE 12.--Sediment
transport curves 
for: A. Russian 
River near Ukiah, 
1965-67, B. Russian 
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Cloverdale, 1965-67, 
C. Big Sulphur Creek 
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Geyserville, 
1965-67. 
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The curves for Russian River near Cloverdale and Russian River near 
Guet·neville (figs. 12B and 13B) a" e different from the smaller basins and 
each other. Part of the difference betHeen t:1e curves of the t\·10 
stations may be because the Cloverdale curve is based on average daily 
measurements and the Guerneville curve on instantaneous measurements, 
t-.rhich, in this report, are assumed equivalent to those based on average 
daily measurements. Sediment-transport curves could not be drawn for 
Potter Valley pm·rerhouse tailrace und East Fork Russian River near Ukiah 
because no relation bettoJeen '"ater discharge a.1d suspended-sediment 
discharge exi.sted at those stations. The plotted points at the lmo~er ends 
of the curves for East Fork Russian River near Calpella and Russian River 
near Cloverdale (figs. 11 and 12B) are inconsistent with the trend of the 
upper part of each curve anJ rt!flect the effscts of the \-.rater released 
through Potter Valley potoJerhouse and Coyote D:1m. 
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FIGURE 13.--Sediment-transport curves for A. 1-iaacama Cre~k near Kellogg and 
B. Russian River near Guerneville. 
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The effects of reservoirs on suspended-sediment transport are further 
shown by the number of days required to transport 50, 75, and 90 percent 
of the suspended load at each station during 1965-68 (table 5). Because 
of the controlled discharge and a persistent level of concentration of 
suspended sediment, many more days \·Jere required to transport a given 
percentage of the load at tile stations on regulated streams than at 

27 

stations on unregulated ~treams. t~st of the suspended sediment transported 
annually by streams unaffected by regulation by dams, such as by the 
Russian River near Ukiah and Ury Creek nl:!ar Geyserville, was transported 
in a very fe\v days, usually during periods of intense rainfall. The number 
of days that were required to transport the given percentages of tl1e annual 
suspended-sediment load at each of the stations on unregulated streams \t~as 

about the same. The time required to transport the load at the stations 
on regulated streams dep~nded on the degree of the effect of the upstream 
dams on flm-1. East Fork Russian River near Ukiah was usually less affected 
by regulation than Potter Valley powerhouse tailrace possibly because 
turbidity currents passed through Lake 1-lendocino after most storms. 

TABLE S . --.: ... ··.,:;;.;1 ' ;.. ~·· -...l~ • ..; r· ... . {.-. £:• r;; . l J Of' t.r'Q1Wpo)•:;il!g [,0 , 75, emu' ~0 pel'f .. •omt OJ" the amzz..al 014Spended
. ;~_,;i , :: ... ,lt. lvu.u.' at ;;; • .: lect.c.: ;l ..; t. atio~LS 

-------·- - -- ------.---I Number of Jays rcqui red to transport given 

Station 

Potter Vall~ y ~0~~rh0u~~ ta!lrace 1 

[as t fork Ru;-;sian l\~v~·r nl: a r Calpclla 2 

East fvr k Russian Fiver n...-a r likLJh 1 

Russ ian R i v .. ·r n..:a r Pk i .,!1 .• 

Russian Kivcr n...-ar Cloverddle ~ 
Big SulJ' hur Creek near · : ., . rd.dc 3 

Drv Cre~k near Geyserville~ 

1Regu1ated. 
2Partly regulated. 
; Unrcgu latcd. 
to Estimated. 

----- . annual sus:rcled load 
I 1965 I 1966 1967 
1-so _LliDol-SO:ifT-9o 1 so I 1s I 9o 

17 54 121 1J 82 139 35 88 14 3 
·· I '•4 '•10 '•5 r.,l5 '•87 
s 11 :?1 6 21 97 14 35 lJO 
2 4 8 2 2 9 5 9 14 
) 7 lfl 2 9 21 '•6 1•14 1'26 

J 7 15 
2 4 7 2 3 11 4 9 17 

pcrct>nt of 

I 1968 
50 I 75 I 90 

''23 11 60 1'100 
6 27 77 

lS 74 166 
3 6 11 
4 9 20 
2 6 13 
5 10 19 
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Suspended-Sediment Yield 

The suspended-sediment yield in basins downstream from Russian River 
near Cloverdale was more than 4,300 tons per square mile per year; in fact, 
the average suspended-sediment yield from the basin between Cloverdale and 
Guerneville excluding the Dry Creek basin upstream from Dry Creek near 
Geyserville was about 5,400 tons per square mile. The yield in the basins 
upstream from Russian River near Cloverdale was less than 2,700 tons per 
square mile per year. This downstream increase in sediment yield was also 
evident in the Eel River basin (Brown and Ritter, 1970). The lowest 
suspended-sediment yield was in the East Fork basin upstream from the 
station near Calpella where the average was less than 1,400 tons per square 
mile per year (table 4). That basin had the lowest runoff in the Russian 
River basin, which may be responsible for the low yield. 

The highest average suspended-sediment yield in the Russian River 
basin (5,770 tons per sq mi per yr) was from the Dry Creek basin above the 
station near Geyserville. ~~re suspended sediment passed this station 
than passed Russian River ncar Cloverdale, even though the drainage area 
upstream from the Russian River station is more than twice the drainage 
area upstream from the Ury Creek station (table 4). l.Jhether the rate of 
suspended-sediment yield in Dry Creek basin is exceptionally high because 
of the flood of Christmas 1964 cannot be determined from only 4 years of 
record. That rate, however, is comparable with the rate computed for the 
Eel River basin on the basis of 10 years of record (Brown and Ritter, 1970). 

According to th~ U.S. Department of Agriculture (1966) the high 
sediment-transport rat~ resulted from accelerated erosion caused by 
land-use practices coupled Hith the generally steep terrain of the Dry 
Creek watershed. About 80 percent of the land has slopes ranging from 
30 to 80 percent. Prior to settlement in the midnineteenth century, 
about one-half tl1e watershed was covered by Douglas-fir and redwood forests. 
At · present, about 40 percent of the forested land has been cleared and is 
grazed. The U.S. Department of Agriculture (1966, p. 31) estimated that 
42 percent of the annual sediment yield was from slope erosion of land used 
primarily for grazing and 43 percent was from channel erosion. Logging, 
landslides, wildfire, and road building were other direct or indirect 
causes of ~rosion in the basin. 

The large quantity of sediment carried by Dry Creek was a major 
concern in the design of \.Jarm Springs Dam presently under construction 
by the U.S. Army Engineer District, San Francisco, Corps of Engineers. 
Useful storage could be Jeplctcd considerably by deposition of sediment 

··:·· stripped from thi~ highly erodible basin.. ·For this reason a sediment 
storage of 26,000 acre-feet is provided. Total capacity of the reservoir 
is 381.000 acre-feet including the sediment storage. 
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Particle Size 

Particle-siz~ analyse~ of suspended sediment were made from samples 
collected at every s treamf lot.J station in the study area. Table 6 summarizes 
the percentage composition by ,.,eight of clay (less than 0.004 nun) 1 silt 
(0.004-0.062 mm), and sand (0.062-2.0 mm) of samples of suspended sediment. 

The suspended sediment in transport immediately do\o~nstream from dams 
or diversions, such as East Fork Russian River near Ukiah and Potter Valley 
powerhouse tailrace, contained mostly clay and almost no sand. The 
suspended sediment in unregulated streams or streams partly regulated by 
dams, contained significant percentages ·of sand and on the average 
contained about equal quantities of silt and clay. 

The relation of water discharge to the size of particles transported 
in suspension is indicated for three stations (fig. 14). At high \o/ater 
discharges there \·las a higher percentage of sand in the suspended sediment 
and a lo\o~er percentage of clay than at lm.r \.rater discharges; the percentage 
of silt remained almost constant. For _very lo\.J flows (not shmm in 
fig. 14) the suspended sediment is mostly clay because the sand and silt 
has deposited. 
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· ·.~ ·. 

• 

SUSPENDED-SEOIHENT TRANSPORT, RUSSIAN RIVER BASIN, CALIF. 31 

SUSPENDED SEDINENT AND TEZ.1PERATURE IN RESERVOIRS 

Lake t-tendoc ino 

Besides the daily or weekly samples of suspended sediment collected 
at the outlet to\.Jer, monthly samples \.Jere collected at 10-foot intervals of 
depth at tlaree sites in the lake (fig. 15). Vertical distributions of 
suspended-sediment concentrations at site A, .Jbout 50 feet upstream from 
tl1e outlet tower, were typical of vertical distributions at each sampling 
site. :\s sho\.Jn in figure 16, the suspended-sf:diment concentr.·1tion5 .at 
site A generally incr~ased \.Jith depth. In Hinter, the ..lncrease of 
concentration near the bottom \.Jas particularly pronounced. Hhcn 
s ediment-laden water flm.J~""d into Lake Hendocino, its density \.Jas greater 
than the density of the \·Niter in the lake, and it moved along the bottom 
o f the lake as a density or turbidity current. In summer, the increase 
of concentration \.Jith d{:pth \·la 5 small. The summer increase possibly could 
b..: n ttt·ibut eJ t~..1 the lo\.J concentrations of suspended scdim~nt transpo.-ted 

N 

1 

.. ....... ,t .... . , . 

FIGURE 15.--Sampling sites on La~ e 
Hendocino. 

into the lake by its tributaries and 
to the effect of water temperature 
on the settling velocity of suspended 
material. The rate of settling of 
particles in the colder and dehser 
bottom \.Jater would be much slo\ver 
than the settling rate in the \-.rarmer 
and less dense surface water, and 
the particles would become more 
concentrated in the denser water. 
Thus, in a lake, such as Lake 
Hendocino, \-Tith a summer thermocline 
the concentration of particles 
settling from the surface would tend 
to become greater with depth. At 
times, for example September 1968, 
the suspended sediment seems to be 
stratified into two or more layers. 
The stratification may be due to 
phytoplankton blooms, wind-blo\o~n 

material, differences in water 
temperature, density of the inflowing 
water, and turbidity currents. Some 
of ~he periods of no stratification 
or ~hen the suspended sediment is well 
mixed (such as April 1968) may have 
occurred during periods of overturn. 
Overturns occur when denser water 
replaces the lighter bottom water, 
which moves upward toward the surface. 



FIGUflE !G.--Profiles relating concentrations of 
suspended sediment to d~pth at sampling site A, 
lake l·iendoc i no, D2cember 1964 to September 1968. 
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In 1965-68, the Ea~t Fork russian River near Calpella transported about 
590,000 tons of suspended sediment. The intermediate drainage basin 
tributary to Lake ·~ndocino between East Fork near Calpella and East Fork 
near Ukiah is 13 square miles. If the annual sediment yield of the 
intermediate basin was about 1,350 tons per square milel from 1965 to 1968, 
then about 70,000 tons of sediment entered Lake r.tendocino from that source. 
About 150,000 tons of the total quantity of suspended sediment 
(660,00() tons) trnnsported into the lake durin~ that period Has discharr,ed 
through the outlet. Based on this assumption, the net deposition Has about 
510,000 tons of suspended sediment, and ahout 77 percent of the suspended 
sediment entering the lake Has trapped there. Assuming that the specific 
Hei~ht of the deposit4?d sediment Has ()0 pounds rer cubic foot, then about 
400 acre-feet of sc liment •.ms deposited in the reservoir. 

Temperature at several depths also Has measured at the outlet tot·rer 
and at sites A, B, and C. During the summer t·rhen a thermocline is present, 
the ran r•e of temperatures in the reservoir at a given time may be more 
than 1!•°C ~ durin~ the Hinter Hhen a thermocline is absent, the ranf',e of 
temperatures may he less than 2°C (fi~. 17). In general, the \.Jater slm-rly 
'.Jarmed in the spr i nR and cooled more rapidly in the fall. Ternper<ttures of 
the \.:ater in the reservoir ranged from about 6°C to 28°C durinr, 
the period of measurement. 

In December 1965 a recordine thermograph uas installed at sampling 
site A at a depth of about 2 feet. The surface temperatures ranged from 
about 7°C to 28°C (fi~. 18). The 1m-rest temperatures each year occurred 
in January or February; the hir.hest in July or August. In the Hinter the 
diurnal range in temperature is rarely more than l°C, but in the summer 
the diurnal range day be as much as )°C. 

lthe averace annual yiel~ of tl1, : basin upstream from East Fork nussian 
River near Calpella (table 4). 
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FIGURE 17 .--A. Seasonal variation in temperature at sampling site A, lake r·1endocino, January 1965 
to S~ptember 1968. The variation in the bottom depth is due to variation in the lake level. 
B. Profiles of seasonal temperatures shown in A. 
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FIGURE 18. --r·1aximum daily temperatures of water near the surface of Lake 
Mendocino at sampling site A, January 1966 to September 1968. 

Lake Pillsbury 

Suspended-sedii11ent samples Here collected monthly about 50 feet 
upstream from Scott Dam and at the inflm..Ts to the lake from the Eel fH.ver 
and the ru ce rork (fig. 1). ~~ater discharge \.Jas not measured. Figure 19 
shows that near the dam concentration of suspended sediment generally 
increased Hith depth especially during the ':tinter, but as in Lake ~ tendocino, 

stratification of suspended sediment sometimes '·las observed. 

The highest measured concentrations for the tributaries (as much as 
28,400 mg/1 at Eel River on Nov. 10, 1965) consistently occurred in the 
autumn '·Then the reservoir uas at its lm·Jest level. At that time the 
di.scharRe of the t ri but aries Has lat·T, and the extremely high concentrations 
possibly ~ ·~ere caused by the erosion of the exposed deltas of the 
tributaries. J:igh concentrations in the lake and its outflow occurred in 
the Hinter during months of storms and Here not correlative Hith the hiBhest 
measured concentrations of the tributaries. The low concentrations in the 
tributaries occurreJ in enrly summer as did the lo,-1 concentrations in the 
lake and its out f lm·J. 

Temperatures H~re taken at 10-foot intervals of depth near the dam 
about once a month (fig. 20). The temperature pattern is similar to the 
pattern at Lake ~tendocino. The \·later '"arms slouly from \-linter to summer 
and cools rapidly from summer to winter. Also, a thermocline forms in the 
summer and is :Jbscnt in the Hinter. The temperatures ranged from about 
6°C to 27°C .. 



FIGURE 19.--Profiles relating concentration of 
suspended sediment to depth, Lake Pillsbury 
near Scott Dam, i·!ovember 1965 to September 1968. 
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FIGURE 20.--A. Seasonal variations in temperature at Lake Pillsbury, October 1965 
to September 1968. The variation in the bottom .depth is due to variation in the 
lake level. B. Profiles of seasonal temperatures shown in A. 
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Temperatures near the surface of Lake Pillsbury were continuously 
recorded near the dam (fig. 21) from January 1966 to September 1968 and 
a range of 5°C to 27°C t-1as noted. The t.,ater was warmest in July and August 
and the coldest in December and January. In the Hinter the diurnal range 
in temperature is rarely more than l°C, but in the summer the range is often 
as much as 3°C. 
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FJ GURE 21 o --r~aximum daily temperatures of water near the surface of Lake 
Pi 11 sbury, January 1966 to September 1968 o_ 

TURBIDITY 

Factors Related to Turbidity 

Turbidity, like suspended-sediment discharge in a stream, can usually 
be correlated Hith Hater discharge. In general, turbidity increases as 
to~ater discharge increases in unregulated streams; hot·rever, because much of 
the discharge in the Russian River basin is regulated by Coyote Dam and 
the diversion at Potter Valley, the relation bett"een discharge and 
turbidity is very poor. Instead of discharne. periods of rainstorms or 
precipitation Here correlated \-lith periods of turbid t-later in the section 
on the persistence of turbidity (p. 46-95)~ 

Phytoplankton (fie.22), especially a~gae, can cause turbidity at 
times of loH flrno~ and no rainfall. An algal bloom during lm.r flmo~ can 
make the Hater turbid, but highly turbid water reduces reproduction by 
shutting out sunlight essential to tl1e existence of phytoplankton. 
Therefore, phytoplankton can prod tt<'•: a certain level of turbidity before 
their reproduction is affected. During periods of high erosion in the basin, 
such as during rainstorms, the Ha r e: r becomes too turbid to permit a 
plankton bloom and the turbidity utused by phytoplankton is negligible. 
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TURBIDITY 

Activities of man can create turbidity not connected with rainstorms. 
Logging, road building, and sand and gravel mining, for example, can 
produce material that is transported or spilled directly into streams. 
All these activities occur in the Russian aiver basin. 

The map in figure 23, modified from Goldman (1961, 1964), shows the 
location of 12 sand and gravel plants in the Russian River basin. Most of 
these plants were dot~tnstream from Healdsburg and, because most turbidity 
data were obtained upstream from those plants, the influence of the sand 
and gravel mining on turbidity was not fully noted. The Russian River, 
however, was observed to be turbid near Guerneville sometimes when the 
river was clear upstream from Healdsburg (p. <)4). The conclusion could 
be drawn that sand and gravel mining was, at times, responsible for turbid 
t..tater in the streams in the Russian River basi:1. 
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FIGURE 22.--Typical diatoms found 
i i1 the suspended materia 1 in the 
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· · Russian River Lasin. This sample 
\·Jas collected at tl1e East Fork 
~ussian 1Hver near Ukiah, 

0 ~ 4 c.. 8 aDMiL.e. 

June 24, 1964. Length of large 
diatom is about 0.11 mm. 

FIGURE 23.--Location of sand and 
gravel plants in the Russian 
niv~r basin (modified from 
Goldman, 1961 and 1964). 
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Relation Bet~o~een Turbidity and the Concentration of Suspended Sediment 

The turbidity of a sample of a mixture of \-later and sediment may be 
related to the concentration of suspended sediment. HoHever, differences 
in the mineralogy, shape, color, and size of sediment particles in samples 
of the same concentration will produce different values of turbidity, as 
turbidity is a measure of opacity rather than quantity. i~ev(!rthclcH~, a 
consistent linear relation between concentration and turbidity may exist 
if certain characteristics of the suspended particles remain uniform from 
sample to sample. In some streams in the Russian River basin, the 
particle-size distribution of suspended sediment vari.es only slightly 
t.sith discharge. That is, the percentages of sand, silt, and clay are 
approximately the same for a \o~ide range of discharge. If the particle-size 
distribution and mineralogy of the suspended sediment remains uniform with 
discharge, then turbidity would be an index of the concentration of the 
suspended sediment. The relation would likely hold only at a given section 
in a stream and probably would not be generally applicable for streams 
throughout the basin. This t-!ould be especially true in the Russian River 
basin \vhere the particle-size distribution of· the suspended sediment varies 
greatly in different streams because of the regulated flm.z from the Potter 
Valley powerhouse and Lake ~endocino. Because coarse sediment drops out 
of suspens ion as f lm..r passes through reservoirs, the percentage of sand or 
larger particles is either very small or is zero in most samples from 
stations immediately dmo~nstream from the reservoirs. A small quantity of 
sand, which, because of its weight, has a great effect on concentration, 
may have only a minor effect on turbidity if clay is present in the sample. 
Because clay has a greater surface area per unit \o~eight than sand and, 
thus, scatters more light than an equal weight of sand, a sample containing 
only clay would have a greater turbidity than a sample containing an equal 
concentration of sand. 

Organisms, such as diatoms, have a much lmo~er specific gravity than 
the clastics commonly carried in suspension. A sample containing only 
diatoms would have more particles and a higher turbidity than would a 
sample containing an equal concentration of clastics of an equal particle 
size. Therefore, some of the scatter of a plot of points relating 
turbidity to concentration may be attributed to different relations for 
samples containing mostly clastics and for samples containing mostly 
diatoms. 

The scatter of points in the relation of turbidity to co~acentration 
of suspended sediment for Dry Creek near Geyserville for the 1965 Hater 
year (fig. 24) is typical of the scat~er in the relation for many stations 
in the basin. The plot of figure 24 sho\oJS a considerable scatter of points 

·... for l0\-1er values of turbidity; hoHever, this is expected because of the 
presence of organic material at lm1 flm-1. ~catter throughout the plot is 
related to several factors, the most important of which are the 
characteristics and particle-size di s tribution of suspended-sediment 
particles. 
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FIGURE 24.--Typical plot of 
turbidity versus concentration 
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TUR3IDITY, IN MILLIGRk~S PER LITER 

A least-squares line was determined for the yearly relations of 
turbidity and concentration of suspended sediment at several stations for 
comparative purposes and to check for possible trends. The resulting 
lines and the characteristics of the data from which they were determined 
are shown and discussed below for each station studied. The correlation 
coefficient (r) was more than 0.90 except for Lake dendocino in 1967 
(r = 0.67) and l968 (r = 0.74), and East Fork Russian itiver near Calpella 
in 1965 (r = 0.84) and 1966 (r = 0.83). 

Figures 25A and 250 show the least-squares lines relating turbidity 
and concentration at the Potter Valley powerhouse tailrace and at East 
Fork Russian River near Ukiah, where the flows are released from Van 
Arsdale Reservoir and Lake Hendocino respectively. The samples taken at 
these stations and at Lake dendocino (fig. 25C) were characterized by an 
absence of coarse materia l, and turbidity tended to be greater than 
concentration in a given sample. 

At Russian River near Cloverdale (fig. 25F), flow was partly regulated 
by the storage and release of water from Lake Mendocino (fig. 25C). 
However, coarse material in the stream channel between the lake and the 
station was available for transport~ thus, turbidity characteristics 
changed between Lake l~ndocino and Cloverdale . For example, concentration 
\-las consistently higher than turbidity at Russian River near Cloverdale 
(fig. 25F), \-Ihereas at East Fork Russian niver near Ukiah, turbidity was 
consistently higher than concentr .t t: i on (fig. 250). The relation of 
turbidity to concentration was s om~~ \·J hat similarily affected between Potter 
Valley powerhouse tailrace (fig. L ·>A) and East Fork Russian River near 
Calpella (fig, 25B). 
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FIGURE 25.--Continued. 

E. 4610 Russi an River near Ulc..i ah. 
F. 4630 Russian River near Cloverdale. 
G. 4632 Big Sulphur Creek near tloverdale. 
H. 4652 Dry Creek near Geyserville. 
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At the three stations on unregulated streams i~ the Russian River 
basin, concentration to~as consistently higher than turbidity, and 
particle-size analyses indicated 10 to 40 percent sand in most samples. 
Among the station records studied, the yearly change in the concentration
turbidity relation was greatest at Dry Creek near Geyserville (fig. 25H) 
perhaps because of the effects of severe flooding during the 1965 w·ater 
year. The yearly concentration-turbidity relations at Russian River near 
Ukiah (fig. 25E) t.Jere similar to, but more to~idely scattered than, those at 
Russian River near Cloverdale (fig. 25F) \-lhich is partly regulated. Data 
were available for the 1967 and 1968 \-later years at Big Sulphur Creek near 
Cloverdale, and the plot of turbidity versus concentration at that station 
shoto~ed a relation similar to concentration-turbidity relations of the other 
stations on unregulated streams (fig. 25G). 

Certain characteristics of the concentration-turbidity relation were 
similar at each station. Almost every line for the 1967 and 1968 water 
years shifted dm·1m-1ard from the 1965 and 1966 lines. This shift is 
probably related to a decrease in the amount of coarse material made 
available for transport by the sev~re erosion in the 1965 water year and 
subsequently carried in suspens~on or to a change in instruments used for 
measuring turbidity (p. 17). ~early all the plots of turbidity versus 
concentration (for example, fig. 24) had a slight curvilinear trend at the 
upper ends of the plots indi.catinr, that concentration increases more rapidly 
than turbidity. This may l'e related to an increase in the amounts of 
coarse material present in samples of higher floHs, to the corresponding 
difficulty in measuring high turbidity because of the rapid settlement of 
the larger particles, and to the possibility that, as turbidity approaches 
its maximum, it does not increase as rapidly as it does in the loHer ranges. 

Persistence of Turbidity 

. . The data from which this general discussion of the persistence of 
turbidity of e:1ch stream during 1964-68 are shm·ln in the accompanying 
illustrations and tables. The illustrations shm-r the days on ,.,hich the 
water was turbid, the magnitude of the turbidity greater than 20 mg/1, the 
precipitation, and the percentage of algae present in the suspended 
material. The turbidity plotted on the illustrations is based on the 
turbidity of the sample collected on that day and is intended only to shm1 
a trend. It should not be regarded as an average turbidity for each day. 
The months of September and October were omitted from the illustrations 
because the ~-rater Has clear during those months each year of the study. 
The periods and intensity of precipitation are shown for correlation with 
periods of turbid water. 



TURHTiJITY 

L·k· Pillsbury n a r Pott ·' r Vdll e y (St .:J . l~o. 4700) 

In r :1e fa ll l ~ ..1ch s tudy year th 0\·/ lev e l of the l a k e e xpnsec...l the 
J>ltas f n n d at the nouchs of tribur- ries to t11 l e1ke . t)uring the f.1ll, 
t.: V\.!n t 10 u ~~ h the infJou \·Jas 1< H, the inflo\.J e roded thl! exposed d Ita, to 
\·!hich a CL1n sid rab 1 <..: qu;lt lit y of material \·ns :Hid e d by th e fl ood of 
I>· ·mbt· r l t> ' . Tl 11..' t· rtl ~ i 111 uf til e delta cre;at •d the ldp.llcst turbidity 
(t .:JL>le 7 ) ll l ~; tsurL'l i 11 till' Lri iHJLlri.L·s . ll u \v v e r, l>L· <Juse the Jl"L':l \·Ja s not 
r · .tdil y c ·~.:::ssil>l~ , Lh • inti H.J \·las 1 ot sampleJ durin~ a heavy rainstorm 
HIH.: n inf llJ ' . .J turbidity mi ;~i1t have ucL!n e v e n ltignt: r. Our ing the '"inter, 
bec.J u se tile erosi ll L1 f the= deJ tas continue d an l becaus the -...rater f 10\-Jing 
int th L1kc bccalll ! tu r hi J from m ~llerial e r o d ·! d uring rainstorms in the 
up p L r b ..1 s i n , t h t.: 1 · k · l11 . .! c a n • t u r b i l1 , .1 n d t 11 ' . _,a t c r r c l c c s e cJ f r o m L h 
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r ' L!rvo i r Lh.:cCime t u r bid . ln Lt te sp rin g and summer as the lak e lev ~ 1 ros e , 
t tC d c.:lL a.· \..J · r subm '-' r~cd , thl;' iilflot-J lleclined, nd th - L1ke o ' came clt.:!ar. 

L 1 I ~ i v e:- r l> e 1 o t.J S co t t l U m , 11 ea r Po t t r V a 11 e y ( S t a . '-lo . 4 7 0 5 ) 

D '.-.' I s trc: .:tm fro m S(ott nan, p e ri ods of hi Gh turbidity \·Jere related to 
p >ri ods nf high tur bi.d it y it l.:l~·a~ Pillsbury. Tw Lurbi.Jity dLH·mstr ·~m from 
Sc lt J~1r.1 \ · t s , \·:ith s u n e ·x e pti ms, th -· same orde r of rnCJgnitude as th e 
tur b idity of th e \.J i L\.· r p ;t.;s in g throug h the Llilrace nf th e Putt e r V· 1ley 
p -: e r lt l \ u s · · d ) \ ·Jll ~ t r ~. 1 1 ( L :d ) I · 7 ) . 

tJ urin g the s tu dv p · ri.. d befo r e the f looc...l o f December 1~6L,, the \.Jater 
p,lssing t i1rough t l ....: t<. i lr· c · \·J ~ 1 s t urbid o nly llurjng s t o r m periods anJ 
c l c a r e d up f a i r 1 y r ~ p i d 1 y a f t · r e :1 c h s to r m ( f i g • 2 () ) . A f t e r t 11 · f 1 o o d the 
t-:,·n e r at th e t a ilrace •.-Jas turbi.d until July 1965. From 1~66 to 1960 the 
Ha t e r b came turhi J 3fter the first ma j o r sturm of the rainy season 
(usu a ll y in (·! >v ·mh ·r) d!Hl r ema in ed turDid fo r seV(~ral monLlt s each year 
(t nble 3 ). ,\l guc ucre not a primary cause of turbid Hater .:tltlwu3h they 
111~y hav' contribut ed L i t: ; p L!rs istcnce for s ho rt peri o ds. 
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TABLE 7.--.'·!d ..... s:~renen:s of turb'di t y at Lake Pillsbury and Ee l R-iver below Scott Dam and 
.... l '?' <J l~l t :l) , rn a ~i l' me ~1t. at tte1· ta l l ey p oW.-'? l"hm<s e tailrcr.r.e 

----------------------------------- -------------------------------------
Lake Pillsbury Turbidity (milligrams per liter) 

Date 
con t ents - Lake Pillsbury Eel River Potter Valley 

(th us a nd ~ice Fork ~E~ l River! Scott Dam 1 below powerhouse 
_________ ......__ a_c_r c -f ee t) inflow inflow Surf. ~ce}~o ttom Scott Dam tailrace 

Se pt. 30, 1965 
t.ov. 10 

35.9 3 35 11 
1 8 . 1 1 • 21 0 2 , 2 7 0 £0 50 13 5 

De c . 15 38 .0 33 36 ~2 46 37 
Jan. 19, 1966 6 7.0 4 35 126 495 580 195 

66.9 - ·---- .!0 _ _____ 12 _ _ - 18~ J32 171 110 
Har. 22 67 .! 12 so 60 -- ! so ---123 ____ 70--
feb. 15 - - ---- --

A p r . 1 9 8 J . 1 3 38 8 8 1 2 4 5 7 4 2 
Hay 17 86 .1 1 4 c 36 26 22 
June 14 8 5 . 0 0 1 1 31 30 14 
July 2 6 7 1. 7 1 1 1 1 9 6 
Aug. 16 6-2-. ..,.....4 -----~1----~3----- -2---ll 8 6 

Sept. 20 45.2 23 500 2 H 12 5 
Oct. 18 28.3 2 8 7 7 
No v . 18 2 0 . 7 2 7 0 3 2 0 
Dec. 22 66 .8 616 44 420 322 192 
Jan . -17~. -1~9~6~7~-- 62 .9~--------~,----------2------~I~4-o _____________ l~2~2---------1~4~9---

Apr. 26 78.0 10 20 40 45 40 38 
Nay 15 81 . 6 3 3 8 19 2 3 2 t- 2 0 
June 13 86.8 1 6 6 20 14 10 
J u 1 y 14 77 . 3 . _ ____ __::1:.___ ____ _;;;1 ___ --=1=---- 1 1 14 

_A_u_g..._. --:---1 S~------5=-9=-. . -.Y- 1 10 1 15 6 12 

Sept. 20 39.1 32 60 0 0 0 
Oct. 20 2 5 . 2 30 S 15 2 3 1 
~ov. 21 13.2 244 84 26 28 13 
Dec . 2 0 2 4 . 1 8 4 5 15 3 15 5 12 0 
Feb .---:-6-. -1-::9-::6-=8---..,...6 7 . 9 4 4 56 15 5 

Mr. 20 75.3 13 10 45 230 54 
Apr. 19 71J.9 0 1 23 42 22 
Hay 24 86.3 1 1 3 13 3 
July 9 78.4 0 0 1 1 
Aut;. 23 58.7 2 3 4 3 
Sept. 2 7 4 4 .1 6 20 4 8 
- ---- -------------

lsamples were collecte d about SO feet upstream frm · dam. 

TA.BL£ 8.- -Pe 1•i r.t! o f pe r~ister; t tlirLidity, East FoJ~k Russ ian Rive 'I', l965-68 

A rsistent turbid it 
Station 

1965 1967 1968 

Potter Valley powerhou~ e Dec. 19-July 17 Nov. 12-May 20 Nov. 15-May 19 Nov. 30-Apr. 
tailrace 

East Fork Russian River Dec. 2')-.July 16 Nov. 15-~Ay 20 Nov. 15-May 19 Nov. 30-Apr. 
near Calpe lla 

lake Mend o · ino nea r !">ec . 2!• -t'tay 13 Nov. 22-June 6 Nov. 21-June 1 Jan. '30-Apr. 
'kiah 

East Fork Russian River Dec. 21-Hay 19 ::ov. 17-July19 Nov. 18-June 7 Dec. 2-Apr . 
near Ukiah 

8 

15 

17 

19 
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FIGURE 26.--Periods of turbid water, daily precipitation, and percentage of 
algae in the suspended materi al at Potter Valley powerhouse tailrace near 
Potter Valley, 1964-68. Precipitation data are from the U.S. Weather Bureau 
rain gage at Potter Valley. 
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East Fork Russian Rlv r near Calpella (Sta. No . 4615) 

During 1953-55 befor Coy te Dam was const ructed (p. 21), periods of 
t u r b i d \v ;1L ~ r in t il · E ·1 s L 1:-or k (a t t he s t a t ion Ea s t F o r k Russ ian R i v e r n ea r 
Ukidh) usually coinciJ tl \.Jith r ri Js of rainfall (fig. 27A), and sometimes 
the · . .;at r rctnitin~.·d turbid St·veral Ja •s ~ftcr the rainfall had ceased. In 
1954, lh)\.Vc~ ver, til · \.J : t.L'r r · mtlitH.~ d turbiJ most uf the time from miJ-Jnnuary 
to rl...1y l lJL:caus ~ of tltc pnttl!rn anJ intensity of the storms :..1nd perhaps 
b ~ c au s o f t u r b i J \J a t r J i. v e r t d f r o 111 t h E e 1 ({ i v t ~ r . 

From February to mid-Decemb r 1964, water at East Fork Russian River 
n e ar C·tlpella bec.:.1m turbiJ only during storms ( fig . 27B). After the flood 
in .h:c - ntber 1964, the riv ,r remained turbid in 1965 for a bout 8 months 
\·J i t h o u t be com i n g c 1 a r . I n t be .l 9 6 6- 6 3 \.J a t e r y <.:a r s , l h c r i v r be c am e 
turbi d in · · v ·mb·r · nJ rellnined turb1d until April or i·!ay , so that for 
5 to 7 mu nths in ach of L! L) ~c ycdrs, L ke i·tenuncino r civ ed an almost 
continuous supply o · turbid \vater. The turbidity of the river at this 
station \~•as influenced by the turbidity of the t.Jater imported from the Eel 
River, \vhich \vas me sured at P tter L1lley po.;erhouse t ailrace. The 
p e r i o d s o f r e r s i · , n t t u r l> i c.l \.J a t e r He r c g e n e r a l 1 y t il e same a t b o t h s t a t i on s 
( t a b l <.:: ) • The d i s c h · r g a t t h · p \ ·h ... :r lw u s c t a i 1 r a c e r e pres en t e d 7 2 p c r c e n t 
of th e discharg e at t ll.: Calpella 'age and the p rsisten e of thc: turbidity 
of t h \,·at , r .1 c t h ·• p<nve r hou. e \.Ja s ref l •c t ~c.l i. n the turbidity at the 
c...lo\.Jt stre:a.n ga g -.: (figs. 26 :1nJ 2713) . The effect of the divert d lel River 
\~'at r on th E·1st F ·)r .: Russian Kiver is !:>'en in tar h 1965 (fig. 27B). The 
1 Jay of th :.t mo nth that the: turbidity d roppeJ b •loH 20 mg/1 can be 
cor r e l a t e J \.J i t h a d c r e as l.' in c.l i s c In r g e t h rough t he Po t t r V a 11 e y 
poH rhou~ • tailrace. In th summ · r turbid \.Jater in the fast Fork sometimes 
h 'c..l s crcdt d b' til· flushing of irrigation ditches and road construction 
in tht.: basin. 

La k c >I • n doc i n ( near U k i a h ( S t a • i ·l o . 4 6 ] 8 ) 

!' he turbid conlitions c.lescrib '"' c.l in this s •ct ion are based n samples 
t a k c n f r o m a d c p L h n f 1 f ~ · t o r 1 e s s n • a r t h c o u t le t t u \.J e r . T h e s amp 1 c s 
\·J er~..; c o ll ' ted alm st d.Jil from Feb:.u~ry 6, 1964, to ~ " ptcmber 30, 1965; 
a f t e n.; a n : s sam p l in g \v a s d n e ·I , e k 1 y . U sua 11 y t 11 e J e p t 1l sam p 1 d n e a r the 
o u t 1 t t \·.' e r \-J a s , h o u t 4 0 f e e t and u sua 1 1 y t he t u r b l J i t y o f t he sam p 1 e s o f 
t h t t i r c o 1 u m n \.J ~1 s s i m i 1 3 r . 0 n l y in 1 9 6 8 \.J as t her e en ugh d i f f r en c e 
betH e n tl e turbidity of th surface and d ·epcst samples to be plot teo in 
fi g ur :?d . Bc c aus ·of the ·onfigur<ltion of th dam and the structure 
b n a t It t he u t l e L t o t..' ~ r , t h <.: J t· p e s t sam p 1 e c o 11 e c ted 'l.v a s a b o u t 4 0 or 
50 fe e t .1 b lJVe th bottom and \va!j 11 >t repr"'s ' ntativc uf bottom conditions 
in the r · ~t.:rV L ir. 



TURBIDITY 

The t u r b i d i t y near the sur fa c e o f t he 1 a k e a t the out 1 e t t m"e r \"as 
not pdrti , u1 a rly affe ted by storms in late 1964 before the severe storm 
in 1 a t Dec m b r ( f i g . 2 8 ) . A f e \" d a y s a f t e r t he p e k o f t hat s tor m , t he 
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\vat e r nea r thc: surfac e be am turbiJ a nd rl!main J turbid for several months 
(t a ble 8 ) ) and in 19G6 and 1967 be arne turbid in Nov,mber in a few days 
.J.fter d Ltrgc storm and r main e d turbid for sev r.J.1 months. In 1968 the 
::;urL.1ce Has only int rmi tt ntly turbid fr an De cembe r to April. Algal 
b l) ms h lp d to prol ong turbiJ conlitions almost every y e ar. 

Tle rL:Llti o n 1( depth Lo th -· turbitl ity ot s:unpJcs collected monthly at 
o t h e r s i t s i n t he LJ k e ( f i g . 1 5 ) \v a s s i m i 1 a r t o t h 0 r e 1 a t i on o f d e p t h to 
ti1 c nccntration of _· u s pl~nded s dim nt · t p int A as sho\.Jn in fi gur e 16 
!tho u g h turbidity \Jas u s u · lly sli 0 htly higher than a cor r esponding 

c nc n tr a ti o n. t\ r "'p r st.:nt<:ltion of the m nthly turbidity values for 1966 
.J.t the t l r c si t es i s sh ·"n in fi ur e 29. Th ' r e lation of surface to' bottom 
turbidity in o ther ye:1 rs \vas similar, tall three sites , the surface 
turbidity \.Jas 1 " ::. s tha n th · turbidity n ear th bottom for most months, and 
th h i ghes t tur biJi t i s occurred in th peril>d from Dec e mber to Harch. 

Curr ntly , h'uter rel eased from the bottom of the lake is more turbid, 
g l.; n e r a 11 y , t ha n \·1 a t c r n c a r til s ur fa c o f t he 1 a k e . I f , h o \v e v c r , a r t! 1 ease 
of \.J <:J. t · r ' (1uld be [;la de f r om n a r tit surf a e , turbidity curr "nts ~·Jould not 
pa ss tllr >u g h th e r es rv o ir antl out the bottom outle t, \.Jhich \vould be 
c 1 sed. th~ \.Ja t r llt; r th~ surL..1ce then mi g ht b e come more turbid from 
tl e accut;lulati o n and ·· ir ul a tio n of turbid \.J ter transported by the 
lurbiJ1t y ~urt-ents, a ni the difference in th turbidity of the surface 
a nd bo tt om \.J.J. tcrs mi gh t b •come l e ss. A continuous rele se from the t,.Jater 
n\.:"a r th e s urf act , the r efo r , might not be mu·h loHe r in turbidity than a 
r e l eas~ f r om th bGtt m. An optimum r e lease to gain minimum turbidity 

i g i1t be o bt a i ne fr m a combination of s l ec tive relea s es from water 
ne · r t h ., botto11 o r the surf.:tce of the r eservoi r depending on the quantity 
a 1 J t u r b i d i t y f t he in f l o \.J , r a t e o f r e 1 e s e need d f o r s tor age 
r e q u i r me n t s , and t he q u an t i t y and c 1 .l r i t y o f \.J a t r a v a i 1 a b 1 e for r e 1 ease 
from th e upper p art o f the r ese rvo ir. Releasing from the surface \.Jhere 
temper a tur s a re the highest in the reservoir ( especially in the summer) 
\.JOuld also increas' th~ t mperatur ' of \.Jate r downstrea m., \.Jhich might 
affect fi. · h ~ 1ntl other life in the rivl:!r doh•nstr am . 
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70 S SPE ~·!D E D-SEDr!E . T TRA. SP I~T, . US SIA i~ RIVEJ~ BASIN , CALIF. 

Ea t l·o r l· Ru sian Ri v r n a r Uk i nh (Sta . d o . 4620) 

F ro .1 r~brua ry 19 64 to h e t ime of the flood of December 1964, t:l e 
H.J t e r r c 1 as ,_d fr Jm La!· ' tendoci n u . uc1lly b e cnm turbid Hh n th Hat r 
f l \·J in i n th e l. tl: ~ h c ~1:111 .. turbid d urin ~ r a in s torms (fi ., . 30) ev n 
t h o u (. J. t 11 1..' ~ .'a t " r n ' c1 r t II s u r f n c f t h l a .<. r c m .1 in e d com ) a r a t i. v e 1 y c 1 ear 
( f i g . 1 3 ) . T II u . · , t u r b i 1 '··' J L e r p r o h .1 h I y f l ( h .., d t h r o ur. h t h e r c s ~ r v o i r as a 
turb iditv o r d c n s i t ;. curn·nt. :\f t Lr t he fl oo d, tiP \·.rater f1m.Jin j·~ into the 
l :~k '.-.' i1 .· tur~)id Ct t\ ti nu ""~ l : ~l . ' [, r s ve ra1 mont h · c·ac h Ha ter y ear~ and as a 
r e s u 1 t t h L' -n t "' r r -. l c a :-; J f r o r 1 t h l a k ' \ ·li 1 :.; t u r b i d a 1 so f o r n h out the sa me 
r r i "d ( c 1 h 1 L' 8 ) . . . 1 ; .1 • a l t i m ' s m a' h a v c a u s e d t u r h i I '-:a t c r . 

:1 s t tur b id \·.' :lt " r .Jt thi s · t a ti n .-!:-IS r lnt ecl t o s torms passing 
t h r o ugh t L r · ~;i on <HHI l as t J n o t :uch l onge r t han tlt e s t o rlll s (fi g . 31). 
ll o'.: VL:r, g Ll\l2l r inin g :mJ n th ' r L:<J r th i tovi n g up s tream from the gage ;,l s o 
rro Ju c \.., L ur h i~. \.' .:l t t:·r (f ) r l: Xi1!T plL:, l.Jt .. o v· mlH:•r .Jnu (!.1rly DeCL'mh r, 1964, 
fi :~ . J ) .. \l :~1t: , .- lltl ll ll ~',i l at ti .. 1 ~ • a maj r part of the suspe nd J material, 
pre b a~h· diu n o t o f tL·Il ·aus' turd I \ '<1t e r. 

Th t n·h i.c!i tv nf til L' ,,,at e r <1 t 1\u s s i.Jn l~i,er nea r Cloverdale (fig. 32) 
_. ~ , o.; a ff >. tt •J b ) c r n ·~ i o n ca u . ·~d h:; r :t i.ns tonns and by tt e turbidity and 

q u :-mti t v o f .. '~H · r r l· l, ; 1. cd f n )rn L<1k~.:: :1 ndo cino . Durin p p e riod s of little 
n r n o r <dnf :d 1, tht• \·J: tl L: r b e came cl~ ••r if the CJllanti t y of \·Jate r r e l e a sed 
f r o m !. :1 ~f' ~ e n lnc i n t, · :a s n f' , lipihl ~ u r if til r e lea s e d \..ra ter " .'<.1 S lear . 
~: ur e :-: l11ilfl l in F h r u <tr y }C)()5 til(~ JaL r uas clc .. 1r \·.'hen th dis cha r oe fro m 
!.:1· ' :1 n doc in t \ .' ~1 5 1. ()' ' ( fi g . JJ). Th· yo-yo n .! l ease sc h .. dul ~ f r th e 
r ·s · Vt1 i r, •h ··re:h ·: J vr i o d ~ ; 0 h i [~ll r ~ l c: .·cs are f o llou .d by periods of lm-1 
r l !l i! ~ t; ..., , .1 l 1 c' .' L • d : H · · .. ' .1 tl• r d 01 ·.r n s t r e .1 m t o c 1 a r d u r i n g t h e p e r i oct s o f 

1 c \-i r c l t .~ ·; l: . T: 1 i s t ,, p ~.: o f r ~..: 1 c a s c , h >' -1 e v e r , o f t ' n c a u s s s 1 o u f', h i n g of the 
~) , n k ::i i : : , L' n t i h.: • . • : 1 L L ' r i s 1 \ ' . D u r i n ~ . 1 ~ r i o d s o f h i f; h r e 1 a s e s t h e 
tu r o iJit nf t i!e \ :tter at i: u s si.an 1-:iv~ r ncLir Clov e rd a l e ,,.,as about the same 
a s t h .1 t c f t I! c • : .1 t c r r (' l · ~_; e J f r o ·n L l1 P r e s . r v o i r , b u t t h e con c e n t r a t i on 

f s u s p c~ nJv d s ~d ·: 0 11t a t t h ' J o•.m s tre.:1m g a g \-.as much ili r,h r th.:tn the 
c 'c -=- ntr ·ninn o f L L' 12 1c :t.· e ~: .Jte r. T lt e hi gher concentrations ind ·icat e 

t 1.:-t t ma t c r L d ·. •:1. · d eL d r .:1::; t he · ~ 1t e r of tl 1 lli r, h r e lease fl o•.J · d 
c.lo· . .'n s tr ·.TL Turl>i ! i t y of t he r t.: l e.J s t: Pa t e r .111d t h eros ion of ma t e rial 
· l o u •ll cJ ( r o ;n L tl c . l .. n l ~ s c urin )' l u\·. f Jo•.-1 .1n d 0 t ll •r typ s of - rosiun 

( f i . ] :, ) p r >:1 1d _' t ~~. r n. dnL·d t o in rL a s the turbi(I-it d \·m s tre.Ju . Algae 
r.:1r ly S (' •med tL' ·H_. a 11ajo r c.1 t1..·e n i t urbid \.ra t e r. 
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86 SUSPENDED-SEDIHENT TRANSPORT) RUSSIAN RIVER BASIN, CALIF. 

EXPLANATION 

East Fork Russian River near Ukiah (Sta. No. 46201 

5,000 Russian River near Cloverdale (Sta. No. 4b30) 
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FIGURE 34.--Bank erosion 
ncar t:1e station, 
Russian Jdvcr near 
Cloverdale. nussian 
1dver is in the 
foreground . 

Bie Sulphur Creek near Cloverdale (Sta. No. 4632) 

The periods of turbidity of Big Sulphur Creek ,.,ere correlative Hith 
periods of rainstonns (fig. 35). Durin~ storms the creek was turbid and 
betueen storms Has clear. Algae did not seem to influence the turbidity. 

Dry Creek near Geyserville (Sta. No. 4652) 

Like other stations unaffected by upstream dam releases, such as Big 
Sulphur Creek near Cloverdale and Russian River near Ukiah, the \·Tater at 
Dry Creek near Geyserville became turbid as a consequence of rain in the 
area (fig. 36). Th~ \.Jater remained turbid longer at this station than at 
the other tuo probably because the drainafye area of Dry Creek Has much 

87 

larger and the discharge remained high longer. Earthmoving and gravel-mining 
operations (fig. 37) doHnstream near Healdsbur3 may have affected the 
turbidity of the Russian River dounstream from its confluence Hith Dry 
Creek. 
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94 SUSPENDED-SEDIHENT TRANSPORT, RUSSIAN RIVER BASIN, CALIF. 

Russian River near Guerneville (Sta. No. 4670) 

The frequency of sampling at this station \o~as not sufficient to 
prepare an illustration like those for the other stations (such as fir,s. 35 
and 36); hm.,rever, samples collected for several periods during 1966-68 
shoHed a general pattern of periods of turbid \..rater similar to the patterns 
at Russian River near Cloverda le and Dry Creek near Geyserville, There were 
not able exce ptions, hm·.·cve r. For e xample, the \·lilter at Guerneville \-las 
turbid throu:;ho ut mos t of i~ovember 1967, Hhcreas the Hater at the upstream 
stations \/as generally clear (table 9). The c a use of that anomalous turbid 
Hater may have heen s and and n rnve l minin g b € tHeen Healdsburg and 
Cue rnevi lle. 

TABLE 9 .--'jlujlfdd~t~ ol s -urrp Zes aoZZeat ed at Russian RiLJer neara 
J~ .. et•,:eJ ~ ll c ~· ~ L :.'ovem~t2 l ... l~v'7 eompa!»e ri bJi th tut-bidi ty of 
o ~O ·i :_) l ~s (!0 Z l c L!t-3 .l ..1 t neaPt33 t Ztp~ t 21aam S t a t l OHS 

Turbidity, Eer liter 
Stat i.nn 

1 

Russian River ncar 91 87 18 90 94 
Guerneville 

Dry Cre e k near Geyserville 1 1 1 1 3 1 
Big Sulphur Creek ne ar 1 3 1 3 3 

Clove rdale 
nussian River near Cloverdale 12 24 ) 5 5 

FIGURE 37 .--Sand and gr J vl~ l mining in tile channel 
of Ory Creek near lleilldsburg, /\ugust 19G9. 
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SUSPENDED-SEDIMENT TRANSPORT, RUSSIAN RIVER BASIN, CALIF. 95 

EXPLANATION OF PERSISTENCE OF TURBIDITY 

The rainstorms from February to December 1964 seemed to produce 
turbicl "''ater in the streams and lakes of the Russian River basin only for 
the duration of the storm or a fc\<~ days thereafter. Even during 1953-55, 
prior to the construction of Coyote Dam, turbid water on the East Fork 
usually coincided with periods uf rainstorms. Althouglt in 1954 the water 
of the East Fork remained turbid for most of a 4-month period, the water 
did become clear for brief intervals. For the most part, during 1953-55, 
the duration of turbid water after a rainstorm seemed to depend on the 
intensity and length of the storm. However., after l>~cember 1964, once the 
water in the East Fork became highly turbid, it remained turbid for months 
before becoming clear without regard to the intensity or duration of the 
rainstorms. 

The persistence of turbidity in the streams in the Russian River basin 
for each year from December 1964 to September 1968 can be explained. 
During the first large rainstorms of the winter, the discharge of the 
streams tributary to Lake Pillsbury and the erosion of the uplands and the 
exposed deltas of the lake increased so that the water flowing into Lake 
Pillsbury \-las highly turbid. The inflow of turbid water caused Lake 
Pillsbury and the water released from it to become turbid for several 
months during tl1e wint~r and early spring. That water was diverted into 
the East Fork Russian River through the Potter Valley powerhouse. The 
turbid imported water moved down the East Fork, sometimes becoming more 
turbid because of rainstorms in the East Fork basin, and entered Lake 
:-tendoc ino. 

Because the water flowing into Lake ~lendocino was more turbid and 
denser than the reservoir water, the inflowing .... ,ater moved along the bottom 
of Lake Mendocino as a turbidity current, probably following the old stream 
channel. .-\bout 3 days a£ ter it hac~ entered Lake Hendocino, the turbid 
water react1ed Coyote Dam (fig. 38). If the water flowing into the lake 
remained turbid, a few days later the surface of tlte lake became turbid but 
not so turbid as the bottom \.Jater. Lake Hendocino and \-rater released from 
it then remained turbid until the water flowing into the lake became clear. 

Downstream the Russian River became turbid during rainstorms and, 
commonly, became clear after the rainstorm had passed from the area. 
However, if a large quantity of turbid water from Lake Hendocino to~as 

released during a period of little or no rain, the Russian River downstream 
remained turbid. If the quantity of water released from the lake was small, 
the river do\mstream became clear if algal.blooms or sand and gravel mining 
upstream di.d not incrt:asc Lilt turbidity. 
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EXPLANATION 
Potter Valley powerhouse 

tailrace 
(Sta. No. ~710) 

Lake Mendocino 
(~ithin 10 ft of surface) 

(Sta. No. 4618) --·--
East Fork Russian River 

near Ukiah 
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( S ta • No • 4620) 
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FIGURE 38.--0ccurrence of turbid water upstream from Lake Mendocino (Potter 
Valley powerhouse tailrace). near the surface of Lake ~lendocino, and 
downstream from Lake Mendocino (East Fork Russian River near Ukiah) and 
periods of precipitation, i·lovember 5, 1964, to January 15, 1965. 
Precipitation data are from U.S. Heather Bureau rain gage at Potter Valley. 
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EXPLANATION OF PERSISTENCE OF TURBIDITY 97 

It is important to point out that if Lake Mendocino did not exist, 
the turbid water that entered the lake \oJould have flowed down the East 
Fork unobstructed and then down the Russian River. The turbidity of the 
water of the Russian River, thus, would have been increased between storm 
periods and the \,7ater probably \..tould have been turbid as long as the East 
Fork \~Tater remained turbid even though the turbidity \-lould have been diluted 
by the Russian River water. Lake Mendocino, however, interrupted the 
turbid flows on the East Fork and when releases from the lake were low 
for several days during periods bet\-Jeen rainstorms, the water of the 
Russian a~iver became clear--a condition that probably would not have 
occurred if the dam were not there. 

For lhe \..tater years 1965, 1966 s and 1968, the number of days of clear 
water from November 8 to Harch 31 of each year \11as estimated at five 
sampling stations (table 10); 1967 was omitted because data for November 
and December at Russinn River near Cloverdale were mi~si11g. November 8 was 
the earliest date that turbid water appeared in the basin during the 
3 years and in the other years it appeared ,..,.ithin a t·Ieek of that date. 
The influence of turbid water from the East Fork on the turbidity 
downstream can be compared to the natural turbid-water conditions in the 
basin by comparing Russian River near Cloverdale with Dry Creek near 
Geyserville and Russian River near Ukiah, t\vo stations unaffected by 
releases from Lake Hendocino and \..rith East Fork Russian River ncar Ukiah, 
.:1 station directly affected by releases from Lake Hendocino. Oata for 
Potter Valley po\.Jerhouse tail race sho\..t the number of days that turbid 
water Entered Lake ~endocino. 

The water at Potter Valley powerhouse tailrace was clear tile fewest 
days each year, \vhereas the unregulated flov/ at Russian River near Ukiah 
and Dry Creek near Geyserville to~as clear the most days. The \oJater at 
rtussian River near Cloverdale:! in 19(l5 and 1968 \oJas clear about the same 
number of days as the water at East Fork Russian River near Ukiah just bel0\·1 
Coyote Oam, but in 1966 was clear about the same number of days as the 
water at Dry Creek n~ar Geyserville, an unregulated station. 

TABLE 10. --N~cmbe:r of days of c:lea;ra water• (tul"bidi ty 
Ze;ss than 20 mg/l) at filJe stations irt the Hussian 
Rive~ basin, 1/ovembe -r 8 to Na1•ah Jl (l45 days) 

Station 

Russian River near Ukiah 
E.F. Russian River near Ukiah 
Russian River near Cloverdale 
Dry Creek near Geyserville 
Potter Valley powerhouse 

tailrace near Potter Valley 

Number of days 
of clear water 
1965 1966 1968 

71 65 75 
35 18 26 
44 51 34 
91 49 
17 4 18 
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SU~1MARY AI~D COHCLUSI0NS 

This investigation of the causes of turbid water in the Russian River 
from 1964 to 1968 found that: 

1. Rainstorms and consequent erosion were the primary causes of 
turbid water. 

2. The most persistently turbid water in the Russian River basin 
during 1964-68 \-.'as the water flowing through the East Fork. 
After the flood of December 1964, the water in that tributary 
remained turbid for several months, and after the first major 
rainstorms of each succeeding water year the water became turbid 
and remained continuously turbid for several months. From 1965 
to 1968, however, the water became clear earlier each succeeding 
year. The persistence of the turbid water during the winter and 
spring months was attributed chiefly to the diversion of turbid 
water from the Eel River through the Potter Valley powerhouse 
tailrace. which did not permit the East Fork to become clear 
between rainstorms, With the exception of periods of algal 
blooms, the water of the East Fork generally became clear as 
soon as the imported Eel River water became clear. 

3. The water in Lake Mendocino remained turbid about as long as the 
water entering the reservoir remained turbid. Turbidity currents 
did exist in Lake Hendocino and caused turbid releases sometimes 
when the surface water of the lake was clear. 

4. The yo-yo release pattern of Lake Mendocino, whereby short periods 
of high discharges were followed by periods of low discharges. 
l1elped to clear the water in the Russian River during periods of 
little or no rainfall. If Coyote ·oam had not been built the 
turbid water diverted from the Eel River would flow uninterrupted 
down the East Fork and then down the Russian River. The water 
of the Russian River would then be persistently turbid most of 
the lvintcr and spring if the dilution by the clear water from 
other tributaries to the Russian River did not clear the water 
sufficiently. During the periods of low release from Lake 
~ lendocino and no major rainstorms, the Russian River became 
clear because the flow of turbid water diverted from the Eel 
River \-.'as reduced. During periods of high release and no major 
rainstorms, the Russian River became turbid because of the turbid 
releases and possible downstr~am erosion. 

5. The mining of sand and gravel in the channels of the streams 
sometimes produced turbiJ water when rainfall and runoff were 
lol-l and possibly somi~t i 111cs increased turbidity when the runoff 
was high. 
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6. The effects of road construction and logging nn erosion were not 
thoroughly investigated. but road construction was noted as 
causing turbid water at least once as was the flushing of 
irrigation ditches. 

99 

7. Algal blooms sometimes created turbid water that prolonged the 
periods of turbid water first caused by erosion. Algae, however, 
were not the cause of highly turbid water. which would, in turn, 
reduce or stop production by the algae. 

The area of highest sediment yield in the Russian River basin was the 
Dry Creek basin; much of its yield was attributed to land use. The area of 
lowest sediment yield was the East Fork basin. In general, sediment yield 
increased downstream. 

The measurements of turbidity and concentration of suspended sediment 
correlated well at most stations although the correlation at individual 
stations was different and the correlation varied sligl1tly from year to year. 
Turbidity usually was higher than concentration of suspended sediment at 
stations on the East Fork (including Potter Valley powerhouse tailrace) 
\.Jhere little or no sand was transported. Turbidity usually was lower ~.- han 

concentration at the other stations where sand was a significant part of the 
load. 
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