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SEDI lENT TRANSPORT AND DEPOSITIO , WALNUT AND PACHECO CREEKS 

CONTRA CO TA COUNTY, CALIFORNIA 

U JUST 1965-APRIL 1970 

By George Porterfield 

ABSTRACT 

Average annual sediment discharge in Pacheco Creek basin, 
Contr' Costa County, Calif., was larger during Augu~t 1965-April 1970 
than ti.e historical annual sediment discharge (1909-62) by a factor of 
about 1.3. This increas in sediment discharge is attributed primarily 
to an increas d frequency of peak streamflows and to a larger average 
annual streamflow during the 1965-70 period. 
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1 NTR DUCT r n. r 

P a he · o Creek and t rib u t ;t r i s , \v h i c h i n c 1 u de W a 1 n u t Creek , are 
lo ate! in C ntra Cost;1 C: unt, Calif., and flm north into Suisun Bay 
(fig. 1). Land uses in Pac heco Creek hasin include urhttn, industry, and 
a . ri ultur Becaus of the pr ximity to San Fr ncisco, urbanization and 
i. n 1 s t r i a 1 i z a t i on a r e i n c rea s i n ~~ rap i J l y . 

The tJ . . . Army r:ngineer Distri -t , Sacramento, Corps of Engine rs, 
1 ve J and stahili d the lower reaches f Walnut and Pacheco Cr eks as 
part of a flood-control project. l!m .. cver, sediment deposited in the lm~er 

r e ::1 c h f P a c h e o Creek red u c - the capac i t y o f t !1 e chan n e 1 to convey 
fl dflmvs. The ref re, rnaintenanc of the flood-control proj ct \~i 11 
require, am ng oth r r sponsihilitics, the p riodi dr dging for s diment. 

S d imcn t urveys made hy th Corps of Engineers shmv that 
0(10 ,000 cubic . rlrds of 5 d imcnt \vas J po . it d in th lmv r reach of 

P heco Cr ek during the p riod August 1965-/\pril 197f' This quantity 
of s dirnent \\' aS in e xcess of th original estiJuatc of av ra ge annual 
quantity of s diment transported by Pacheco Creek and avai I able for 
I pos ition. Some of the qu stions caus d hy th excess of JepositcJ 
~cdirnent r·lati e to the estimated quantit of s d)mcnt \ailahle for 
leposi tion ar : 

l. l ·Js the quantity of s di me nt available for deposition undere s timated? 

'·:as s t r c am f 1 oh· and s I i men t t ran s po r t d u r i n g Aug us t 1 9 () 5 -Apr i 1 1 9 7 0 
larger th ·1n the historic avera. 7 during 1909-62? 

Thi . report i s th r es ult f assistance provided to the Corps of 
Fngine rs t es ti ma te, on th e basis of historical re·ords, the quantity 
o f s c d j men t t h ·1 t "'o u 1 d h c t r ·m s p r t d h y \\.a 1 n u t C r c k a t \\ a 1 nut C r e e k 
J urin .7 th pe ri od -\ u~.us t 1 ~)65- .-\pri 1 IJ70, a nd t o J terminc if strc·1mflmv 
·1 n J s d i m c n t r ·1 n s p ) r t J u r i n g t h i s r e r i o J h e r c 1 ·1 r g c r t h a n t h e h i s to r i c a 1 
~ ~ era 1 C. 

Thi repo rt \vas p r p:.lrL·d by th lJ.S. Ceoht~ical Survey, \\'ater 
l~ so urc s P ivi s i n, under the g ne r ~ll supervision of 1~. Stanley Lord, 
d i s trict chi fin ch·trgc of h c.ltcr-resources inve~ti ga tions in California. 
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. TREJ\J1 f7LO\\' ,\ n ED T IE T DJ\TA 

S treamf l m da t 
basin fo r se l ec t ed 
obt · in d a t a g in 
Co ncord lfi g . 1) . 

u s d t omput sed iment d is c h a r g o f Pa c h eco Cr eek 
p ri od s i ur i ng 1957-70 a r e b ased on s trea mflow r e cords 
sta ti o ns o n \\"a lnut Cr eek a t \~a lnut Cr eek and at 

a ai l 3l l e fo r th ese 
Th e l o a ti o n , drai nage a r ea , e l va tion, a nd r e cords 

t ti o n a r li s ted in t ah l 1. 

. treamf l ow d t a u e d t o c mput e hi s torica l sedime nt discharge prior 
to t he 1953 h'a t e r y a r we r e es ti ma t d . (!\ \vat e r year heg ins October l 
and e nds . ep t em r 30 a nd i s de i g na t ed by th e yea r i n which i t e nds . ) 
Es t i ma t ed s tr eamf l m-.· da t a fo r a 190 - 59 bas e pe riod \v e re obtained by 
co rr l a t in g th 1. 53 - .9 da t a fo r Wa lnut r ee k t Wa lnut Creek with data 
f r a cornp a r :1h l 1 e r i d fr om s t a t i n \.;h r e long-term r ecords were 

\·ailah l e, .1nd t he n xt r apo l a t i ng n th e bas i s of th e lon g-term r e cords. 
The hi. t ri 'll l tr eam fl oh' da t a fo r the period pri o r to th e 19 53 water year 
us d in t hi . r p0 rt a r th ose used t compute h i storical s ediment 
di . ·h a r gc f r Wa lnut Cr eek i n t h s t udy by Port e rfi e ld a nd oth e rs (1961) . 

. u l nd J- _cd i rn nt s·mp l s \v r e oll e cted durin g th e 1 57-62 wat e r 
v .a r s a t \\'a l nu t C: r ek r1 t 1\a lnut Cr k ( f ig . 1) . . a mpl es \v e r ~ coll e ct e d 
in f r uen tl ~ Ju r i ng p r iod~ f 1 w f l m a nd fr e q e ntl y Jurin g pe riods o f 

rn dillln .::t nd h i . h f l O\v . Pa rt i l e - . i ze d i s tributi on h'as d e t e rmined f o r 
sc l e· t ed samp l s t o d e t e r min e t h qu a ntit y o f sand , silt, a nd cl ay 
tr <n port ed )\ \'i a l nu t Cr e e k . 
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STREA~tr: L \\' Nn SEn I . IE 'T [) T.'\ 

R aLL · con t i n u u s t m p or a 1 r l a i n h h' c n s t r m f 1 ow an J 
susp nd ed-scd im nt ·on ntration cann t he J fir, J b y samp les o ll cctcd n 
an infr equ ent b<.l i s , da il J lu f sediment discharg' gene r 1 l y annat 
h de t n nin ed rcadilv r ' lC uratc l y fro m infr quent s amp l es . . usp nl ed -

li m nt Ji - chan~ s f o r monthl y or annual pf' ri ods, hO\ r, nwy h 
appro x i nn t <: d f r m s t r ca m f 1 m\' r or d a n I a d i m -. n t - t r <1 n - p r t c u r 
a ·ur th at define the av rage r clati n t t\\1 n s tr cam floN and s dimcnt 
,Ji s ha r gc . Th e cdim nt-tran . po rt ·· rv c f or \\'a lnut r k at 1\a lnu t Cr ck 
·or th e period l. S - 6 _ (fi ~ '· _) i h a . don data ob tained ocr a r ang' in 
stre mflO\'' f r m 1. 0 t o _ ,LO cf (cubi c f e t p r se ·onJ) and reprcs nt s 
a di m n t - d i h 'l r _ c ran f r m 0 . CL to 4 , 0 n t n s 1 c r day . Th i s 
-cd i rncn t - ransp rt urv e i · no t consid r d h' 11 defined hecau 
i n s u f f i c i n t s amp 1 e s \\' r c o h t a i n cJ , n an i n f r c q u c n t h as L , t o s t a b l i s h 
th e r l at i ) 11 bet \ ecn s di me nt c nccntr ti on ·md s tr c 1mf l0\v f or the enti r 
r .. nge of st r rnf l \v . . ·c di m nt Jischar g i · · s s um'd, h \~·c v r, t o h a 

r a nab 1 e ti m 

Scdi m nt tran s p rt ed hy \\'a inu .r ec k at\\. lnu Cr c k i s m s tl y fine 
ma teria l in th e ilt- lr1y _ i~c ran ~e , th t pr oha 1) com s fr m overl and 
f l \ n -1 fr m hank erosi n during p riods f hi gh flow. R nk 
s t abi l i za tion, floou- ont r 1 mea urcs, and l anu-usc changes in the bas in 
since _ dim nt amp ling \v as discontinued may hac aff cted the relation 
beth n s tr amf l ow and s dim nt dis hargc for p riods subsequ nt to l .l -· 

. 1< t of th t r amf l 0\v and th 
sedimen t transport in ~a lnut Cr -e k 
a t Wa lnut C: r ek o cur durin g th 
l a r ,Jc i nfrequ nt stor ms. r:o r 

xamp l , 7 p"rc en t o f th s tr am 1 \<.' 

-luring 1957 - 62 occurred in n l y Time (Qe rcent) 
1 p rc nt of th e ti me and th ese 
f 1 ow , \v h i c h i n l u d e p e a k cl i s c h a r g e s , 

transport d about 9 pe r ent of the 
suspended s diment nd 9 p rc nt of 
th e suspended sand . A ummary o f 

Streamflow 

Sus pend ed 

1 

47 

sedim nt 89 

l 5 I 15 

76 89 

99 99 . 9 

dis h r ges ucc11rring Jurin g selec t ed 
time intervals is gi n in t ?hlc 2. 

Su pend ed sand 96 100 100 

Oaily st r eam fl oN lurin g th period of r cord (19S3 6 k R t r year s) 
for Wa lnut r eek at W lnut r eck r anged from no flow t o 5,5 10 cfs; da il y 

e iment discharge r anged from 0 to abou t _20,000 tons. Annu a l s tr am flrn 
ran ged from a low of 3 ,330 ac r e -feet during th e 1955 \Vat e r ye r to a hi . h 
of 70 , 390 ac re-fee t durin g th e 1958 water ye r. 

nurin g 1909- 2 n es timat ed 85 percent o f th e sediment \v as 
transport ed during days when tl1 daily discharge equaled or exceeded 
560 cfs . During 1966 -70 an es timat ed 82 per~ nt of th e sediment was 
tr ansported during days when th e daily discharge equaled or e xceeded 
560 cfs, a discharge which occurred only 24 days or in 1.4 pe rc ent of 
the time; an estimated 56 percent of the sediment was transported during 
days when the daily discharge equaled or e xc oeded 1,100 cfs, a discharge 
which occurred only 6 days or in 0.44 percent of the time. 
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FIGURE 2.--Relation between streamflow and suspended-sediment 
discharge, Walnut Creek at Walnut Creek, 1957-62. 
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US PEND ED- SED HIE NT n I SCHARGE 

\ alnut Cre kat Walnut rc k, 1966-70 

Suspended-sediment discharge during the \ater years 1966-70 was 
computed from the sediment-transport curv (fi g . 2) defined by samples 
collected at \alnut Creek during 1957-62 and from daily streamflow records. 
This is the sediment discharge that would occur if no significant change 
in sediment yield occurred in the hasin sine 1962. Streamflow dt 
\ alnut Creek at Walnut Cr ek, ctober 1968-S ptember 1970, was estimated 
from data obtained at th gaging station at Concord and adjusted for the 
difference in drainage area. treamflow and suspended-sediment discharge 
are listed in table 3 . 

The large variation in annual streamflm" and suspended-sediment 
discharge is apparent from an inspection of annual values in table 3. 
Daily mean streamflow, for example, ranges from 16 to 63 cfs during 
1966-70 and the average of 41 cfs for the period is 1.3 times the average 
for 1909-6 2 ; the average edimcnt discharge during 1966-70 is 1.3 times 
the lon g-t erm average. On this basis, therefore, the use of the long-term 
average to predi t annual sediment discharge during 1966-70 would yield a 
low sediment discharge. 

1:\HLE ; . -- • ! ' t' C.! " :· ~'()'' i ' ! . . · •c ·: , ~ , . : . :' - ::, ~: · .. J . ~ f i : .. . ;: :r~,· · :·or' H·' Z >e • . i 1 ' i ' l. t 1:: , 
;\<· z1 ,-:: ' ?·:·-.r'.._ · : ' ;..,: i '~ !! , r r, t ~~· 

Pe r i o d 

(wat r r · ~ Av.,- r a ' · 1 Cl v 
yea r s) 1 A t> I an nua l 1-.. -~--

\ f:. ) j I o n 
: ( ~ r~..· - t ) r •ea r Pt! r c t" nt _ ___ __.~_ ____ . - - ·- --- -- ----

1 57 - 62 24 . ) 1 7 , 7SU 3 7, JOU 45 L , 80U _7 - 3 . 100 28 3,280 

1909 - 62 ) 1. - '3 , 0 0 +l l , lOll 4u ~· 1 , , Otl 30 ~I , P•ltl 24 7 , 0 0 

1966 1 ) 11, 7SU 6S3 ,S40 

1967 b 3 . 'j 5, 8 0 73.700 32 232,700 

1 6!:1 l 1 I , 920 2 , 250 16 13,800 

1969 58 1 42, 220 1,400 18 120, 900 

1 70 5 3 1 3!:! ,060 44,900 25 1:'7,000 

1966- 70 41 29 ,960 49,900 4) 32 ,100 28,600 26 110.600 

-------- ---
Es t i m. t d f r om t r eam f low r ords a lnut Cr k at Con corc!. 
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treamflO\v and suspend vd-sediment discharge for \~alnut Creek at 
Co ncord \vas c mputed for periods corresponding to the periods included 
in th s r eys of sediment deposited near the mouth of Pacheco Creek. 

Streamflo' prior to Octob r 196 is based on records obtained at 
\\'a lnut Creek at \\a lnut Cr ek, 3.1 miles upstream, and adjusted for the 
lraina ge area het\veen \\alnut Cre ek and Concord. The relation between 

s dirnent discharge and streamflO\~ is b::1sed on the sampl s collected at 
\\'·tlnut Cr eek during 1 57-6_ and adjusted for the di ~ference in drainage 
a r a . . S dim nt yi ld of the h<-!s in upstr am from \~alnut Creek is assumed 
to b r presentative of th yield of the basin upstream from Concord 
h cause o f t hE' sma ll drainage a re a bet\-.reen \ alnut Creek and Concord, and 
hcc3u e t he r e is no i g n i fi ~a nt han g in land use or inflow between 
s tations. 

The s ti ma t d edim nt di ch r ge for \valnut Creek at Concord during 
~ u g u t 1965-Apri l 19 70 is 594,000 ton. Because only a small quantity 

f s dimcnt \\ as tr a n ported during ugust nd September 1965 (6 tons) 
and durin~· \la) t o S pt mb r 1970 (260 tons), the quantity of sediment 
transpo rted and Jepo ited during the surveyed period August 1965-
, pri l 19 0 can, for 11 practical purposes, b considered as the 
quanti tics tr a n ported and dcposi ted durin g th e \vater years 1966-70. 

rach c Cre e k ncar . Iouth, August 1965-April 1970 

The annual -u pended-sedim nt dischar ge a t a point near the mouth of 
Pacheco Cre ek \v as Jct e rmined hy estimating th quantity of sediment 
transpor d hy s treams tribut · ry t Pacheco Creek dm-.rnstream from the 
streamflm,r stat ion at Co ncord. The yield from the drainage area in the 
f o thills a nd hi gher e levations is as~umed equal to that ~t Concord and 
adj usted on th e basis of drainage a rea. The drainag area of the basin at 
10\ er ele ations near the mouth is assumed to be noncontributing. 
rainage a reas ar from a basic-data compilation by the U.S. Geological 

Survey (1962). 
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l~e estimated s Jime nt Ji·charg , drainag area, and location f 
- t reams t ri hut a ry to Pacheco Creek a rc 1 is ted he lO\v: 

~alnut Creek at ncord 
(Lat 37 r 56'43'', long 1_ 2°02 '55' ') 

Pine Creek at Concord 
(Lat 37°58'10", Ion 12- 0 0-'45") 

Grayson Creek noar Pacheco 
(Lat 37°57' 25", long 1- 2°04'20") 

Unnamed tram near Vine Ifill (fig. 3) 
( Lat 38°0 '25", long 12 2°04' SO") 

Noncontributing 

Total 

r' - i f'l (1 ( U'> 

( i J 

85.1 

.2( . 6 .: l 

~. 4 I 

19.93 

138.44 

.~· . li .. > 

( ,o n J 

594,300 

827,600 

~va lnut Creek at \\'alnut Creek, November-December 1970 

Four samples of uspended sediment were obtained at \\alnut reek at 
Concord, November 28-29 and December 2, 1970, subsequent to compilation 
of the data list d in this paper. These dat a were adjusted for drainage 
area and plotted on the sediment-transport curve defined by 1957-62 
~alnut Creek at Walnut Creek data to determine the relation of current 
sediment yield to the yield used to predict sediment discharge during 
August 1965-April 1970. 

The 1970 samples were collected at streamflows ranging from 
200 to 500 cfs and indicate, at least for this range in flow, that 
the sediment concentrations are only 30 to 40 p rcent of the average 
concentrations during 1957-6 2 . An extrapolation of the data from these 
samples indicate the concentration at 1,100 cfs may be about 80 percent of 
the 1957- 62 concentrations and tl at above 1,500 cfs the concentrations 
may be unchanged. 
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During 1909-62 an estimated 85 percent of the sediment was 
transported at flows larger than 560 cfs and during 1966-70 an estimated 
82 percent of the sediment was tra1 sported during days when the discharge 
equaled or exceeded 560 cfs. There :ore, decreases in concentration during 
flows rangi ng from 200 to 500 cfs may not decrease significantly the total 
quantity of sediment transported by Walnut Creek. 

Lining the bed and banks of sections of tne channel has reduced 
sediment yield attributed to c~annel erosion. Sediment yield attributed 
to urbanization, industry, or agriculture, and associated with larger 
streamflows may yet he equal to or even greater than the yield during 
1957-62. 

The 1970 5edimeiit data do not prove that a significant change in 
sediment yi ld occurred becaus (1) four samples are insufficient to he 
conclusive and (2) the data fall within the limits of random variatio~ of 
concentration sampled during 1957-62. However, because of the excellent 
agreement among data from the 1970 samples the possibility should be 
considered that a change in sediment yield has occurred, and additional 
dat should be obtained to determine the effect of land-use changes and 

hanne l stabilization on the sediment yield. 

TOTAL SEDIMENT DISCHARGE 

. edime nt sampling at \\1alnut Creek at ~ alnut Creek, 1957-62, 
included th e collection and analysis of suspended sediment only, and 
although the SUSJlended-sediment discharge is the major part of the total 
sedime nt discharge the unsampled part of the sediment discharge was 
estima t ed and added to the sampled discharge to obtain total discharge 
(ll .S . Inter-Agency Committee on ~Vater Resources, Subcommittee on 
Sedime ntation, 196~, p . 107). 

The estimate of total sediment discharg w1s hased on procedures 
de ·:-ibed by Colby and llemhree (1955) and by Colby (1957). Data required 
include water discharge, th e stream width, depth, and velocity, the 
onc entration and particle-size distribution of suspen~ed sand, water 

temperature, and the particle-size distribution of the bed material. 
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DEPOSITED SEDIMENT 

The quantity of sediment deposited in the lower reach of Pacheco 
reek was determined from five surveys made by the Corps of Engineers, 

Sacramento District, Augu3t 1965-April 1970 . During this period 
total of 1, 60,000 cubi yards of sediment was deposited. During 

the same period, which for all practica l purposes is equal to the 
\ a ter years 1966-70, the suspended sediment transp rted by \Val nut ·reek 
at Concord \as n estimated 594,00 tons and the suspended sediment 
transported by Pacheco Creek to mouth was 828,000 tons . 

Bed-Material Samples, September 30, 1970 

Samples of b d material were collected September 30, 1970, by t he 
.eolo ical Survey at the six site · shown in figure 3 . The unit weight and 
the percentages of sand, ilt, and clay for deposits at each site 
are shm n in tab l e 4. Specific wei ght of material ranged from 
36 to 72 lb per cu ft (pounds per cubic foot) and the weighted mean 
was 52. lb per cu ft . A plot of th size distribution of materia l at 
each ampling itc is shown in fi gure 4. 

TABLE 4 . -- . . 

Depos i ted sedim•n t 

- --i1;u l (rl .. - -sTi --- - - -- - ~ -- - ------ ------
Sit 

Unit To n s 
numb r I 

i gh l L-~~~(;~-~y w~;;· i~ht) n ! lum I ..... -- - -- - - --- - ---- -
( f i . . 

yds ) I Clb I 1 ( ru p r 
Cl dy .· i l t . a nd To ta l Cl ay s [ ll S.Jnd 

I I t" U f l ) I 
-- -·- '--'- -- - - - ·-

I ) ) , ll lO :.h 4) h ' , hOO 30 , UH1 2'-j , .!ll ) , tj(}() 

2l , 000 4 .!. )h l ; l ~ , 000 JI:S, 570 l:HI l ~ . IJS O 

) I ) , () )) L, 1 7 ()() .!J , ) JO , tHO l h . (() 

34l , UOO ')H II. ,,, , 'h . , 000 37 I J () • ' 20 l bO , ()() 

l 0 , 000 7.!. I ) • I ll . ()( () I , () () ! t I , ' l)(J q , 'Jh() 

o.ooo l l t l<) ! • H n ! 2 , 650 l)(J l ' • ! )[) 

)2 . .'. u. )()0 3.! "3 . l )() 

100 100 23 JJ 
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For purposes of computation in this report, the volume of deposited 
sediment assumed to be represented by each sample was determ1neJ by the 
midsection interval; that is, each sampling site was assumed to represent 
a section of the channel extending from one-half the distance to the 
adjacent upstream site to one-half the distance to the adjacent downstream 
site. The volume of deposited sediment determined for each section is 
given in table 4. The average unit weight determined for each sampling 
site was used to compute the tons of sediment in each section. Total 
tons in each section were then divided into tons of sand, silt, and clay 
on the basis of the particle-size distribution. 

Distribution of Deposited Sediment 

Computations based on values in table 4 indicate that 750,000 tons 
of sediment, of which 44 percent was sand~ was deposited in the lower 
reach of Walnut and Pacheco Creeks during the period August 1965-
April 1970. 

Of th e deposited material, 61 percent by weight or 51 percent by 
volume of the total material and 87 percent of the sand are in the reach 
which includes sampling sites 6, 5, and 4 and ends about 1,000 feet 
upstream of the Southern Pacific Railroad bridge (fig. 3). The remaining 
material is predominantly in the silt-clay range, and is deposited in the 
lower reach, which includes sites 3, 2, and 1. 

Pat·ticle-size distributions of deposited sediment are shown in 
figure 4. ~1at erial at sites 1 to 3 ranged from 83 to 91 percent 
(by wei ght) silt and cl ay (finer than 0.062 mm); and material at 
sites 4 to 6 r anged from 60 to 71 percent sand. 

Particle-size distributions of suspended samples collected at 
Walnut Creek, a t streamflows larger than 249 cfs, are shown in 
figures 5 and 6. Size distributions of suspended sediment, except for 
the sample collected at 450 cfs, are similar to the distribution of 
deposited sediment at sites 1 to 3, although in general the size analyses 
indicate more sand and less silt and clay was in transport than was 
deposited in sites 1 to 3. 
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UNIT WEIGHT OF SUSPENDED SEDI~1ENT TRANSPORTED BY \~ALNUT AND 
PACHECO CREEKS, 1966-70 

TI1e quantity of deposited sediment is usu3lly determined by volume 
and the quantity of suspended sediment in transport is usually determineJ 
by wei ght. Therefore, to provide an estimate of the relative quantity of 
sediment transported and theoretically available for deposition to that 
deposited, the tons of sediment transported by Walnut and Pacheco Creek~ 
during each survey period \~ere converted to volume. The conversion was 
made by assuming that the unit \-Jeigltt of sediment found in the deposit was 
representative also of the weight of s ediment transported by the stream. 

Unit weights then \tJere assumed for sand and s i 1 t; 90 lb per cu ft was 
assumed for sand and 70 lb per cu ft was assumed for silt. These are 
average values and were selected from U. ~ . Inter- Agency Committee on 
\ ater Resources, Subcommittee on Sedimentation (1943), and Lara and 
Pemberton (1963). Unit wei ghts in the U.S. Inter-Agency report are based 
on experiments by Straub and Trask and on measurements made during many 
reservoir surveys. Lara and Pemberton data a re based on average values 
determined during 1,316 r eservoir survey'. 

A weight of 90 lb per cu ft was chos en for sand because most of the 
sand transported by Walnut Creek is less than 0.25 mm (millimeters) in 
diameter. Sand composed 26 percent of the s ediment discharge of Walnut 
Creek during 1966-70 and is the minor fraction of material in suspension. 
The unit weight chosen for s and is not crit i cal because small changes in 
the assumed value have little effect on the mean unit wei ght of the 
entire sample. A weight of 90 lb per cu ft was also assumed for bed 
material. The 70 lb per cu ft chosen for silt is an average of values 
(rounded) determined by the several investi gators. 

Assuming 90 and 70 lb per cu ft f or s and and silt and a mean sampled 
unit weight of 52 lb per cu ft (table 4) , the unit weight of clay would 
be 24 lb per cu ft. Although this computed weight of clay is less than 
that normally expected for the weight of c1 ay deposited in a fresh-water 
reservoir (Lara and Pemberton, 1963, lists a r ange in values from 
26 to 60 lb per cu ft) it is a wei ght that i s loth possible and probable 
for a deposit of clay in a brackish, estuarine environment. For example, 
the unit weight of shoal material in San f-rancisco Bay determined by the 
U.S. Army Corps of Engineers (1967, ,). 16 19) from 314 measurements of 
density of inplace shoal material found in nav i ation channels, harbors, 
and slips ranged from 26 to 35 lb per cu ft and the average was 
33 lb per cu ft. This shoal material cont ained both sand and silt, ai1d 
grain-size analyses indica t ed that about 11 percent of the material \aS 
in the sand-size range. 

Calculations were made also of the hypoth e tical unit \~ei ght of the 
clay fraction at each of the six sampling sites. Assuming 
90 and 70 lb per cu ft for sand and silt, the weight of clay ranged from 
20 to 24 lb per cu ft at sampling sites 1-4 and 36 lb per cu ft at 
sites 5 and 6. 
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The unit weight chosen to convert tons of sediment transported 
by Walnut and Pacheco Creeks to volume of sedim~nt transported are 
90 lb per cu ft for sand, 70 lb per cu ft for silt, and 24 lb per cu ft 
for clay. 

SUMMARY OF SEDIMENT SURVEYS AND SEDIMENT DISCHARGE, 
AUGUST 1965-APRIL 1970 

1. A summary of the sediment transported by Nalnut Creek at Concord and 
Pacheco Creek near mouth, and the sediment deposited near the 
mouth during several periods, August 1965-April 1970, is given in 
table 5. A summary of sediment discharge and deposition by size 
classes--sand, silt, and clay--is given ~i table 6. 

2. Peak discharges, which transport most sediment, occurred frequently 
during the 1966-70 water years. A mean daily discharge equal to 
or more than 1,100 cfs occurred 2 days in 1967, 1 day in 1969, and 
3 days in 1970. The 1970 water year is the second water year since 
1958 that a discharge equal to or more than 1,100 cfs occurred on 
3 days. 

3. Streamflow during 1966-70 water years was 1.3 times the estimated 
long-term mean during 1909-62 (table 3). Suspended-sediment 
discharge during 1966-70 was 1.3 and suspended sand 1.4 that of 
the long-term mean. 

4. Streamflow and sediment discharge are extremely variable from year to 
year. Average streamflow at Walnut Creek at Walnut Creek ranged 
from 12,000 to 46,000 acre-feet per year; suspended-sediment 
discharge ranged from 8,500 to 233,000 tons per year; suspended
sand discharge ranged from 650 to 74,000 tons per year. 

5. Long-term average streamflow and sediment discharges are sufficiently 
accurate for long-term planning; however, because of the large 
range in daily and annual discharge at this station, predictions 
of sediment transport and deposition during a short period must 
include the p~obahility of the unusual event. 

6. The ratio of deposited sediment to total sediment discharge, which is 
the sediment theoretically available for deposition, ranged from 0.24 
to 0.93 (table 5). The ratio of deposited sediment to suspended
sediment discharge decreased during each survey period. Although 
estimates of deposited sediment for each survey period may not be 
as accurate as total deposition based on all surveys, the decreasing 
trend based on individual surveys is considered valid. This trend 
indicates (1) that coarse sediment available for deposition 
decreased and (or) (2) that changes in channel geometry caused by 
sediment deposition increased significantly the competence of 
Pacheco Creek near mouth to transport sediment. 



TABLE 5.--Sunrnary of sediment dipcharoge and deposited sediment by pel"iods~ August 1966-Apl"i.Z 19'10 

Deposited Walnut Creek at Concord Pacheco Creek near moutb3 Ratio sediment deposited near Suspended-sediment Una•pled Total 1edtment 
Period of survey mouth discharae 3 Suapended-aediment discharge sediment dtacharae dtacharae sediment 

Stresflow2 to total Pacheco (cfs-days) Sond I Total 
Sand 1 Total Sand 

Tons I aedtment Creekl Cu yds 
(cu yds) (tons) (tons) Tons I Cu yds I Tons I Cu yds Tons I Cu yds discharge 

August 1965-November 1967 660,000 31,890 79,900 259,300 111,300 91,600 361,100 691,100 22,000 18,000 383,100 709,100 0.93 

December 1967-April 1969 275,000 27,250 25,410 144,280 35,360 29,100 200,900 384,500 12,200 

May 1969-April 1970 125,000 20,790 48,200 190,700 67,100 55,200 265,600 508,300 16,000 

Total 1,060,000 79,930 153,510 594,280 213,760 175,900 827,600 1,583,900 50,200 

1From U.S . Army Corps of Engineers sediment survey. Initial survey August 1965. 

2Streamflow August 1965 to September 1968 based on records of Walnut Creek at Walnut Creek. 

3Based on sediment samples collected at Walnut Creek at Walnut Creek. 

10,100 213.100 394,600 .70 

13,000 281,600 521,300 .24 

41,100 877,800 1,625,000 .65 

T BLE 6 . -- edi nt · harge an posited sediment by size classes--sand, sitt, and ctay--Pacheco creek near mouth~ 
August 1965-ApPiZ 19?0 

Sediment discharge Deposited sediment Ratio 
Gr in Estimated Percent Percent Estimated deposited 

Hate r ial size Susp nd d Unsampled unit Volume in of unit Volume Percent sediment to 
(mm) s dim nt (tons) Total weight (cu yds) suspension, total, Tons weight (cu yds5 in sediment 

(tons) (lb per (lb per deposit discharge 
cu ft) by weight by weight cu ft) 

Sand 0. 62-2.00 1 ,800 50,200 264, 000 90 217,300 26 30 333,150 90 274,200 44 1.26 

Silt . 00 - . 0 2 40 ,000 240,000 70 254,000 29 21 245,600 iO 259,900 33 1.02 

Clay ' . 00 373 , 0 373,800 24 1,154,000 45 43 171,350 24 528,800 23 .46 

Total ij 7, 600 50,200 877,800 1,625,300 100 100 750,100 52 1,060,000 100 .65 
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The ratios of deposited sediment to sediment discharge by size 
classes (table 6) indicate more sand was deposited than was 
transported, and more clay was transported than was deposited. 
The excess of sand may be (1) because sand was made available by 
urbanization, other chanees in land use, and construction activities, 
and (or) (2) because of lack of definition of the suspended-sediment 
transport curve and (or) lack of sufficient size analyses to define 
particle-size distribution of deposited material. The trap 
efficiency of sand in Pacheco Creek probably approaches 100 percent. 
Additional clay material also may have been made available by 
construction but a quantitative prediction is not practicable 
because of the unknown trap efficiency of the clay. As indicated 
by the size distribution of suspended and deposited material much 
of the fine material entered Suisun Bay. Material transported in 
suspension was 26, 29, and 45 percent by weight of sand, silt, and 
clay whereas material in the deposit was 44, 33, and 23 percent by 
weight of sand, silt, and clay. 

7. Sixty-one percent of the suspended sediment and 87 percent of the 
sand was deposited above the Southern Pacific Railroad bridge 
(sites 4 to 6, fig. 3). 

8. Collection of suspended-sediment discharge data should be resumed at 
Walnut Creek to verify or to revise the relation between streamflow 
and sediment transport shown in figure 2. If the sediment yield is 
now larger than indicated by the 1957-62 data, additional studies 
are recommended to locate sources of sediment and to plan remedial 
action. 
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