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Al:lSfRACT

T 11 e relative i n 9 e am 0 r p 11 i c

pro c e sse s a fad i s c 11 d r gee ve n t \'1 i t h g i ve n In a 9nit ud e and

r e cor d s 0 f f i ve 9a gin 9 s tat ion son Eel k i ve r, 11 dd k i ve r ,

suspended sediment load was transported below flows

frequency of sediment transport was determined from

California.

The a III 0 U n t 0 f

coastd'lnorth

measured in terms of the relative

cI S d q U i:l n ti f i a b 1e ill e a sur e oft tl e

trJnsported out uf a basin by various

done on the landsca~e.

The relati()nstli~ between magnitude dnd

Creek,

At t /1 e f i ve s tat ion s, S () ~ e r cell t u f the tot dl

1< e d woo d

r e 1a t i ve " \. ark " •

frequency can be

suspended sediment

discharges serves

a ma unt s 0 f " vi ark "

and

Wlli ch are equd 11 ed or exceeded an averaye of 1. ~ days

per year.

loa d \'1 a s

exceeded

Ni net y per c en t 0 f til eta t dl sus pen d e d sed i III en t

t r d n spa r ted below flo ws t 11 d tar e e Lj ua 1I e J 0 r

a n a vera ge 0 fan e day eve r y 1 2 • S yea r s • TIl e

11 i g 11 est 0 ne per c e nt 0 f f low s t ran s ~ art and vera \j e 0 f () 1

per c e nt 0 f ' the tot a I sus pen de d loa d, vi hi 1e til e hi g he s t

10 percent of flows trans~ort an average of 9~ percent.

The d a t a i nd i cat e t 11 a tin f r e Lj uen t flo wsac c a III ~ lis 11 d

In a j 0 r i t y oft II e 9e a m0 r p 11 i c " Via r k" i n t 11 e s e bas ins .

Infrequent flo\'ls transport d greater percentage

of total suspended load vlhen compared to other studies.

The h i 9 h 1y s kewe d, ku r tot i c dis t rib uti 0 n s 0 f s t red III flo w

iii
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oft hest udy 5 t rea ill 5 can t r' i but eta the e t t e c t i ve ne 5 sot

i n f r e que nt fl 0 Iv S • Results also suygest that, for a

yiven combination of clilnate and terrain, ttle most

effective channel s hap i n9 event i s associ ate d with the

Inost etffective sediment transportiny event.

iv

. !

. ¥. 'I:.
.~

.~ I
~ I
~ I
, I

!

II



". i

committee for tlleir tilile dnd effort, especially for tile

pro III pt n e S 5 vi i t h \~ 11 i C 11 the y rev i e \~ edt 11 e t 11 e sis c1 r aft s •

Dr. TI101l1aS Lisle spentilldny 11Llur's vlorkill~ \vitll Ille Ul1

t his pro b 1e III , dnd 11 i 5 a 5 t ute rev i e wsot a I I t 11 e 5 i 5

d r aft 5 are 9 rea t I yap pre cia ted • Ur. Car lYe e II a s ve r y

11 el p f u1 wit h t 11 e vi 0 r kin y 5 0 f "t he 5 y 5 t e III " •

Til e U• S• (j e 0 log i c al Sur v e y was ve r y he 1 p f u I

r e Sl a r din 9 r e que 5 t 5 for d a t a • Til a n k 5 iJ 0 t () ,J 0 11 n 15 \' c k an cI

fvlike Nolan, 1'.1enlo Park, and nalcoll11 \.Jestoll, l:ureka.

Special thanks go to Hayfork District Ranger ~ob

I)lanctlard, U.S. Forest Service. This tllesis \'Iould not

11 a v e bee n p 0 5 5 i b 1 e wit h 0 utI) 0 b I 5 e nco u r a Sl e men tan d

support. r'1any other people in tile Forest Service

ass i ted 111 e vi i t h va rio usa 5 pe c t 5 0 f t his pro j e ct. Greg

Wd r r e n pro v ide d the COin put e r \'10 r k wit 11 til e For teo 1 1 ins

5 y 5 t e III • San d i Ha I 1start e dille 0 nth e \~ 0 r d pro c e 5 so r ,

and con tin uedt 0 \10 r k \'1 i t h III e up to til e vtry en L1 • Don

Haskins, lJarrel I-~ank;n, and f~arin keynoldson re '/;2.-i=C

various drafts, and were a continual source of

encouragement.

I ike tot 11 a n k the III e In b e r 5 0 f III Y

ACKNUWLEDGEMENTS

JeanneandSlood friends Jim

needed theill.

v

\'10 U I d

IVI any til an k 5 to IllY

Rice, for being there when



AC KN UW LED GE~lE NTS ••••••••••••••••••••••••••••••••••• v

LIST UF TA~LES vi i i

St rea mflo IJ - [) u rat ion Cur ve s •••••••••••••••••••••• 1 ~

It)

1U

55

46

iii

Paye

CIT ED •••••••••••••••••••••••••••••• ••'•••

Compilation •.••••••••••••••••••••••••••••••Data

St r e aln flo w- Du rat i on Cur v e s ••••••••••••.••••••••• 24

Purpose and Justification of the Study ........•. 11

rA~LE uF CUNTENTS

Problem Description •••••••••.••••••••••••••••••• 1

A• St rea mflo \'J - lJ urat ion Ll a t d, Eel
River at Fort Seward...................... 5<3

vi

Suspended Sediment Transpurt Equations •••••••••• 35

CO III bin e d II u rat ion - Tran s po r t COlli put d t ion ••••••••• J I

LIST UF F! GU RES •••••••••••••••••••••••••••••••••••• x

Study Area •••••••••••••••••••••••••••••••••••••• 12

METHODS

Sediment Transport Equations.................... 20

Combined [Juration-Transport Computation .•••••••• 22

RtSULTS •••••••••••••••••••••••••••••••••••••••••••• 24

IN TRaDU CTI UN ••••••••••••••••••••••••••••••••••••••• 1

A~STRACT

SUlllmary

REFERENCES

APPENDIXES

lllSCUSSIUN



&

lL

c.

St rea III t I 0 vl- [) u r d t ion IJ a t a, 1·1 i d die For k
Ee 1 Ri vern e a I' [)o sRi 0 S •••••••••••••••••••

St I' e a In flo w- [) u I' a t ion Da t d, 1'1 a d Ri v e r
near f\Tcatd .•••.••••.••••.•••.•••...••••• tiU

o. St I' e a III flo w- Durat ion \) a t a, Red woo d ere e k
at Urick.................................. 61

E. Streamflow-Duration [)ata, Redwood Creek
ne.ar 1:31 ue Lake .•.•.•.•••••.••••.•••.•••••• 6~

F . ~1 e an [) ail y [) i s C II a I' y e, Sus pen d e d Sed i III e 11 t
[) i s c ha I' Ue [) (1 taP d irs, Eel I~ i vel' a t
t-' 0 I' t Se ,1/ d I' L1 .•.•••••••••••••••••••••••••••••• II J

G• r~ e anD ail y [) i sell a I' 9e, Sus pe nd e d Sed i In e n t
Dis c ha I' 9 e [) a taP a irs, r~ i d dl e for k
Eel River near [)os Rios ••••••••••••••••••• 64

H• f'l e a n [) a il y IJ i s c na I' 9e, Sus IJ end e d Sed i men t
Discharge Data, Pairs, Mad
River near Arcata......................... 6S

1. Mea 11 [) a i IY l) i s C 11 a I' Ue, S lJ S PQ n cI (~ <J Sr. d i III C II t
Ui s C 11 a r 9e Ud t d Pair s, Red \;100 d
ere e kat Ur i c k •.••••••.•.•••••••••••.•••.• 6 b

J • 1'1 e a n [) ail y lJ i s C II a I' 9e, Sus pen d e d Sed i III e n t
Di scharge Uata Pai rs, Redwood
ere e k ne a I' 1:31 ue La ke •••.•••••••••.•••••••• 6 7

K. Equations Used to fit tne Data to the
Sus pen d e d Sed i III e ntTl' ails port Fun c t ion

vii

68



2

Table

1

LIST UF TAIJLES

Per c e n tag e 0 f Sus ~ end e d Sed i m"e n t
Transported by Flows of lJifterent
Ma 9nit udes ••••••••••••••••••••••••••••••••

Pa <j e

2

,

2 SUlilfllary of the Five Gaging Stations ........ 13

J Illeasured and estimated Suspended Sedirnent
Yi e 1dsat t t1 e Fi ve li a gin SJ Stat ion s ••••••• 16

4

5

b

7

1U

SU111111 a r y 0 f t 11 eke s u 1t s fro 111 t 11 e Fr e que nc y
lJistribution Analysis 25

Res U1t s 0 f t 11 e lJ i s c ha r 9 e C1ass Fr e que nc y
Ana 1y sis, Eel k. a t Ft. Se ~I a rd. • • • • • • • • •• 26

Resul ts of the Ui scharye Cl ass Frequency
Ana 1y sis, 1"1 FEe 1 R. n. Dos Rio s •••••••••• 2 7

Res u 1t s 0 f t 11 e Dis c ha r SJ e C1ass Fr e que nc y
An al y sis, i'l a dR. near Arc a t a ••••••••••••• 2 ~

Results of tne lJischarye Class Freljuency
Analysis, ked wood Cr. at Urick 29

Res u1 t s 0 f t 11 e Ui s c ha r ~ e CI ass Fr' e lj 1I e nc y
Analysis, RecJwood Cr. n. 1.)Iue Lake ....... 30

SU 111 III a r y 0 f the Res u1t s for tIl e Sus pen de cJ
Sediment Transport Equations ••••••••••••• 37

·11 Percentage of Suspended SedilTlent Transported
by Flows of Uifferent r1aynitudes ......... 44

12 Per c e n t Con t rib uti 0 n tot 11 e 1\ ve r d \j e Ann ua I
Sus pen d e d Sed i I~ e n t Yi e 1d by [) i s C 11 a rye s
of Various kanyes 46

1:3 St rea III t 10 \"1 - UUrat ion Ua t a, Eel Ri ve r
at Fort Seward ••••••••••••••••••••••••••• tie

14 Streamflow-Duration Data, Middle Fork
Eel River near Uos Rios 59

15 St rea III flo ~I - lJ u rat ion lJ a t a, I"i a d 1< i ve r
near Arcata •••••••••••••••••••••••••••••• 60

v; ; ;



1() St rea III flo w- lJ u rat ion lJ a t a, I{ e d vi 0 0 d ere e k
at Urick ••••••••••••••••••••••••••••••••• 61

1 7 St red III flo \'1- lJ u rat ion Ua t a, ked vi 0 0 d ere e k
n ear B I u e La k e ••••••••••••••••••••••••••• b L

1B Ua t a f-' d irs, I-I e a n [) ail y Ui s c h a rye (~1 UU) d n d
Sus [.J end e d Sed i III e n t lJ i s c h a r 9 e (S SU), Eel
I{ i v era t For t Sew a rd. • • • • • • • • • • • • • • • • • • •• 6:3

1 ~ [) a taP air s, 1'1 e a n 0 a i I Y Ui s C 11 a rye (f"1 [) [)) d n d
Sus pen d e d Sed i III e n t Ui s C 11 a r ~l e (S SU ), /'-1 i d die
For k t: e 1 I{ i ve r 11 e ct r lJ Ll S 1\ i 0 S ••••••••••••• b ,j

2U Uata Pairs, I-lean Daily Uischarge (['IUD) and
Sus pen d e d Sed i III e n t Dis C 11 a rye (S SU), I'i a d
Ri v ern ear Ar cat a •••••••••••••••••••••••• 6 ~

2 1 Ua t a fJ airs, 1"1 e a n [) ail y [) i s c h a rye (IW U) and
Suspended Sediment Di scharye (SSU),
Redwood Creek at Urick ••••••••••••••••••• 66

22 Data Pairs, 1'1ean Daily Discharye (JV1UU) and
Sus pen d e d Sed i III en t Dis C 1\ a r 9 l~ (S SlJ) ,
I{ e d woo d ere e k n ear l3 I u e L d k e ••••••••••••• 6 /

ix



x

4 Study Area 14

7 Grap 11 0 f Yea r 1y ~I e anD i s c 11 a r 9 e and Fi ve
Yea r r~ 0 v i n9 Iv1e anD i s c ha r ge, Eel k i ve r
at Fort Seward •••••••••••••••••••••••••• 34

4

Pa 9e

Effect of Variable Flow on the Frequency
of the Effective Discharge ••••••••••••••

Relations t1etween Discnarye dnd
:::> e d i III e n t Tran s p0 r t 1<' ate, Fr e 4ue nc y
o f 0 c cur r e nc e, and t 11 e Pro d uc t a f
Frequency and Transport Rate •••••••••..•

LIST OF FIGURE:::>

3

Cumulative Percentage of Discharge Duration
and Sus pen d e d Sed i men t Yi e I d, i~ i d d 1 e
Fork Eel River near Dos Rios 40

5 Grap h 0 f Yea r 1y 11 e anD.i s c ha r 9 e and Fi ve
Yea r r10 v i n <j ~1 e a 11 Dis C 11 <1 r lJ e, 1'1 (1 d I~ i v (~ r
near Arcata •••.•••••••••••.••••••••••••• 3~

2 Effect of a Sediment Transport Tllresl10ld
on the Frequency of the Effective
Ui s c ha rye ••••••••••••••••••••••••••••••• 7

8 Cumulative Percentage of Discharge Duration
and Sus pen d e d Sed i men t Yi e I d, tel Ri ve r
a t For t Se \~ a rd. • • • • • • • • • • • • • • • • • • • • • • • •• 3 9

1

6 Grap~l of Yearly [vjean Uischarge and Five
Yea r ~'1 0 v i n9 11 e anD i s c 11 a r 9e, Red woo d
Creek at Urick •••••••••••••••••••••••••• 33

11 Cumulative Percentage of Discharge Duration
and Suspended Sediment Yield, Redwood
Cree kat Uri c k ••••••••••••••.•••••••••••• 42

1 U CU111 U 1at i ve Per c e ntag e 0 f 0 i s C 11 a rye Durat ion
and :::>uspended Sediment Yield, Mac River
near Arcata .••.•••••••••••.•••••••••.••• 41

12 Cumulative Percentage of Discharge Duration
and Suspended :::>ediment Yield, Redwood
Creek near t)l ue Lake 43

Fiyure



1J Re 1a t ion s hip [) e t il e enS us pen d e d Sed i ill e n t
Transport Rate, Frel1uency of Ui scharye,
and the Product of Frel1uency and Transport
Rate, Eel River at Fort Seward ••••••.••• :iU

14 Power Function Fittiny El1uations

xi



1

1NTI~U[)UCT 1UN

Pro b1e 111 Uesc rip t ion

The concept of magnitude and frequency of forces

i n ge 0 m0 r phi cpr 0 c e sse s was fir s t con sid ere d by \~ 01111 a n

and r1 ill e r ( 1~ 6 (J ) • lhese authors proposed that the

relative effectiveness of an event, in terms of work

were able to determine tIle percentage of ttle suspended

cur ve s wit h sed i men t t ran s p0 r t cur ve s, ~~ 0 1111 a nan d 1"1 ill e r

done on a landscape, is a function of an event's

8y combining flow-duration

Pue r ( 0 inN e \'1 fvl ex i co i nd i cat edt hat 5 U per c e n t 0 f ttl e

sedilllentload carried by flows of various magnitudes.

tot a 1 sus pen de d loa d was t ran s p0 r ted bel 0 vi flo wsw hi c n

oc cur, 0 nth e a vera 9e, 0 ned ay 0 rill 0 r e IJ e rye a r ( Tab I e

magnitude and frequency.

[) a t a fro III l3 ran dy VI i nee r e e kin Pen n s y 1van i a and the Rio

1 , column 4). Ninety percent of the sediment

t ran s p0 r ted 0 ut 0 f the bas ins was 111 0 V e d by flo wS VI h i C 11

r e cur a t 1e a s ton c e eve r y f i veye Cl r s (T a b leI, col U111 n

6 ) • For the set \'10 S t rea ms, tIl e aut h0 r s con c 1 ude d t hat

the greatest portion of the total suspended load during

the period of record was carried by small to moderate

flows and not by catastrophic floods.

As flow variability inc rea s e s , a 1 arger



Table 1. Percentage of Suspended Sediment Transported by Flows of Different Magnitudes
(from Wolman and Miller, 1960).

(1)

Distribution
Measure of

Flow used in
Analysis

(2 )

Magnitude of
Flow belmv

Which 50 Per
Cent of Total

Sediment is
Transported

(3)

Frequency of
Occurrence
of Flow in

Col. 3
(4)

Magnitude of
Flow belmv

Which 90 Per
Cent of Total

Sediment is
Transported

(5)

Frequency of
Occurrence

of Flow in
Col. 5

(Per Year)
(6 )

Rio Puerco, near
Bernardo,:~.M.

Brand~vine Creek,
at Willmington,
Del.

Daily discharge,
Duration curve

"

950 CFS

1,900 CFS

Equalled or
exceeded
6 days/year

Equalled or
exceeded
11 days/year

3,400 CFS

8,200 CFS

0.7 days

0.2 days

N



Miller.

T 11 e can c e p t t hat t II e ma x i In um W0 r k a n a

pro po r t ion 0 f' t rl e w0 r k i s don e by r e 1a t i vel y f r e LJ ue nt

However, Wolman

Ttl E' yeo nc 1 II dedt II cl t

This is considered tIle

These arguments were restated

The 'avera 11 effecti veness of a

Using this example, the magnitude of an, event is

be transported by infrequent events.

Leo pol d, \~ a 1m an, and [il ill e r (1 ~ ti 4 ) •

once every fi ve years.

" 9e a mar phi C Iv ark pr inc i p1e" ( I) a ke r, 197 7) a f vi 0 1man and

sus pen d e d loa dis Cdr r i e d by flo ws vi tl i C h r e cur a t I ea s t

and the methodology explained in greater detai 1 by

and f~ ill ere a nc 1udedt hat eve n for man y sma 11 s t rea ms

if sediment discharge is used as a measure of work done

wit h va ria b 1e flo W , a 1a r 9e Pe r,c e n tag e 0 f t 11 e tot a 1

per c e n t a 9 e 0 t t 11 e tot a 1 sus pe 11 de d 10 adis 11\ are 1 ike \ y t 0

events of moderate magnitude.

Leo po 1d, Wo 1man , and f~ il 1e r, 1 Y64; I) a ke r, 1977 ; An d r e ws ,

rep res e nted by ttl e sed i men t t ran spa r t rat e, Iv rl i c 11 va r i e s

landscape, in terms of sediment transport, occurs at a

(Curve 1:3, Figure 1).

on a landscape, the data iindicate that a large

moderate range of flows can be conceptualized using the

with discharge (Curve A, Fiyure 1). The frequency of an

e xamp 1e a f r i ve rille c han i c s ( ~~ 0 1III a nan d r~ ill e r, 1 96 U;

eve ntis rep res e nted by t 11 e (j i s t rib uti I) n 0 f s t rea mflu \'1

19~O).

given dis c ha r 9e is represented by the product of the

equal periods, low magnitude flows transport very little

magnitude and frequency curves (Curve {, Figure 1). For
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Figure 1. Relations Between Discharge and Sediment Transport Rate,
Frequency of Occurrence, and the Product of Frequency and
Transport Rate (after Andrews, 1980).



sed i III e nt, IV nil e the hi 9 11 111 a 9nit ude flo ws t ran s IJ 0 r t I a r 9e

amounts of sediment. l)ecause of the combination of

magnitude and frequency, intermediate fl ows are the

m0 s t e f f e c t i ve sed i 111 en t t ran s po r't eve nt s •

T11 e IJ r inc i IJ 1e s s ug9est e d bY \1 0 1man d nd 1"1 ill e r

(1~60) have gained wid e dCCelJtance, but fie 1 d

i n vest i gat ion s 11 a ve 0 f ten bee n inc 0 nc 1 us i ve ( 1\ nd r e ws •

19(0). Pie s t ( 1~ 6 S) s t IJ d i l~ d t n (' r l~ 1 .I t i v l~ S l'd i IlIl~ 11 t

contributions frolll disctlarges of various return lJeriods

i n "1 2 s In all 'II ate r she d s (5 4 2 toO. 2 ~ sq. III i ., 14 0 3 t 0 U. 7 S

contribution of any given large storm tends to decrease

Die kin son and \.} all ( 19 76) stu die d t he t em p0 r al

He f 0 und t hat sed i hI e nt y i el d 0 f 1a r gest 0 r ms ( s tor In s

sediment

Although not

per c en t 0 f t t\ e92

relative

J 4 to

the

yield.

A1so,

sed i In e n t

Southeast.

suspended

The data suygested that suslJended sediment yields

one year) accounted for

resulting from very large storms are prolJortionally

than

total

of the total; frequent storms (vlith return lJeriOdS less

between one and two years) ranged from J to 22 percent

wit h are t urn per i 0 d Yrea t e r til ant w0 yea r s) va r i e d fro m

3 to 46 lJercent of total suslJended sedillll~rlt yield; LIte

y i e 1d fro 111 mod era t est 0 r ms (s tor In s IV i t h are t urn IJ e rio d

sq.km.) in 17 midvlestern, sout~lern, and eastern states.

quantifiable, Piest identified several trends in his

hum i d

9 rea t e r i n t 11 e s emi a rid Grea t P1a ins t han i nth e 11 0 r e

d a t a •

with increasing watershed size.
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patterns in suspended sediment load ot six rivers in

sou t tl west ern 0 ntar i 0 • Suspended sediment yield closely

par aile 1s t ~l e sea s on a 1 dis t rib uti 0 n 0 f flood 0 c cur r e nc e s

ins 0 ut ~l ern Un tar i 0, II i t ~l m0ret han 5 ~ per c e n t 0 f t 1\ e

ann uall 0 a d be i n y t ran s fj 0 r ted i nth e III 0 nth S 0 f Mar c tl and

April. The data indicated that suspended sediment loads

are III 0 r e tl i 9 t1 1Y s kewe d t 11 a n s t rea III flo w dis t rib uti 0 n. T11 e

autl10rs consider tile Illovelllenl uf suSp()ndl~d sl'dillll~r\t Lu

be a di screte process, defjendent on extreme events.

Fifty percent of the suspended material is transported

i n 1esst han f i ve per c e n t 0 f ttl e t i III e; 80 per c e ntis

In 0 ve d dOli n s t rea III i n 1e sst han 1 U per ce nt 0 f the tim e •

Asa· res u 1t 0 f til e va ria b i 1 i t Y 0 f sus pen d e d sed i rn e r'l t

loads, infrequent severe runoff events contribute

s i 9 n i f i can t sed i In en t y i e 1d s for s t rea ms t rib uta r y tot 11 e

lower Great Lakes.

Usi ny exampl es from central Texas, tjaker (1977)

de In 0 n s t rat e d how s t rea III s wit h a h i 9 h sed i rn e nt t ran s po r t

threshold and high"ly variable streamflol;J apparently

v i 0 1ate t he 9eo m0 r phi cwo r k p r inc i p1e 0 f W0 110 a nan d

r~ ill e r ( 196 0 ) • The effect ot a sediment transport

threshold on the frequency of the most effective

discharge VJas demonstrated yrapllically by tjaker (Figure

2). A higher discharge is required to initiate sediment

transport (Curve Ai to A2), such that the majority of

sed i In e nt t ran s po r tis 0 c cur r i ny d uri n g a 111 i nor i t Y 0 f the

flows. Sediment contribution (Curve C2, Figure 2) is
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Figure 2. Effect of a Sediment Tr,msport Threshold on the Frequency of
the Effective Discharge (after Baker, 1977).
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Sl rea t est a t a h i g 11 e r but 1e s s f r e que n t flo \~ . If the

effect of a sediment transport threshold iss i g n if i can t

e"nough, the 111 0 s t e f f e c t i v e discharge I~ ill be

con sid e r d b1y 1e s s f r e que n t t 11 a non c e eve r y f i veye a r s •

Flow variability has a similar effect (Figure J). I~ tl e n

flow distributions beCOllle higl1ly skewed (Curve l)i:) many

more flows occur in a range of discharge that transports

very little sediment. vi hen t 11 e t Iti 0 cur ve sin Fi YLl r e 3

"are combined (Curve A dnd l)2), the product of tile

magnitude and frequency (Curve C2) is greatest at a less

forested watersheds to 7S percent in grazed watersheds.

Til e II i 9 he s t 1 U per c e n t 0 f flo ws t ran s p0 r ted a n a vera 9 e

on a range of val ues that vari ed from 35 percent for

sedimentmajorthearestorms

Tt1erefore, l)aker (1'977) showed rare

magnitude

frequent flo\'i.

1 a r g e

Dunne (197Y) reported that Kenyan catchments

the highest one percent of flows. This averaye is based

transporting events in central Texas.

yield an average of 41 percent of their sediment during

of UO percent of the mean annual sediment yield. Within

a sin y 1el a r 9 e basin, tile relative importance of the

h i 9 hest flo 1'1 s dec rea s e s Iti i t h inc rea sin y d r a ina 9ear ea.

A1 t 11 0 U Yh l) unne doe s not d r a vi con c 1us ion sin t e r mS 0 f 11 0 W

his observations fit I·J 0 1 111 a nan d t'1 ill e r I s ( 1 960 )

geomorphic work principle, he does indicate that the

highest one percent and lU percent of streamflows

mentioned above represent catastrophic floods that



WIIZ-----------------CIIIIII
9

Q) ~oW
C1l !p::

(,
oW Q
H t-
o ~
0-
Ul

.....
C ~C1l

........ H
E-< E-< Sol

~

'"0 /4 S=.1
A ~

Q) Q) c (\

~~
oW U co
co c I I / ,

p:: Q) :>.. I I
H U

oW H C I I .i,
H =' CJ I
0 u ;:l I I ,~~
O-U 0" ~~Ul 0 Q) Ic H
eu ...., J:I.. I ~llH 0

E-< ....,
/ ¥gl:>"0

oW u I
tl"; :

c c oW ~Q) Q) u
r= =' ;:l I•.-1 0"'"0

'"0 Q) 0 I
Q) H H

CJ)J:I..p. I

.
<t:.o u

Discharge (Q)

Figure 3. Effect of Variable Flow on the Frequency of the Effective
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occurred in late 1961 and early 1962. In one 1arye

bas i n t 11 e e qui val e nt 0 f 4. 7 5 yea r s 0 f sed i III e nt t ran s p0 r t

was accomplished durinlj the Inonth of highest flows.

This yield accounted for 22 percent of al I sediment lost

during the 21 year period of record.

I\ndrews (19CW) determined the duration of tl'le

e f f e c t i v e dis C 11 a rye for 1 5 gag i ng s tat ion sin the Yam pa

Ri ve r bas in, C01 0 r ado and \~ y 0 III i n ~1 • TII e e f f e c t i v e

discharge is defined as the increment of discharye tl1at

t ran s po r t s the 1<1 r gest f r act ion 0 f a s t rea nl I san n ua 1

ne i the r the com m0 n flo vi s nor the r are floOd S \'1 ere

from 0.4 to 3.0 percent of the time,or trom 1.5 to 11

Little Snake River near Dixon gage, 73 percent of tile

For the Little Snake River,

In addition, he found that for the

sediment load over a period of years. Andrews found the

percent of the time.

annual sediment load was transported by flows that were

equalled or exceeded on tne average between 8.8 and U.2

streamflow duration of the effective discharge ranyed

days per year.

effective sediment transportiny eve n t s • These

o b s e r vat ion sag r e e wit h t II e con c 1 us ion 0 f \~ 0 1rn a nan d

~'I ill e r (1 9 6 U) t hat t 11 e e f fee t i v e dis C II a rye i s a

rei a t i v el y frequent flow that occurs on an a vera yeo t

several days per year.
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Pur~ose and Justification of the Study

T~l e 0 b j e c t i ve 0 f t his stu dY i s toe val uate the

relationstlip betvlE:en ttle mdynitude and freLjuency of

sed i me n t t ran s p 0 rtf 0 r s e 1 e c ted nor t 11 ern Cal i for n i a

co a s t al s t rea msin t e rill s u f (.J a 1111 a nan d I~ ill e r I s (1 96 U)

geomorphic work principle. Previous studies of sediment

yields and tlood treqllency (Ilrowll ,Hld I{ittl'r, 19/1;

Knott, 1971; t3roYHl, 1973; Kelsey, 1977; and Janda, 197e)

ha ve not e xa rn i ned sed i 111 e n t dis C [1 a r g e i n t e r ms 0 f t [1 i s

conditions in the studies that have considered the

majority of the sediment transport occured during Illajor

Eval ua tin g 10 cal r e 1a t ion s 11 ips i nth i s con t ext wi 1 1

The h i 9 h1y e r 0 s i vet err a ina nd 11 i g 11

Hoy/ever, these studies did suggest that aprinciple.

s t rea rn s d r' e s i y n.i f i can t 1y d iff ere n t fro 111 wate r she d

discharge events.

sediment yields tllat Characterize northern California

allow comparisons with previously studied areas outside

9 e 0 m0 r p II i C 'vI 0 r k pr inc i p1e 0 f W0 I 111 a nan d 1"1 ill e r (1 9 6 0 ) •

the north coast reyion of California, and will provide a

different perspective on tt1e effectiveness of local

flood s a s yeo In 0 r p ~1 i c tor c e s • This objective was

a c com p 1 ish e d byap ply i n9 t 11 e In e tho dol 0 <j y des c rib e d bY

Leo pol d, vJ 0 1111 an, and 1'\ i 11 e r ( 1 l:J 64) t 0 s t rea 111 flo wan d

sediment data from selected gaying stations on tllree

11 0 r t nern c a a s tal Cal i for n i a s t rea III s .
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Stucly Area

The stu dy are a i ncl udes t 11 e 1·1 a d 1< i v e r , Eel

River, and I<edwood Creek basins, located primarily in

Hum bold teo unt y, but \'1 i t 11 P0 r t ion s 0 f the wate r she dsin

Tr i nit y and 1'1 end 0 c i n0 Co un tie s , Cal i for n i a • r i ve U. S.

Geological Survey gaying stations within these three

watersl1eds I'H~r'e selected for tl1is stlldy (T(ll)ll~ t:. ~'iUlJrl'

4 ) •

The eli In ate 0 f tIl est udy are a i s 1'1 e d i t err a ne an,

The study area is predominantly underlain by the

precipitation in the study area ranges from 40 to 90

litting of 1110 i s t air III ass e s 11 as J considerable in f luence

on the amount and intensity of rainfall i n the study

area. i10 s t of Ule areas above 3 ,OU 0 feet ( 914 Ill. )

annually receive 7 U or rnore inches ( 1 778 III In • ) a f

Urographic

11 e a nan n ua 1

pre c i pit a t ion (E 1for dan d Iv\ c lJ 0 n 0 ug 11, 19 74 ) •

wit h dry s umIn e r san d cool, 1'1 e t win t e r s .

inches (1010 to 22<30 nlm.) (Rantz,1968).

Franciscan AssernDlage described l)y Baily, Irwin, and

Jones (1964). The Fran cis can 1\ sse III b 1age corn p r i s est hie k

9 ray wac ke 5 e y ue nee 5 con t a i n i n y III i nor i n t e r bed s 0 f d d r' k

s hal e, i n t e r 1aye r e c1 III a fie vol can i c roc k s, c her t ,

1 i III est 0 n e, and unus u a 1 III eta III 0 r IJ 11 i c roc k 5 con t a i n i n 9

minerals such as glaucophane, jadite, and lawsonite.

Additionally, ultramafic rocks, largely serpentinites,

are an i nt e 9 r a I par t of the tectonic melange.
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Table 2. Summary of the five Gaging Stations.

Station U.S.C.S. Drainage Period of
Name 1. D. Area Recorda

Number esq. mL) esq.km.)

Eel River at 4750 2,107 5,457 WY 56 to 81
Fort Seward

Middle Fork Eel River 4739 745 1,930 HY 65 to 81
near Dos Rios

Had River near 4180 485 1,256 In 11 to 13
Arcata In 51 to 81

RedHood Creek 4825 278 720 WY 54 to 81
at Orick

RedHood Creek 4815 68 176 \.J" 54 to 58
near Blue Lake In 73 to 80

a Water Year (In) 19-- to 19--

.... '... \
~_-4 ~,

~/:~ ~;
:?...-; t

k~:~J, I!
ll,. ..... ,:
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Structurally, trle unit is complexly and intensely

sheared. Faults trend predominantly northwesterly in

the C0 a s t Ran ~ e. T11 e s e f a ul t s are J S soc i ate d wit 11 b r 0 a d

shear zones that consi st of blocks of the di fferent

ha r de r va r i e tie s 0 f Fr an cis can roc ks e 111 bed de din a III 0 r e

S 11 ear e d III a t r' i x . l3 e c a use 0 f t tl e s 11 ear edna t ureo f t 11 i s

zone, landslides are a comlilon feature.

Ve~etation types in tile study area dre

pre do 111 ina n t 1yeo I11If1 e r cia 1 for est s 0 f Red woo cJ a na U0 u9 1a s

Fir , but al s 0 inc) ude p r air i e s, ha r cJ 1'1 0 U d s tan d s, and

St red III flo IJ i n til est udy bcJ sin sis C II a r act e r i zed

any r i ve r of com par a b1e s i z e 0 r 1a r 9 e r i n ttl e U. S.

by lony lJeriods of minimal base flow durinu the summer

I\edwood Creek and the Eel

Elevation in the study area ranges from sea

Sediment yields from the study watersheds

(Table 3) are very high.

storms.

Ri ve r ~1 a vet II e 11 i ~l he s t sed i 111 en t y i e 1d per un i t cJ r (~a 0 f

C 11 a par r al •

man t hsan d 11 i g 11 vi i n t err uno f f ass 0 cia ted wit 11 are a - wid e

1eve 1 t 0 7500 fee t (2290 ill.).

(Judson and I\itter, 1964). Janda (1~7d) attributes the

e x c e p t ion ally rap ide r 0 s ion rat e s imp lie d by t 11 e

suspended sediment yields to a combination of (1)

intricately dissec:ed, '"::Qdf~ratcIJ ste;:p t r) st~~p

terrain, (2) readily erodible rocks and soil (3)

f r e lj ue n t iJ r a 1any e d ill 0 de r d t el yin ten sew i nt e r s t 0 rill san d ,

( 4 ) recent III a j or changes i n 1and use , par tic u 1a r 1y

timber harvest and road construction. Wl1ile average
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Table 3. Measured and Estimated Suspended Sediment Yields
at the Five Gaging Stations.

Station
Name

Period of
Record

Suspended Sediment
Yield

(tons/sqmi) (tons/sqkm)

Eel River at HY 58 to 68 6,872 2,406 a

Fort Seward WY 66 to 76 4,569 l,600b

Middle Fork Eel River HY 58 to 68 5,698 1,995 3

near Dos Rios· 2,660 931 c

Mad River near l.JY 58 to 70 5,590 l,957 d

Arcata WY 58 to 74 5,712 2,OOOb

Redwood Creek 1.JY 71 to 76 7,480 2,620~
at Orick lIT 71 to 77 6,462 2,262

b
\VY 7J to 77 4,683 1,639

Redwood Creek near IVY 73 to 77 4,798 1,680b

Blue Lake

a Brown and Ritter (1971)
b Janda (1979)
c \.J'eighted LonZ ,Term Estimate, Knott (1971)
d Brown (1973)
e Janda (1977)
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sed i III en t y i e Ids d r e tl i Y[1, r1 nn udl sed i 11\ e n t y i e Ids C J n

have a wide ranye. For e xa 111 p1e, sus pen d e d sed i men t

y i e 1d ran 9e d fro III 77 7 to L S , 0 UU ton s / sq. III i. (27 L too 7 53

ton s / sq. krn .) 0 n t 11 e I~ i dd 1e For k Eel Hi ve r i n t t1 e 1 U yea r

period starting in 1958 (Knott,1971). I nd i v i d ua 1 s tor 111

·events can transport tremendous amounts of sediment.

Ttl e e Lj u i val e ntot 1. 1 5 yea r s 0 f sus pen d e d sed i III e ntwa s

t ran s p0 r ted pas t t 11 e r'l d d Ri v t:' r ned r' 1\ " c ,1 L,1 ~I ,1 II l' l) 11

lJ e c e III be r 2 L , 19 64 , d uri n y t [1 e pea k 0 f the Ch r i stili a s

flood s 0 f 1964 (l) rOI'l n, 19 7 3 ) . Tl1 e sec ha rae t e r i s tic s are

common to all the \'Iatersheds in this study.

. .....
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1'1 ETHUlJ S

The e f f e c t i ve ne S s 0 f dis C 11 a rye eve n t s d t t 11 e

f i vega gin g s tat ion s VI a s d e t e r min e d bY t 11 e flo w-

duration, sediment transport curve method described by

Leo pol d, W0 1 III an, and Mil 1 e r (1 9 6 4 ). IV] Y pro c e d u r e

consi sted of: 1) (lata compilation, 2) constructill<1

streamfl ow-durati on curves for each s tat i on , J )

calculating a suspended sediment transport eljuation for

e a c h s tat ion, and 4) com bin i ny the s t rea III flo w- d u rat ion

curves with the suspended sediment transport equation to

lJata Compilation

variouso fcontributionrelativethe

discharges to the total suspended load.

determine

lJ a t a com pi 1a t ion be <3 a n ,I i t h the s e I e c t ion 0 f

gaging stations after a review of the available U.S.

- ~ ~.

--.. ·1 "

~~~1 ~:
~(~ t

,~:~~ i:

Ge 0 log i cal Sur v e y s t rea III flo \'1 and sed i men t d a t a. [vi y

c r i t e ria for s e 1e c tin g s tat ion s vi ere : 1) similar

g e 0 log y, c lim ate, and ve get a t ion, and 2) III e'a sur e d d ail y

suspended sediment discllarge values during a common

period of record. Using tt1ese criteria selected tIle

five stations analyzed in this study.

Data used in thi s study v.Jere suppl i ed by the

u. S • Geological Survey ( U • S • G• S • ) • lJ a t a on
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s t rea rn fl 0 vi - d urat ion 1'1 ere s u I.l pi i e d by t tl e fv] e n loP ark

Office, Water Resource lJivision, U.S.G.S., and data on

t tl e sus pen d e d sed i men t dis c ha rye we res u p I.l lie d bY t t1 e

U• S . G• S• Eu r e ka Fie 1d Uf fie e . Yearly records of mean

dail y dis ella r 9ewe reo bt a i ned fro III r e cor dsin \~ ate r

Res 0 u r c e [J a t a for Cal i for n i a, pub 1 ish edan n uall y by t 11 e

U.S. Geological Survey. The data were grouped by

s tat ion, and e a c h UrOll I.l \~ ass epa r i1 t e ci i ntot h r e l' set s .

rhe first data set contained five years ot rnean daily

discharge values, the second set contained the data for

Streamflow-Duration Curves

the flow-duration curves, and the Ulird set contained

flo w- d u I' a t ion cur ve s, 11 a ve bee n i n yen e r d 1 use sin c e

Tile flow-duration curve is a

Streamflow-duration curves, commonly called

data for the suspended sediment discharge curves.

c urn u1a t i ve f r e 11 ue neye u I' vet 11 a t s how s t t1 e per c e n t aye 0 f

1915 (Searcy, 1959).

t i rn e s pee i fie d dis C 11 a I' g e s a I' e e L1 u a 1 led 0 rex c e e d e d

during a given period. if a representative period of

streamflow is used, tile relationship describes tile

average or I.lrobal)le frel1uency of the various discharyes

during a year (Andrews, 1980).

The ace u I' a c y 0 f the flo vi - d u rat ion cur v e i n

predicting the expected probability of streamflows

depends on ttle representativeness of the I.leriod of
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r e cor d use d, and a Iso 0 n tIl e t i In e un its 0 f dis C II a r SJ e

used to plot the curve. Flow-duration curves become

rn 0 r ere pre sen tat i ve vi 11 enl 0 n ~ periods of record and

s h0 r t tim e unit s 0 f dis c ha rye are use d ( f1 ill e r, 1 9 5 1 ;

Searcy, 1959). Til iss t udY use d til e a vail a b1e per i 0 d of

r e cor d for e a c h s tat ion, and III e and ail y dis c ha rye as the

time unit.

Til e 1 82 7 val 1I e sot III e d n d ,1 i I y dis C 11 d r' ~Il'

contained in tt1e first data set of each statiun were

analyzed using trle SPSS Frequency IJrogram on fi Ie at the

U.S.lJ.A. Computer Center at Fort Collins, Colorado.

daily flow, standard deviation, kurtosis, and skelL

This program computed basic statistics such as mean

til echaracteri zetousedares tat i s tic s

T11 e sec 0 nd da t a set ( APpen d i xes A t h r 0 ugh E)

distribution of streamflow.

Til e s e

for each station lias organized into discharge classes,
'.,"~ ~:

'~'~~., 'I
- ",I
~: ~

calculated. Cumulative frequency was also calculated to

and the relative fre<.juency for each cl ass was
........ \

• ~'.::.:' t'·
",I,' I'

~'-" ~.

:~.:l Ii
~ :...." ,t

determine the exceedence probability of flows of various

magnitudes.

Sed i ITI e n t Tran s po r t Elj U d t ion s

Ttl e In a j 0 r i t Y 0 f the tot a 1 sed i III e n t loa d 0 f

nor t 11 ern Ca I i for n i a c 0 a s tal s t rea In sis corn p 0 sed 0 f

clastic sediment (Kelsey, 1977). t:\edload was not used
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in this study for two reasons. nl e fir s tis t hat

r eli a b 1e mea sur e III en t s of d a i I y bed loa d t ran spa r t we r e

not available for the five stations used in t1lis stuuy.

The sec 0 nd rea son i s t hat the sus pen de d sed i III e n t loa cJ

usua 1 1y com p r i s e s 8 5 t 0 9 U per c e n t 0 f t tl e tot a 1 sed i men t

discharge for t~le streams in this study (Knott, 1971;

Ke 1s ey, 197 7 ), wit h the ex c e pt ion 0 f the I{ c d \'10 ad Cr e e k

near t) 1 ue La kest a t ion, \v II ere bed 10 d dill,) yeo III p r i sed S

muc II a s J U per c e n t 0 f the tot a I sed i rn e nt loa d ( Jan d a ,

1978). r 0 r t his stu dy, sus pen d e d sed i In e nt dis c ha r 9 e

accounts for the majority of <.Jebris 1ll0Veillent out of i:J

t>asin and is an adequate measure of the total sediment

yield.

Sediment transport rates can be expressed as a

power fun c t ion 0 f dis C ~1 a rye by the e qua t ion T= kQn , \'1 her e

T is the sediment transport rate in tons/day, k a

con s tan t r e 1ate d tot he a vail a b i 1 i t Y 0 f sed i In e nt (N 0 1an,

per son a 1 com m• ), W the dis c rl a r 9e inc ubi c fee t per

second (CFS), and n an exponent that describes the rate

........ "- ...., "
- ..;;"

:;, t
~. \.

"':~ Ii
....... I

of increase of T WiUl relation to W. The second data

set for e a c h s tat ion, con t a i n i n9 pair e d val ue s 0 f 111 e a n

daily disctlarye (in CFS), and sediment transport rate

( i n ton s / day) ( 1\ Ppen d i xes F t hr u u9 ~l J), vi a s fit tot his

p0 we r fun c t ion, and val 1I e s Ive r e cal c u1ate d for k, n, and

r 2 (to i ndi cate tlle goodness of fi t).

The data pairs used in this analysis were

selected from several years at record. Sediment



IIIP-------------------..~
t ran 5 p 0 r t cur v e 5 are III 0 rea c cur ate vi hen the y are

d eve lop e d fro m da t a 5 e t 5 t ~1 a t c 0 ve r t 11 e 0 b 5 e r ve d ran 9e

of discharge, so an effort was made to select data flairs

t h r 0 u 9 11 0 u t the e n t ire ran g e 0 f r e cor d e d dis c r1 a r g e .

Appendix K lists the equations used to fit the data to

the power function.

CLJ [11 bin e d lJ urat i LJ rI - Tr a 11 S PLJ r t CU III PLI L d t i U 11

T11 e cal c u 1a t ion t t1 a t c 0 III bin e s flo w- d urat ion ~'i i t h

5 e d i III en t t ran s po r t rat e s I' eli e son tIl e ass u III pt ion t r1 a t a

freljuency as the disctlarge it is associated with. l3ased

9 i vens e d i III e nt t ran 5 po rt rat e will 0 c cur wit h the 5 a 11\ e

o n t 11 i s ass uIII Pt ion, the flo ~'i d u rat ion cur vesc a n b e

~:;J;

~
~.

~l
3(
--.,t
~t
~r

~l:!.I ...--.. ;
"~.~ j,

~l......:.

~§;!
,~ '~'! ~ ~:-"ltr.: '.

transport

contribution of

5 ed i 111 e n t

total suspended sediment

tIl e

relative

e a c h dis c ha r ge c 1ass tot 11 e

equations to calculate the

III U 1tip lie d pie cel'l i 5 e vi i t 11

1 0 ad.

T 11 e pro c e d u r e ~'i a s I' e 1 a t i vel y 5 i III pie . Tne

. .~" \

sediment transport rate for eaCh discharge class was

first computed using the sediment transport eLjuation.

The 5 e dim e nt t ran 5 port rat e for e a c h dis C~1 a r ge c 1ass was

the n III u 1tip 1 i e d by its f r e Lj ue nc y • This product was

multipl ied by 365 days to give the average annual

suspended sediment yield for tile Jischarge class. Tr1e

5 UIII 0 f t 11 e sus pen de d 5 e d i III e nt y i el d 5 0 f all dis C 11 a r 9 e

c 1ass e s est i III ate d t 11 e a vera yea n n ua 1 sus fl end e d sed i men t

yield.
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1" 11 e rei d t i vee 0 n t rib uti 0 n u f e act lui sen a r ~J eel d sst 0 t 11 e

annua1 sus pen de d sed i III e rI t Yi e I d vi a s c u111 put e d .

cumulative ~ra9h sllowing the relative contribution at

various discharges to annual suspended 10ad Vias p10tted

IV i t 11 til e 9 rap h 0 f s t rea III flo w- d u rat ion. T11 e III d 9 rI i t ud e d nd

f r e lj ue nc y 0 f f 10 \;1 S be 1a \i \1/ 11 i C tl 5 U per c e ntan d g U per c e n t

of the total suspended sediment load was transported was

de t e rill i ne cI fro III t 11 e sec u r ve s .

WI
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RESULrs

St I' earn floI'I - lJ u I' a t ion Cur ve s

Frequency analysis results are sumrnarized in

Tab 1e 4. \~ II i 1e the s ere s u 1 t s don 0 t d ire c t I Y a f f e c t t 11 e

com put a t ion 0 f t 11 e m0 s t e f fee t i ve dis C 11 a I' SJ e, the y d 0

provid~ basic stutistics that (11dl',lctt'I'i':l~ strl~,lll1fll1l'i

distribution. The stu dY s t I' e a III s a I' e c 11 a I' act e I' i zed by

po sit i vel y s ke 1'1 e d dis t I' i but i on s d 0 III ina ted by 5 U111111 e 1'1 0 1'1

i nflu e nc e t 11 ere s u 1 t s 0 f the 111 0 s t e f f e c t i v e dis C 11 a I' 'd e

::itreamflow-duration results are sUlnrnarized in

magnitude yreater Ulan sumilier low flows.

Res ul t s fro III til i san a I y sis d ire c t I Y

Spec i f i call y , f I' e lj ue nc y of t nee xt I' e III e

TII e I' a n 9e 0 f dis C 11 a I' 'd e val ue sis vel' y wid e, vi i t 11flo vi s •

high winter flows commonly three or four orders of

Tables 5 through Y.

computation.

be c a use ext I' em e 11 i 9 h flo 1'1 s pro d u c e g I' edt I' ate s 0 f

11 i g II flo w c 1ass i s 0 f c I' i tic ali rn port a nc e • This is
-~ ~.
. :: l~

..... ~, ~I

sediment transport, and errors in determining their

frequency may significantly bias tile effective discharge

calculation. Fact 0 I' S t hat a f f e c t the flo vi - cJ U I' a t ion

a na 1y sis a I' e : 1) 1e n SJ t 11 0 f . t 11 e per i 0 d 0 f I' e cord, i )

storm history during the period of record, and 3)

influence of recent floods and lctrld manaSJement on

runoff.

Miller (lY51) and Searcy (1959) indicated that a



Table 4. Summary of Results from the Frequency Distribution Analysis.

Station 1. D. Drainage Period of Mean Modal Kurtosis Skewness Range
Name Number Area Record Daily Q Daily Q

(sq. mi. ) (CFS) (CFS) (CFS)

Eel River at 4750 2,107 ~.JY 72 to 4,746 28 104.8 8.0 230,976
Fort Seward m 76

Middle Fk. Eel 4739 745 m 72 to 1,718 12 85.4 7.3 72,090
River n. Dos Rios ~.JY 76

Had River 4810 485 ~.JY 72 to 1,562 20 35.6 4.9 36,95-'+
near Arcata ~.JY 76

Redwood Creek 4825 278 ~.JY 72 to 1,221 21 86.3 7.4 40,090
at Orick ~.JY 76

Redwood Creek 4815 68 ~.JY 73 to 23-'+ 11 63.5 5.8 8,360
near Blue Lake m 77
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Ta bl e 5. I{ e sui t s oft h e Ui s c h a r gee 1 ass 1-- r e que n c y

II n a I y sis, Eel Ri vera t For t Se vi a rd.

lJi sell a rye C1ass Relative CuIII U 1a t i v e
C1 ass Val ue rrequency Frequency

( CF S) ( %) ( %)

1 6 U• 5 99.5
2 37 10 . II ~U.U

3 1 III 16 • (3 7 II . ~

4 24U / . ~ b1.2
5 360 3. 7 57 • 2
6 520 4.5 53.6
7 76U 5 . 1 49. 1
(3 1 , 1UU 5. 3 44.U
9 1 ,600 6 . 1 3,30 7

M •• ~ ...

.-~j

lU 2,4 UU 5. 7 32.6
._,
:::,."..
&u.~.

11 3,5 UU 6.2 26.S! :::"l! •
'-". ~

12 5, 1UU 5.9 ~U.6
••:JL-,. t

13 7 ,50° 4.4 14 . -; :::,
-~ :

14 11,OUO J • /I III • 3
~lt15 16,UUU 2.4 o. ~ :::r.a.....

1b 23,UUU 2.U 4.4 :;;j i,
0,' I'

17 34,OUO 1.3 2. 5
. ,!.

--~ ;

113 50,00U U.6 1.1 --.• I'
~:,l

73,OOU U. 3 lJ • 5 '1'- ..

19 ::.111-- tl

".~}1;j~. ~

2U 110,OUO U. 1 0. 2
. ,. ;
.~ ... ;\

21 160,UOU O.U(j U. 1
,.;.... ~,

.:.;. ~:

22 23U,OUU o. U2 U.04 ~T" •

23 330,UOU lJ.U2 U.U2
"

"'t
"
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Table 6. Results of tne Discharge Class rrequency
An a I y sis, r"l i dd 1e r 0 r k I:: e I Ri v e r I~ ear U0 sRi 0 s •

[) i s C 11 a r 9e C1ass Relative Cumulative
Class Val ue Frequency Freljuency

(C FS) ( ';~ ) ( :~ )

1 11 5.4 ~6.8

2 46 26.4 71.9
3 110 ~ • U 6 L. (j

4 LOU b . J J LJ • J
5 270 J • 0 S'2. • 7
6 J6U 4.0 49. 7
7 4HO 4.U 45. 7
0 650 J. S 41.<3
9 870 4 . 3 38. J ~S

10 1 1'2. 00 5.2 34.0 ~
"""11 1 , 6 00 6 • 2 2 cL 8 :::~I

12 2,1 UO 6.5 22. 7 ~L
-.~ I

13 2,800 J.8 16. 1
-"-", .
-" ,

-''It
14 3,i3UO J. 7 1U. 3 ~~1l t
15 J,UUU 2 • L b. G

...,
j~ I:

16 6,8UO 1.4 4. 5 . II
17 9,100 1.1 3 • 1

:;:j ;i .

18 12,OUO u.6 L.O -'" r.;.,"""
:\.':;, :

19 16,OUO U.6 1.4 ." .... ,j

'!jG'I.f
2U 22,000 U.3 O. 7 - ~..:.:-, ;.1

IH·... ~,

21 29,000 U• 3 0.4 . "

.~j ~l

22 39,000 U. 1 O. 1 '-"'.~ ~

23 53,000 0.02 0.02 ,~. \.,.
~l:

- \.
~ I!.,

~i
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Tab 1e 7. I{ e s u 1t s 0 f the Ui sell a r gel 1ass I: r e Cj uen c y

/\ na j y sis, Mad I~ i verN ear 1\ rca t a •

Uischarge C1ass Relative CUlllulative
C1ass Va 1 ue Freljuency Frequency

( CFS) ( %) ( %)

1 1 O. 1 99. 9
2 6 G.B <) 9 • 5
3 18 1 • lj \j 7 . '3
4 4 1 1 ~\ . '-I tll.U
5 62 6 • 1 7'1. . 'cl
6 92 6 . 2 66. 7
7 140 5. '3 ", II • :i
0 210 4.6 ;.1.2
9 :310 5.0 J O. b ~~;

10 460 5 • 1 45. 5 ee
11 690 6.4 40.4 ::~.

12 1 ,000 () • 1 33.9 ~j l
'''113 1 ,500 iL 3 2 :i • 7 :" ...~ .

14 'I.,30U 6. 5 L7 • II ~"l ~
15 :3 ,5 UU 4. G 1 lJ • ~

...~ ,

u....· ,
16 5,2UO 2. Y 6.4 ~~ i!•. I

17 1 ,70 U 1.9 3.4 ~,.j •

18 12,000 0.8 1.5 -" r..,.,.

19 17,OOU U.6 O. 7 ~:~' f;
20 26,000 0.2 0.2 :tt: ;i
21 39,000 0.02 0.04 ~~ ~~

'.:J ~:

22 58,UUO 0.02 O.U'I. ..'r ~ ~

l 4, ~.

" •• , ,1+

..<~. "
... ,:. ~:

~'. \.
... i"

.) I!
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Tab 1 e 8. 1\ e 5 u 1 t sot' t t\ e I) i 5 C ~l a r gee Las 5 Fr e C1 ue n c y

And 1y sis. I{ e d woo J ere ekAt 0ric k •

lJischarge CIa S 5 1\ e 1ati ve Cu 111 U 1at i ve
C1 ass ValllP~ Frequency ':requency

( C1-~ S ). ( ~~ ) ( %)

1 n 1 j • 2 91.3
2 ~1 22. 5 6~. 0
3 ZOU 10.9 S 6. 9
4 J20 t) • 6 <I ~l • J
5 420 L~ • 2 .:I I.( • t)

6 5LI0 4. J 4U.6
7 6~() 5.6 :3 6. J
1:3 IjYO 6. J JO. 7
~ 1 .200 4.6 24. 3 .. "~

10 1 • 500 4.0 19 • () ':"j
.~,-

11 1 ,9 UU 4 • 5 15. 7 .~,.

l.<',I:oo

~~~;.q I

12 2,500 3. 2 11. 2 ',. t..J '
13 J,2UU 2.6 8.0 ..... t:",j
14 4,100 2 . 1 5.4 -,,, .

15 5 , J 00 1. :.l J • :l >~ f.~ .. -
16 b,UOO O. l\ L.O u~' :

17 8,eOO 0.4 1.2 ,;~li
" ,

~': .
HI 11,00U 0.4 U.tl -·i·

;~;; {I
19 15,00U 0.2 0.4 ~,=.:t t
20 19,OUO

.. ,~. t C

O.Ub O. 2 \1~4. ~.. :

21 24,000 0.02 o • 1 '~~,'; <'.I'

22 31,000 0.05 0.06 ',: ,.'....; =:
:,, .

23 40,UOO U.02 0.02
~'·I h

"':_. '"
'''. f'.,: Ii
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Tab 1e Y. I~ e s u 1t s oft 11 e Ui sell a r <:J eel ass Fr e lj U e nc y

Analysis, l~edwoot1 Creek Near Lllue Lake.

Discharge C1ass Relative CUlllulative
C1ass Va I ue Frequency rreljuency

( CF S ) (%) ( ';~ )

1 7 14. U Y1.4
2 23 n.1 btL 2
3 48 10.2 58.0
4 7'0 j • G 5U• 7
5 lUll 3. 7 <-+ j • II
6 130 3. 7 43.3
7 16U 5 • 7 3Y. 6
'0 21U 5 • () J3. Y
9 260 6.4 28. 1

10 340 5. 1 21. 7
., ~.~

:~~i

11 43U 4.5 16. 7 ~J""
-.lo~'.

~',l:o>

12 550 :3.2 12. 2 :~ .
....~ f

13 700 2 . 7 l) • 0 •..1 ~,

',., .~

14 B<:JU 1.7 6.2
:, '

-~ f
15 1,100 1.6 if. G

17) t16 1,400 1.0 3.U ~,~

t:1,~ :

17 1,UOO O.t) 2.0 111:
18 2,300 o.t) 1.3 ~ I .

::::(.
19 3,000 0.2 U.4 :1",

20 3,800 (J. 0'0 U.2 .~~ ~~

21 4,900 O.OU O. 1 ~:\i
22 6,200 0.0 0.04 N;~. ~:

",:.,1:\

23 7,900 U.04 U.04 ...... -:
, ,

~; .,

': ~.
.. - I,

I' \, i' ~

" I'
", ~I
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lJeriod of several years fJrovided an adequate record if

i t c a v eredar e pre sen tat i v e per i ado f s t rea rn flo vi •

And r e ws (19 eO) can sid ere d ale n 9t 11 off i ve yea r s tab e

t 11 e min i muIII a c c e pta b1e IJ e rio d 0 f r e cor d . Tt1is study

use d tIl e a vail a b 1ere cor d for e a c h s tat ion, Iv hie 11 spa n s

frOID 13 to 34 years (Table L).

Storm history forms the bas i s for the

representat i veness of the peri all of rt'cor'Li. T11 e (' eel) r d s

for t 11 e Eel Ri ve rat For t Sew a r d, i'j ad Ri vern ear

Arcata, and Redwood Creek at Orick cover essentially the

mea n . of yea rl y mea n dis C 1\ a r 9e fa r t he set hr eest at i on s

(Fiyures S througt1 7) fJrovides an indication uf

Plotting yearly mean discharge and the five year moving

';'." "

;,1
.,:- ~'

.~~.;,~. r.:

Years

represent years l'iith one or

Wt1en the fi ve year mean drops

tile lJeriod of record.

s a III e fJ e rio d oft i me, l~ ate rYe a r s ( WY) 195 1 t a 1 9e1 .

wit 11 h i g h fli e and i s c ha r ge

strearnflo\v trends during

more large storm events.

below the rnean discharge for the period of record, it

usually indicates a period of few storms and relatively

low di scharye. T11 eke dwoo d ere e k and 1'1 a d Ri ve r bas ins

experienced two periods of Ileavy runoff (1951 to 1960,

and 1972 to 1976), one low runoff period (1977 to 19U1),

and one "near average" period of runoff (1961 to 1971).

The tel at ~ort Seward experienced two heavy runoff

periods (1956 to 1960, and 1965 to 1976), and two low

runoff periods (1961 to 1964, and 1977 to 19(1). Tt1ese

types of streamflow variation may be relatively normal
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Figure 5. Graph of Yearly Mean Discharge and Five Year Moving Mean
Discharge, Mad River near Arcata.
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Figure 6. Graph of Yearly Mean Discharge and Five Year Moving Mean
Discharge, Redwood Creek at Orick.
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in a long-term context. However, after comparing recent

dis c h a r 9est a tis tic s wit h 11 i s tor i c a lob s e r vat ion s ,

Coghlan (1982) concluded "statistics from 20th century

runoff data should be viewed only a s rough

approximations to their long-term values".

Oischarge records for the Middle Fork Eel River

near Oos Rios and Redwood Creek near t31ue Lake cover

only a portion of the longer records and ll1ay not

accurately represent the overall runoff history during

this period. Knott (1971) found that flow-duration

cur vesba sed on short t e r m r e cor d s (lOy ear s) fro m a . '.~

':'"

curves tend to overestimate the frequency of high flows

It can be assumed that the flow-duration

stations cover short, predominantly wet

wet period of high runoff overestimated
~ >':1 •

.~) I:·
'...; ~..,
.. ~ r:~

':';- t'
.,./ !:oo

,.: ~,

.:" l':.;; ~.i .
::: i,
I"" "

"", i'
t,;:~. t.: i
I,:., f

The recordspro ba b i lit Y 0 f tl i 9 il f1 0 ws •

periods.

for these two

predominantly

the exceedence

at these stations.

The Christmas flood of December 1964 and recent

land use activities have caused changes in the duration

of streamflow for several northern California coastal

streams. Kel sey (1977) reported increased frequency of

high flows on the Van Ouzen River after the 1964 flood.

The c han g e i n p0 s t flood flo 'vI - d u rat ion cur v e s 'vI a s

attributed to an increase in the area of impermeable

ground in the watershed. The increase in impermeable

area was a result of inner gorge debris avalanching that

removed the soil mantle adjacent to stream channels.
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Si rn i 1a r stor rn darn age was ext ens i ve i n t tl e ~1 ea dwate r

portions of the study area (Harden, Janda, and Nolan,

19715). The increase in peak flows would be more

significant on the records of the Redwood Creek near

Blue Lake and Middle Fork Eel River near Dos Rios

stations, which cover the period after the flood.

Lee, Kapple, and Da~~dy (1975) report a20

percent increase in runoff in the Redwood Creek basin as

are suI t 0 f "c han gesin hy d r 01 0 9y" . These changes in

II Y d r 0 log Y too k pIa c e i nth e 1 9 6 0 's, ape rio d 0 f

i nten s i ve land use pr act ice s and the severe 1964 flood.

These changes caused an increase in peak flows for both

Redwood Creek stations.

Tt1 e Ion y t e r m r ecor d sot ttl e Eel Ri ve rat For t

Seward, Mad River near Arcata, and Redwood Creek at

Urick are the most representative records of streamflow

in the study. The effect of storm history, recent
"

"

f1 0 ods • and 1and use i s the 9 r ea t est on the r ecor d S 0 f

the remaining two 5 tat ion s . The trend i 5 an

overestimation of the fre4uency of the high flows.

Suspended Sediment Transport Equations

Estimates of k and n determined for the

suspended sediment transport equation are summarized in

Table 10. A strong relationship exists betwee~ discharge

and sediment transport rates. As is the case for most



Table 10. Summary of the Results for the Suspended Sediment Transport Rate Equations"a

Station Period of Record Number of Data Pairs 2 kr n

Eel River at WY 73,75,76 82 0.96 -5 2.084.7xlO
Fort Seward

Middle Fork Eel River WY 73,75,76 80 0.96 -5 2.224.5xlO
Near Dos Rios

65 0.97 -4 2.16Mad River Near WY 73,74 1.4xlO
Arcata

WY 74,75,76 67 0.96 -5 2.36Redwood Creek 3.lxlO
At Orick

WY 74,75,76 69 0.94 -4 2.32Redwood Creek 2.2xlO
Near Blue Lake

a n
T = k Q

Where: T
k
Q
n

suspended sediment transport rate
coefficient
discharge
exponent of rate of increase of T relative to Q

" ..,". L- _: •

=..;. ..=l '•• : .. ...:. ";;.'-. t; ii.;
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streams, suspended sediment discharge increases

exponentially with water discharge, indicating a

relatively greater input of sediment than "later to the

stream system with rising flow (Janda and Nolan, 1(79).

The rate of increase of suspended sediment transport

relative to discharge (the n coefficient) is within the

commonly observed range of 2.0 to 3.0 (Leopold, Wolman,

and Miller, 1964). Howe v e r, sus pen d e d sed i 111 e II t

transport rates on a per area basis are exceptionally

h i g h (J and a and. Nola n, 19 7Y) •

Out of necessity, the eyuations developed from a

sus pen d e d sed i men t dis C tl a r 9ere 1at ion s hip tIl d t can be

few yea rs of d a t a are ass ume d to rep res e nt a s tab 1e

applied to the entire period of record. In reality,

howe ve r, sus pen d e d sed i men t dis c ha r 9ere 1a t ion s tl ips are

highly responsive to anomolous peak flows and watershed

alterations by man (I3rown, 1<:)73). They would not be

expected to remain stable over a long period.

.: :',1,.

Combined Uuration-Transport Computation

T11 ere 1a t ion s hip bet wee n dis c ha r ge f r e que ncy and

contribution of suspended sediment is sUll1rnarized in

Figures 13 through 12. Un the average, flows below which

50 percent of the total suspended sediment yield is

transported are equalled or exceeded 1.9 days per year

(Table 11). Flo 'II s below whi C 11 Y0 per c e n t 0 f the tot a 1
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Table 11. Percentage of Suspended Sediment Transported by Flows of Different Magnitudes.

Magnitude of Magnitude of
Flow below Flow below Frequency of

Distribution Which 50 Per Frequency of Which 90 Per Occurrence
Heasure of Cent of Total Occurrence Cent of Total of Flow in

Flow used in Sediment is of Flow in Sediment is Col. 5
Analysis Transported Col. 3 Transported (per year)

(1) (2) (3) (4) (5) (6)

Eel River at Daily discharge 115,000 CFS Equal. or Exced. 450,000 CFS 0.04 days
Fort Seward Duration 0.5 days/yr.

Middle Fork Eel " 26,000 CFS Equal. or Exced. 49,000 CFS 0.15 days
Near Dos Rios 2.0 days/yr.

Mad River near " 18,500 CFS Equal. or Exced. 58,000 CFS 0.07 days
Arcata 2.0 days/yr.

Redwood Creek at " 15,000 CFS Equal. or Exced. 41,000 CFS 0.04 days
Orick 1. 0 days/yr.

Redwood Creek Ne.:lr " 2,600 CFS Equal. or Exced. 10,000 CFS 0.10 days
Blue Lake 4.0 days/yr.
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suspended sediment yield is transported are equalled or

exceeded, on the average, one day every 12.5 years

(Table 11). The highest 1.0 percent and 10.0 percent of

flo~"s transport an average of 61.0 and 94.0 percent

respectively of the total suspended sediment load (Table

12 ) •
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Table 12. Percent Contribution to the Average Annual Suspended
Sediment Yield by Discharges of Various Ranges.

Station Discharge
Name Highest 1% Highest 10%

Eel River at Fort Seward 63 87

Middle Fork Eel River near 67 91
Dos Rios

Mad River near Arcata 58 89

Redwood Creek at Orick 72 93

Redwood Creek near Blue Lake 58 92
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DISCUSSION

The results of this study indicate that a large

~ortion of the geomor~hic work in northern Calit"ornia

coastal streallls is accomplished by relatively infrequent

flows. The support for this statement is the low

frequency of occurrence of flows below which 90 percent

of the total suspended sediment yield is transported.

Wolman and Miller (196U) demonstrated that these flows

o c cur at 1e a s t once eve r y f i ve yea r s • l:3 Y com par i son ,

Kedwood Creek at Orick and Eel River near Fort Seward

transport 90 percent of thei r. suspended sediment at

flows below a magnitude equalled or exceeded once every

25 yea r s • The t 11 r eerema i n i ng s tat i u nsin t tl iss t udy

transport 90 percent of their total suspended load below

flows which occur once every seven to 14 years.

Infrequent flows transport a greater percentage

of total suspended load in the study streams when

compared to other studies. Dickinson and Wall (1976)

reported infre<.juent flows contributed signi ficant

sediment yields in Great Lake basins. They t"ound 50

per c e nt 0 f Ul e tot a 1 sus pen d e d loa d was t ran s po r ted by

the highest five percent of flov/5. In U1e California

streams, 61 percent of the suspended load, on the

average, was transported by the highest one percent of

flows. The northern California coastal streams in this

study transported, on the average, more sediment in the



11 i Yhest 0 ne per c e ntan d 1 0 per c e n t 0 f flo ws than the

average sediment contribution by the same range of

flows in the Kenyan catchments studied by Dunne (1979).

Comparisons with the observations of Piest

(1965) and Andrews (1980) are complicated by differences

in data presentation. Piest evaluated the contribution

of sediment from storms with various return periods.

This stu dY use d the d urat ion 0 f III eand ail y dis c ha r 9e ,

which is quite different. Andrews divided tile range of

discharge values into 25 equal classes. The effective

discharge, or the "most work" discharge, was defined as

the dis c h a r g e c 1ass t hat t ran s po r ted the 1a r gest

per c eon tag e 0 f the tot a 1 sed i men t loa d • This stu dY use d

unequal discharge classes, follo~ling the standard

practice for constructing flow-duration curves and tne

methodology described by Leopold, Wolman, and Miller

(1964).

Some observations can be compared. Andrews

reported that for the Little Snake River near Dixon

gage, 73 percent of the total sediment load was

transported by flows that were equalled or exceeded

between 8.8 and 0.2 percent of the time. Andrews

concl uded that t his demonstrated the relative

unimportance of both the common low flows and infrequent

high flows as sediment contributors. Analyzing results

of this study along those same lines shows that an

average of 52 percent of the total suspended sediment
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load is transported within this ranye of flo\~s. Low

flows transport less than 10 percent of the suspended

loa d , i nd i cat i n g t hat the tJ i g h flo ws oft hest udy

streams transport a significantly greater portion of the

total suspended load.

The observations of l:3aker (1977) provide a

conceptual model to explain why infrequent flows may

contribute a larger percentage of the total suspended

loa d. Baker found that the combined effect of a

sediment transport threshold and a Ilighly variable flow

regime caused catastrophic floods to become the most

effective sediment transporting events in arid central

Texas. Sediment transport occurs throughout the range

of discharge values for the California streams,

indicating flow variability should account for any

de v i a t ion fro m the ge 0 m0 r p t1 i cwo r k pr inc i pIe 0 f W0 I man

and Miller (1960). When the data from the Eel river at

Fort Seward is plotted (Figure 13) alony the same format

as Figures 1 through 3, it is apparent that flow

variability will explain why infrequent flows contribute

so much sediment. In Fiyure 13 ttle distribution of

s t rea mflo wsis P0 sit i vel y s kewe d, t hat is, In 0 s t 0 f t II e

population is concentrated at the left of the gragh with

a long "tail" extendiny to the right. The streamflow

distribution is also highly kurtotic, which means that

the peak of the distibution is very narrow. The vast

majority of the flows, which occur where sediment
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transport rates are very low, account for a very small

percentage of the total suspended sediment load. With

this type of flow distribution, the ldrye increase in

sediment transport rates at the extreme end of the

dis t rib uti 0 n In 0 ret han com pen sat e s for the i n f r e que nc y

of t he flo ws • The i n frequent h i g h flo ws t ran sport, i n

this example, the largest percentage of the total

suspended load. ~oth Redwood Creek at Orick and the Eel

River at Fort Seward stations have higl1ly kurtotic,

positively skewed flow distributions, witt1 very

effective infrequent flows. The Mad River near Arcata

gage has a less skewed, less kurtotic flow distribution

witn. slightly less eff~ctive infrequent flows. The

va ria b i 1 i t Y 0 f flo win the stu dY s t rea In s pro v ide s d n

adequate explanation for the effectiveness of infrequent

flows. The effect of flow variabiltiy fits within the

geomorphic work principle of Wolman and Miller (1~6U),

a 1 t n0 ug 11 the e f f e ctin t his stu dY see ms toe xc eedt he

expectations of the Wolman and Miller.

Previous studies have considered the

significance of the most effective sediment transporting

discharge in shaping stream channels. Wolman and Miller

(1960) discussed this topic, and through several

examples demonstrated that the most \~ork discharye is

t 11 e sam e a s 01 ban kf u1 I 01 dis c ha rye • TII e aut h0 r s f 0 und the

relatively frequent bankfull discharge is responsible

for a large portion of an alluvial channel's shape and
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dim ens ion s • An d r e ws (1980) al so 0 b S e r vedan ex c ell en t

correlation between the effective discharge and bankfull

discharge, lending further support to this concept.

. Ex pan din g on t his top i c, Wolin anan d Ge r son (1 9 78) s tat ed

t hat the e f f e c t i ve ne s s 0 f eve nt s whi C 11 S C u1 pt uret tl e .

landscape is measured, in part, relative to the

processes that restore the landscape to the original

form. They found that in temperate regions, river

cnannel s widened by infrequent floods often reyained

ttleir original form within months or years. Widened

c ha nne 1sin a rid c han ne 1 s may neve r r e c 0 ve r be c a use 0 f

tIle lack of streamflow and vegetation. In this example,

a catastrophic flood iri an arid region would be more

effective in shaping a stream channel than a flood of

equal frequency in a humid region. Lisle (1981) studied

the recovery of aggraded gaging sections at nine gaginng

stations in northern California and southern Uregon to

determine the effectiveness of an infrequent climatic'

eve nt (t he 1964 flood) ins tl a pin g s t rea m c han n e 1 s • The

study suggests that stream channels draining areas with

h ig h1y e r 0 s i veterr a in, non - all uvial channel s , and great

seasonal varia'bility of precipitation will recover more

slowly froln catastrophic floods than alluvial channels

draining stable, humid regions. The author states

"Under these conditions, infrequent, large floods are

far m0 r e e f f e c t i ve i n d e t e rill i n i ng c tl ann e 1 s i ze and for m

than in less erosive humid environments." This
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con c Ius ion com p1 i men t s the 0 b s e r vat ion til at, inn 0 r the r n

California, infrequent flows are more effective sediment

transporting events. It would appear that, for a yiven

combination of climate and terrain, the lIlost effective

channel sllaping event is associated with the most

effective sediment transporting event.

SUlllmary

This study examined the relationship between the

magnitude and frequency of suspended sediment transport

of three northern California coas~al streams. The

results of this analysis were evaluated using the

yeomorphic work principle proposed by Wolman and Miller

(1960). The evaluation indicated that most of the

geomorphic "work" was accomplished by infrequent flows

of large magnitude. The effectiveness of infrequent

flo wsw a s 9rea t e r inn 0 r the r nco a s t a I Ca I i for n i a t 11 a n

was f 0 undin 0 the r stu die s • The tl i g h1y s kewe d, k u r tot i c

distributions of streamflow contributed to the

effectiveness of the infrequent flows.

Several studies that consider the effectiveness

of discharge events on channel size and form were

discussed. It appears that the most effective channel

formi'ng discharge is commonly linked to the most

effective sediment transporting event.

The results of this study suggest that
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i n f r e lj u e n t flow s are

transporting events

terrain, seasonal

preci pitation.

effective suspended

in areas with ~lighly

rainfall, and high

sediment

erosive

annual
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Table 13. Streamflow Duration Data, Eel River at Fort Seward (from u.S.G.S.).

Class Value Total Percent

1 0.0 0 100.0
2 1.1 21 100.0
3 1.8 8 99.8
4 2.6 7 99.7
5 3.7 8 99.6
6 5.5 7 99.5
7 8.0 22 99.5
8 12.0 138 99.2
9 17.0 170 97.8

10 25.0 568 96.0
11 3"'.0 808 90.0
12 54.0 522 81.5
13 78.0 483 76.0
14 110.0 591 70.9
15 170.0 329 64.7
16 240.0 378 61.2
17 520.0 349 57.2
18 750.0 428 53.6
19 1100.0 502 44.0
20 1600.0 580 38.7
21 2400.0 544 32.6
22 3500.0 590 25.9
23 5100.0 561 20.8
24 7500.0 419 14.7
25 11000.0 324 10.3
26 16000.0 230 0.9
27 23000.0 186 4.4
28 34000.0 128 2.5
29 50000.0 57 1.1
30 73000.0 35 0.5
31 110000.0 12 0.2
32 160000.0 4
33 230000.0 2
34 330000.0 2
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Table 14. Streamflow Duration Data, Middle F. Eel R. (from U.S.G.S.) .

Class Value Total Percent

1 0.0 0 100.0
2 3.3 28 100.0
3 4.4 18 99.5
4 5.9 67 99.2
5 8.0 60 97.9
6 11. 0 123 96.9
7 14.0 372 94.6
8 19.0 377 87.8
9 26.0 234 80.9

10 34.0 263 76.7
11 46.0 203 71.9
12 62.0 166 68.2
13 88.0 140 65.1
14 110.0 183 62.6
15 150.0 162 59.2
16 200.0 197 56.3
17 270.0 161 52.7
18 360.0 221 49.7
19 480.0 213 45.7
20 650.0 194 41.8
21 870.0 233 38.3
22 1200.0 288 34.0
23 1600.0 333 28.8
24 2100.0 359 22.7
25 2800.0 318 16.1
26 3800.0 203 10.3
27 5000.0 113 6.6
28 6800.0 75 4.5
29 9100.0 62 3.1
30 12000.0 35 2.0
31 16000.0 35 1.4
32 22000.0 19 0.7
33 29000.0 16 0.4
34 39000.0 7 0.1
35 53000.0 1

....
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....
Table 15. Streamflow Duration Data, Mad R. near Arcata (from U.S.G.S.).

Class Value Total Percent

1 0.0 0 100.0
2 0.1 2 100.0
3 0.2 2 100.0
4 0.3 2 100.0
5 0.5 1 100.0
6 0.7 3 99.9
7 1.1 4 99.9
8 1.7 4 99.9
9 2.5 15 99.9

10 3.7 33 99.7
11 5.5 44 99.6
12 8.3 66 99.1
13 12.0 156 98.6
14 18.0 765 97.3
15 28.0 1154 91.1
16 41.0 1129 81.8
17 62.0 756 72.8
18 92.0 767 66.7
19 140.0 658 60.2
20 210.0 574 56.2
21 310.0 627 50.6
22 460.0 618 45.5
23 690.0 601 40.4
24 1000.0 1010 33.9
25 1500.0 1032 25.7
26 2300.0 806 17.4
27 3500.0 673 10.9
28 5200.0 365 6.4
29 7700.0 240 3.4
30 12000.0 98 1.5
31 17000.0 69 0.7
32 26000.0 20 0.1
33 39000.0 2
34 58000.0 2
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APPENDIX D

Table 16. Streamflow Duration Data, Redwood Cr. at Orick (from U.S.G.S.).

Class Value Total Percent

1 0.0 0 100.0
2 9.2 45 100.0
3 12.0 91 99.6
4 15.0 281 98.7
5 20.0 466 95.9
6 26.0 469 91.3
7 33.0 492 86.8
8 43.0 492 81. 9
9 55.0 451 77 .1

10 71.0 385 72.7
11 91.0 478 69.0
12 120.0 141 68.1
13 150.0 415 60.9
14 200.0 358 56.9
15 250.0 413 53.4
16 320.0 468 49.3
17 420.'0 425 44.8
18 540.0 441 40.6
19 690.0 577 36.3
20 890.0 647 30.7
21 1200.0 467 24.3
22 1500.0 412 19.8
23 1900.0 461 15.7
24 2500.0 325 11.2
25 3200.0 262 8.0
26 4100.0 218 5.4
27 5300.0 136 3.3
28 6800.0 84 2.0
29 8800.0 45 1.2
30 11000.0 40 0.7
31 15000.0 22 0.4
32 19000.0 6 0.2
33 24000.0 3 0.1
34 31000.0 5
35 40000.0 2
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Table 17. Streamflow Duration Data, Redwood Cr. near Blue Lake
(from U. S. G. S.) .

Class Value Total Percent

1 0.0 0 100.0
2 2.5 27 100.0
3 3.3 76 99.4
4 4.2 76 97.8
5 5.4 228 96.2
6 6.9 256 91.4
7 8.8 199 86.0
8 11.0 293 81.8
9 14.0 200 75.7

10 18.0 155 71.5
11 23.0 157 68.2
12 30.0 162 64.9
13 38.0 165 61.5
14 48.0 158 58.0
15 61.0 186 54.7
16 78.0 176 50.7
17 100.0 176 47.0
18 130.0 176 43.3
19 160.0 273 39.6
20 210.0 274 33.9
21 260.0 302 28.1
22 340.0 241 21.7
23 430.0 212 16.7
24 550.0 151 12.2
25 700.0 129 9.0
26 890.0 79 6.2
27 1100.0 75 4.6
28 1400.0 47 3.0
29 1800.0 36 2.0
30 2300.0 41 1.3
31 3000.0 12 0.4
32 3800.0 3 0.1
33 4900.0 4 0.1
34 6200.0
35 7900.0 2

62
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APPENDIX F
Tabl e UL Oat a Pair s, Mea n 0ail y 0 i s c ha r 9e (r~ 0 D) and

Suspended Sediment Oi scharge (SSO), Eel
River at Fort Seward.

63

MOD SSD r~DD SSD

90 .49 ~03 2 • 7
176 2.4 151 1.2
724 37 754 10

1100 30 2370 192
7250 21500 4430 3170
1510 128 6820 61000

10500 11JOU 1580U :enuo
25500 168000 26500 157000
529UO 670000 10700 65400
18000 57000 37600 380000
64700 507000 S7900 3S80UO
29700 120000 69600 802000
35200 14-4000 18900 56100
15000 20300 14000 11700
100UO 12700 7140 218U

5300 758 5040 885
2~30 316 2150 99
1900 77 465 5

198 1.6 100 .81
58 • 3 4 1 • 1
26 . 1 124 3. 3
30 .2 179 1

2530 7440 10700 29500
2070 363 3210 364

13100 545400 23800 146000
14700 11900 7440 5320
42800 1760UO 95100 801000
47000 114000 34900 200000
46900 518000 31400 81900
17500 10300 96100 1020000
7310U 31400 85200 7010U
11000 8910 5520 1420

2490 296 179 1.9
63 .17 2680 3210

1810 459 10100 ~8500

4600 2360 12300 41800
3950 3610 42800 376000

38700 218000 29100 118000
15400 23700· 2250 103

8080 14300 1250 13
481 2.6 203 3.8

60 .32 26 .14



APPENDIX G

Tab 1e 19 • IJ a taPair s, r~ e anDail y D; s c ha r 9e (1'100) and
Sus pen d e d Sed i men t 0 i s c h a r 9 e (S SO), 1·1 i d d 1 e
Fork Eel River near Dos Rios.

64

~1 DO SSO MOO SSD

34 .09 62 1
174 3.3 408 53

1520 1690 1320 1220
2550 1650 569 9 . 2
5~5 19 5290 514UO

18200 184000 6990 13000
:3S6U 1890 198U 364
4660 18400 17500 172000

22900 165000 19700 11100U
34300 346000 1640U 77100

5350 7630 1J310 2690U
3640 ;050 2100 391
1780 231 1450 94

2·63 . 7 1 81 .22
40 .11 n .06
15 .04 13 .04
12 .U3 62 1.3

209 1.7 3910 21500
1200 4550 324 8. 7
2530 7900 8580 838UO

1010U 79100 11 00 208
7140 14800 16900 2U1UOO

26000 266000 10c\OO 47500
12500 53700 24900 164000

9390 23800 26700 20S000
3530 4480 1430 328
2570 1800 1670 586

573 37 346 6. 5
202 4.4 137 1.5

57 6.2 :3 7 . 5
26 .07 54 1.5

127 5.8 19 .U5
1220 2250 1730 2. 5

408 3.3 192 1
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Table 20. Data Pairs, t~ean Daily Discharge (MOD) and
Suspended Sediment lJi scharge (SSD), l"1ad
River near Arcata.

65

MOD SSlJ 1"1 [) 0 SSD

80 1.7 123 3. 3
62 .33 468 228

8960 101000 4350 20800
1280 1020 5610 3400U
754S1 4430U 127 00 864UU

11900 56500 7040 16700
5040 5580 18100 241UOO

16100 143000 9370 44300
5850 11400 8030 25300

36600 709000 22500 319000
11400 108000 2141 1650
11100 113000 10500 861UO

2700 3350 1330 445
24500 374000 12500 Y6200
21200 27 500 130UO 8350U

1020 162 449 34
305 5.8 47 .6:3

19 .26 40 .32
127 4. 1 571 398
407 152 725 430
204 9.4 1140 1170

9660 162000 6420 43700
6690 52000 2950 j820

10100 71500 8740 69800
10800 113000 5760 3460U

3250 5660 1420 1330
20UO 1100 1500 535
4310 5180 1000 329

460 39 276 7 • 5
153 1.2 73 .6

69 .6 17 . 1
22 . 2
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Table 21. Oat a Pair s, t~ e anD ail y 0 i s c ha r 9 e (M DD) and
Suspended Sediment Oi scharge (SSD), Redwood
Creek at Orick.

66

MOD SSt) sst)

50 . 1 92 .25
848 2320 9670 16700U

5370 33200 9270 ~2500

8700 41800 14000 128000
10800 ~tl900 2240 1630

5120 16800 788 234
1320U 1220UO 160U 799
8180 74400 4060 298UU

1100U 124000 5830 18900
16400 226000 331 7 . 1

203 1.6 149 1.2
100 .8 10 .2
J18 31 2440 1600U

4070 24300 3210 7280
2580 4810 9920 7650U

10600 100000 38500 1070000
18100 2540UO 143UO 192000

1130 497 590 131
330 34 140 2. 3
106 1.7 41 .44

4240 37400 4690 3940U
7900 60800 932 277
3940 22500 1540 943
7370 62300 62YO 3U800
9070 788UO 4720 !LUUU
2070 1740 1070 255
2070 347U 140U 636

934 122 176 1
72 .4 25 • 2

6430 23400 5040 10900
8890 66000 9380 51600
3050 4600 6000 73500
7560 5840U 6560 40700
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6/
Table 22. Data Pairs, t~ean Daily Discharge (MOD) and

Suspended Sediment Di scharge (SSD), ~edwood

Creek near Bl ue Lake.

MOO SSO ~'OO SSD

5 . 1 12 • ti
62 73 57 30

954 755U 3~4 31<:.l
544 1010 186 28
255 24 107U n 10
127 6 180 74

1500 4690 nu 14
917 1400 823 667
101 1.4 79 · 4

1920 1140U 2010 10900
2030 13900 101U 1360

345 28 211 3.4
100 .8 20 · 1

25 . 3 8 · 1
73 4 6(j 6

394 642 145 23
III 0 2650 6~n 506
2250 21600 2580 23600
3140 16800 1890 8000
2450 16200 2710 2330U
2430 15700 3270 S7500
1950 13900 8360 276000
3410 32200 3 U~O 36700

409 232 220 36
596 177 III 4

50 2 7 · 1
2470 50900 1200 473U
2030 12400 3670 53900
2820 30500 3560 63200
1200 3240 1760 15200
1250 8070 2130 1(j30U
2070 9200 271 0 23700
3710 511UO 332 260

126 17 50 · 4
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APPENDIX K

03-04

Power Curve Fit

yJ

x

h

(~In X,)f~ In \,)
~( In :\ I )( In y,) - - .

n

(~ In x,):
~(1n x,f - ----­

n

[
~In y, _ b ~ In ", ]

<l = e\p ---- ----
n n

[

(~In x,)(~ In \,) ] 2
~In :\ )lIn \) - -.

- , • I n

r=-----==:....--------------==-----

[
(~ In XY ] [ (~In y,f ]

~(In x,f - ~(In y, f - ----''-'--
n n

Remarks:

f\e~;'J1J\e ;md-zcrn \alue~ of x, will C3lJ~C a machine erwr for IOfarithmic curve
fits. r'\Cf3Ii\c and l-ern \alue~ of y, will C3u~e a m:Jchinc error for exponential
cune fll~_ Fl)r Pi)\\ cr curve fll, h0th:\i :Jnd), mllS! he' r<'~ili\e. non-zero \-alues.

Refi~tcr~ R~- R, :ue 3\3ilable f0r u~er Q0r:lfc.

It i~ not ncce~~ary to key in the \ \;lIuc if it corre~rl'nds to the counter returned
to the displ3y (~t:e t'\Jll1pk 1)

As the difference~ bct\\een x 3nd/or y \-3Iues hecome small. the accuracy of the
refression cocfficient~ will dl'crease.

Figure 14. Power Function Fitting Equations.


