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Since t h e  e a r l y  19501s, t he  d i s t r i b u t i o n  o f  sediment a t  t h e  

mouth o f  Redwood Creek has been a l t e r e d  by the  e f f e c t s  o f  channel 

aggradat ion and channel i z a t i o n  a long t h e  1  ower reach. Severe f lood-  

i n g  i n  1953, 1955, and 1964 caused bank eros ion ,  l a n d s l i d i n g ,  and 

channel geometry changes a long Redwood Creek. The increased sediment 

l oad  r e s u l t e d  i n  channel aggradat ion and widening along the  lower 

f 1 oodplain.  F lood c o n t r o l  1 evees cons t ruc ted  f rom 1966 t o  1968 

channel ized the  lower reach o f  Redwood Creek and extended beyond the  

l a s t  downstream meander. The d i s t r i b u t i o n  o f  e r o s i o r ~ a l  and deposi - 
t i o n a l  s i t e s  a t  the mouth has been more d r a s t i c a l l y  a l t e r e d  by t h e  

e f f e c t s  o f  channe l i za t i on  than o f  aggradat ion.  

Channel izat ion was accompanied by removal o f  bed roughness 

elements, shaping a  t rapezo ida l  channel w i t h  an increased hydraul  i c  

rad ius ,  and steepening the  channel g rad ien t .  Th i s  caused an increase 

i n  t he  mean v e l o c i t y  and frequency o f  m o b i l i z a t i o n  o f  t he  subs t ra te  

between t h e  levees. Wi th streamflow conf ined between t h e  levees, 

sediments deposi ted i n  t he  l a s t  downstream meander (sou th  s lough)  and 

n o r t h  slough are no longer  f l ushed  f rom the  mouth o f  Redwood Creek. 

Since 1966, 47-54 percent  o f  the  lower es tuary  (between 0  and 4  f e e t  

above MSL) has f i l l e d  w i t h  sediment o r  become i s o l a t e d  f rom t h e  

embaymen t . 
Sediment y i e l d  o f  Redwood Creek i s  among t h e  h ighes t  f o r  a  bas in  

of i t s  s i z e  i n  Nor th America, b u t  under p resent  cond i t i ons  f l u v i a l  * -  
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Flood H i s t o r y  and Sedimentat ion a t  t he  

Mouth of Redwood Creek, Humboldt County, C a l i f o r n i a  

INTRODUCTION 

Sediment which has accumulated a t  t he  mouth o f  Redwood Creek i n  
r ecen t  years has d r a s t i c a l l y  reduced t h e  volume o f  aqua t i c  h a b i t a t .  

I nc reas ing  concern about t h e  p r o d u c t i v i t y  o f  t h i s  h a b i t a t  prompted 

t h e  a d m i n i s t r a t o r s  o f  Redwood Na t i ona l  Park t o  i n i t i a t e  i n t e r d i s c i -  

p l i n a r y  s tud ies  a t  t he  mouth o f  Redwood Creek. The o b j e c t i v e  of t h i s  

phase o f  t h e  p r o j e c t  has been t o  i d e n t i f y  t he  processes, sources and 

r a t e s  o f  sediment accumulat ion i n  o r d e r  t o  recommend rehab i  1  i t a t i o n  

a1 t e r n a t i v e s .  

Coastal  r i v e r  mouths a r e  h i s t o r i c a l l y  and seasona l l y  v e r y  

dynamic. Nearshore and beach sediments s h i f t  i n  response t o  wind, 

wave, and t i d a l  energy expended a long  t h e  c o a s t l i n e .  Marine process-  

es i n t e r a c t  w i t h  f l u v i a l  processes and b o t h  a r e  h i g h l y  v a r i a b l e .  I n  

n o r t h e r n  C a l i f o r n i a ,  c l i m a t i c ,  t e c t o n i c  and 1  i t h o l o g i c  f a c t o r s  r e s u l t  

i n  suspended sediment y i e l d s  among t h e  h i g h e s t  i n  Nor th  America f o r  

dra inage bas ins  o f  comparable s i z e  (Table 1). Large volumes of 

sediment supp l i ed  t o  n o r t h e r n  C a l i f o r n i a  r i v e r  mouths a re  s u b j e c t  t o  

extreme seasonal v a r i a t i o n s  i n  r u n o f f  and wave energy. 

Redwood Creek d r a i n s  a  long ,  narrow b a s i n  w i t h  an area o f  

720 km2 (280 mi2 )  (F i gu re  1). I t  i s  one o f  severa l  r i v e r s  o r i e n t e d  

a long  nor th -nor thwes t  t r e n d i n g  f a u l t  zones which have steep g r a d i e n t s  

due t o  r a p i d  e ros ion  i n  t h e  reg ion .  The mouth o f  Redwood Creek i s  

l o c a t e d  4.0 r i v e r  k i l o m e t e r s  (2.5 m i )  west o f  Or ick ,  C a l i f o r n i a  

(F igu res  1 and 2 ) .  Downstream f rom i t s  con f luence  w i t h  P r a i r i e  Creek 

(F igu re  2),  Redwood Creek f l o w s  w e s t e r l y  th rough  a  widening v a l l e y  t o  

t h e  ocean. 

The mouth i s  she1 t e r e d  on t h e  n o r t h  s i d e  by an unnamed p o i n t  and 

severa l  sea s tacks.  P resen t l y ,  t h e  mouth c o n s i s t s  o f  t h e  main 

channel of Redwood Creek, t h e  n o r t h  and south sloughs, and an embay- 

ment. The embayment i s  t h e  r e l a t i v e l y  deep, broad p a r t  o f  a  t i d a l  

i n l e t  1 andward f r om t h e  beach. 



Figure 1: Northern California Location Map 





TABLE 1: Suspended Sediment Y i e l d  f o r  Nor thern  C a l i f o r n i a  and Other  
Nor th  American R ivers .  No r the rn  Cal i f o r n i a  R i ve rs  Ranked 
by Average Annual Sediment Load (da ta  f r om Janda and Nolan, 
1979, Table 1; Gr iggs  and Hein, 1980, Tab le  1; o t h e r  No r th  
American r i v e r s  da ta  f rom Hol eman, 1968). 

PERIOD AVERAGE ANNUAL 
DRAINAGE OF RECORD SEDIMENT YIELD 

STREAM/STATION AREA ( K M 2 )  (WATER YEARS) TONNES/KM*/YR 

Eel  R i v e r  @ S c o t i a  8,063 1958 - 1977 2,760 

Van Duzen R i v e r  near  
B r i d g e v i l  l e  ( T r i b u t a r y  1956 - 1967 
o f  Eel  R i v e r )  575 1975 3,000 

Klamath R i v e r  @ Or leans 21,950 1968 - 1977 162 

T r i n i t y  R i v e r  @ Hoopa 
( T r i b u t a r y  o f  K l  amath 
R i v e r )  7,389 1957 - 1977 630 

Mad R i v e r  @ A rca ta  1,256 1958 - 1974 2,000 

Sacramento R i v e r  
@ Sacramento 

Russian R i v e r  near  
Guernevi l l e  

Redwood Creek @ Orickl  720 1971 - 1977 2,250 

M a t t o l e  R i v e r  near  P e t r o l i a  622 1967 5,730 

J. 
Janda (1978, p. 3) r epor t s  t h a t  Redwood Creek a t  Orick t ranspor ted  
2,620 tonnes/lan2 (7,480 T/mi2) during WY 1971-1976. This i s  32 percent  
more than was transported p a s t  Eel River a t  Sco t i a  f o r  t he  same period.  
The suspended sediment d ischarge  f o r  Redwood Creek was increased by major 
storms which were more in t ense  i n  the  no r th  during t h e  period of con- 
cu r ren t  record (Janda and Nolan, 1979, p. I V - 1 1 ;  Harden and o the r s ,  1978). 

Griggs and Hein (1980, Table 1 )  est imated sediment y i e l d  f o r  t he  Mattole 
River near  P e t r o l i a  by us ing  values from gauged streams i n  t h e  v i c i n i t y ,  
sediment plumes on LAMISAT imagery and considering bas in  geology and 
r e l i e f .  The est imated y i e l d ,  2,500 tonnes/lon2/yr, is  l e s s  than h a l f  of  
t h e  value measured f o r  WY 1967. However, based on o the r  nearby gauging 
s t a t i o n s ,  Janda and Nolan (1979, p. IV-11) indica ted  t h a t  WY 1967 d id  no t  
have any unusually l a r g e  storms and except ional ly  h igh sediment y i e l d s  
could be expected ,fkom the 'Mattole River basin. 



TABLE 1: (cont inued) 

PERIOD AVERAGE ANNUAL 
AREA ( KM2 ) OF RECORD SEDIMENT YIELD 

STREAM/STATION DRAINAGE (WATER YEARS) TONNES/KM2/Y R 

Colorado 356,900 1926 - 1957 380 

M iss i ss ipp i  3,222,000 1952 - 1965 97 

Columbia 

Saskatchewan 

Rio San Juan 

Average, North America 86 

The steep stream g rad ien t  a long lower Redwood Creek l i m i t s  t h e  

upstream ex ten t  o f  sa l twa te r  i n t r u s i o n  and t i d a l  f l u c t u a t i o n s .  As 

s t r i c t l y  def ined, i t  may be argued t h a t  t he  term "estuary"  i s  

i napp rop r ia te  f o r  the  mouth o f  Redwood Creek. I n  terms of t h e  

c l a s s i c a l  drowned r i v e r  v a l l e y  o r  coas ta l  p l a i n  estuary,  t he  Redwood 

Creek Val l e y  i s  almost complete ly  f i  1 led. Sediment t ranspor ted  

du r ing  f l oods  i s  deposited across the  lower Redwood Creek Va l l ey  

f l oodp la in  and forms a submarine f a n  o f fshore .  P r i t c h a r d  (1967, p.3) 

de f ines  an es tuary  as a "semi-enclosed coas ta l  body o f  water which 

has a f r e e  connect ion w i t h  the  open sea and w i t h i n  which sea water  i s  

measurably d i l u t e d  w i t h  f r e s h  water  der ived f rom l a n d  drainage." 

Throughout much o f  t he  year ,  h i g h  f reshwater  d ischarge o r  t he  

presence o f  a s i l l  aiross the  mouth o f  Redwood Creek prevents the  

e n t r y  o f  sea water. Also, displacement o f  the  t i d a l  p r ism by sed i -  

ment accumulation has decreased the  p o t e n t i a l  f o r  s a l t w a t e r  

i n t r u s i o n .  

P r i o r  t o  recent  changes i n  sedimentat ion pa t te rns ,  t he  mouth of 

Redwood Creek func t ioned l i k e  o t h e r  smal l  es tua r ine  systenis i n  

nor thern  C a l i f o r n i a  and southern Oregon, such as the  Sixes R i v e r  

mouth (Jones, 1972; Reimers, 1973; Boggs and Jones, 1976). Sediment 

trapped i n  the  es tuary  du r ing  summer cond i t i ons  o f  low streamflow was 

f lushed during per iods of h igh  discharge. 



Increased sediment i n p u t  from t h e  b a s i n  and a r t i f i c i a l  channel i - 
z a t i o n  o f  1  ower Redwood Creek have e v i d e n t l y  changed t h e  d i  s t r i  b u t i o n  

o f  sediment a t  t h e  mouth ove r  t he  l a s t  30 years .  The t e x t u r e  and 

q u a n t i t y  o f  sediment d e l i v e r e d  t o  t he  mouth have been a1 t e r e d  by l a n d  

use and f l o o d s  i n  t he  bas in .  Floods i n  1953, 1955 and 1964 prompted 

t h e  U.S. Army Corps o f  Engineers t o  channe l i ze  Redwood Creek i n  t he  

v i c i n i t y  of O r i c k  (F igu re  2 ) .  The lowermost s e c t i o n  o f  t h e  levee  

extends beyond t h e  l a s t  downstream meander and d i v e r t s  t h e  f low 

d i r e c t l y  t o  t h e  ocean. 

Understanding t he  r e l a t i v e  c o n t r i b u t i o n s  o f  these  two causes of 

long- term sediment accumulat ion i s  c r u c i a l  f o r  management and 

rehab i  1  i t a t i o n  e f f o r t s .  When p ropos ing  t o  a1 t e r  segments of t h e  

l evee  t o  r e s t o r e  c i r c u l a t i o n  i n  backwater areas,  t h e  p o t e n t i a l  

e f f e c t s  o f  aggrada t ion  shou ld  be considered. A1 so, movement of  

anomalously l a r g e  q u a n t i t i e s  o f  sediment s t o r e d  i n  Redwood Creek 

b a s i n  i s  r e l e v a n t  t o  t h e  t i m i n g  o f  p lans  f o r  such l e v e e  a l t e r a t i o n s .  

The f e a s i b i l i t y  o f  dredging a l t e r n a t i v e s  may be assessed, based on 

l o c a t i o n s  and r a t e s  of sed imenta t ion  i n  t h e  es tuary .  

I n  o r d e r  t o  o b t a i n  a  pe rspec t i ve  on t h e  magnitude of annual and 

seasonal sedimentat ion,  t h e  h i s t o r y  o f  f l o o d i n g  i s  presented i n  t h e  

f i r s t  h a l f  o f  t h e  t h e s i s .  Techniques used t o  e v a l u a t e  sed imenta t ion  

processes, sources and r a t e s  a r e  d iscussed i n  each o f  t h e  Methods 

sec t i ons  under  F lood H i s t o r y  and Sediment Sources and T ranspo r t  

Processes. Reviews o f  p e r t i n e n t  l i t e r a t u r e  and t h e  r e s u l t s  and 

d i scuss ion  have been organized by  t ime  sca le,  f r om 1  ong-term geo log i c  

s e t t i n g  t o  sho r t - t e rm  changes i n  c i r c u l a t i o n  and a q u a t i c  h a b i t a t .  



GEOLOGIC SETTING 

Regional Geology 

I n  n o r t h e r n  C a l i f o r n i a  ( F i g u r e  3 ) ,  Upper Ju rass i c  t o  Upper 

Cretaceous metasedimentary and metavol  can i  c  rocks  o f  t h e  Franc iscan 

assemblage a re  t h r u s t  beneath t h e  Klamath Mountains geo log i c  p rov f  nce 

( I r w i n ,  1966; Davis,  1966). The Klamath Mountains p rov ince  c o n s i s t s  

o f  Paleozoic  t o  Upper J u r a s s i c  o p h i o l  i tes ,  metasedimentary and 

metavolcanic  rocks  and melange, i n t r u d e d  by p l u t o n s  p r i m a r i l y  o f  La te  

Ju rass i c  age ( I r w i n ,  1966; Davis ,  1966). These rocks  occur  i n  a  

s e r i e s  o f  eastward d i p p i n g  t h r u s t  sheets,  a1 1 r e g i o n a l  l y  metamor- 

phosed t o  a t  l e a s t  t h e  g reensch i s t  fac ies .  S c h i s t s  o f  t h e  Cen t ra l  

Metamorphic b e l t  (CM) were metamorphosed t o  t h e  upper g reensch i s t  and 

alamandine-amphibol i t e  f a c i e s  (Davis ,  1966, p. 41) .  

On t h e  western boundary o f  t h e  Klamath Mountains p rov ince ,  t h e  

Western J u r r a s s i c  b e l t  i s  u n d e r t h r u s t  by t h e  Franc iscan assemblage 

a long  t h e  South Fork f a u l t  (Davis ,  1966; Harden and o the rs ,  1982) 

(see F igu re  4 ) .  

The Franc iscan assemblage occurs i n  nor th -nor thwes t  t r e n d i n g  

b e l t s  which d i f f e r  i n  degree o f  metamorphism, shear ing,  and t e c t o n i c  

m i x i n g  (Janda, 1979, p. 11-7). The assemblage c o n s i s t s  of  unbroken, 

coherent  u n i t s ;  broken f o rma t i ons  l a c k i n g  e x o t i c  t e c t o n i c  b locks;  and 

melange (Jones and o the rs ,  1978). B lake,  I r w i n ,  and Coleman (1967) 

c l a s s i f y  t h e  degree o f  metamorphism o f  these u n i t s  based on f a b r i c  

and minera logy.  Sandstones and mudstones o f  t h e i r  t e x t u r e  zone 1 a r e  

b u t  s l i g h t l y  r e c r y s t a l l i z e d  and appear unmetamorphosed w h i l e  t e x t u r e  

zone 3 metasediments a r e  f u l l y  segregated quar tz -mica- fe ldspar  and 

quartz-mica s c h i s t s .  

Geology o f  Redwood Creek Drainage Bas in  

Franc iscan u n i t s  on t h e  e a s t  and west  s i des  o f  t h e  Redwood Creek 

dra inage b a s i n  ( F i g u r e  4 )  a r e  separated by t h e  Grogan f a u l t  a long  a 

wide zone o f  b r e c c i a t i o n  (Kelsey, Weaver, and Madej, 1979, 

p .  XIII-9). A t e x t u r e  zone 1 sandstone and mudstone u n i t  on the 



F igure  3: Regional  Geolog ic  Map. 



F i g u r e  3: Regional Geologic Map 
Bathymetry from U . S ,  Department o f  Commerce, 1969 
Geology m o d i f i e d  f rom I r w i n ,  1966, p.22 
Quate rnary  f a u l t s  f rom Carver,  Stephens, and Young, 1982 
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Figure 4: Geologic Map of Redwood Creek Drainage Basin and Vicinity 
from Harden, Kel sey, Morrison, and Stephens, 1982; and 
Kelsey,, .19a2). 
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Figure  4: Geologic Map o f  Redwood Creek Drainage Basin and V i c i n i t y  
(from Harden, Kelsey, Morr ison,  and Stephens, 1982; and 
Kel sey , 1982)Cconti nued) 

EXPLANAT ION 
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Sandstone and Melange U n i t  o f  Snow Camp Mountain 

Symbols 
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T r i b u t a r i e s  

- - Faul ts ,  do t ted  beneath Qa l  and Q t  - Thrust  Faul ts ,  barbs on upper p l a t e  

---- Contacts, do t ted  beneath Q a l  and Q t  

------ Stream Terrace Deposi t s  ( Q t )  

.. . . . . . . . . . . . . . Modern Al luv ium ( ~ a l )  and Beach Deposits 



eas t  s i d e  i s  subd iv ided  i n t o  coherent  ( K J f l c )  and i ncohe ren t  ( K J f c c )  

subun i ts  (Harden and o the rs ,  1982). These subun i ts  c o n s i s t  o f  l i t h i c  

and q u a r t z o f e l d s p a t h i c  graywackes which resemble t h e  sandstones o f  

t h e  c e n t r a l  b e l t  Franc iscan descr ibed  by B lake  and Jones (1978). The 

incoheren t  subun i t  (KJ fcc )  con ta ins  fewer  massive sandstone beds, a 

lower  sandstone t o  mudstone r a t i o ,  and i s  more b r e c c i a t e d  than  t h e  

coherent  subun i t  ( K J f l c )  (Harden and o the rs ,  1982). The i ncohe ren t  

subun i t  a l s o  i nc l udes  t e c t o n i c  b l ocks  o f  greenstone and c h e r t  (Harden 

and others, 1982). 
The s c h i s t  o f  Redwood Creek ( K J f r c )  u n d e r l i e s  t h e  west s i d e  of 

t h e  dra inage b a s i n  and i s  l i t h o l o g i c a l l y  and t e x t u r a l l y  s i m i l a r  t o  

t h e  South Fork Mountain S c h i s t  (KJfsm) (B lake,  I r w i n ,  and Coleman, 

1967; Harden and others., 1982). Both s c h i s t s  c o n s i s t  o f  metamor- 

phosed mudstones w i t h  a  q u a r t z - a l b i t e - w h i t e  m i c a - c h l o r i t e  assemblage, 

and sandstones metamorphosed t o  q u a r t z o f e l d s p a t h i c  s c h i s t s .  Green- 
s tones and m e t a - t u f f s  w i t h  quar tz -a lb i t e -ch lo r i t e -ep ido te -ac t ino l i t e  

assemblages a l s o  occur  i n  t h e  s c h i s t  o f  Redwood Creek (Harden and 

o the rs ,  1982). The s c h i s t  o f  Redwood Creek exposed i n  t h e  sea s tacks  

and c l i f f s  a t .  t h e  mouth o f  Redwood Creek c o n s i s t s  o f  dark  g ray  

f i ne -g ra ined  carbonaceous s c h i s t  w i t h  abundant q u a r t z  ve ins  and l i g h t  

green c h l o r i t i c  s c h i s t  (S. Cashman, o r a l  communication, 1982). 

Quaternary Geology 

Nor th-nor thwest  t r e n d i n g  t h r u s t  f a u l t s  separate t h e  Frar lc iscan 

assemblage b e l t s  and commonly c o n t r o l  t h e  t r e n d  o f  r i d g e s  and v a l l e y s  

i n  no r t he rn  Cal i f o r n i a .  The h i s t o r y  o f  movement a long  these n o r t h -  

nor thwest  t r e n d i n g  f a u l t s ,  i n c l u d i n g  t h e  Grogan f a u l t ,  i s  unc lea r .  

As t h e  Mendocino T r i p l e  J u n c t i o n  m ig ra ted  nor thward i n  l a t e  T e r t i a r y  

t ime,  s t resses  exe r ted  by t h e  northward-moving P a c i f i c  P l a t e  may have 

r e a c t i v a t e d  s t r i k e - s l  i p  mo t i on  a long  these  o l d e r  t h r u s t  f a u l t s  

(J'anda, 1979, p. 11-4). 



Herd (1978) pos tu la tes  t h a t  r i g h t - l a t e r a l  displacement a long the  

San Andreas f a u l t  cont inues northward a long a  r i g h t - s t e p p i n g  en 

echelon f a u l t  system which i nc ludes  t h e  Maacama, Lake Mountain, and 

M c K i n l e y v i l l e  f a u l t  zones (F igu re  3) .  According t o  Herd (1978), 

these f a u l t  zones d e f i n e  d e f i n e  t h e  eas te rn  boundary o f  a narrow 

"Humboldt P la te"  which i s  be ing  under th rus ted  by the  Gorda P l a t e  

beneath the  c o n t i n e n t i a l  margin. However, r ecen t  exp lo ra t i ons  o f  

l a t e  Ple is tocene te r races  i n  t h e  T r i n i d a d  area show predominately 

d i p - s l  i p  motion on nor thwest  t r e n d i n g  , nor theas t  d ipp ing  reverse  and 
t h r u s t  f a u l t s  o f  t he  M c K i n l e y v i l l e  - Mad R ive r  f a u l t  zone (Carver, 

Stephens, and Young, 1982; Coppersmith and o thers ,  1982). 

Loca l i zed  u p l i f t  and subsidence c rea tes  problems w i t h  i n t e r -  

p r e t i n g  deformation r a t e s  o f  dated marine te r races .  Genera l ly ,  

deformation i s  more pronounced i n  h ighe r  t e r races ,  i n d i c a t i n g  

cont inuous deformation throughout  t h e  l a t e r  P le is tocene (Wahrhaft ig 

and Birman, 1965). U p l i f t  r a t e s  o f  2.5 meters/1000 years a t  Cape 

Mendocino (F igure  3 )  and 4.0 meters/1000 years  a t  Spanish F l a t  (about 

25 k i l ome te rs  southeast o f  Cape Mendocino), a re  t h e  h i g h e s t  r a t e s  

repo r ted  f o r  the  reg ion  ( L a j o i e  and o thers ,  1982; Sarna-Wojcicki  and 

others,  1982). 

Between T r i n idad  and P a t r i c k ' s  P o i n t  (F igu re  3 ) ,  a  we l l - p re -  

served sequence o f  f i v e  marine te r races  r i s e  t o  an e l e v a t i o n  of 244 

meters (1,130 f e e t )  (Stephens, 1982). Based on e leva t i ons  o f  dated 

te r races  developed on non- tec ton i  c  coast1 i nes , comparisons of so i  1  

p r o f i l e  development, and paleomagnetic data, these te r races  were 

probably  u p l i f t e d  a t  a  r a t e  o f  1.2 meters/1000 years d u r i n g  Quater -  

nary  t ime (Page, Packer and Stephens, 1982). T i l t i n g  o f  t h e  youngest 

t e r r a c e  below sea l e v e l  a t  B i g  Lagoon may be associated w i t h  down- 

warping on t h e  lower p l a t e  o f  t he  B i g  Lagoon f a u l t  (Stephens, 1982). 

E u s t a t i c  changes i n  sea l e v e l  due t o  c o n t i n e n t i a l  d e g l a c i a t i o n  

as w e l l  as t e c t o n i c  movements i n  t h e  Holocene have i n f l uenced  the  

present  shore1 i n e  c o n f i g u r a t i o n .  The most r a p i d  phase o f  degl ac ia -  

t i o n ,  f rom 10,000-7,000 years B. P. (before p resent )  was accompanied 

by a  worldwide sea l e v e l  r i s e  o f  8-10 m i l l i m e t e r s / y e a r  (Komar, 1976, 

p.  155; Bloom, 1978, p. 407). L i t t o r a l  depos i ts  developed as t h e  



r a t e  o f  r i s e  slowed t o  1.4 m i l l  i m e t e r s l y e a r  f r om 7,000-4,000 years  

B.P. (Komar, 1976, p .  155).  The sea reached i t s  p resen t  l e v e l  about  

4,000-2,000 years  ago, a l though t i d e  gauge records  i n  " s t a b l e  areas" 

show a  e u s t a t i c  r i s e  i n  sea l e v e l  o f  1.2 m i l l i r n e t e r s / y e a r  ove r  t h e  

pas t  50 years ,  w i t h  even h i g h e r  r a t e s  r e c e n t l y  (Komar, 1976, p. 

156 c . f .  Marmer, 1952).  Sea l e v e l  dropped between 1800 and 1850, 

fo l lowed by a  c l i m a t i c  warming t r e n d  s i nce  1850 (Komar, 1976, p. 

157).  

Recent submergence between B i g  Lagoon and O r i c k  ( F i g u r e  4 )  i s  

ev i den t  f rom lagoons and a1 1  u v i a t e d  coas ta l  v a l l  eys (Janda and 

o thers ,  1975, p. 21) .  Geomorphic evidence a t  t h e  mouth of Redwood 

Creek suggests t e c t o n i c  emergence r a t h e r  t han  submergence. The smal l  

s i z e  o f  t he  Redwood Creek e s t u a r y  and l i m i t e d  t i d a l  i n f l u e n c e  argue 

aga ins t  downwarping a t  t h e  mouth. P r i o r  t o  l evee  c o n s t r u c t i o n ,  t h e  

channel appeared t o  be a t  grade, w i t h  a h i s t o r i c a l l y  s t a b l e  meander 

con f i gu ra t i on .  Dendrochronolog ica l  da ta  presented i n  t h e  n e x t  

s e c t i o n  p rov ide  o t h e r  evidence o f  r e l a t i v e  channel s t a b i l i t y  f o r  t h e  

pas t  98 years.  

Recent aggrada t ion  o f  Redwood Creek i s  p robab ly  a  normal phase 

i n  t h e  e v o l u t i o n  o f  a  t e c t o n i c a l l y  emergent b a s i n  as desc r i bed  by  

Bloom (1978, p. 247).  However, i t  seems t h a t  aggradat ion,  t r i g g e r e d  

by i n tense  storms, has been compounded by severe ground d i s r u p t i o n  i n  

t h e  bas in .  Re la t i ons  among land-use changes, f l o o d  magnitude and 

frequency, channel aggrada t ion  and 1  ong-term e s t u a r i n e  sed imenta t ion  

a r e  addressed i n  t h e  n e x t  sec t i on .  



REDWOOD CREEK DRAINAGE BASIN 

P r e c i p i t a t i o n ,  Runoff and Sedimentat ion 

The seasonal concent ra t ion  and h i g h  annual values o f  p r e c i p i -  

t a t i o n  are major f a c t o r s  i n  t he  h igh  sediment y i e l d  f rom the  Redwood 

Creek drainage basin. Mean annual p r e c i p i t a t i o n  i s  200 cent imeters 

(80 inches) f o r  t he  basin,  a l though l o c a l  r a i n f a l l  may vary by as 

much as 8.3 cent imeters/100 meters o f  e l e v a t i o n  (10 inches/1000 f e e t )  

due t o  orographic  e f f e c t s  (Rantz, 1964). R a i n f a l l  associated w i t h  

major storms i s  o f t e n  d i s t r i b u t e d  unevenly across the  n o r t h  t o  south 

elongated basin.  Most o f  t he  p r e c i p i t a t i o n  occurs f rom November t o  

March, t he  season o f  h igh  s o i l  mo is tu re  and low evapo t ransp i ra t i on  

r a t e s  (F igu re  5).  The mean annual r u n o f f - p r e c i p i t a t i o n  r a t i o  was 

66 percent  f o r  water  years (MY)  1954-1973 (Janda and o thers ,  1975, 

p. 136 c . f ,  Rantz, 1964). For  i n d i v i d u a l  storms, r u n o f f  may approach 

much h ighe r  va lues due t o  shal low s o i l s ,  impervious bedrock and steep 

t r i b u t a r i e s .  Floods are gene ra l l y  assoc ia ted  w i t h  warn storms of 

reg iona l  ex ten t ,  producing prolonged r a i n f a l l  o f  moderate i n t e n s i t y  

(Janda and o thers ,  1975). High antecedent p r e c i p i t a t i o n  has a1 so 

c o n t r i b u t e d  t o  major f l o o d s  o f  t h e  p a s t  30 years  (Table 2 ) .  

In f requent ,  h igh  magnitude storms account f o r  a  d i s p r o p o r t i o n a t e  

share o f  sediment t r a n s p o r t  r e l a t i v e  t o  water  discharge. For 

example, on t h e  Eel R i ve r  a t  Scot ia ,  approx imate ly  314 m i l l i o n  tons 

o f  suspended sediment were t ranspo r ted  d u r i n g  W Y  1957-WY 1967. O f  

t h a t  amount, 145 m i l l i o n  tons o r  46 percent  were measured i n  t he  

10-day per iod ,  December 21-30, 1964 (Brown and R i  t t e r ,  1971). For  

Redwood Creek a t  Or i ck  du r i ng  WY 1971-WY 1973, 80 percent  o f  t h e  

t o t a l  suspended sediment l oad  was t ranspo r ted  du r i ng  h igh  stream 

discharges t h a t  occurred o n l y  5  percent  o f  t h e  t ime.  Dur ing these 

major  events, 37 percent  o f  the  t o t a l  water  d ischarge f o r  WY 1971- 

WY 1973 was measured (Janda and o thers ,  1975). 

Observed changes i n  d ischarge and sediment t r a n s p o r t  charac ter -  

i s t i c s  may be caused by i n t e n s i v e  l a n d  d is tu rbance and/or f l o o d  

damage. Th i s  i s  a  c o n t r o v e r s i a l  i s sue  t h a t  need n o t  be addressed 

here. Changes i n  r a i n f a l l  - runof f  r e l a t i o n s  a re  suggested by f l o w  



Figure 5: Mean Monthly Prec ip i t a t ion  and Temperature f o r  Ori ck- 
P r a i r i e  Creek S t a t e  Park and Mean Monthly Runoff f o r  
Redwood Creek a t  Orick f o r  Water Years 1954-1972 
(from Janda and o thers ,  1975, p.21) 

MONTH 



TABLE 2: Instantaneous Peak Discharge, Total Runoff and Antecedent P r e c i p i t a t i o n  Index a t  Orick 
f o r  Recent Major Floods on Redwood Creek (revised from Harden, Janda and Nolan, 1978, 
p. 33). 

Instantaneous Antecedent 
Peak Discharge Storm Runoff Prec ip i ta t ion  1ndex1 

m3/  sec m3/sec/km2 cm cm 
Storm Dates (CFS) (CFS/mi 2 ,  ( i n )  ( i n )  

January 16-20, 1953 
(peak January 18) 

December 15-23, 1955 
(peak @ 0600, December 22) 

December 18-24, 1964 
(peak @ 2100, December 22) 

January 19-24, 1972 
(peak @ 1430, January 22) 

March 1-4, 1972 
(peak @ 0045, March 3 )  

March 15-24, 1975 
(peak @ 1300, March 18) 

API indicates  the  e f f e c t  of previous ra in fa l l  i n  wetting t h e  s o i l  and of natural 
drainage and evapotranspirat ion in  reducing the so i l  moisture. 

Total runoff a t  Orick f o r  the  extended storm period December 18-30, 1964, was w 

64.0 cm (25.2 i n ) .  w 



d u r a t i o n  curves cons t ruc ted  f o r  two pe r i ods ,  WY 1954-WY 1963 and 

WY 1964-WY 1973 (Janda and o the rs ,  1975, p. 155).  More f r e q u e n t  h i g h  

peak d ischarges and l owe r  summer f lows observed i n  t h e  l a t t e r  p e r i o d  

cou ld  r e s u l t  from increased runof f .  Janda and o the rs  (1975, p. 155) 

a l s o  r e p o r t  a  t r e n d  toward h i g h e r  r u n o f f  and h i g h e r  r u n o f f - p r e c i p i -  

t a t i o n  r a t i o s  du r i ng  a  p e r i o d  o f  decreased annual p r e c i p i t a t i o n .  The 

r a i  n f a l  1  - r u n o f f  model f o r  Redwood Creek con~puted by Lee, Kappl e  , and 

Dawdy (1975) i n d i c a t e s  a  20 pe rcen t  i nc rease  i n  s torm season r u n o f f  

between WY 1954-WY 1958 and W Y  1968-WY 1972. 

A t  t h e  r i v e r  mouth, t h e  magnitude o f  peak d ischarge  a f f e c t s  t h e  

degree o f  channel and bank e r o s i o n  and overbank depos i t i on .  Lower 

summer f l o w s  i n f l u e n c e  t h e  wa te r  volume o f  a q u a t i c  h a b i t a t  by  
a f f e c t i n g  c l o s u r e  and b reach ing  o f  t he  mouth. 

Assoc ia ted w i t h  inc reases  i n  t h e  f requency and magnitude o f  peak 

d ischarges,  changes i n  sediment t r a n s p o r t  r e l a t i o n s  have been 

observed f o l  l ow ing  t he  1964 f l o o d  on many n o r t h e r n  Cal i f o r n i a  streams 

(Brown and R i t t e r ,  1971). For  a  g i ven  d ischarge ,  suspended sediment 

loads  inc reased  two t o  f i v e  t imes  ove r  p r e - f l o o d  values, b u t  then  

decreased toward t h e  pre-1964 f l ood  l oads  (Janda, 1978, p. 51) .  

S i m i l a r  s l i g h t  inc reases  may have occu r red  on Redwood Creek i n  

response t o  t h e  January and March, 1972 f l o o d s  (Janda and o the rs ,  

1975). 

Stream channel c o n f i g u r a t i o n  changes a long  most reaches of 

Redwood Creek suggest t h a t  sediment ava i  1  a b l  e  f o r  bed1 oad t r a n s p o r t  

inc reased  f o l l o w i n g  ma jo r  f l o o d s  i n  1953, 1955, and 1964. The 

bedload p l u s  suspended sand l o a d  measured a t  t h e  O r i c k  gaging s t a t i o n  

has been es t imated  t o  be 37 pe rcen t  l e s s  than  t h e  amount pass ing  t h e  

South Park Boundary gaging s t a t i o n  (Nolan and Janda, 1979, p. X-12). 

The m a j o r i t y  o f  t h e  su rp lus  coarse sediment must be s to red  a long  t h e  

i n t e r v e n i n g  32 -k i l ome te r  (20-mi l e )  reach. Inc reased  sediment s to rage  

a long  Redwood Creek has been documented by  c ross -sec t i ons  e s t a b l i s h e d  

by t h e  U.S. Geo log ica l  Survey i n  1973, and more recen t  surveys b y  

Redwood Na t i ona l  Park personnel (Nolan, Harden, and Janda, 1976; 

Nolan, 1979; Kelsey and o thers ,  1981). Aggrada t ion  has been accom- 

pan ied  by inc reased  streambed e l e v a t i o n ,  channel w i d t h  and v e l o c i t y  , 
more b r a i d e d  channel p a t t e r n s ,  and streambank e ros ion .  Bank-cu t t ing  



a1 ong reaches l a c k i n g  an upper f l o o d p l a i n  acce le ra tes  streamside 

l a n d s l  i d i n g  and l o s s  o f  r i p a r i a n  vege ta t i on .  Streamside l a n d s l  ides  

and aggrading channels a re  v i s i b l e  on a e r i a l  photos taken s i nce  the  

m i d - f i f t i e s  (Nolan and Janda, 1979, p. - 1 )  The December, 1964 

f l o o d  i n i t i a t e d  t h e  most i n t e n s e  r e c e n t  episode o f  aggradat ion. 

L a t e r  f l o o d s  a l s o  d e l i v e r e d  more sediment t o  t h e  channel than cou ld  

be e f f e c t i v e l y  t r anspo r ted  by Redwood Creek (Janda, 1978, p. 20, 50). 

Loca l i zed  scour has been observed i n  upstream reaches which 

aggraded f o l l o w i n g  the  1964 f l o o d .  Janda (1978, p. 21) r e p o r t e d  t h a t  

t h e  zone o f  g r e a t e s t  aggrada t ion  moved downstream t o  t h e  reach 

between Elam Creek and the  mouth o f  t h e  gorge f o l l o w i n g  the  f l oods  of 

1972 and 1975 (Table 2, F i gu re  4 ) .  Cons ider ing  es t imated  bedload 

t r a n s p o r t  r a t e s  and t he  volume o f  m a t e r i a l  i n  s torage,  Janda (1978, 

p. 56)  speculated t h a t  Redwood Creek would n o t  r e t u r n  t o  i t s  pre-1964 

f l o o d  c o n f i g u r a t i o n  f o r  cons ide rab l y  more than  15 years.  D e t a i l e d  

i n v e n t o r i e s  o f  sediment s t o r e d  i n  t h e  a c t i v e  channel o f  Redwood Creek 

above t h e  1947 thalweg y i e l d e d  an e s t i m a t e  o f  40 yea rs  of e q u i v a l e n t  

sediment d ischarge  s to red  upstream o f  O r i c k  (Ke lsey  and o the rs ,  1981, 

p. 64).  T h i s  es t imate  was based on an annual bedload and coarse 

suspended 1 oad o f  463,000 t onnes l yea r  (510,000 tons /year )  . 
On t h e  Eel R i v e r  a t  Sco t ia ,  h i g h e r  percentages o f  sand were 

t r a n s p o r t e d  i n  suspension d u r i n g  f l o w s  g r e a t e r  than  1,130 m3/second 

(40,000 c f s )  f o l l o w i n g  t h e  1964 f l o o d  (Brown and R i t t e r ,  1971, 

p. 32-34). It would be reasonable t o  expec t  a  s i m i l a r  s h i f t  i n  

p a r t i c l e - s i z e  d i s t r i b u t i o n  i n  suspended l oads  a l ong  Redwood Creek. 



FLOOD HISTORY 

Methods 

Each method used t o  examine t h e  e f f e c t s  o f  f l o o d i n g  on the  

morphology of lower Redwood Creek covers a d i f f e r e n t  t ime scale. 

P r e h i s t o r i c  and e a r l y  h i s t o r i c  f l o o d  features have been preserved on 

the  f l oodp la in  (F igure  6 ) .  Here, t he  term f l o o d p l a i n  r e f e r s  o n l y  t o  

the  area inundated by s t reamf l  ows g rea te r  than b a n k f u l l ,  downstream 

from the  confluence o f  Redwood Creek and P r a i r i e  Creek (F igu re  7) .  

These morphological fea tures  are  discussed w i t h  dendrochronological 

evidence o f  f l o o d  magnitudes from 1600 t o  1964. From a e r i a l  photo- 
graphy f o r  t h e  pe r iod  1931-1981, d e t a i l s  o f  e ros ion  and depos i t i on  

across the  f l o o d p l a i n  and mouth have been i n t e r p r e t e d .  Bathymetr ic  

p r o f i l e s  document the  1964-1981 p e r i o d  be fore  and a f t e r  channel i - 
z a t i o n  o f  Redwood Creek. 

Dendrochronological techniques were app l i ed  t o  assess t h e  

re1  a t i v e  s t a b i l  i t y  o f  t he  na tu ra l  channel c o n f i g u r a t i o n  near t h e  

mouth. The spruce-alder f o r e s t  l o c a t e d  between the  downstream 

meander and former over f low channels (F igure  6)  was mapped us ing  1967 

a e r i a l  photography. Annual growth r i n g s  were v i s i b l e  on many stumps 

l e f t  f rom spruce harvested i n  1978. Counted ages were ad jus ted  t o  

account f o r  the  t ime s ince harves t  (3  years)  and t ime t o  a t t a i n  stump 

he igh t  (assumed t o  be 2 years) .  Standing l i v e  spruce and se lec ted  

a l d e r  were dated f rom increment cores taken a t  b reas t  he igh t  (3 years 

added). I n d i s t i n c t  annual r i n g s  i n  t h e  a l d e r  cores were counted w i t h  

the  a i d  o f  a dendrochronometer. 

I n te rv iews  w i t h  l o c a l  res iden ts  prov ided i n fo rma t ion  on the  

h i s t o r i c  f i s h e r y  and e f f e c t s  o f  f l o o d s  on Redwood Creek (Feranna and 

Ricks, unpubl i shed r e p o r t ) .  Oral  records  descr ibe  f l o o d  magnitude , 
f lood depos i ts  , channel c o n f i g u r a t i o n  changes, marine cond i t ions ,  and 

water depth a t  t he  mouth of Redwood Creek (Appendix A). 

The dates and magnitudes o f  e a r l y  f l o o d s  on Redwood Creek have 

been i n f e r r e d  f rom reg iona l  p r e c i p i t a t i o n  and streamflow data 

(McGlashan and Br iggs,  1939; Paulsen, 1953; U. S. Army Corps o f  

Engineers, 1961, Table A-2, A-4; Harden, Janda, and Nolan, 1978). 
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F igure 6: Obl ique Ae r i  a1 Photograph, Mouth. o f  Redwood Creek, September ,".l948. 
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F igure 7: Redwood Creek Floodplain,  1964 Flood Deposits and Selected Cul tura l  F e a t u r e s  1 



Figure  I : Redwood Creek Floodpla in  
1964 Flood Deposi ts  and Se lec t ed  C u l t u r a l  Fea tu re s  
( c o n t i  nued) 

1964 Flood Deposi ts  - Mapped Units  

(McLaughlin and Harradine,  1965, Map Sheet  1)  

---- Floodpla in  

----- Mapped Units 

Sandy depos i t s  g r e a t e r  than  one f o o t  

Sandy deposits  of one foot  or less 

S i l t y  depos i t s  g r e a t e r  than one f o o t  

S i l t y  depos i t s  of one f o o t  o r  l e s s  

Riverwashed a reas  p r i o r  t o  r e c e n t  f l o o d ,  b a n k f u l l  channel 

X 
SA-4 Core loca t ions  wi th  depth of d e p o s i t  ( i nches )  

t ex tu re :  SA=sand, sl =s i l t  

Other Fea tures  

Highway 101 

Redwood Creek Bridge 

Baine ' s  bend 
Chapman ' s d ike  
C a l i f o r n i a  P a c i f i c  M i l l  s i t e  
Dorrence Creek 
Former channel ,  marked by willows 
F o s t e r ' s  f i e l d  
Hagood's Hardware S t o r e  
Hufford 's  m i l l  
Kring 's  house 
Lundblade subdiv is ion  
Marvin Barlow's house 
McNamara' s driveway 
Middle i s l a n d  
Middle slough 
North c l i f f s  
Nei lsen '  s log  jam 
North slough 
P r a i r i e  Creek 
Palm Motel 
Rainbow Motel 
Strawberry Creek 
Sand Cache Creek 
Savina and Marvin Barlow's p r e s e n t  house 
Tip ton ' s  Motel 



Af te r  1949, peak f l o o d  stages were measured by the  U. S. Army 

Corps of Engineers w i t h  a  s ta f f  gauge a t  t he  Or ick  br idge,  p r i o r  t o  

establ ishment of the  U. S. Geological Survey gauging s t a t i o n  i n  

October, 1953. P r e c i p i t a t i o n  gauges i n  t he  Redwood Creek bas in  have 

prov ided d e t a i l s  of storm i n t e n s i t y ,  du ra t i on ,  and d i s t r i b u t i o n  s ince 

the  e a r l y  1950's. 

H i s t o r i c a l  photos were obta ined f rom a  v a r i e t y  o f  sources 

(Appendix B ) .  Photo i n t e r p r e t a t i o n s  were supplemented by i n te rv iews  

and streamflow gauging data.  F loodp la in  and channel c o n f i g u r a t i o n  

changes have been referenced t o  se lec ted  c u l t u r a l  f ea tu res  

(F igure  7 ) ,  p a r t i c u l a r l y  those mentioned i n  Appendix A. S o i l  surveys 

f o l l o w i n g  the  December, 1964 f l o o d  i nc luded  maps o f  t he  depth and 

t e x t u r e  of f lood deposi ts  i n  Humboldt County (McLaughlin and Harra- 

d ine,  1965, Map Sheet 1 ) .  Mapped u n i t s  and core sample l o c a t i o n s  

obta ined from the  o r i g i n a l  f i e l d  over lays have been p l o t t e d  on the  

Redwood Creek f l oodp la in  map (F igure  7) .  

V e r t i c a l  a e r i a l  photos taken from 1931 t o  1968 were reduced o r  

enlarged t o  a  common scale i n  o rder  t o  cons t ruc t  maps o f  streambank 

eros ion  and m ig ra t i on  of t he  l a s t  downstream meander as w e l l  as 

sedimentat ion i n  the  embayment. P o t e n t i a l  i n t e r a c t i o n s  between h igh  

stream discharge and marine cond i t i ons  were evaluated by p l o t t i n g  

hydrographs f o r  f l oods  gauged a t  Or i ck  w i t h  t i d e  he igh ts  p r e d i c t e d  

f o r  Humboldt Bay. Since h igh  water l e v e l s  obscure many o f  the  

c r i t i c a l  features on the  a e r i a l  photos, maps were n o t  drawn f o r  t he  

pos t -channe l iza t ion  per iod.  - 
Changes i n  sediment d i s t r i b u t i o n  f o l l o w i n g  levee c o n s t r u c t i o n  

were documented by comparing surveys f rom summer, 1980, and spr ing ,  

1981, w i t h  U. S. Army Corps o f  Engineers maps (1964 and 1966 surveys, 

Drawing Number 85-33-6, Sheets 8 and 16, San Francisco D i s t r i c t  Corps 

of Engineers). De ta i l ed  topographic/bathymetr i  c  maps and p r o f i l e s  

were surveyed us ing  an eng ineer 's  automat ic  l e v e l  ( o r  occas iona l l y  a  

t h e o d o l i t e ) ,  Brunton compass and s t a d i a  r o d  (see Map P l a t e  1 f o r  

p r o f i l e  l o c a t i o n s ) .  The s tad ia  rod  was l e v e l e d  f rom a  smal l  rowboat 

o r  canoe t o  ob ta in  bathymetr ic  contours i n  areas where deep water  

p r o h i b i t e d  wading. The survey data were reduced and p l o t t e d  by 



computer on MINITAB, a packaged s t a t i s t i c a l  program. Seventeen 

p r o f i l e s  were d r a f t e d  w i t h  the  a i d  o f  a graphics p l o t t e r  

(Appendix C). I n  order  t o  f a c i l i t a t e  comparisons w i t h  Army Corps 

surveys, t he  topographic lbathymetr ic  maps were p l o t t e d  a t  a scale of 

one i nch  equals 100 f e e t .  Contours were d r a f t e d  a t  two- foot  i n t e r -  

va ls ,  al though on l y  the  f o u r - f o o t  contours appear on the  reduced maps 

(Map P la tes  1-3) .  The topographic/bathymetr ic  maps were used t o  

est imate changes i n  water volume and sediment d i s t r i b u t i o n  a t  t h e  

mouth. Areas were obta ined e i t h e r  w i t h  a d i g i t a l  readout p lan imeter  
o r  an e l e c t r o n i c  d i g i t i z e r .  

Flood Maqni tude and Frequency 

Upstream reaches o f  nor thern  Cal i f o r n i a  streams are  general l y  

steep and narrow; there fore ,  evidence o f  o l d e r  d e s t r u c t i v e  f l oods  i s  

r a r e l y  preserved. He l l ey  and LaMarche (1973) l o c a t e d  grave l  deposi ts  

i n  nor thern  C a l i f o r n i a  support ing c o n i f e r s  es tab l i shed  a f t e r  1600 

A.D., p rov id ing  evidence o f  an event t h a t  exceeded t h e  December, 1964 

f lood. They a l s o  concluded t h a t  f l oods  o f  t h e  1964 f l o o d  magnitude 

have occurred several  t imes s ince 1600 A.D. Nor thern Cal i f o r n i a  

experienced widespread f 1 oodi ng i n  1852, 1861-62, 1879, 1881, 1888, 

and 1890 (McGlashan and Br iggs,  1939, p. 471-476). The pe r iod  from 

November 1861 through January 1862 was by f a r  t he  w e t t e s t  on record 

f o r  t he  reg ion  (Harden, Janda, and Nolan, 1978, p. 61).  Four f l o o d  

peaks occurred, i n c l u d i n g  record  discharges on t h e  lower Eel, 

Klamath, and Smith Rivers. Beaches near Crescent City were covered 

f o r  m i l es  w i t h  woody debr is .  One l o c a l  r e s i d e n t  spoke o f  the  f l o o d  

deb r i s  l i n e  f rom "1860" which remained i n  t rees  near P r a i r i e  Creek 

f o r  many years (Davison, Appendix A). 

Near the  T a l l  Trees Grove along Redwood Creek, a b r i dge  b u i l t  

10 f e e t  h ighe r  than the  1861-62 f l o o d  peak was destroyed i n  January, 

1867 (Harden, Janda, and Nolan, 1978, p. 66). Unfor tunate ly ,  rto 

o the r  records o f  f l o o d i n g  a t  t h a t  t ime were gathered by McGlashan and 

Br iggs  (1939). - 

Storm r a i n f a l l  f o r  January 3 1  - February 4, 1890 was h igher  a t  

Crescent City, Eureka, and probably Arcata than f o r  recent  storms 



l i s t e d  i n  Table 2  (Harden, Janda, and Nolan, 1978, p. 69) .  Runof f  

may have been augmented by snow me l t ,  s i nce  warm r a i n s  f e l l  a f t e r  

unusua l l y  heavy snows i n  t h e  w i n t e r  o f  1889-1890. Local  news r e p o r t s  

suggest t h a t  coas ta l  p a r t s  of Redwood Creek b a s i n  rece ived  more r a i n  

i n  1890 than  i n  1964 (Harden, Janda, and Nolan, 1978, p. 71).  

Davison cor robora ted  r e p o r t s  o f  a  house on l owe r  Redwood Creek t h a t  

was washed away i n  t h e  f l o o d  o f  1890 (Appendix A; Harden, Janda, and 

Nolan, 1978, p .  71). Flood d e b r i s  f rom t h e  Klamath R i v e r  was aga in  

depos i ted  across l a r g e  areas o f  Crescent City Beach, 

Annual r a i n f a l l  recorded a t  Crescent City and Eureka d u r i n g  t h e  

f i r s t  20 years  o f  t h i s  cen tu ry  was cons ide rab l y  g r e a t e r  than  t h e  

1954-1973 mean (Janda and o thers ,  1975, F i g u r e  28).  McGlashan and 

B r i g g s ' s  (1939, Table 18)  data f o r  t h e  Ee l ,  Klamath and Smith R i ve rs  

i n d i c a t e  f l o o d i n g  on t he  lower  Eel  and l owe r  Klamath i n  1914 and 

1915. The lower  Klamath and Smith R i ve rs  reached e x c e p t i o n a l l y  h i g h  

stages d u r i n g  February 19-20, 1927. Lower Redwood Creek r e s i d e n t s  

r e c a l l e d  t h e  1927 f l o o d  (Zuber, Taggart ;  Appendix A).  

Overbank f l o w s  g e n e r a l l y  l e f t  d e p o s i t s  across t h e  f l o o d p l a i n  

which appear as w h i t e  s t reaks  on a e r i a l  photographs. F l ood  d e p o s i t s  

on pas tu res  downstream f rom t h e  O r i c k  b r i d g e  ( F i g u r e  7 )  i n  1931 

p robab ly  r e s u l t e d  f rom t h e  1927 f lood .  T h i s  even t  breached a low 

ear then  d i k e  (CD, F i g u r e  7), a l l o w i n g  f l o o d  wate rs  t o  r ush  a long  t h e  

n o r t h  s i d e  o f  t h e  f l o o d p l a i n  i n t o  t h e  n o r t h  s lough (Taggar t ,  

S. Barlow; Appendix A ) .  Flood depos i t s  were n o t  apparent a long  t h e  

western h a l f  o f  t h e  f l o o d p l a i n  where n a t u r a l  d ra inage  channels 

e x i s t e d  ad jacen t  t o  f o r e s t  margins (e.g. S t rawber ry  Creek). 

Several  n o r t h  coas t  d ischarge  records  were s e t  by t h e  damaging 

f l ood  of  December 9-12, 1937, b u t  most s t a t i o n s  r e p o r t e d  peak f l o w s  

lower  than  t h e  1927 l e v e l s  (McGlashan and B r i ggs ,  1939). On Redwood 

Creek, t h e  ,1941 photo revea led  new f l o o d  depos i t s  on t h e  n o r t h  and 

sou th  s ides  o f  t h e  f l o o d p l a i n .  

The l a t e  1940's and e a r l y  1950 's  were prosperous yea rs  f o r  t h e  

l o g g i n g  town of Or ick .  Many b u i l d i n g s  were cons t ruc ted  a long  Redwood 

Creek downstream f rom t h e  b r idge ,  i n c l u d i n g  t h e  Lundblade s u b d i v i s i o n  

(LS, F i gu re  7 ) .  One r e s i d e n t  suggested t h a t  most o f  these  s t r u c t u r e s  

were l o c a t e d  i n  low marshy areas and sloughs, s u b j e c t  t o  f l o o d i n g  



(S .  Barlow, Appendix A). Th i s  l e d  t o  p ressure  f o r  f l o o d  c o n t r o l  

a f t e r  severa l  storms i n  t h e  1950's.  The C a l i f o r n i a - P a c i f i c  M i l l  s i t e  

was e s t a b l i s h e d  south of t h e  l a s t  downstream meander i n  1951 a f t e r  

Highway 101 was r e l o c a t e d  i n  1949. 

F lood magnitudes and f r equenc ies  c o u l d  be compared a f t e r  t h e  

U.S. Army Corps o f  Engineers e s t a b l i s h e d  a  peak f l o w  s t a f f  gauge a t  

t h e  O r i c k  b r i d g e  i n  1949 and t h e  U.S. Geo log ica l  Survey i n s t a l l e d  a  

gauging s t a t i o n  i n  1953 (Table 3 ) .  The U.S. Army Corps o f  Engineers 

(1961) r epo r ted  t h a t  b a n k f u l l  s tage  occu r red  a t  a  d ischarge  of  

480 m3/sec (17,000 c f s ) .  T h i s  s tage was expected once every  two 

y e a r s .  F lood ing  o f  l ow- ly ing  a r e a s  n e a r  Orick o c c u r r e d  when 
d ischarge  reached 710 - 850 m*/sec (25,000 - 30,000 c f s ) .  Janda and 

o the rs  (1975, p. 147) data showed t h e  two-year  r e t u r n  p e r i o d  f l o o d  

hav ing  a  peak d ischarge  o f  650 m3/sec (23,000 c f s ) .  F lood f requency 

c a l c u l a t i o n s  by Waananen and Cr ippen (1977, p. 54-55) y i e l d e d  a 

720 m3/sec (25,500 c f s )  two-year f l o o d .  

The recur rence  frequency f o r  a  peak d ischarge  o f  1,415 n13/sec 

(50,000 c f s )  was c i t e d  as 15 o r  20 yea rs  (U.S. Army Corps o f  

Engineers,  1961, p. 15).  For  t h e  same f l ood ,  l a t e r  es t ima tes  gave a  

16-17 y e a r  r e t u r n  p e r i o d  (Waananean and Crippen, 1977, p. 54-55). 

Coghlan ( i n  p r e p a r a t i o n )  d iscusses t h e  e f f e c t s  o f  changing c l i m a t i c  

p a t t e r n s  on f l o o d  f requencies,  n o t i n g  t h a t  i t  i s  n o t  unreasonable t o  

expect  peaks on t h e  o rde r  o f  1,415 m3/sec (50,000 c f s )  every  

13 years .  Du r i ng  more severe c l i m a t i c  pe r i ods  such as 1953 - 1975, 

t h i s  f l o o d  occur red  every  3.5 years.  

A l though t h e  es t imated  peak d ischarge  o f  t h e  October,  1950 f l o o d  

was o n l y  650 m3/sec (23,000 c f s )  (Table 3 ) ,  t h e  assoc ia ted  r a i n s t o r m  

was e x c e p t i o n a l l y  i n t e n s e  i n  t h e  coas ta l  a rea  (Janda and o the rs ,  

1975, p. 147). The O r i c k - P r a i r i e  Creek S t a t e  Park s t a t i o n  measured 

an unprecedented ca lendar  day p r e c i p i t a t i o n  o f  29.2 cm (11.50 i n )  

(Paulson, 1953). Residents a long  P r a i r i e  Creek r e f e r r e d  t o  t h e  s to rm 

as a  "typhoon" (Davison, Appendix A).  F l ood ing  i n  t h e  r e g i o n  ranked 

w i t h  t h a t  o f  1890 and 1927. The conf luence o f  P r a i r i e  Creek and 

Redwood Creek expanded i n t o  a  l a r g e  ponded area. Du r i ng  major  f l oods  

P r a i r i e  Creek appears t o  f l o w  backwards f r o m  t h e  f o r c e  o f  Redwood 

Creek where i t  bends t o  t h e  west (F i gu re  7 ) .  



3: Annual Peak Discharge and Other Peak Discharges Above 480 m3/sec 
(17,000 c f s )  f o r  Redwood Creek @ O r i ck ,  Water Years 1948 - 1982. 

Peak Discharge Source o f  Data 
Date m3/sec c f  s ( l i s t e d  below) 

January 7, 1948 850 30,000 High water  mark ( 1 )  

1949 No da ta  a v a i l a b l e  - 
January 18, 1950 1,050 37,000 S t a f f  gauge ( 1  

October 29 - 30, 
,1950 650 23,000 ( 2 )  

January 17, 1951 7 90 28,000 S t a f f  gauge ( 1 )  

February 1, 1952 380 13,500 S t a f f  gauge ( 1 )  

January 18, 1953 1,415 50,000 S t a f f  gauge ( 1 )  

November 24, 1953 770 27,200 

December 31, 1954 795 28,100 

December 2 2 ,  1955 ' 1,415 50,000 ( 3 )  
March 12, 1957 680 24,100 

November 13, 1957 630 22,200 

January 12, 1959 495 17,500 

February 8, 1960 705 .24,900 

November 25, 1960 415 14,700 (4  

December 19, 1961 615 21,800 ( 4  

December 2, 1962 7 40 26,100 ( 4 )  

November 8, 1963 755 26,600 ( 4 )  

January 20, 1964 1,065 37,700 (4  ) 

December 10, 1964 560 19,800 (4 )  

December 22, 1964 1,430 50,500 High water  mark ( 4 )  

January 4, 1966 1,120 39,600 

December 5, 1966 695 24,500 

January 15, 1968 420 14,900 

January 13, 1969 480 17,000 

January 21, 1969 485 17,200 

January 22, 1970 695 24,500 

January 27, 1970 795 28,000 

November 24, 1970 86 5 30,500 

December 3, 1970 720 25,400 

January 18, 1971 580 20,400 (6 )  



E 3: (con t inued)  
Peak Discharge 

Date rn3/sec c f  s 

December 6, 1971 

January 22, 1972 

March 3, 1972 

December 17, 1972 

A p r i l  1, 1974 

February 19, 1975 

March 18, 1975 

March 25, 1975 

February 28, 1976 

March 9, 1977 

December 14, 1977 

January 11, 1979 

March 14, 1980 

December 2, 1980 

December 20, 1981 

c e  o f  Data 

U.S. Army Corps of Engineers,  1961. 

Janda and o thers ,  1975, p. 147. 

U. S. Geol o g i  c a l  Survey Water Supply Paper 

U.S. Geo log ica l  Survey Water Supply Paper 

U. S. Geo log ica l  Survey Water Supply Paper 

U.S. Geolog ica l  Survey Water Resources 
1981. 

U.S. Geolog ica l  Survey Water Resources D 
data. 

Source 
( 1  i s t e d  

s 1735, 1964. 

b 1929, 1970. 

' 2129, 1976. 

Data f o r  Cal 

i v i s i o n ,  Eure 

o f  Data 
be1 ow) 

( 6 )  

( 6 )  

( 6 )  

( 6 )  

( 6 )  

( 6  1 
(6) 

( 6  

(6  1 
( 6  

(6  1 
(6 1 
(6) 

( 7 )  

( 7 )  

i f o r n i a  1971 - 
ka, p r o v i s i o n a l  



The storm of January 16-20, 1953, was a l s o  b r i e f ,  in tense and 

concentrated along the  coast.  High antecedent mois tu re  probably 

con t r i bu ted  t o  the  record peak discharge o f  1415 m3/sec (50,000 c f s )  

(Table 2 ) .  This storm apparent ly  d i d  no t  damage stream channels and 

h i l l s l o p e s  as much as l a t e r  storms. Redwood Creek was narrow and 

deep p r i o r  t o  the f l oods  o f  1953 and 1955, which widened the  stream- 

bed i n  t he  v i c i n i t y  o f  Or ick,  according t o  a l o c a l  r e s i d e n t  (Hagood, 

Appendix A). Sections o f  the  county road were complete ly  removed by 

bank eros ion  adjacent t o  t he  Rainbow Motel (RM, F igu re  7 ) .  Emergency 

r i p  rap was placed along 600 meters (2,000 f t )  o f  t he  bank by the  

U.S. Army Corps o f  Engineers (1956, p. 22; S. Barlow, Appendix A). 

From a e r i a l  photographs, t he  September, 1954 channel appears 

wider  and more aggraded than the  June, 1948 channel. I t i s  d i f f i c u l t  

t o  q u a n t i f y  t h i s  change due t o  l a c k  o f  reference p o i n t s  and d i f f e r -  

ences i n  water  l eve l s .  Streamflow gauging had n o t  y e t  begun i n  1948. 

When the  1954 photo was taken, d ischarge was 3.6 m3/sec (129 c f s )  , 
somewhat h igh  f o r  September. Thus the  apparent aggradat ion i s  

probably n o t  due t o  low water  l e v e l s  i n  September, 1954. Flood 

deposi ts  a re  present i n  the 1954 photo i n  f i e l d s  on the  n o r t h  s ide  

suggest ing the  Chapman d i ke  f a i l e d  i n  1953 (CD, F igure  7).  Some o f  

t he  r i p a r i a n  vegeta t ion  near t h i s  s i t e  was harvested and/or eroded 

between 1948 and 1954. 

P r e c i p i t a t i o n  du r ing  the  December 15-23, 1955 storm was more 

prolonged and un i fo rm ly  d i s t r i b u t e d  over  t he  Redwood Creek bas in  than 

du r ing  the  1953 storm. The peak d ischarge was c a l c u l a t e d  as 1,415 

m3/sec (50,000 c f s ) .  The 1957 photographs show evidence o f  f l o w  

through sloughs across the  south s ide  o f  t he  f l o o d p l a i n  and i n t o  

Strawberry Creek, A t  the  f o r k  i n  Strawberry Creek a smal l  m i l l  pond 

was washed out .  Residents a long Strawberry Creek repor ted  water  up 

t o  the  r a f t e r s  of a t  l e a s t  one house, and a  garage was washed across 

Highway 101 (M. Barlow, Appendix A). The Army Corps prov ided bank 

p r o t e c t i o n  a long 460 meters (1,500 f t )  o f  t he  south bank downstream 

from N ie l sen ' s  l o g  jam (NL, F igure  7 )  f o l l o w i n g  the  1955 f l o o d  (U.S. 

Army Corps o f  Engineers, 1961, p. 19) .  On the  n o r t h  s ide,  t he  Army 

Corps repa i red  a  90 meter (300 f t )  breach i n  t h e  550 meter (1,800 f t )  

long Chapman dike.  A  1.5 meter h i g h  levee was t o  be cons t ruc ted  a t  



t he  s i t e  us ing  ma te r i a l s  borrowed f rom the  f l o o d p l a i n .  Evidence o f  

t h a t  a c t i v i t y  i s  v i s i b l e  on t h e  1957 photo. 

The f l ood  o f  December 18-24, 1964 was the  most damaging event  o f  

t h e  century  i n  t h e  n o r t h  coast  reg ion  (Harden, Janda, and Nolan, 

1978, p. 31). The peak discharge o f  t h i s  f l o o d  was on ly  s l i g h t l y  

l a r g e r  than those o f  1953 and 1955 (Table 2) b u t  t he  t o t a l  f l o o d  

volume and damage t o  streambanks and h i l l s l o p e s  was much g r e a t e r  

(Janda and others,  1975, p. 147). The 1964 f l o o d  may have been 

augmented by p r e c i p i t a t i o n  on sa tu ra ted  h i l l s l o p e s  w h i l e  r i v e r s  were 

s t i l l  h i gh  f o l l o w i n g  the  f l o o d  peak (Harden, Janda, and Nolan, 1978, 

p. 4 5 ) .  This  storm was concentrated on the  h ighe r  i n l a n d  p o r t i o n s  of 

the  basin. 

Or i ck  was completely inundated under 1.5 meters ( 5  f t )  o f  water  

and t h i c k  f l o o d  deposi ts ,  l ogs  and d e b r i s  covered pastures i n  t h e  

va l  1 ey (Cal i f o r n i a  Department o f  Water Resources, 1966). The t h i c k -  

ness and t e x t u r e  o f  t he  1964 depos i t s  were mapped du r i ng  a  Humboldt 

County s o i l  survey (McLaughlin and Harradine,  1965, Map Sheet 1 ) .  

These map u n i t s  and core l o c a t i o n s  a re  shown w i t h  t he  January 13, 

1965 mouth c o n f i g u r a t i o n  i n  F igu re  7. Sediment o f  0.9 meters (3.0 

f t )  i n  th ickness  was deposi ted near  T i p t o n ' s  Mote l  (TM, F igu re  7 )  and 

t h e  water was " h a l f  mud" du r i ng  t h e  1964 f l o o d  (T ip ton ,  Appendix A). 

McNamara (Appendix A )  noted t h a t  t he  water  remained h i g h  much l onge r  

i n  1964 than 1955, c o n t r i b u t i n g  t o  t h e  g r e a t e r  depth of the  depos i t  

near t he  Palm Motel  i n  1964 (PM, F igu re  7 ) .  He measured 53 c e n t i -  

meters (21 inches)  o f  s i l t  i n  1964, and on l y  h a l f  o f  t h a t  amount i n  

1955. The water was 3 meters (10 f t )  deep a t  t h e  base o f  McNamara's 

driveway (MD, F igu re  7 ) .  A t  f l o o d  stage-Redwood Creek f lowed through 

the  c o n s t r i c t e d  area where the  base o f  t h e  McNamara's steep dr iveway 

i s  l oca ted  and onto t h e  open f l oodp la in .  The 1.5 meter ( 5  f t )  
ear then levee again developed a  50 meter (160 f t )  wide breach du r i ng  

t h i s  f lood. F a i l u r e  o f  t he  levee may have been ca tas t roph i c ,  r e leas -  

i n g  h i g h  v e l o c i t y  f l o o d  waters which depos i ted  t h i c k e r ,  coarser  

sediment on the  n o r t h  s ide  than on t h e  south s i d e  o f  t h e  f l o o d p l a i n  

(F igu re  7 ) .  



F l o o d p l a i n  Morpholoqy and Dendrochronology 

P r e h i s t o r i c  ove r f l ow  f e a t u r e s  and p o s s i b l y  former  s t ream 

channels a r e  ev iden t  on t h e  Redwood Creek f l o o d p l a i n .  The two 

f i n g e r s  of  t h e  n o r t h  s lough appear t o  have been scoured by h i g h  

f l ows .  On t h e  south s i d e  o f  t h e  f l o o d p l a i n ,  an a rcua te  pa t ch  of 

w i l l o w s  (FC, F igu re  7 )  i s  v i s i b l e  on a  1948 o b l i q u e  a e r i a l  photo 

( F i g u r e  6 ) .  Several  "swampy" p laces  and s loughs i n  t h i s  area d ra ined  

i n t o  S t rawber ry  Creek and t h e  midd le  s lough d u r i n g  overbank f l o w s  

(Bar low, Appendix A). 

The presence of  numerous stumps i n  e a r l y  photographs (e.g., 

F i gu re  6 )  i n d i c a t e s  t h a t  spruce f o r e s t  was once more ex tens i ve  i n  t h e  

O r i c k  Va l ley .  A t  t he  mouth o f  Redwood Creek, spruce were removed 

from the  n o r t h  s i d e  o f  t h e  midd le  i s l a n d  p r i o r  t o  l evee  c o n s t r u c t i o n .  

I n  1978, some t r e e s  a l s o  were comple te ly  removed f r om t h e  m idd le  

i s l a n d  when roads were bu l l dozed  t o  h a r v e s t  t h e  spruce. Tree age 

d i s t r i b u t i o n  shows t h a t  t h e  grove on t h e  m idd le  i s l a n d  was n o t  

e s t a b l i s h e d  a f t e r  a  s i n g l e  f l o o d  ( F i g u r e  8 ) .  O lde r  S i t k a  spruce 

(P icea s i t c h e n s i s )  a r e  c l u s t e r e d  t oge the r ,  b u t  t h e  d i s t r i b u t i o n  i s  

g e n e r a l l y  a l l -aged .  Th is  d i s t r i b u t i o n  i s  u n l i k e  t h a t  o f  f l o o d p l a i n s  

near  l a t e r a l l y  m i g r a t i n g  channels hav ing  even-aged meander s c r o l l s  

( E v e r i t t ,  1968). The c h a r a c t e r i s t i c  r i d g e  and swale topography 

(Hicken, 1974, p. 414) i s  a l s o  absent on t h e  m idd le  i s l a n d .  

The a l l - a g e d  d i s t r i b u t i o n  o f  spruce may be t h e  r e s u l t  of 

seed1 i n g  es tab l i shment  under c o n d i t i o n s  o f  p e r i o d i c  f l o o d i n g .  Spruce 

seed l ings  do n o t  germinate w e l l  on a l l u v i u m  due t o  poor  m o i s t u r e  

r e t e n t i o n  and extremes o f  temperatures and sun1 i g h t  (Fowe l l  s, 1965).  

Other  spec ies such as r e d  a l d e r  (A lnus -- r u b r a ) ,  can invade f l o o d  

depos i t s  and prepare. t he  mo i s t ,  o rgan i c  seedbed r e q u i r e d  f o r  spruce 
e s t a b l  i shment (Fowel l  s , 1965). 

I f  f l o o d i n g  i s  r espons ib l e  f o r  d e s t r o y i n g  o l d e r  spruce and 

fo rming  s i t e s  f o r  f u t u r e  es tab l i shment ,  t h e  maximum spruce age o f  98 

yea rs  suggests t h a t  t h e  f o r e s t  may have developed f o l l o w i n g  t h e  

1861-62 f l o o d s .  The two peak t imes  o f  es tab l i shmen t  i n  t h e  e a r l y  

1900 's  do n o t  r e f l e c t  a  u n i f o r m  l a g  t ime  a f t e r  t h e  1861-62 and 1890 

f loods,  however (F igu re  9 ) .  Spruce n o t  l o c a t e d  on h i g h e r  e l e v a t i o n  
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F igure  9: Age D i s t r i b u t i o n  o f  P icea s i t c h e n s i s  on t h e  M i d d l e  I s l a n d ,  
Mouth o f  Redwood Creek. 
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s i t e s  o r  p r o t e c t e d  by accumulat ions o f  l a r g e  o r g a n i c  deb r i s  may have 

been dest royed by f l o o d i n g  and/or s to rm waves. Recurrent  scour ing  o f  

f l o o d  channels across t he  midd le  i s l a n d  would a l t e r  t h e  t r e e  age 

d i s t r i b u t i o n  shown i n  F igure  9. 

On t he  Hoh R i v e r  f l o o d p l a i n  i n  Washington, t h i s  spec ies o f  

spruce has a  300-400 yea r  l i f e s p a n  (Swanson and Lienkaemper, 1979).  

The r e l a t i v e  immatur i t y  o f  t h e  m idd le  i s l a n d  s tand  cou ld  r e f l e c t  an 

e a r l y  unrecorded harves t  o r  recovery  f r om d isease r a t h e r  than  f l o o d  

damage. 

Younger spruce and r e d  a l d e r  occur  on t h e  southwest s i d e  of t h e  

midd le  i s l a n d  ad jacen t  t o  t h e  channel.  A l d e r  has a l s o  invaded a  

crescent-shaped patch i n  t h e  cen te r  o f  t h e  i s l a n d .  Red a l d e r  was n o t  

co red  e x t e n s i v e l y  s i nce  i t  i s  a  hardwood w i t h  r a t h e r  i n d i s t i n c t  

growth r i n g s .  Red a l d e r  has a  maximum age o f  about  100 years  and t h e  

a e r i a l  photograph reco rd  covers about  h a l f  o f  t h i s  t ime  pe r i od .  

Photos f r om 1931 t o  1948 (F igu re  6 )  show t h a t  t h e  bare  c rescen t -  

shaped pa t ch  may have been an over f low channel f o r  f l o o d s  i n  1927 o r  

e a r l i e r .  

Streambank Eros ion  and M i g r a t i o n  o f  t h e  L a s t  Downstream Meander 

Streambank ' p o s i t i o n s  a1 ong t h e  1  a s t  downstream meander m ig ra ted  

p r o g r e s s i v e l y  t o  the  south f rom 1936 t o  1967 a t  a  r a t e  o f  2.1 m/yr 

(6.9 f t / y r )  (F i gu re  10).  S i g n i f i c a n t  ep isodes o f  streambank e r o s i o n  

were c l e a r l y  assoc ia ted  w i t h  low frequency, h i g h  magnitude f l o o d s  

hav ing  peak d i s c h a r g e s  o f  a t  l e a s t  1,065 m3/sec (37,700 c f s )  

( F i g u r e  11). Due t o  t h e  smal l  s c a l e  o f  t h e  1936 photo and overhang- 

i n g  r i p a r i a n  vege ta t ion ,  t h e  1936 bank p o s i t i o n  i s  t h e  l e a s t  accur-  

a t e l y  represented.  

Dendrochronology o f  f l o o d p l a i n  v e g e t a t i o n  y i e l d e d  channel 

m i g r a t i o n  r a t e s  o f  1.4 mlyr (4.6 f t l y r )  and 1.8 m/yr  (5 .9  f t / y r )  ove r  

a  120 y e a r  p e r i o d  f o r  two bends a long  t h e  Chinchaga R i v e r  i n  n o r t h e r n  

A l b e r t a  (Nanson and H i c k i n ,  1983, p. 332).  A l though these two bends 

were s i m l a r  i n  p lanform,  bank h e i g h t ,  and sediment composi t ion,  

m i g r a t i o n  r a t e s  f rom 1955 t o  1975 averaged 5 u/yr (16.4 f t l y r )  and 
Om/yr (0 f t / y r )  , r e s p e c t i v e l y .  Nanson and Hicken  (1983, p. 332-334) 



Average bank p o s i t i o n s  obta inedf  - 
from these 1 i n e s .  See F igure  11. 
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found t h a t  d i f f e r e n c e s  i n  t h e  degree o f  m i g r a t i o n  may be caused by 

processes which ma in ta i n  an equi  1 i br i um channel w id th .  When a convex 

bank i s  w e l l - d e f i n e d  and vegetated, m i g r a t i o n  occurs  by  e ros ion  of 

t h e  concave bank and i s  assoc ia ted  w i t h  channel w iden ing .  Successive 

f l o o d s  o f  s i m i l a r  magnitude w i l l  n o t  s i g n i f i c a n t l y  erode t he  concave 

bank s i nce  v e l o c i t y  and boundary shear s t r e s s  a r e  reduced i n  a  

widened channel. The convex bank m ig ra tes  by a c c r e t i o n  and revegeta-  

t i o n  of a  p o i n t  b a r  u n t i l  t h e  e q u i l i b r i u m  channel w i d t h  i s  r es to red .  

The nex t  major  f l o o d  w i l l  aga in  erode t h e  concave bank o f  t h e  con- 

f i n e d  channel . 
The d iscon t inuous  p a t t e r n  o f  m i g r a t i o n  a long  t h e  l a s t  downstream 

meander d u r i n g  f l o o d s  i n  1953, 1955, and 1964 i s  c o n s i s t e n t  w i t h  t h e  

sequence descr ibed  above (Nanson and H i  c k i  n  , 1983, p. 332-334). 

Fo l l ow ing  a  pro longed p e r i o d  o f  l i t t l e  o r  no streambank e r o s i o n  

(F igu re  11)  , t h e  concave bank m ig ra ted  cons ide rab l y  d u r i n g  t h e  

January 1953 f l o o d  ( F i g u r e  10) .  A l though t h e  December 1955 f l o o d  

a t t a i n e d  t h e  same peak d ischarge  (Table 2 ) ,  streanibank e r o s i o n  was 

n o t  ex tens i ve  (F igu res  10 and 1 1 ) .  The 1955 f l o o d  may have exceeded 

b a n k f u l l  l e v e l  a t  a  l o w e r  d ischarge  due t o  t h e  w i d e r  and more aggrad- 

ed channel. 

I n  J u l y  1957, t h e  convex bank cons i s ted  o f  a  wide p o i n t  b a r  

covered by o rgan i c  d e b r i s  which may have r e t a r d e d  e r o s i o n  and a ided  

r e v e g e t a t i o n  o f  t h e  b a r  ( F i g u r e  12) .  A we l l - vege ta ted  i n s u l a r  b a r  

had developed by August 1962, c o n f i n i n g  t h e  channel t o  a  s m a l l e r  

w id th .  Apparent ly ,  t h e  minor  f l o o d  o f  January 1964 (Tab le  3 )  eroded 

t h e  concave bank s l  i g h t l y .  Considerable concave bank e r o s i o n  was 

aga in  assoc ia ted  w i t h  t h e  December 1964 f l o o d .  

The e x t e n t  o f  streambank e r o s i o n  may a l s o  depend on t h e  d u r a t i o n  

and t h e  r a t e s  o f  r i s e  and recess ion  of t h e  ma jo r  f l o o d s .  K e l l e r  

(1977, p. 40) observes t h a t  e r o s i o n  g e n e r a l l y  f o l l o w s  f l o o d s  when 

d ischarge  drops r a p i d l y ,  l e a v i n g  "unsupported" groundwater i n  t h e  

bank. The groundwater p o s i t i v e  pore  p ressure  causes slumping of the  
stream bank i n t o  t h e  channel , where i t  i s  removed by 1  a t e r  f lows. 

The s l ope  o f  - t h e  f a l l i n g  l i m b  o f  t h e  hydrograph g i v e s  t h e  r a t e  o f  

r ecess ion  o f  t h e  f l o o d .  Un fo r t una te l y ,  o f  t h e  f o u r  o r  f i v e  f l o o d s  

assoc ia ted  w i t h  e r o s i o n  o f  t h e  south bank, o n l y  t h e  1955 and 1964 
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Figure 12: M i g r a t i o n  o f  t he  Las t  Downstream Meander and Formation 
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f l oods  were gauged a t  Or ick  (F igure  13).  I f  slumping were an impor- 

t a n t  mechanism, r a p i d  recession o f  t he  1955 f l o o d  coupled w i t h  ebbing 

t i d e s  should have caused extensive streambank eros ion.  

Streambank eros ion  along the  o u t e r  bend o f  a  meander i s  a  

na tu ra l  process i n  channel p a t t e r n  evo lu t i on .  Erosion o f  t he  l a s t  

downstream meander i n  1964 was no t  unusual, e i t h e r  i n  l o c a t i o n  o r  

magnitude. R ip  rap i n  t he  form o f  o l d  c a r  bodies was p laced along 

the  south bank i n  1965 i n  an e f f o r t  t o  p r o t e c t  t h e  C a l i f o r n i a - P a c i f i c  

M i l l  and pastures from f u r t h e r  erosion. The l a s t  downstream meander 

was c u t  o f f  f rom the  main channel by levees cons t ruc ted  i n  1968. 

Many upstream reaches o f  Redwood Creek have aggraded and devel-  

oped bra ided r a t h e r  than meandering channel pa t te rns .  Channel 

widening and b r a i d i n g  w i l l  accompany the  zone o f  maximum aggradat ion 

as i t  moves downstream. I f  r e h a b i l i t a t i o n  measures lead t o  r e s t o r -  

a t i o n  o f  c i r c u l a t i o n  through the  l a s t  downstream meander, aggradat ion 

should be a n t i c i p a t e d  (F igure  14). 

Sedimentation i n  the Embayment 

The embayment i s  t he  r e l a t i v e l y  deep, broad p a r t  o f  the  estuary 

landward f rom the  beach (e.g., F igure  10) .  I n  t he  embayment, water  

l e v e l s  f l u c t u a t e  w i t h  discharge, t i d e s  and the  c o n f i g u r a t i o n  of the  

out f low channel. The submerged area v a r i e s  cons iderab ly  w i t h  the  

water l e v e l ,  e s p e c i a l l y  across g e n t l y  s lop ing  surfaces. I n  o rde r  t o  

compare changes i n  sediment s to red adjacent  t o  t h e  embayment, photo- 

graphs w i t h  s i m i l a r  water  l e v e l  s  were selected.  Conf igura t ions  of 

r e l a t i v e l y  s t a b l e  fea tures  such as the  f o r k  i n  t he  n o r t h  slough were 

compared t o  e l i m i n a t e  photos taken du r ing  h igh  d ischarge o r  when the  

mouth was closed. However, long- term changes i n  s to red  sediment may 

n o t  be q u a n t i f i e d  based on a e r i a l  photos measurements alone, s ince  

the  water depths a re  unknown. 

Sediment depos i ts  a long the  west s ide  o f  the ernbayment vary 

seasonal ly w i t h  wave t r a n s p o r t  and out1 e t  con f i gu ra t i on .  For exam- 

p l e ,  . t he  unusua l ly  l a r g e  emergent lobe o f  sand i n  the  embayment 

f o l l ow ing  t h e  1931 summer season was probably deposi ted by t i d a l  

cu r ren ts  moving d i r e c t l y  through a  s t r a i g h t  o u t l e t  (F igure  15).  A 
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Figure 14:  Effects o f  Aggradat ion  ( m o d i f i e d  from danda and o t h e r s ,  1975, F i g u r e  56). 
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sma l l e r  depos i t  o f  t h i s  t ype  was p resen t  i n  J u l y ,  1957 (F igu re  16) .  

Seasonal sedimentat ion processes, s t r u c t u r e s  and morphology a r e  

documented i n  more d e t a i l  i n  t h e  f o l l o w i n g  sec t i on .  

Sediment accumulat ions a long  t h e  e a s t  side of t h e  embayment 

ad jacen t  t o  t h e  midd le  i s l a n d ,  m idd le  s lough and n o r t h  s l o u t h  (see 
F igu re  10)  p e r s i s t  through t h e  seasons. The depos i t s  have been 

m o d i f i e d  by t h e  complex i n t e r a c t i o n  o f  r i v e r  c u r r e n t  eddies a g a i n s t  

t h e  n o r t h  c l i f f s ,  c u r r e n t s  i n  t h e  mainstem and midd le  s lough as w e l l  

as t i d a l  h e i g h t  and wave energy. Desp i t e  t h e  v a r i a b i l i t y  i n t r oduced  

b y  these i n t e r a c t i o n s ,  t h e r e  has been a  n o t i c e a b l e  t r e n d  toward 

a c c r e t i o n  o f  sediment i n  t h e  area between t h e  midd le  and n o r t h  

s loughs (F igures  15-17). Th i s  t r e n d  p robab l y  r e s u l t s  from f l o o d  

t r a n s p o r t  o f  sediment f rom t h e  bas in .  

S i g n i f i c a n t  d e p o s i t i o n  between t h e  m idd le  and n o r t h  s loughs was 

observed i n  a e r i a l  photos f rom January 13, 1965 (F igu re  18) .  The 

slow recess ion  o f  t h e  1964 f l o o d  c o n t r i b u t e d  t o  ex tens i ve  d e p o s i t i o n  

across t h e  e n t i r e  f l o o d p l a i n  (F igu res  7  and 13) .  A t  t he  p o i n t  of 

overbank f l o w ,  s l i g h t  increases i n  t h e  h e i g h t  o r  s tage of a  stream 

produce l a r g e  increases i n  t he  inundated  area. Du r i ng  f l ood  reces- 

s ion ,  i f  h i g h  waves and/or s torm t i d e s  back up t h e  f l o w  and i nc rease  

t h e  inundated  area, v e l o c i t y  decreases. When t h e  competence of 

sediment- laden f l o o d  waters  dec l  i n e s  , m a t e r i a l  i s  depos i ted  i n  t h e  

embayment . 
Several  n o r t h e r n  C a l i f o r n i a  s t ream gauging s t a t i o n s  l o c a t e d  near  

t h e  coas t  a r e  a f f e c t e d  by t i d a l l y  induced backwater (B. Hensel, 1982, 

personal  communication). A l though t h i s  e f f e c t  has n o t  been observed 

a t  t h e  O r i c k  S t a t i o n ,  Wooldr idge (1977, p. 16) suggests t h a t  mar ine 

storms induce  enough backwater t o  " b u f f e r "  s tages o f  major  f l o o d s  on 

Redwood Creek a t  a  common peak l e v e l  (Tab le  2) .  Wave and s to rm t i d e  

da ta  a r e  i n s u f f i c i e n t  t o  eva lua te  t h i s  p o s s i b i l i t y .  

P r i o r  t o  channe l i za t i on ,  f l o o d s  scoured t h e  channel ad jacen t  t o  

t h e  n o r t h  c l i f f s  and removed beach d e p o s i t s  a t  t h e  mouth. Along t h e  

n o r t h  c l i f f s  f r om Dorrence Creek t o  t h e  west  (DC, F igu re  7 )  the water 

was a t  l e a s t  6 meters (20 f t )  deep (Whi te ,  Appendix A). The 
December, 1964 f l o o d  removed t h e  beach berm f rom t h e  n o r t h  c l i f f s  

a lmost  t o  t h e  C a l i f o r n i a - P a c i f i c  M i l l  s i t e  (F i gu re  18) .  The open 



Figure 15: Embayment Shore1 ines, 1931-1948. 



Figure 16: Embayment Shore1 i nes  , 1954-1958. 



Figure  117: Embayment Shore1 ines , 1962-196F. 



F i g u r e  18: Aer ia l  Photographs Showing Exten t  o f  Scour o f  Beach Berm Following Major Floods 

a )  January  13 ,  1965 
fo l lowing  f l ood  of December 15-23, 1964 

b )  March 7, 1972 
fol lowing f lood  o f  March 1-4, 1972 



mouth al lowed waves t o  e n t e r  and break aga ins t  the  middle i s l a n d  

(White, Appendix A ) .  Waves were a l so  observed propagat ing up past  

Baines' bend (BB, F igure  7) du r ing  o the r  f loods ( S .  Barlow, Appen- 

d i x  A). Wave d i f f r a c t i o n  created l o b a t e  depos i ts  a t  t h e  n o r t h  and 

south ex t rem i t i es  o f  the  open mouth (F igu re  18).  W i t h i n  two weeks 

a f t e r  the 1964 f l o o d ,  a new ba r  emerged o f f sho re  f rom south t o  north. 

Embayment depos i ts  were sub jec t  t o  d i r e c t  rework ing by waves u n t i l  
t h e  new bar  formed across the  mouth. 

Long-term sediment accumul a t i o n  adjacent  t o  the  embayment may 
r e s u l t  from f l u v i a l  t r a n s p o r t  i n  a more i n d i r e c t  sense. Sediment 

deposited i n  the  nearshore zone du r ing  f loods i s  a v a i l a b l e  f o r  

onshore t ranspor t .  Sediment redeposi ted by waves between the  middle 

and no r th  sloughs would be l ess  l i k e l y  t o  be eroded f rom the  embay- 

ment dur ing  w i n t e r  f lows.  

E f f e c t s  o f  Channel izat ion 

D i r e c t  and Immediate Impacts 

Local pressure f o r  f l o o d  p r o t e c t i o n  prompted the  U. S. Army 

Corps o f  Engineers t o  channel ize Redwood Creek i n  t h e  v i c i n i t y  of 

Or ick.  Levees were cons t ruc ted  a long 5 .1  k i l ome te rs  (3.2 mi ) ,  from 

the  conf luence w i t h  P r a i r i e  Creek t o  the  mouth, between Apr i  1  , 1966 

and October, 1968 (F igure  2) .  The narrow t rapezo ida l  channel was 
designed t o  con ta in  a peak discharge o f  2,180 m3/sec (77,000 c f s ) ,  

about 50 percent  l a r g e r  than the  peak f l o w  o f  record  (U. S. Army 

Corps of Engineers, 1961, 1966). Bu l ldozers  were used t o  remove 

r i p a r i a n  vegetat ion,  d e s t a b i l i z e  grave l  bars  and excavate a t rap -  

ezoidal  channel. Dredge s p o i l s  were deposi ted adjacent  t o  t h e  

levees. Levee cons t ruc t i on  r e s u l t e d  i n  t h e  l o s s  o f  d i ve rse  h a b i t a t s  

associated w i t h  pool and r i f f l e  s t r u c t u r e  and the  r i p a r i a n  zone. 

The lowermost s e c t i o n  o f  the  levee extended beyond the  l a s t  

downstream meander, l e a v i n g  a south slough w i t h  1 i t t l e  c i r c u l a t i o n .  

The channel g rad ien t  was increased f rom 0.07 percent  t o  0.14 percent  

by removing t h e  meander and excavat ing the channel t o  the design 



slope. The change i n  mean f l o w  v e l o c i t y  i s  g i ven  by the Manning 

equat ion ( B l a t t ,  Middleton, and Murray, 1972; p. 87) :  

R2/3 $/2 
v = n  (me t r i c  u n i t s )  

The hyd rau l i c  rad ius  R, equals A/P ,  the c ross-sec t iona l  area d i v ided  

by the wet ted perimeter.  Increases i n  s lope(S) a re  n o t  d i r e c t l y  

t r a n s f e r r e d  t o  an increase i n  f l o w  v e l o c i t y ,  s ince  t h e  bed roughness 

f a c t o r  n, w i l l  a l s o  ad jus t .  Bed roughness i s  a  f u n c t i o n  of median 

g r a i n  s ize ,  bedforms, and o ther  roughness elements such as streambank 

vegetat ion.  The combined e f f e c t  of removing roughness elements , 
increas ing  the  h y d r a u l i c  rad ius  by shaping a t rapezo ida l  channel, and 

increas ing  t h e  slope, i s  t o  increase t h e  mean f l o w  v e l o c i t y .  The 

r e s u l t a n t  inc rease i n  the  stream's competence t o  t r a n s p o r t  sediment 

causes t h e  subs t ra te  between the  levees t o  be mob i l i zed  more 

f requent ly .  

I n d i r e c t  and Cumulative Impacts 

Sediment accumulated r a p i d l y  i n  the  abandoned meander, now the 

neck o f  t he  south slough. By March 1972 (F igure  18) wave overwash 

had f i l l e d  the o l d  channel east  o f  the  beach berm. Mouth P r o f i l e s  Y 

and Z (Map P l a t e  1, Figure 19) i l l u s t r a t e  the  amount o f  accumulation 

across the  berm and i n  the south slough neck s ince  the  1966 Army 

Corps survey. The small o u t l e t  f rom the  south slough es tab l i shed  i t s  

present  p o s i t i o n  between June 1976 and May 1978 (F igu re  20). A e r i a l  

photos f rom May 1978 and September 1981 show recent  depos i t i on  a t  t he  

south end of the  neck o f  t he  south slough. Continued f i l l i n g  i n  t h i s  

area i s  ev ident  f rom South Slough P r o f i l e  A (F igu re  21) ,  and from 

f i e l d  observat ions o f  sedimentary s t r u c t u r e s  f o l  low ing a  minor 740 

m3/sec (26,000 c f s )  f lood i n  December, 1981. 

P r i o r  t o  channe l iza t ion ,  water depths o f  a t  l e a s t  6  meters 

(20 f t )  along t h e  no r th  c l i f f s  (White, Appendix A) apparent ly  p re-  

vented the  Army Corps from surveying the  neck o f  t he  n o r t h  slough. 

Most of t h e  sediment accumulated i n  t h e  n o r t h  slough neck between 

March 1972 and September 1974. Between September 1974 and May 1978, 

the o u t l e t  channel across t he  neck migrated t o  i t s  present  (1981) 
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Figure 20: V e r t i c a l  A e r i a l  Photograph, Mouth o f  Redwood Creek, 
May 3, 1978. 



Figure 21: South Slough P r o f i l e  A. 
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p o s i t i o n .  Across Mouth P r o f i l e  X ( F i g u r e  22 ) ,  0.6-1.8 meters (2 -6  

f t )  of sediment accumulated between 1964 and 1979, a l t hough  t h e  

e l e v a t i o n  o f  t he  subae r i a l  d e p o s i t  v a r i e s  f r om y e a r  t o  y e a r  due t o  

i t s  d i r e c t  exposure t o  waves. 

R i v e r  S t a t i o n  P r o f i l e s  9 th rough 15 (F igures  23 and 24) i l l u s -  

t r a t e  t he  amount o f  aggrada t ion  between t h e  levees  s i n c e  the  des ign  

channel was excavated. Gr iggs and P a r i s  (1982) found t h a t  aggrada- 

t i o n  along the  lower San Lorenzo R i v e r  lowered the  stream g rad ien t  

toward t he  pre-channel i z a t i o n  e q u i l  i br ium va lue.  T h i s  process a1 so 

reduced t h e  t h e o r e t i c a l  capac i t y  o f  t h e  f l o o d  c o n t r o l  p r o j e c t .  The 

stream g r a d i e n t  a long  Redwood Creek between each o f  t h e  R i v e r  S t a t i o n  

P r o f i l e s  i s  q u i t e  v a r i a b l e ,  and a  more d e t a i l e d  l o n g i t u d i n a l  survey 

i s  needed between t h e  levees.  Channel surveys f r om approx imate ly  2.3 

k i l o m e t e r s  (1.4 mi . )  upstream o f  t h e  mouth t o  t h e  Highway 101 b r i d g e  

(M.A. Madej, 1981, w r i t t e n  communication) showed a  decrease f r om t h e  

des ign  g r a d i e n t ,  0.14 percen t ,  t o  0.11 percen t  i n  1980. 

S ince t h e  Corps o f  Engineers '  1964-66 surveys, 47-54 pe rcen t  of 
t h e  es tua ry  below Corps S t a t i o n  34+00 ( F i g u r e  2 ) ,  between 0 and 4 

f e e t  above MSL, has f i l l e d  w i t h  sediment o r  become i s o l a t e d  f rom t h e  

embayment (Appendix I). Presen t l y ,  t h e  volume o f  t h e  l owe r  es tua ry  

a t  t h e  end o f  each r a i n y  season v a r i e s  w i t h  t h e  peak f l o w  f o r  t h e  

year .  By c o n f i n i n g  t h e  f l o w  o f  Redwood Creek between levees,  a  t r a p  

f o r  sediment was c rea ted  i n  t h e  backwater areas. M ino r  f lows from 

Strawberry  and Sand Cache Creeks (SC, SD, F i g u r e  7 )  p r o v i d e  t h e  o n l y  

c i r c u l a t i o n  and f l u s h i n g  o f  sediment f r om t h e  sloughs. 

The levees  c o n s t r i c t  t h e  s t reamf low so e f f i c i e n t l y  t h a t  a  v e r y  

l i m i t e d  s e c t i o n  o f  t h e  beach berm i s  scoured by f l o o d s .  Steep 

escarpments i n  t h e  berm mark t h e  1  i m i t s  o f  scour,  p a r t i c u l a r l y  on t h e  

sou th  s ide .  A e r i a l  photos show t h e  maximum e x t e n t  o f  scour  a long  t h e  

berm f r om t h e  December 22, 1964 f l o o d  (1,430 m3/sec) and t h e  March 3, 

1972 f l o o d  (1,410 m3/sec) ( F i g u r e  18) .  

Channel i z a t i o n  may a1 so have a1 t e r e d  t h e  c o n f i g u r a t i o n  of  

nearshore depos i ts .  P r i o r  t o  l e v e e  c o n s t r u c t i o n ,  Redwood Creek 

f lowed around t h e  l a s t  downstream meander and e x i t e d  t o  t h e  n o r t h  

d u r i n g  h i g h  d ischarge.  The 1964 f l o o d  scoured down t o  p r e v i o u s l y  

unexposed rocks  immediate ly  o f fshore t o  t h e  n o r t h  o f  t h e  mouth. 
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Channelized peak f lows p resen t l y  depos i t  niore sediment d i r e c t l y  t o  

t he  west o f  t h e  mouth. Winter  storm waves approaching f rom t h e  

southwest resuspend the  nearshore deposi t s  . Westward movement of t h e  

b u l k  o f  t he  nearshore depos i ts  due t o  channe l i za t i on  cou ld  conse- 

quen t l y  a f f e c t  t he  amount o f  Redwood Creek sand mob i l i zed  by long-  

shore d r i f t .  

Summary 

Flood Magnitude and Frequency 

1. H i s t o r i c  records and l o c a l  accounts o f  r a i n f a l l  and f l o o d  magni- 

tudes i n d i c a t e  t h a t  the  f l o o d s  o f  1861-62 and 1890 had peak f lows 

which were comparable t o  o r  g r e a t e r  than t h e  1953 t o  1975 s e r i e s  

o f  damaging f l oods .  

2. I n  t h e  v i c i n i t y  o f  Or ick ,  t h e  Redwood Creek channel was narrow 

and deep p r i o r  t o  1953, accord ing t o  l o c a l  res iden ts .  The Corps 

of Engineers i n i t i a t e d  severa l  bank p r o t e c t i o n  p r o j e c t s  a long 

t h i s  reach f o l l o w i n g  the  1953 and 1955 f l oods .  Channel widening 

and aggradat ion i s  a l s o  ev iden t  f rom a e r i a l  photos taken du r i ng  

t h i s  per iod.  

3. The December 1964 f l o o d  was t h e  most damaging event  of t he  

century,  p a r t i c u l a r l y  i n  t h e  upper basin.  Along t h e  lower  

f l o o d p l a i n ,  t h e  1964 f l o o d  deposi ted tw i ce  as much sand and s i l t  

as the, 1955 f l o o d  due t o  i t s  g r e a t e r  volume o f  r u n o f f ,  l onge r  

d u r a t i o n  and slower recession ra te .  Fa i  1  u r e  o f  t he  ChapmanIArmy 

Corps d i k e  du r i ng  the  1964 f l o o d  may have been respons ib le  f o r  

t h i c k e r  and coarser  sediments being depos i ted  on t h e  n o r t h  s ide  

as compared w i t h  t he  south s i d e  o f  t h e  f l o o d p l a i n .  

F loodp la in  Morphology and .Dendrochronol ogy 

1. The maximum spruce age o f  98 years suggests t h a t  t h e  grove began 

t o  develop on t h e  middle i s l a n d  f o l l o w i n g  t h e  1861-62 f loods .  



However, t he  jmrnatur i ty of t he  s tand cou ld  a l s o  r e f l e c t  an e a r l y  

unrecorded harves t  o r  recovery f rom disease. 

2. The a l l - aged  d i s t r i b u t i o n  of spruce on t h e  middle i s l a n d  probably  

r e s u l t s  f rom recu r ren t  scour ing of f l o o d  channels and progress ive  

m i g r a t i o n  o f  t h e  l a s t  downstream meander. Recent ove r f l ow  

channels on the  middle i s l a n d  have been invaded by r e d  a lde r .  

Streambank Eros ion and M ig ra t i on  o f  t h e  Las t  Downstream Meander 

1. From 1936 t o  1967, t he  south bank of t h e  l a s t  downstream meander 

eroded a t  a  r a t e  o f  l e s s  than 2.1 meters/year  (6.9 f t / y r ) .  

2. Streambank e ros ion  was associated w i t h  f l o o d s  having peak 

discharges o f  1,065 m3/sec (37,700 c fs )  o r  g rea te r .  

3. Discont inuous r a t e s  o f  concave streambank e ros ion  and a c c r e t i o n  

and revege ta t i on  o f  t h e  convex bank suggest t h a t  t h e  meander 

tended t o  ma in ta in  an e q u i l i b r i u m  channel w i d t h  f rom 1953 t o  

1964. 

4. The p o t e n t i a l  f o r  aggradat ion and streambank e ros ion  should be 

considered i n  des ign ing  r e h a b i l i t a t i o n  a l t e r n a t i v e s  which i n c l u d e  

r e s t o r a t i o n  o f  c i r c u l a t i o n  i n  t h e  l a s t  downstream meander. 

Sedimentat ion i n  t h e  Embayment 

1. A e r i a l  photos o f  t he  mouth taken between 1931 and 1967 show t h a t  

t he  most ex tens ive  sediment s torage s i t e  developed between t h e  

midd le  and n o r t h  sloughs as a  r e s u l t  o f  t h e  1964 f l o o d .  

2. The 1964 f l o o d  scoured the  embayment and t h e  beach berm f rom t h e  

n o r t h  c l i f f s  a lmost  t o  t he  C a l i f o r n i a - P a c i f i c  M i l l  s i t e .  



3 .  The open mouth a l lowed waves t o  break aga ins t  t he  middle i s l a n d ,  

which may have augmented depos i t i on  between the  middle and n o r t h  

sloughs. 

E f fec ts  o f  Channel izat ion - D i r e c t  and Immediate Impacts 

1. Ripar ian  vegetat ion,  which supp l ies  n u t r i e n t s  and streamside 

p r o t e c t i o n  f o r  f i s h  and which reduces inst ream temperatures, was 

removed. 

2. Levees were extended beyond the  l a s t  downstream meander, l e a v i n g  

a south slough w i t h  l i t t l e  c i r c u l a t i o n .  

3. Increas ing  the  stream grad ien t ,  removing bed roughness elements, 

and shaping a t rapezo ida l  channel increased the  mean f low 

v e l o c i t y  between the  levees. Sediment i s  t he re fo re  t ranspor ted  

more e f f i c i e n t l y  through the  mouth and the  subs t ra te  i s  l e s s  

stab1 e. 

E f f e c t s  o f  Channel izat ion - I n d i r e c t  and Cumulative Impacts 

1. Aggradation between the  levees has lowered the  stream g r a d i e n t  

toward the  pre-channel i z a t i o n  e q u i l i b r i u m  value, p o s s i b l y  

reducing the  t h e o r e t i c a l  capac i ty  o f  t he  f l o o d  c o n t r o l  p r o j e c t .  

2. Since the  Corps o f  ~ n ~ i n e e r s  1964-66 surveys, 47 t o  54 percent  of 

the  lower estuary (below Corps S t a t i o n  34+00 and betwee 0 and 4 

f e e t  above MSL) has f i l l e d  w i t h  sediment o r  become i s o l a t e d  f rom 

the  embayment. 

3.  Channel izat ion may have a l s o  a l t e r e d  the  d i s t r i b u t i o n  o f  sediment 

i n  t h e  narshore environment, which cou ld  a f f e c t  t h e  amount of 

Redwood Creek sediment mobi l  i z e d  by longshore d r i f t .  



SEDIMENT SOURCES AND TRANSPORT PROCESSES 

Methods 

Per iod i c  observat ions o f  storm cond i t ions ,  sedimentary s t ruc -  

tu res ,  d i s t r i b u t i o n  o f  1  arge organic deb r i s  and changes i n  morphology 

were c o l l e c t e d  a t  the  mouth o f  Redwood Creek f rom November, 1979 t o  

January, 1982. Frequent f i e l d  observat ions were necessary t o  docu- 

ment morphological changes which o f t e n  occurred du r ing  sho r t - l i ved ,  

h igh  energy storms. Graphs o f  d a i l y  discharge, maximum d a i l y  t i d e  

h e i g h t  and wave power were cons t ruc ted  f o r  each month from January, 

1980 through January, 1982 (Appendix E ) .  These graphs prov ide  t h e  

means t o  examine d i f f e rences  between the  two years o f  f i e l d  obser- 

va t i on ,  i d e n t i f y  extreme events du r ing  t h i s  p e r i o d  and evaluate 

conclusions based on these years w i t h  respect  t o  t h e  e f f e c t s  of 

f u t u r e  storm events. 

Data on d a i l y  discharge o f  Redwood Creek a t  t he  Or i ck  gauging 

s t a t i o n  are ava i  1 ab le  from pub1 i shed annual r e p o r t s  (U. S. Geological  

Survey Water Resources D i v i s i o n ,  1980, 1981, 1982) and unpubl ished 

values from the  U.S. Geological Survey Water Resources D i v i s i o n ,  

Eureka. S h i f t  adjustments and r a t i n g  curves were app l i ed  t o  gauge 

he igh ts  t o  ob ta in  h o u r l y  discharge values f o r  storms o f  i n t e r e s t .  

Maximum d a i l y  t i d e s  p red i c ted  f o r  Humboldt Bay were p l o t t e d  w i t h o u t  

co r rec t i ons  f o r  h e i g h t  o r  t ime (U.S. Department o f  Commerce, 1980, 

1981, 1982). 

The Nearshore Research Group a t  Scr ipps I n s t i t u t e  o f  Ocean- 

ography i n s t a l  l e d  a  WAVERIDER accelerometer buoy t o  record  deep water  

wave energy o f f sho re  f rom Humboldt Bay i n  March, 1980. The buoy data 

were polled a t  6-hour i n t e r v a l s ,  analyzed for wave h e i g h t  and p e r i o d  

d i s t r i b u t i o n ,  and pub1 ished monthly (Seymour and others,  1980, 1981, 

1982). Wave power was ca l cu la ted  f rom these data us ing  the  equat ions 

described i n  Appendix F. Wave power was c a l c u l a t e d  f o r  the  monthly 

graphs s ince wave energy du r ing  a  storm i s  a  f u n c t i o n  o f  bo th  wave 

he igh t  and per iod.  

Marine storms a t  the  mouth o f  Redwood Creek may be compared i n  a 

r e l a t i v e  sense us ing  the  wave power values. However, the  ac tua l  wave 



power i s  a f f e c t e d  by t he  d i s tance  o f  t h e  WAVERIDER s t a t i o n  f rom t h e  

mouth o f  Redwood Creek, t h e  l a c k  o f  d i r e c t i o n a l  i t y  i n  t h e  data,  and 

d i f f r a c t i o n  and r e f r a c t i o n  d u r i n g  shoa l ing .  Wave energy a l s o  v a r i e s  

w i t h  t h e  v e l o c i t y  o f  onshore winds which p i l e  up waves a g a i n s t  t h e  

sho re l i ne ,  c r e a t i n g  a s torm surge. 

Obl ique views o f  the  mouth o f  Redwood Creek were p e r i o d i c a l l y  

photographed f r om t h e  t o p  o f  t h e  n o r t h  c l i f f s  ( l o c a t i o n  l a b e l l e d  w i t h  

an X on F igu re  10) between November 1979 and January 1982. Three of 

these photo sequences which i 11 u s t r a t e  seasonal changes i n  c o n f i g u r -  

a t i o n  were sketched (F igu re  25). Morpholog ica l  comparisons were' a1 so 

f a c i  1 i t a t e d  by v e r t i c a l  and o b l  i que  a e r i a l  photographs. 

Sediment t r a n s p o r t ,  f l o w  d u r a t i o n  and p a r t i c l e  s i z e  p l o t s  f o r  

Redwood Creek a t  O r i c k  were employed t o  determine t h e  p r o p o r t i o n  o f  

t h e  annual suspended sediment l o a d  and bedload w i t h  p o t e n t i a l  f o r  

s to rage  i n  t h e  e s t u a r i n e  and beach env i  ronments. Suspended sediment 

t r a n s p o r t  curves cons t ruc ted  by 3 .  R. C r i  ppen (U. S. Geo log ica l  

Survey, 1981, w r i t t e n  communication) f o r  WY 1978-80 were used t o  

o b t a i n  ranges o f  d a i l y  suspended sediment d ischarge  f o r  corresponding 

wate r  d ischarge  i n t e r v a l s .  The percentage o f  t ime  t h a t  each wa te r  

d ischarge  i n t e r v a l  occur red  was ob ta ined  f r om r e c e n t  s t reamf l  ow 

d u r a t i o n  curves p rov ided  by M. Weston (U.S. Geo log ica l  Survey Water 

Resources D iv ison ,  Eureka). Hydrographs f rom f i v e  ma jo r  f l o o d s  gave 

es t imates  o f  d u r a t i o n  o f  s t reamf low f o r  d ischarges g r e a t e r  t han  

710 m3/sec (25,000 c f s )  . D a i l y  suspended sediment d ischarge  (SSD) 

ranges corresponding t o  each wate r  d ischarge  i n t e r v a l  were m u l t i p l i e d  

by t h e  number o f  days o f  occurrence t o  y i e l d  ranges o f  annual SSD. 

Table 4 i nc l udes  t h e  r e s u l t s  o f  these computat ions. 

Bedload t r a n s p o r t  curves were n o t  a v a i l a b l e  due t o  t h e  broad 

range of bedload discharge for a g iven water discharge, r e f l e c t i n g  
t h e  d i f f i c u l t y  of  sampl i n g  bedload. Sediment i n  t r a n s i t  w i t h i n  
0.08 meters (0.25 f t )  o f  t h e  bed su r f ace  (U.S. Geologica l  Survey 
Water Resources D i v i  s ion,  1974, 1975, 1976, 1978) was p l o t t e d  a g a i n s t  

ins tantaneous d ischarge,  p roduc ing  a v e r y  crude sediment t r a n s p o r t  

curve. A broad range o f  annual bedload d ischarge  was c a l c u l a t e d ,  

aga in  u s i n g  t h e  f l o w  d u r a t i o n  curve. 

2 ,  



F igu re  25: Mouth of Redwood Creek, Obl ique Views From Top of Nor th  
C l i f f s  t o  t he  South 

(a )  January 12, 1980 

( b )  A p r i l  19, 1980 

Embayment 



The p r o p o r t i o n  o f  sand i n  t h e  suspended sediment and i n  t h e  

bedload was found by graphing p a r t i c l e  s i z e  versus wate r  d ischarge  i n  

t h e  fo rmat  used by Brown and R i t t e r  f o r  t h e  Eel R i v e r  a t  Sco t i a ,  

C a l i f o r n i a  (1971, p. 35) .  For  suspended sediment samples, t h e  

percentages o f  p a r t i c l e s  f i n e r  than  0.062 mm ( s a n d - s i l t  break)  and 

0.0004 mm ( s i l  t - c l a y  b reak)  were p l o t t e d  a g a i n s t  ins tantaneous 

d ischarges (U. S. Geo log ica l  Survey Water Resources D i v i s i o n ,  1974- 

1980). Only t h e  2.0 mm gravel -sand break was p l o t t e d  f o r  bedload 

samples (U. S. Geolog ica l  Survey Water Resource D i v i s i o n ,  1975, 1976, 

1978, 1980 and M. A.  Madej, 1980, unpubl ished da ta ) .  Because these 

graphs show h i g h  v a r i a b i l i t y  i n  r e l a t i o n s  between sediment and wate r  

d ischarge,  t h e  maximum and minimum percentages o f  sand were used f o r  

each wate r  d ischarge  i n t e r v a l .  

The l owe r  va lues  o f  t h e  annual suspended sediment l o a d  and 

bedload c a l c u l a t i o n s  agree w i t h  J. R. C r i ppen ' s  1981 es t imates  

(Table 4 ) .  Therefore,  f o r  each water  d ischarge  i n t e r v a l ,  t h e  annual 

suspended sediment and bedload va lues were ad jus ted  t o  t h e  lower  end 

o f  t h e  range b e f o r e  computing t he  percentage o f  sand. Table 4 shows 

t h e  t o t a l  amount o f  suspended sand t r a n s p o r t e d  a t  a l l  o f  t he  wate r  

d ischarge  i n t e r v a l s  f o r  suspended sediment and f o r  bedload. The 

t o t a l  bedload was added t o  t h e  suspended sand l o a d  t o  compute t h e  

p r o p o r t i o n  o f  sand and g rave l  i n  t h e  sediment. 

Dur ing  t h e  p e r i o d  o f  f i e l d  observa t ion ,  t h e  symmetry, o r i e n t a -  

t i o n ,  c r e s t  l eng th ,  w id th ,  and fo rm o f  r i p p l e s ,  megar ipp les,  and sand 

waves were noted whenever encountered. I n t e r n a l  s t r u c t u r e s  of some 

su r face  f e a t u r e s  were box cored and x-rayed u s i n g  techniques 

developed by  C l i f t o n ,  Hunter,  and P h i l l i p s  (1971, p. 654-5). How- 

ever ,  x - ray ing  was d i scon t i nued  due t o  t h e  poor  d e f i n i t i o n  of 

s t r u c t u r e  i n  t h e  coarse- tex tu red  sediment. Trenches were excavated 

t o  depths o f  0.6-0.9 meters (2-3 f t )  t o  examine i n t e r n a l  s t r u c t u r e s  
o f  i n t e r e s t .  

Two experiments designed t o  measure r a t e s  o f  sed imenta t ion  by 

berm overwash and t i d a l  c u r r e n t s  were unsuccess fu l .  Overwash 

occur red  a t  h i g h  t i d e  on severa l  occasions i n  l a t e  September, 1980. 

Dur ing  t h i s  per iod ,  t h e  c r e s t  and s l ope  o f  t h e  overwash su r f ace  was 

c a r e f u l l y  surveyed p r i o r  t o  one of t h e  h i g h e s t  t i d e s .  Un fo r t una te l y ,  



TABLE 4: Proport ions of Sand and Gravel i n  Suspended Sediment and Bedload from Redwood Creek @ 
Ori ck 

Sediment loads  i n  Tonnes/yr 
(Tons/yr) 

Annual suspended sediment discharge Annual bedload 
Range from flow duration-curve,  1982, Range from flow duration curve, 1982, 
and sediment t r an spo r t  curve, 1978 - 1980 and instantaneous sampling 1974 - 1976, 

1978 

1,330,000 - 2,790,000 43,000 - 646,000 

From J. R. Crippen, 1981, wr i t t en  communication, f o r  Water Years 1954 t o  1980 

1,340,000 173,000 

(1,480,000) (191,000) 

Annual suspended sand discharge Annual discharge of sand i n  bedload 
Pa r t i c l e  s i z e  da ta ,  1974 - 1980 P a r t i c l e  s i z e  da ta ,  1975, 1976, 1978, 1980 

860,000 - 1,130,000 62,000 - 96,000 

(950,000 - 1,240,000) (68,000 - 106,000) 

65% - 84% o f  t o t a l  suspended load 36% - 55% of t o t a l  bedload 

Annual sand discharge 

930,000 - 1,220,000 

(1,020,000 - 1,340,000) 

62% - 81% of t o t a l  suspended and bedload 

Annual sand and gravel discharge 

1,040,000 - 1,310,000 

69% - 86% of t o t a l  suspended and bedload 



the  wave he igh t  a t  the  t ime o f  t he  t i d e  was i n s u f f i c i e n t  t o  wash over  

the c res t .  
A p lex ig lass  sheet was b u r i e d  beneath 22 cent imeters (8.5 i n )  of 

sand a t  an upper i n t e r t i d a l  s i t e  i n  t he  n o r t h  slough where t i d a l  

r i p p l e s  were present.  Holes were d r i l l e d  i n  t h e  sheet t o  a l low water 

penet ra t ion  and a  f l o a t  was a t tached t o  r e l o c a t e  t h e  s i t e .  The 

experiment was vandal ized before any s i g n i f i c a n t  scour o r  fill could 

be measured. 

Organic deb r i s  l oca ted  south  of t h e  n o r t h  c l i f f s  wd: photo- 

graphed t o  document movement r e s u l t i n g  f rom mari  ne stornls. A1 l 

debr i s  exceeding 0.3 meters (1.0 f t )  i n  diameter a long North Slough 

P r o f i l e  A (Map P l a t e  1) was mapped, tagged, and described. Later ,  

t he  tagged deb r i s  was re loca ted  t o  eva lua te  the  e x t e n t  and d i r e c t i o n  

o f  movement. 

Sieve ana lys i s  and heavy 1 i q u i d  separat ions o f  selected surface 

samples were used t o  de l i nea te  subs t ra te  g r a i n  s i z e  d i s t r i b u t i o n  and 

t o  d i s t i n g u i s h  among sediment sources by heavy minera l  var ik t ions .  

The Klamath R iver ,  P r a i r i e  Creek, Gold B l u f f s  u n i t ,  RedwoM Creek, 

and beaches t o  t h e  n o r t h  and south  were a l s o  sampled t o  char ic te r ize  

l i t h o l o g i c a l l y  d i s t i n c t  heavy m ine ra l  sources. 

R ive r  sands were sampled a long p o i n t  bars  and beach SaWies were 
F genera l l y  obta ined f rom the  m idd le  of t he  swash o r  i n t e r t i ~ i  tone. 

I n  t he  estuary,  samples were spaced a t  approximately e ~ i s i s t a n t  

s i t e s  along the  surveyed p r o f i l e s .  Due t o  changing water 1erc:s and 

a v a i l a b i l  i t y  o f  sampling equipment d u r i n g  summer, 1980, 6C % q l e s  
? 

were taken from t h e  es tuary  a t  d i f f e r e n t  t imes (Map Plate 2,. I n  
I .  

f 
i spring, 1981, when streamflow and t i d a l  cond i t i ons  were favon::t, 26 

es tua r ine  samples were obta ined.  Subaer ia l  samples were SCOvm to a 

depth o f  2 cent imeters (1 i n )  i n t o  a  p l a s t i c  bag. Four uracmater 

sampling methods inc luded scooping c a r e f u l l y  i n t o  one side .;-' 6 box 

corer ,  f ree-d iv ing  scoops i n t o  a  p l a s t i c  bag, an Eckman used 

i n  con junc t ion  w i t h  i n v e r t e b r a t e  sampl ing ,  and a  clam-sfe-- type 

g r a v i t y  sampler. In r e t r o s p e c t ,  a  sampling box s i m i l a r  tt -,1e one 

designed by Boggs (Jones, 1972) would have standardized an% # - a c e d  
the  l o s s  o f  f i n e s  under deep wa te r  sampling condi t ions.  kaeI o r  

deb r i s  was o f t e n  caught i n  the jaws o f  t h e  c lam-shel l  grab, ~ z k s i n g  

some o f  t h e  sample (samples des ignated *, Appendix G) .  
r 

/' 

I 



Muddy samples were a i r  d r i e d ,  weighed, and wet  s ieved  t o  remove 

t h e  l ess  t han  0.0625 mm f r a c t i o n .  The samples were r e d r i e d  and 

weighed t o  o b t a i n  a rough percentage o f  mud by s u b t r a c t i o n .  S a l t s  

were removed from beach sediment by r i n s i n g  severa l  t imes i n  t a p  

water.  

A f t e r  d r y i ng ,  samples were s p l i t  i n t o  30-90 gram subsaniples and 

weighed t o  0.01 gram. The subsamples were d r y  s ieved  a t  one p h i  ( f )  
i n t e r v a l s  f o r  15 minutes i n  a Ro-Tap mechanical  s i eve  shaker and 

reweighed. Aggregates were noted when p resen t  and t h e  we igh t  percen- 

tage of each s i z e  c l ass  c a l c u l a t e d  (Appendices G, H and I ) .  

Sediment s i z e  d i s t r i b u t i o n  maps were cons t ruc ted  by F o l k ' s  

(1980, p. 30-31) method o f  con tou r i ng  t h e  pe rcen t  mud o f  t he  t o t a l  

sand p lus  mud ( e q u i v a l e n t  t o  F o l k ' s  sand:mud r a t i o )  and t h e  pe rcen t  

g rave l .  The s i z e  c l a s s i f i c a t i o n  scheme i s  shown on t h e  t r i a n g u l a r  

diagram m o d i f i e d  f rom Fo l k  (1980) (F igure  26) .  The s i z e  p a t t e r n s  on 

Map P la tes  2 and 3 d e p i c t  d i f f e r e n t  f i e l d s  f r om t h e  t r i a n g u l a r  

diagram. 

The heavy minera l  f r a c t i o n  o f  t he  0.250-0.125 mm s i z e  i n t e r v a l  

was separated by g r a v i t y  s e t t l i n g  i n  te t rabromoethane ( s p e c i f i c  

g r a v i t y  = 2.96). The percentage o f  heavy m i n e r a l s  i n  two t o  t h r e e  

grams was determined f o r  56 samples. Several  samples which may have 

s p i l l e d  d u r i n g  t r a n s p o r t  f r om t h e  l a b  a r e  des igna ted  * i n  Appendix J. 

M i c r o s p l i t s  of t h e  heavy f r a c t i o n  were mounted i n  Canada balsam on 

g lass  s l i d e s  and cured i n  a 60°C oven f o r  t h r e e  days. 

P re l  im ina ry  i d e n t i f i c a t i o n  o f  heavy m ine ra l  s f r om Redwood Creek 

and a nearby beach revea led  t h a t  s t r o n g l y  p l e o c h r o i  c b l  ue-green 

hornblende i s  abundant i n  t h e  beach sample b u t  comprises o n l y  a few 

percen t  i n  t h e  Redwood Creek samples (C. Peterson,  1982, personal  

communication). Us ing t h i s  i n d i c a t o r  m ine ra l  r a t h e r  than  i d e n t i f y i n g  

a l l  m ine ra l s  f a c i l i t a t e d  r a p i d  a n a l y s i s  o f  many samples. Two o t h e r  

e a s i l y  i d e n t i f i e d  m ine ra l s  , g l  aucophane and ga rne t ,  were a1 so no ted  

when present .  

I n  p r e p a r a t i o n  f o r  count ing,  t h e  microscope s l i d e s  were renum- 

bered t o  e l i m i n a t e  i n v e s t i g a t o r  b i as .  A t  . l e a s t  200 non-micaceous 

g r a i n s  were counted on each s l i d e .  I n  most  samples, when t h e  opaque 
and micaceous g r a i n s  were exc luded from t h e  count ,  t h e  b lue-green 



F i g u r e  26: Sediment Size C l a s s i f i c a t i o n  Gravel 
Sche,me (modif ied from Fo1 k ,  1980, p .26 ) .  ( ~ 2  rnm) 

median size of sand 
specified in the shaded area A G gravel 

Q gravelly 
(9) slightly gravelly 
S sand 

S sandy 

m muddy 

EXAMPLES 

SO sandy gravel 

(g)sM slightly granular 
fine sandy mud 

mS muddy medium sand 

clay. a.0625 mm) Percent Mud in Sand & Mud (.Of3252 mrn) 



hornblende conten t  changed by l e s s  than two percent .  However, t he  

non-opaque, non-micaceous count was tabu la ted  for t h e  opaque-r ich 

K l  amath R ive r  Beach sample (0-01, Appendix J). B l  ue-green hornblende 

percentages f o r  several  s l i d e s  were recounted t o  check f o r  reproduc i -  

b i l  i t y ,  and a l l  va r i ed  by l e s s  than t h r e e  percent .  

Redwood Creek 

Changes i n  t h e  con f i gu ra t i on  o f  t h e  mouth o f  Redwood Creek 

r e s u l t i n g  f rom major f loods and channe l i za t i on  o f  t h e  lower  reach 

were examined i n  t he  prev ious sec t ion .  F igu re  27 ou t1  i n e s  sediment 

sources and t r a n s p o r t  processes w i t h  p o t e n t i a l  t o  c o n t r i b u t e  sediment 

t o  t h e  estuary.  Transpor t  from these sources g e n e r a l l y  occurs on an 

annual o r  seasonal bas is .  The seasonal p rogress ion  o f  mouth 

morphology and sedimentary s t r u c t u r e s  i s  presented t o  a i d  i n  d i f f e r -  

e n t i  a t i n g  seasonal changes from ne t  sediment accumulation. 

According t o  recent  est imates,  Redwood Creek t r a n s p o r t s  

1,340,000 tonnes (1,480,000 tons)  o f  sediment as suspended l oad  and 

173,000 tonnes (191,000 tons)  as bedload p a s t  t h e  O r i c k  gauging 

s t a t i o n  annua l ly  (Table 4 ) .  From t h e  c a l c u l a t i o n s  descr ibed pre-  

v i o u s l y ,  t h e  sand s i z e  f r a c t i o n  (0.062-2.0 mm) comprises 62 t o  

8 1  percent  of t he  t o t a l  load. These values a re  cons iderab ly  g r e a t e r  

than t h e  25 percent  obta ined f o r  t he  Eel R i v e r  ( R i t t e r ,  1972, p. 7 ) .  

The grave l  and sand f r a c t i o n s  which have p o t e n t i a l  f o r  s to rage i n  t h e  

es tuary  o r  t r a n s p o r t  t o  the  beach comprise 69 t o  86 percent  o f  t h e  

t o t a l  load. Assuming t h e  s p e c i f i c  we igh t  o f  bed m a t e r i a l  i s  

1.92 g/cm3 (120 l b / f t 3 ) ,  a volume o f  544,000 m3 (416,000 yd3)  t o  

680,000 m3 (520,000 y d 3 )  of sand and g rave l  i s  supp l i ed  t o  t h e  mouth 

o f  Redwood Creek annual 1 y . 
i-ligh f lows which m o b i l i z e  most o f  t h e  annual sediment load,  

t r a n s p o r t  g rave l  and f i n e r  sediment through the  mouth. For example, 

d u r i n g  WY 1980, f lows w i t h  instantaneous peak d ischarges ( Q  peak) o f  
357 and 405 m3/sec (12,600 and 14,300 c f s )  scoured the channel down 

t o  bedrock i n  places, l e a v i n g  grave l  i n  t h e  channel bed. From the  

channel bed outward, g rave l ,  sandy g rave l ,  g r a v e l l y  coarse sand and 
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s l  i g h t l y  gravel  l y  coarse sand remained f o l  1  owing a  more moderate f l ow  

on March 26, 1981, w i t h  a  Q peak o f  178 m3/sec (6,270 c f s )  ( M  

samples, Map P l a t e  3 ) .  

Sea C l i f f  Eros ion 

Although sea c l i f f  l ands l i des  are  abundant and o f t e n  a c t i v e  

along the nor thcoast  (F igure  3 ) ,  the  t o t a l  c o n t r i b u t i o n  o f  sediment 

r e l a t i v e  t o  f l u v i a l  i npu ts  i s  on ly  l o c a l l y  s i g n i f i c a n t  (Gr iggs and 

Hein, 1980). The mechanisms and ra tes  of l a n d s l i d e s  have been 

charac ter ized f o r  sea c l i f f s  from Crescent C i t y  t o  Or i ck  by Smith 

(1978) and f rom B i g  Lagoon t o  L i t t l e  R ive r  by G. Carver (1982, o r a l  

communication). Loca l l y ,  t h e  unnamed p o i n t  n o r t h  o f  the  mouth of 
Redwood Creek has con t r i bu ted  sediment t o  t he  beach and d i r e c t l y  i n t o  

the  embayment. Comparison o f  h i s t o r i c a l  sketches and photos o f  t h i s  

p o i n t  by T u t t l e  (1981, p. 134) y i e l d e d  approximate r e t r e a t  r a t e s  o f  

24 meters (80 f t )  i n  130 y r s  and 9  meters (30 f t )  i n  50 y r s .  This  

p o i n t  and nearby sea stacks are  composed o f  unweathered, f i n e l y  

c r y s t a l l i n e  Redwood Creek s c h i s t  w i t h  numerous qua r t z  ve ins i n j e c t e d  

a1 ong f rac tu res .  

The h i l l s l o p e  above the  p o i n t  i s  a c t i v e l y  e rod ing  below a  

3  meter (10 f t )  h igh  headwall. Upslope, abundant t ens ion  cracks 

de l i nea te  g l i d e  b locks  which transform i n t o  deb r i s  avalanches on the  

downslope toes o f  t h e  south and west sides o f  t he  h i l l s l o p e .  The 

lower p a r t  o f  t he  south deb r i s  avalanche was r e a c t i v a t e d  d u r i n g  

w i n t e r  1981-82. Approximately 60 m3 (45 yd3) of p o o r l y  so r ted  rock 

deb r i s  i n c l u d i n g  angular  s c h i s t  and qua r t z  cobbles was deposi ted as a  

deb r i s  f an  over  t he  beach sands a t  t he  base o f  t h e  c l i f f .  The base 

o f  the  west deb r i s  avalanche i s  exposed d i r e c t l y  t o  wave a t t a c k  and 

has been a c t i v e  throughout t he  f i e l d  observat ion per iod .  

A l a r g e r  d e b r i s  avalanche on the  southeast s ide  o f  the  h i l l  i s  

p resen t l y  s table.  A e r i a l  photos show t h a t  t h i s  f e a t u r e  became a c t i v e  

between 1954 and 1957 and r e a c t i v a t e d  s l i g h t l y  d u r i n g  t h e  1964 f lood,  
i n  response t o  e ros ion  along the  base of t he  c l  i f f .  The lower p a r t  

of t he  deb r i s  avalanche l a s t  f a i l e d  du r ing  w i n t e r  1966-67. 



Nearshore Cur ren ts  

Nearshore ocean c i r c u l a t i o n  d i r e c t i o n s  d u r i n g  December-March, 

t h e  p e r i o d  o f  peak f l u v i a l  sediment d ischarge,  i n f l u e n c e  t h e  near-  

shore d i s t r i b u t i o n  o f  sandy depos i t s  as w e l l  as o f f s h o r e  d i s p e r s a l  of 

f i n e r - g r a i n e d  sediment plumes. 

Sediment supp l i ed  t o  t he  beach and e s t u a r y  f rom t h e  nearshore 

marine environment i s  p o t e n t i a l l y  de r i ved  f r om t h e  Klamath, Mad, and 

Eel  R ivers  as w e l l  as f rom Redwood Creek (Tab le  1 ) .  ERTS imagery of 

sediment plumes and d r i f t  ca rd  da ta  i n d i c a t e  seasonal r e v e r s a l s  of 

nearshore c i r c u l a t i o n  which a f f e c t  sediment d e p o s i t i o n  p a t t e r n s  

(Car lson and Harden, 1975). I n  October o r  November, when n o r t h  winds 

a r e  weak o r  absent (F i gu re  28), t h e  nor thward- f low ing  Davidson 

c u r r e n t  develops and p e r s i s t s  th rough  ~ e b r u a r y  (Car lson  and Harden 

1975; Gr iggs and Hein, 1980). Gr iggs and He in  (1980) found s i m i l a r  

r e s u l t s  u s i n g  LANDSAT imagery b u t  noted a  15-25 k i l o m e t e r  (10-15 m i )  

wide nearshore band o f  southward f l ow .  The Klamath R i v e r  plume has 

been d i sce rnab le  as f a r  as 50 k i l o m e t e r s  (30 m i )  o f f s h o r e  and 50 

k i l ome te rs  (30 m i )  south o f  t h e  mouth o f  t h e  r i v e r .  The mouth of 

Redwood Creek i s  l o c a t e d  approx imate ly  28 k i l o m e t e r s  (17.5 m i )  south 

o f  t he  Klamath R i v e r  mouth. However, C a r l s ~ n  and Harden (1975, p. 

120) a l s o  r e p o r t e d  t h a t  t h e  most r a p i d  c u r r e n t s  o f  t h e  y e a r  i n  

October and December f lowed a t  a r a t e  o f  25 km/day (15 mi /day)  f r om 

Redwood Creek n o r t h  t o . t h e  Smith R i v e r  ( F i g u r e  3 ) .  

S t rong  n o r t h  winds move su r f ace  wa te r  t o  t h e  south and o f f sho re  
and c r e a t e  an Eckman s p i r a l  which generates u p w e l l i n g  f r om March 

through J u l y  o r  August (F i gu re  28). The southward f l o w i n g  C a l i f o r n i a  

c u r r e n t  dominates nearshore and of fshore c i r c u l a t i o n  f r om J u l y  

th rough  November. Because f l u v i a l  sediment d ischarge  f r om A p r i l  

through November i s  much reduced, most o f  t h e  sediment t r a n s p o r t e d  

a long  t h e  coas t  d u r i n g  these months has been resuspended by waves. 

Waves 

Waves generated by  storms become s o r t e d  accord ing  t o  t h e i r  wave 

pe r i ods  by wave d i s p e r s i o n  and a r r i v e  a t  t h e  s h o r e l i n e  as u n i f o r m  



Figure 28: 

Monthly Average Wind Velocities at Eureka, California (54-year record) 
. - (published by U.S. Dept. of Commerce, modified from Carlson and Harden, 

1975, table 4) 
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swe l l  s. Local  l y  generated wind waves, termed seas, general  l y  have 

s h o r t e r  wave per iods.  Al though seas may have wave per iods  up t o  

15-20 sec (Komar, 1976, p. 76) ,  waves w i t h  p e r i o d s  o f  10 sec o r  l e s s  

a re  g e n e r a l l y  c l a s s i f i e d  as seas (Fox and Dav is ,  1978, p. 1544; 
Seymour and o thers ,  1980, p. 3) .  

Wave s t a t i o n s  f rom Crescent C i t y ,  C a l i f o r n i a  t o  Grays Harbor, 

Washington, a re  s i m i l a r  w i t h  r espec t  t o  predominant wave d i r e c t i o n ,  

he igh t ,  per iod ,  o r i g i n ,  and season of occurrence (Table 5 ) .  Seas 

tend  t o  be l a r g e r  than swe l l s  and t h e  h i g h e s t  waves o f  bo th  occur  

d u r i n g  t h e  w i n t e r  months. The h i g h e s t  s w e l l s  a r r i v e  f rom t h e  NW-W 

d i r e c t i o n  and t h e  h i g h e s t  seas f rom t h e  SW-SSE. S i g n i f i c a n t  sediment 

t r a n s p o r t  r e s u l t s  f r om t h e  h i g h e s t  waves, s i n c e  t h e y  occur  d u r i n g  t h e  

season of maximum sediment suspension and d i s s i p a t e  energy across t h e  

w ides t  s u r f  zone. 

Wi th  changing wave c o n d i t i o n s  from w i n t e r  t o  summer, sediment 

from o f f sho re  ba rs  i s  t r anspo r ted  onshore and t h e  storm-dominated 

beach p r o f i l e  i s  rep laced  by a  swe l l  beach p r o f i l e  ( F i g u r e  29).  

Offshore bars  fo rm where sediment- laden onshore c u r r e n t s  c rea ted  by 

s to rm waves converge w i t h  o f f s h o r e  c u r r e n t s  c a r r y i n g  sediment from 

t h e  beachface (Bascom, 1954, p. 166; Komar, 1976, p. 293).  

Storm waves have h igh  steepness va lues,  de f ined  as t h e  r a t i o  of 
H deep wa te r  wave h e i g h t  t o  l eng th ,  -ILd 

2 ( L  = gT / Z - K ) ,  T = wave 

pe r i od ) .  The s teeper ,  uns tab le  wave c r e s t s  b reak  more f r equen t l y ,  

t r a n s p o r t  more wa te r  onshore and s a t u r a t e  t h e  swash zone. A t  t h e  

upper end o f  t h e  swash zone, sediment i s  depos i t ed  as t h e  swash 

transforms from t u r b u l e n t  t o  l am ina r  f low (Duncan, 1964, p. 187).  

Du r i ng  h i g h  t i d e s  o r  per iods  o f  e-xcept ional  s to rm waves, t h e  swash 

rushes ove r  and pe rco la tes  i n t o  t h e  s to rm berm, l e a v i n g  t he  e n t i r e  

sediment l o a d  as an overwash d e p o s i t  ( F i g u r e  30) .  

The berm on t h e  south s i d e  o f  t h e  mouth o f  Redwood Creek (Appen- 

d i x  C, Beach P r o f i l e  E, 1981 survey)  c o n s i s t s  of  a  wide, w e l l  deve l -  

oped s to rm berm w i t h  a h i g h e r  c r e s t  than  t h e  s w e l l  berm. On the  

n o r t h  s ide  o f  the  mouth, storm waves may remove t h e  beach up t o  t h e  
base o f  the sea c l i f f ,  d e s t a b i l i z i n g  d e b r i s  ava lanches and p reven t i ng  
development of a  s to rm berm. The swe l l  berm becomes w e l l  developed 

i n  t h e  summer when low steepness s w e l l s  t r a n s p o r t  t h e  o f f s h o r e  bars  



TABLE 5: Wave Climate During 1956 - 1958, from Hindcasted Wave Data fo r  Stations from Crescent 

City,  California, t o  Grays Harbor, Washington (National Marine Consultants, 1960; 

Summarized from Bourke, 1971, p. 91, 94). 

Origin Predominant Direction f o r  Season 

seas-1 ocal 

fa1 1, winter SW-SSE 

spring, summer N-NW 

swell s-di s t an t  a l l  seasons NW-W 

Height Period 

winter highest winter 1 ongest 

SW-SSE highest SW-SSE 1 ongest 

summer s h o r t e s t  

autumn 1 ongest 

winter highest NW-W longest 

summer shor t e s t  



Figure 29: 
Beach Profiles for Storm (winter) Conditions and Swell (summer) Conditions 
(modified from Bascom, 1954 and Komar, 1976, p. 289) 
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onshore. 

A e r i a l  photographs show t h a t  landward m i g r a t i o n  of o f f sho re  bars 

was a  mechanism f o r  b u i l d i n g  new beaches a t  t he  mouth o f  Redwood 

Creek fo l l ow ing  the December, 1964 and March, 1975 f loods .  A f te r  t he  

1964 f lood,  the bar  became l a n d - t i e d  on the  south s ide  o f  the  mouth 

where the discharge was low (F igure  18). Southwester ly winds d r i v i n g  

longshore d r i f t  t o  t h e  n o r t h  were probably a l s o  a  f a c t o r  i n  t he  

growth o f  the  new beach. 

Overwas h  

Recent depos i t i on  across the  storm berm has been l i m i t e d  t o  a  

narrow s t r i p  shoreward o f  t he  berm c r e s t  (Appendix C). Several 

f a c t o r s  account f o r  t h i s  depos i t i ona l  pa t te rn :  water  perco la tes  

r a p i d l y  i n t o  t h e  coarse overwash slope; and l a r g e  organ ic  deb r i s  

which i s  abundant shoreward o f  the  berm c res t ,  slows the  progress of 

the  overwash. I n  the past,  t h i s  deb r i s  was c a r r i e d  onto the  overwash 

s lope by storm waves. However, storm waves d i d  n o t  p e r c e p t i b l y  a1 t e r  

the  d i s t r i b u t i o n  o f  t h e  deb r i s  south o f  Beach P r o f i l e  C between 

a e r i a l  photograph dates o f  June, 1978, and September, 1981. The 

magnitude o f  storms requ i red  t o  overwash t h e  storm berm i s  discussed 

f u r t h e r  i n  t he  sec t i on  on Net Sediment Accumulation. 

The storm berm probably grew t o  i t s  present  e x t e n t  by swash and 

overwash depos i t i on  across a  swe l l  berm. Planar  1 aminat ions are  

exposed i n  berm escarpments t o  the  n o r t h  and eas t  o f  t he  storm berm 

and i n  c u t  banks o f  swe l l  berms f o l l o w i n g  breaching. C l i f t o n  (1969) 

a t t r i b u t e d  the  o r i g i n  o f  beach laminat ions  t o  g r a i n  segregat ion 

w i t h i n  bed f l o w  du r ing  wave backwash. He observed reverse s i z e  

grading and upward-decreasing dens i t y  g rada t i on  i n  1 ami nae a f fec ted  

by backwash. However, C l i f t o n  examined l a y e r i n g  o n l y  i n  the  p a r t  of 

the  swash zone sub jec t  t o  bo th  swash and backwash. Duncan's (1964) 

measurements show t h a t  swash depos i t i on  predominates du r ing  h igh  t i d e  

when the  beach water t a b l e  i s  s t i l l  low. The sediment lens  deposited 

on the  shoreward s ide  of t he  swash zone i s  n o t  sub jec t  t o  s o r t i n g  by 

backwash. Also sediment deposi ted by swash as i t  f l ows  over  the  berm 
c r e s t  i s  n o t  reworked s ince  the re  i s  r a p i d  p e r c o l a t i o n  of the swash 



' i n t o  t he  overwash slope. The genesis of p l a n a r  l a m i n a t i o n  i n  coarse 

overwash depos i t s  appears t o  be p o o r l y  understood.  Most overwash 

d e s c r i p t i o n s  app ly  t o  hu r r i cane  wash-overs i n  f i n e r  sediment a1 ong 

t h e  Gulf  and East  coasts .  The t e x t u r a l  and d e n s i t y  g rada t ions  i n  

overwash l am ina t i ons  should be examined i n  t h e  d e t a i l  app l i ed  t o  
beach l am ina t i ons  by C l  i f t o n  (1969).  

Eol  i a n  Transpor t  

On A p r i l  10, 1981, smal l  s ca le  r i p p l e s  formed on t he  d r y  sub- 

a e r i a l  sand depos i t  south o f  t h e  n o r t h  c l i f f s  f o l l o w i n g  severa l  days 

of 30-40 km/hr (20-25 mph) winds. The r i p p l e s  had wavelengths of  3-4 

cen t ime te rs  (1.5-2.0 i n )  and ampl i tudes of 1 cen t ime te r  (0.5 i n )  w i t h  

ex t reme ly  l o n g  c r e s t s  becoming d i scon t i nuous  near  obs tac les .  The 

d i r e c t i o n  normal t o  t h e  r i p p l e s ,  N80E, was d i f f e r e n t  f r om the  p r e v a i l -  

i n g  winds recorded a t  T r i n i d a d ,  C a l i f o r n i a ,  t h a t  day, NNW, and on t h e  

p rev ious  day, WNW. T h i s  d iscrepancy i s  p robab l y  due t o  t h e  i n f l u e n c e  

of  t h e  headland on t h e  wind p a t t e r n  on t h e  n o r t h  s i d e  o f  t h e  mouth. 

La rge r  l i t h i c  fragments accumulated on t h e  s toss  s i d e  o f  t he  r i p p l e s  

w h i l e  sma l l e r  g r a i n s  o f  q u a r t z  accumulated on t h e  leeward s i de .  

These were t h e  o n l y  wind-assoc ia ted s t r u c t u r e s  no ted  d u r i n g  t h e  f i e l d  

obse rva t i on  per iod .  

The wide s torm berm i s  w e l l  exposed t o  n o r t h  winds which a t t a i n  

maximum v e l o c i t i e s  i n  t h e  s p r i n g  ( F i g u r e  28). However, e o l i a n  

s t r u c t u r e s  a r e  absent f rom t h e  s u r f a c e  o f  t h e  s to rm berm. Severa l  

f a c t o r s  a r e  p robab ly  r espons ib l e  f o r  r educ ing  t h e  bed shear v e l o c i t y  

below t h a t  which i s  r e q u i r e d  t o  overcome g r a i n  i n e r t i a .  The presence 

of o rgan i c  d e b r i s  may i n t e r r u p t  t h e  f e t c h  across t h e  berm. The l a c k  

o f  d e b r i s  movement over  t h e  l a s t  few yea rs  a l lowed pe renn ia l  vegeta-  

t i o n  t o  become e s t a b l i s h e d  and s t a b i l i z e  berm sands. E o l i a n  

t r a n s p o r t a b l e  f i n e  sands a r e  n o t  abundant on t h e  overwash s lope .  

T ranspo r t  may n o t  occur  d u r i n g  w ind  s torms accompanied by r a i n f a l l  

wh ich  mois tens t h e  sand. E o l i a n  s t r u c t u r e s  may be d i s r u p t e d  by  

v e h i c l e  t r a f f i c  on t h e  berm. -The l a c k  o f  wind-formed s t ruc tu res  

suggest t h a t  e o l i a n  t r a n s p o r t  i s  n o t  a  ma jo r  c o n t r i b u t o r  o f  sand t o  
t h e  n o r t h  and south sloughs. 



T i d a l  Currents 

The mouth o f  Redwood Creek experiences mixed semidiurnal  t i d e s  

o f  moderate range. The d i u r n a l  and mean ranges repor ted  f o r  Humboldt 

Bay are 2.0 and 1.4 meters (6.4 and 4.5 f t ) ,  r espec t i ve l y  (U. S. 

Department o f  Commerce, 1980). The maximum and minimum t i d e s  

pred ic ted  du r ing  1980-82 were 2.5 and -0.7 meters (8.2 and -2.2 f t ) .  

Due t o  the steep stream grad ien t ,  the  t i d a l  p r ism (volume o f  water  

sub jec t  t o  t i d a l  f l u c t u a t i o n s )  a t  t he  mouth o f  Redwood Creek i s  on l y  

70,800 m3 (93,000 y d 3 )  (see Appendix D ) .  The l i m i t  o f  t he  es tuary  i s  

a t  R iver  S t a t i o n  7, 1.5 k i lometers  (0.9 m i )  upstream, as de f ined by 

the  maximum ex ten t  o f  sa l twa te r  i n t r u s i o n  measured November 29, 1980 

(R. Gregory, 1980, unpubl ished data) .  T i d a l  bores have a l s o  been 

observed shoa l ing  upstream a t  l e a s t  as f a r  as R ive r  S t a t i o n  7  ( l o c a t -  

ed between BB and NL, F igure  7) .  

When a  h igh  t i d e  coinc ides w i t h  h igh  discharge (e.g. February 

15-24, 1980, see Appendix E ) ,  water  may back up i n t o  the  sloughs over  

t he  bankfu l  l e v e l .  The backwater e f f e c t  a l lows t r a n s p o r t  of sediment 

i n t o  sup ra t i da l  areas du r ing  f l o o d  t i d e s .  T i d a l  c u r r e n t  depos i t i on  

i s  most e f f e c t i v e  when the  mouth i s  wide, scoured by a  prev ious h igh  

discharge. During h igh  flows, suspended sediments o r i g i n a t i n g  f rom 

Redwood Creek and the  south slough are  v i s i b l e  as a  green and brown 

c o l o r  con t ras t  on the  water sur face.  A t  h igh  t i d e ,  incoming waves 

c rea te  small gyres on the  surface, mix ing  the  v i s i b l e  sediments i n  

t he  south slough neck adjacent  t o  t he  south levee. 

Net t ranspor t  o f  sediment i n t o  t h e  es tua ry  by f lood t i d e  

cur ren ts  can be p a r t i a l l y  exp la ined by the  d i s s i m i l a r  na ture  of f l o o d  

and ebb t i d a l  cur ren ts .  The f l o o d  t i d e  i s  propagated by small waves 

o r  bores w i t h  a  surg ing f l o w  ( C l i f t o n ,  P h i l l i p s ,  and Hunter, 1973, p. 

120, 123). Unfor tunate ly ,  t he  surg ing  f l o o d  c u r r e n t  v e l o c i t y  cannot 

be accura te ly  measured w i t h  standard c u r r e n t  meters t h a t  y i e l d  an 

average value over  several  seconds. Th i s  problem was encountered by 

Jones (1972, p. 51) i n  measuring surg ing  f l ood  c u r r e n t  v e l o c i t i e s  a t  

the  mouth o f  the  Sixes River ,  Oregon. In con t ras t ,  t he  ebb c u r r e n t  

i s  confined t o  t i d a l  channels and f l o w s  l i k e  a stream. The v e l o c i t y  
o f  the  ebb c u r r e n t  i n  the  ou t f l ow  channel i s  increased by the  stream 



discharge. Sediment deposited i n  the  embayment and sloughs by f l o o d  

cu r ren ts  i s  eroded by the  ebb f l o w  on l y  a long the  channels. 

Resuspension 

Sediment p r e v i o u s l y  depos i t ed  i n  t h e  embayment and s lough necks 
i s  sub jec t  t o  eros ion by f l u v i a l  discharge. The e x t e n t  o f  e ros ion  o f  

the  embayment and adjacent berm du r ing  h i g h  f l ows  depends on the  peak 

f l u v i a l  discharge and, t o  a l e s s e r  degree, t he  t i m i n g  o f  the  t i d e s .  

High f l u v i a l  discharge a l s o  erodes i n t o  t h e  berm along the  channel 

margins. The eros ional  escarpment i s  general l y  poo r l y  developed 

a long the  rocky no r th  s ide o f  the  channel. The berm escarpment on 

t h e  south s ide  remains u n t i l  i t  i s  re-eroded by a h ighe r  f l o w  o r  

o b l i t e r a t e d  by overwash (F igure  30). The p o s i t i o n  o f  t he  berm 

escarpment along the  berm i n  a nor th-south d i r e c t i o n  i s  es tab l i shed  

by the  preceeding peak f low.  Berm escarpments which p e r s i s t e d  

through the  summer months i n  WY 1980, 1981, and 1982 were formed by 

peak f lows du r ing  the preceeding w i n t e r  o f  549, 178, and 735 m3/sec 

(19,400, 6,270, and 26,000 c f s )  r e s p e c t i v e l y .  The WY 1982 p o s i t i o n  

would p l o t  approximately a t  1,050 f t  w i t h  the  two o the r  berm 

escarpments shown on Long i tud ina l  Dune P r o f i l e  Two (F igu re  31). 

Discharge from Sand Cache and Strawberry Creeks (F igure  7 )  

through the  n o r t h  and sough sloughs i s  t i d a l l y  dependent. When 

backwater develops, the  sloughs func t i on  as ebb f l o w  channels, 

remaining stagnant u n t i l  the  t i d e  and/or d ischarge recede. Sediment 

s to red  i n  t he  slough necks i s  then eroded t o  a degree, depending on 

t h e  recession ra te .  

Seasonal Progression o f  Mouth Morphology and Sedimentary St ruc tures  

Seasonal changes i n  t he  c o n f i g u r a t i o n  o f  t h e  o u t f l o w  channel and 

t i d a l  c u r r e n t  t ranspor t  genera l l y  do n o t  c o n t r i b u t e  t o  ne t  sediment 

accumulat ion a t  the  mouth o f  Redwood Creek. However, these seasonal 

f ea tu res  s t r o n g l y  i n f l uence  the  charac ter  of aqua t i c  h a b i t a t  by 

determin ing t h e  embayment volume, s u b s t r a t e  s i z e  d i s t r i b u t i o n  and 

water qua1 i ty. 



Figure 30: Typical Sumner Morphological Features, 
Mouth of Redwood Creek. 
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F i g u r e  31: L o n g i t u d i n a l  Dune P r o f i l e  Two. 
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Fol lowing the water year  convent ion, the  season begins i n  

October w i t h  increas ing  discharge i n  a  "normal" year .  High discharge 

t y p i c a l l y  es tab l ishes  a  s t r a i g h t  out f low channel as i l l u s t r a t e d  i n  

F igure  25a, f o l l ow ing  a  peak f l o w  o f  405 m3/sec (14,300 c f s ) .  A l l  

discharges c i t e d  i n  t h i s  sec t i on  were gauged a t  Or ick ,  4.0 k i l ome te rs  

(2.5 m i )  upstream from the  mouth. 

As discharge decreases through the sp r ing  months, the  s t r a i g h t  
ou t f l ow  channel may be mod i f ied  by incoming h igh  waves and t i d a l  

cur ren ts .  I n  the  spr ing,  h igh  waves are  genera l l y  associated w i t h  

h igh  winds, as r e f l e c t e d  i n  t he  l a r g e r  component o f  sea than swel l .  

Sediments t ranspor ted  by f l o o d  t i d e  cu r ren ts  a long the  margins of t h e  

ou t f l ow  channel are deposi ted w i t h i n  the  embayment. When the  o u t f l o w  

channel i s  s t r a i g h t ,  waves d i f f r a c t i n g  around the  berm escarpment 

depos i t  a  lobe. 

During A p r i l ,  1980, a  d i f f r a c t i o n  lobe was deposi ted by a  s e r i e s  

o f  waves charac ter ized by h igh  seas. Waves o f  t h i s  magnitude and 

frequency were recorded on on l y  f i v e  occasions between A p r i l  and 

September o f  1980 and 1981 (Appendix E) .  Onshore winds a t  T r i n idad ,  

C a l i f o r n i a ,  on A p r i l  10, 1980 were normal t o  t h e  sho re l i ne  (WNW) w i t h  

v e l o c i t y  o f  15-40 km/hr (10-25 mph). The ob l ique view i n  F igure  25b 

was sketched from photographs taken on A p r i l  19, 1980 and i l l u s t r a t e s  

the  d i f f r a c t i o n  lobe morphology. 

I n  the  past ,  when the  ou t f l ow  channel was s t r a i g h t ,  the  lobe 

developed i n t o  a  l a r g e  emergent depos i t  which reduced the  volume of 

t he  embayment (F igure  15, September, 1931, and F igure  16, Ju ly ,  

1957). Lobes were a l so  deposi ted on e i t h e r  s ide  o f  t h e  scoured f l o o d  

channel as waves d i f f r a c t e d  around the  margins f o l l o w i n g  the  

December, 1964 storm (F igu re  18). 

The d i f f r a c t i o n  lobe which developed i n  spr ing,  1980, appears i n  

Beach P r o f i l e  A  (Appendix C )  and Map P l a t e  1. A box core i n  t h i s  

l obe  taken i n  August 1980 revealed a1 t e r n a t i n g  grave l  and coarse sand 

l a y e r s  t y p i c a l  o f  swash-backwash laminae. The l a y e r i n g  i s  a t t r i b u t e d  

t o  f l o o d  c u r r e n t  bores o f  d i f f e r e n t  energies which depos i t  and rework 

t h e  sediment on the  lobe.  

Numerous r i dges  adjacent  t o  a d i f f r a c t i o n  l obe  a re  v i s i b l e  i n  

photos taken from t h e  top  of the n o r t h  c l i f f s  i n  August, 1979. 



Upstream from the  ou t f l ow  channel, t he  r i dges  appear normal t o  the  

expected f l o o d  cu r ren t  d i r e c t i o n ,  b u t  deeper i n  t he  embayment, they 

become concent r ic  w i t h  the  d i f f r a c t i o n  1  obe. Perhaps these concen- 

t r i c  fea tures  a re  smal l -scale t i d a l  sand r idges ,  p a r a l l e l  t o  t h e  

p r i n c i p a l  t i d a l  cu r ren t  d i r e c t i o n ,  as descr ibed by B l a t t ,  M idd le ton  

and Murray (1972, p. 135). 

The magnitude and frequency of incoming t i d a l  bores depend on 

the  t i d e  he igh t ,  s ize ,  and o r i e n t a t i o n  of waves, stream discharge and 

t h e  conf i .gurat ion o f  t h e  . ou t f l ow  channel. F lood t i d e  cu r ren ts  

d i s s i p a t e  across the  i n t e r t i d a l  sand f l a t s ,  fo rming smal l  sca le  

sedimentary s t ruc tures .  R i  pp1 es are commonly exposed i n  t h e  slough 

necks between 0  and 1.2 meters (0  and 4  f t )  above MSL (see Map P la tes  

2 and 3 ) .  

During l a t e  sp r ing  and summer, t he  o u t f l o w  channel becoaies 

narrower as f l u v i a l  discharge decreases and as t i d a l  cu r ren ts  t rans -  

p o r t  sediment onshore and i n t o  the  mouth (F igure  25b, c ) .  Incoming 

t i d a l  . cu r ren ts  slow upon reaching the  wide embayment and depos i t  a  

s i l l  a t  the  upstream end o f  t he  ou t f l ow  channel (Jones, 1972). The 

s i l l  b u i l d s  above the  low t i d e  l e v e l  i n  t h e  o u t f l o w  channel and 

progrades upstream by a c c r e t i o n  onto a  steep s l i p - f a c e  (Boggs and 

Jones, 1976, p. 420). The s i  11 resembl es f 1  ood-dorni nated t i d a l  

d e l t a s  found shoreward o f  l a r g e r  t i d a l  i n l e t s .  Since the  ou t f low 

channels present  i n  summer, 1980, and spr ing ,  1981, were bo th  

surveyed soon a f t e r  being eroded du r ing  a breach, t he  s i l l  does n o t  

appear on Map P la tes  2 and 3. 

C l i f t o n ,  P h i l l i p s ,  and Hunter (1973, p. 126) observed t h a t  s i l l s  

a l t e r  t he  t i m i n g  of the  t i d e s  r e l a t i v e  t o  the  ocean and damp t h e  

e f f e c t i v e  t i d a l  range i n  smal l  es tua r ies  a long t h e  southern Oregon 

coast.  I n  t he  upstream p a r t ;  o f  t he  ou t f l ow  channel o f  t h e  Sixes 

R i v e r  mouth, Boggs and Jones (1976, p. 423) measured bottom c u r r r e n t  

v e l o c i t i e s  t h a t  were commonly a t  l e a s t  tw ice  those on the  f l o o d  t i d e  

as on the  ebb. With the  s i l l  present ,  the  h ighes t  v e l o c i t y  f l ood  

cu r ren ts  developed p r i o r  t o  t h e  h i g h  t i d e  i n  t h e  ocean and moved 

through the  deepest channel o f  the  es tuary  (Boggs and Jones., 1976, 

p. 422). Th is  t ime-ve loc i t y  asymmetry between f l o o d  and ebb cu r ren ts  

' i s  c l e a r l y  responsib le f o r  t h e  n e t  t r a n s p o r t  o f  marine sediment i n t o  



the  Sixes R iver  estuary as w e l l  as the  Redwood Creek estuary when a  

s i l l  i s  present.  

C l i f t on ,  P h i l l i p s ,  and Hunter (1973, p. 120) observed t h a t  the  

out f low channels of streams w i t h  summer discharges ranging from 0.1 

t o  10 m3/sec (3.5-350 c f s )  commonly migra te  alongshore (F igu re  30). 

During the  pe r iod  o f  f i e l d  observat ion,  t he  mouth o f  Redwood Creek 

migrated when the  discharge was as h igh  as 6 m3/sec (200 c f s ) .  The 

ou t f l ow  channel gene ra l l y  migra tes  south du r i ng  May through August. 
Occasional ly the  ou t f l ow  channel migrates t o  t h e  n o r t h  o r  recurves 

upon i t s e l f  a f t e r  m ig ra t i ng  t o  the  south. 

The ou t f l ow  channel migrates r a p i d l y  and e p i s o d i c a l l y  when 

p r e v a i l i n g  north-northwest winds and h igh  seas co inc ide  w i t h  h igh  

t i des .  Waves d e f l e c t  streamflow aga ins t  the shoreward channel bank, 

eroding the  bank w h i l e  depos i t i ng  a  berm on the  seaward s ide  (F igures 

25 c  and 30).  Two ou t f l ow  channels may be present  f o l l o w i n g  a  h igh  

t i d e  before one captures t h e  f low. The o u t f l o w  channel i s  l oca ted  

shoreward o f  t he  i n c i p i e n t  swe l l  berm and erodes i n t o  the storm berm 

(Appendix C, Beach P r o f i l e  B, Ju l y ,  1980 Survey and F igure  30). 

M ig ra t i on  reduces the  channel g rad ien t  and v e l o c i t y .  

I n  the  ou t f l ow  channel, sedimentary s t r u c t u r e s  respond t o  chang- 

i n g  t i d a l  cu r ren ts  and stream discharge. Megaripples m i g r a t i n g  

downstream were observed i n  June, 1980 w i t h  a  d ischarge of 4.4 m3/sec 

(156 c f s ) .  The megaripples were l u n a t e  i n  t he  upstream reach of t h e  

channel, t rans forming i n t o  cuspate o r  l i n g u o i d  shapes downstream. 

Fur ther  downstream, smooth f l o w  across the  megaripples breaks down 

and becomes tu rbu len t .  The l o c a t i o n  o f  t h i s  t r a n s i t i o n  f rom t h e  

lower t o  the  upper f l o w  regime corresponds t o  a  n i c k  p o i n t  i n  t he  

water sur face grad ien t .  The n i c k  p o i n t  moves upstream and downstream 

i n  response t o  t h e  ebb and f l o o d  cur ren ts .  

According t o  coasta l  engineer ing c r i t e r i a ,  when a  cross- 

sec t iona l  area o f  a  t i d a l  i n l e t  e x i s t s  below mean sea l e v e l ,  the  

mouth i s  " f u n c t i o n a l l y "  open (Rice, 1974, p. 17 c.f .  Johnson, 1974). 

The r a t i o  o f  wave energy t o  t i d a l  energy per  t i d a l  cyc le  determines 

whether t he  mouth w i l l  c l ose  (OIBrien, 1971). T i d a l  energy depends 

on both the  ampli tude o f  t he  t i d e  and the  t i d a l  prism. With a  l a r g e  

t i d a l  prism, t h e  ebb c u r r e n t  v e l o c i t y  i s  e f f e c t i v e  i n  e rod ing  the  



t i d a l  i n l e t  and prevent ing  f u n c t i o n a l  c losure.  

A t  t h e  mouth o f  Redwood Creek, stream discharge increases the  

ebb c u r r e n t  v e l o c i t y  i n  the  out f low channel. With decreasing 

discharge i n  t h e  spr ing ,  a  s i l l  may b u i l d  above mean sea l e v e l ,  

thereby f u n c t i o n a l l y  c l o s i n g  the  mouth. Th i s  process may p resen t l y  

occur more r a p i d l y  o r  e a r l i e r  i n  the  year  than i n  the  past.  Due t o  

the  increase i n  the  stream g rad ien t  of Redwood Creek from channel iza- 

t i o n  and accumulation o f  sediment i n  t h e  sloughs, the  t i d a l  p r ism 

below Corps S t a t i o n  34+00 (F igure  32) has decreased by 47-54 percent  

s ince 1966 (Appendix D). A d d i t i o n a l l y  , f low du ra t i on  curves i n d i c a t e  

a  s l i g h t  long-term decrease i n  stream discharge du r ing  the summer 
months ( ~ a n d a  and others,  1975, p. 155). 

AS t h e  s i l l  b u i l d s  above mean sea l e v e l ,  the  e f f e c t i v e  t i d a l  

range i s  damped. The ebb c u r r e n t  v e l o c i t y  decreases, a l l ow ing  t h e  

s i l l  and o u t f l o w  channel t o  b u i l d  h igher .  The r a t e  of out f low 

decreases, causing expansion o f  the  embayment when stream discharge 

i s  g rea te r  than r a t e s  of outf low, seepage and evaporat ion. Seepage 

ra tes  of water  through the  s i l l  from t h e  embayment t o  the  ocean 

depend on the  r e l a t i v e  water l e v e l s ,  g r a i n  s ize ,  s o r t i n g  and area of 

embayment con tac t  w i t h  the  s i l l  and berm ( C l i f t o n ,  P h i l l i p s ,  and 

Hunter, 1973, p. 130). Present ly ,  water may seep more s lowly  across 

the  gen t l e  g rad ien t  through the  wide storm berm. The narrow, steeper 

g rad ien t  p a r t  o f  t h e  swe l l  berm, where seepage would be more rap id ,  

i s  l i m i t e d  i n  length .  

The c o n f i g u r a t i o n  o f  the out f low channel determines the  degree 

of s a l t w a t e r  i n t r u s i o n  and d is tance o f  sediment t r a n s p o r t  by f l ood  

t i d e  cur ren ts .  Boggs and Jones (1976) examined t i d a l  cu r ren t  tr-ans- 

p o r t  by r e l e a s i n g  dyed g ra ins  i n  t he  lower  p a r t  o f  t he  out f low 

channel o f  t h e  Sixes River ,  southwestern Oregon. Dur ing a  s i n g l e  

f lood t i d e ,  sediment was t ranspor ted  0.8 k i l ome te rs  (0.5 mi )  up t h e  

estuary through a  s t r a i g h t  ou t f l ow  channel. Flood cu r ren ts  were 

d i ss ipa ted  more r a p i d l y  through an out f low channel which had migrated 

alongshore, t r a n s p o r t i n g  sediment of the  same s i z e  and dens i t y  on l y  

0.3 k i l ome te rs  (0.2 mi )  up the  estuary. The two experiments were 

conducted d u r i n g  f l o o d  t i d e s  of s i m i l a r  v e l o c i t y  and du ra t i on  and 

comparable stream discharge. 



Figure 82: Mouth o f  Redwood Locat ion  Map. 



Sediment i s  t ranspor ted  f u r t h e r  i n t o  the  embayment i f  the  

ou t f l ow  channel i s  s t r a i g h t  due t o  a  recent  breach and/or l ack  of 

migra t ion .  The s h e l t e r i n g  ef fect  o f  t he  headland may prevent along- 

shore m ig ra t i on  i f  the  outf low channel develops a t  t he  no r th  end o f  

the  beach. 

Although the  na tu ra l  sequence o f  alongshore m ig ra t i on  and 

c losure  was f r e q u e n t l y  i n t e r r u p t e d  by a r t i f i c i a l  breaching dur ing  t h e  

pe r iod  o f  f i e l d  observat ion, the ou t f l ow  channel c losed completely as 

e a r l y  as mid-July. Waves washing o v e r  t h e  s w e l l  berm f i l l e d  t h e  
migrated ou t f l ow  channel i n  1980 and 1982, and the  s t r a i g h t  perpen- 

d i c u l a r  channel i n  1981. According t o  Jones (1972) t h e  mouth o f  t h e  

Sixes R ive r  c loses completely on ly  once o r  tw i ce  i n  t en  years. The 

Sixes'  R i v e r  estuary,  w i t h  i t s  lower stream g rad ien t ,  probably has a  

l a r g e r  t i d a l  p r ism than the Redwood Creek estuary.  

D i s t r i b u t i o n  o f  F l u v i a l  and Marine Sediment - Gra in  Size Analys is  

The pr imary purpose o f  ana lyz ing  g r a i n  s i z e  was t o  de l i nea te  

subs t ra te  t e x t u r e s  a v a i l a b l e  f o r  i n v e r t e b r a t e  c o l o n i z a t i o n  r a t h e r  

than t o  i n d i c a t e  con t ras t i ng  sediment sources and t ranspor t  

processes. A1 though samples were s ieved a t  broad s i z e  i n t e r v a l s  o f  

one ph i  ($), the  pa t te rns  o f  sediment s i z e  u n i t s  f o r  sumnler 1980 (Map 

P l a t e  2 )  and sp r ing  1981 (Map P l a t e  3 )  do r e f l e c t  sources and pro-  

cesses. 

Flood t i d a l  cu r ren ts  have been observed m ix ing  green suspended 

sediment f rom Redwood Creek w i t h  brown suspended sediment from the  

south slough du r ing  per iods o f  h igh  f l u v i a l  discharge. A t  moderate 

discharges, f i n e  sediment suspended by waves may a l s o  e n t e r  t he  

sloughs. F ine sands and mud s e t t l e  o u t  o f  suspension i n  the low- 

energy env i  ronment which develops wh.en t h e  sloughs become i sol  ated 

from the  embayment du r ing  the  sp r ing  (Map P l a t e  2 ) .  

Grave l l y  sand and sandy grave l  remain i n  t h e  channel between the  

levees and through the  embayment f o l l o w i n g  w i n t e r  f lows. The grave l  

depos i t  shown i n  Map P l a t e  3 was sampled approximate ly  two weeks 

a f t e r  a  peak discharge o f  178 m3/sec (6,270 c f s ) .  Current  v e l o c i t i e s  

were s u f f i c i e n t  t o  t ranspor t  g rave l  o f  one cent imeter  (0.4 i n )  i n  



s i z e  a t  sample l o c a l i t y  M-03. 

The overwash slope i s  p r i m a r i l y  composed o f  s l i g h t l y  g rave l l y ,  

very coarse t o  medium-grained sand. Waves depos i t  s imi  1  a r - tex tu red  

sands t o  the  south o f  the no r th  c l i f f s .  I n  t h e  necks o f  t he  sloughs, 

the  change from s l i g h t l y  g r a v e l l y  muddy sand t o  s l i g h t l y  g r a v e l l y  

sandy mud i s  marked by an abrupt  inc rease i n  water  depth (Map 

P l a t e  2 ) .  This  t e x t u r a l  and morphological change corresponds t o  the  

l i m i t  of t i d a l  c u r r e n t  t r a c t i v e  t ranspor t  i n t o  the  sloughs. 

During summer months, t h i c k  depos i ts  o f  mud and muddy sand may 

accumulate i n  t he  embayment a t  Redwood Creek. Boggs and Jones (1976, 

p. 424) suggest a  predominately marine o r i g i n  f o r  sand and muddy sand 

l a y e r s  deposi ted a t  the  mouth o f  t he  Sixes R ive r  du r ing  summer 

months. T h e i r  premise i s  based on the presence o f  marine d e t r i t u s  i n  

t h e  depos i t  and the  low suspended sediment l oad  o f  t he  r i v e r .  To 

evaluate the  p o t e n t i a l  f l u v i a l  c o n t r i b u t i o n ,  t he  volume o f  suspended 

sediment from Redwood Creek a t  the  Or i ck  gauging s t a t i o n  was calcu-  

l a t e d  f o r  e a r l y  J u l y  t o  mid-October, 1980. Graphs o f  p a r t i c l e  s i z e  

d i s t r i b u t i o n  w i t h  discharge show t h a t  t h e  mud f r a c t i o n  comprises 

90-100 percent  o f  t he  suspended sediment l o a d  t ranspor ted  du r ing  low 

summer discharges. I f  the e n t i r e  l oad  t ranspor ted  pas t  the High- 

way 101 b r i dge  du r ing  t h i s  pe r iod  reached the  embayment, i t  would 

cover on l y  1,510 m2 (16,200 f t 2 )  w i t h  1 cent imeter  (0.4 i n )  of mud. 

Saniples taken from the embayment i n  mid-August and mid- 

September, 1980, de l i nea te  the area con ta in ing  g rea te r  than 10 per-  

cent  mud i n  the  upper 5  cent imeters ( 2  i n )  o f  sediment (Map P l a t e  2) .  

One Eckman dredge sample con ta in ing  over  70 percent  mud a t t e s t s  t o  

the  v a r i a b l e  th ickness and concent ra t ion  o f  f i n e s  i n  t he  embayment. 

Though n o t  dep ic ted  by the Summer 1980 Sediment Size D i s t r i b u t i o n  

Map, 2-5 cent imeter  (1-2 i n )  t h i c k  l a y e r s  con ta in ing  most ly  mud have 

a l s o  been observed i n  the  slough necks. Whi le the  summer f l u v i a l  

i n p u t  cou ld  n o t  account f o r  a  major p a r t  o f  mud i n  t h e  embayment, the  

volume data are  i n s u f f i c i e n t  t o  evaluate t h e  ac tua l  c o n t r i b u t i o n ,  i f  

any. Heavy minera l  analyses prov ide  more s u b s t a n t i a l  evidence o f  t h e  

r e l a t i v e  c o n t r i b u t i o n s  o f  marine and f l u v i a l  sediment. 



D i s t r i b u t i o n  o f  F l u v i a l  and Marine Sed i~~ ien t  - Heavy Minera l  Ana lys is  

Sediments o r i g i n a t i n g  from Redwood Creek and f rom the  beach 

environment may be d i s t i ngu i shed  by t h e i  r heavy minera l  composit ions 

(F igure  33). The abundances o f  glaucophane, hornblende and c l  inopyr -  

oxene appear t o  be usefu l  c r i t e r i a  f o r  segregat ing Redwood Creek 

sediment f rom nor thern  and southern sources. The d i s t r i b u t i o n  o f  

marine sediment a t  the  mouth o f  Redwood Creek i s  c l e a r l y  de l ineated 

by the  blue-green hornblende content  o f  samples tabu la ted  i n  

Appendix J. Mean percentages o f  blue-green hornblende i n  the  f i n e  
sand f r a c t i o n  o f  samples f rom the  n o r t h  slough, south slough and 

embayment are 23, 24 and 25 percent,  respec t i ve l y .  These values are  

s i m i l a r  t o  t he  amount o f  blue-green hornblende i n  the  beach samples 

and u n l i k e  t h e  much lower percentage o f  t h i s  minera l  i n  Redwood Creek 

samples. These r e s u l t s  support the conc lus ion  t h a t  sand i s  t rans -  

por ted  i n t o  t h e  embayment and sloughs by  storm berm overwash and 

f l o o d  t i d a l  cu r ren ts  from the  beach environment. The l a r g e  f l u v i a l  

sediment l o a d  i s  routed d i r e c t l y  through t h e  es tuary  by the  channel- 

i z e d  con f i gu ra t i on  o f  the  1  ower reach. 

The upstream 1  i m i t  of f lood t i d a l  c u r r e n t  t r a n s p o r t  o f  sand was 

determined f rom samples c o l l e c t e d  f rom t h e  lower channel and 

embayment du r ing  September 1980 and June 1981 (F igures 34 and 35) .  

I n  June 1981, a  d i s t i n c t  t r a n s i t i o n  f rom g r a v e l l y  sediment (sample 

l o c a l i t y  N-01, Map P l a t e  3 )  t o  f i n e r  sediment (sample l o c a l i t y  N-03) 

was mapped a long R ive r  S t a t i o n  P r o f i l e  15. The topographic contour  

a t  2 f e e t  below MSL de l ineated a  ba r  composed o f  f i n e r  sediment, 

which was emergent du r ing  a  -0.2 meter (-0.8 f t )  t i d e .  Th is  emergent 

bar  resembled the  deposi ts  dep ic ted  i n  F igures  15 and 16. The f i n e r  

sediment o f  t he  ba r  contained 27 percent  blue-green hornblende, 

t y p i c a l  o f  beach sediments; whereas the  coarse sediment a t  l o c a l i t y  

N-01 conta ined on l y  4  percent blue-green hornblende, t y p i c a l  of 1  ower 

Redwood Creek. Thus, the  mineralogy and t e x t u r e  o f  t he  samples show 

t h a t  f l o o d  t i d a l  cu r ren ts  deposited the  f i n e r - g r a i n e d  bar  over  t he  

g r a v e l l y  r i v e r  sediment. A t  t he  mouth o f  Redwood Creek, s u r f i c i a l  

deposi ts  o f  marine and f l u v i a l  o r i g i n  a r e  d i s t i n c t ,  u n l i k e  t h e  

t r a n s i t i o n  zones i n  o the r  es tua r ies  where heavy minera ls  f rom bo th  





j Figure 34: Lower Redwood Creek, B l  ue-Green Hornblende Content and Sediment Size Distribution, 
Summer 1980- See Figure 26 for Sediment Size Classification Symbols. 





sources a re  mixed. 

The s u i t e  o f  heavy minera ls  i n  beach samples near the mouth o f  

Redwood Creek i n d i c a t e s  t h a t  sediment from the  Klamath R ive r  i s  

present a t  l e a s t  as f a r  south as Freshwater Lagoon (F igure  33).  

B l  ue-green hornblende i n  K l  amath R ive r  sands probably o r i g i n a t e s  from 

amphi bo l  i t e  fac ies  metamorphism, p a r t i c u l a r l y  i n  the c e n t r a l  

metamorphic b e l t  o f  t he  Klamath Mountains prov ince (Davis, 1966). 

Sediment f rom the  Klamath R ive r  and a beach 0.3 k i lometers  (0.05 mi )  

south o f  t he  Klamath R ive r  mouth conta ined 18 and 11 percent  

blue-green hornblende, r e s p e c t i v e l y  (Appendix J ) .  The mean 

percentage of b lue-green hornblende i n  f i v e  beach samples l o c a t e d  as 
far as 1.6 kilometers (1.0 m i )  north of Redwood Creek was 22 percent. 

The mean f o r  f i v e  beach samples l oca ted  up t o  2.8 k i lometers  (1.7 mi) 

t o  the  south was 2 1  percent.  Fu r the r  analyses o f  beach samples south 

t o  the  headland a t  P a t r i c k ' s  Po in t  (F igu re  33) would conf irm a n e t  

southward longshore d r i f t  i n  t h i s  area. 

Grain s i z e  analyses and heavy t o  l i g h t  minera l  r a t i o s  suggest a 

northward longshore d r i f t  between the  Eel R ive r  mouth and T r i n i d a d  

( R i t t e r ,  1972; Bodin, 1982). The Mad and Eel R ivers  d r a i n  Franciscan 

t e r r a i n  which i s  l i t h o l o g i c a l l y  s i m i l a r  t o  t he  sandstone and melange 

u n i t  o f  Snow Camp Mountain i n  t h e  Redwood Creek drainage bas in  

(F igure  4 ,  K J f g f ) .  Th is  u n i t  conta ins e x o t i c  t e c t o n i c  b locks  of 

b l u e s c h i s t  i n  t he  melange and i s  the  source f o r  glaucophane, abundant 

i n  t he  Mad and Eel Rivers and adjacent  beaches (F igu re  33) .  However, 

no glaucophane was detected i n  any o f  t he  beach samples near t h e  

mouth o f  Redwood Creek. Traces o f  glaucophane were present  i n  a l l  o f  

the  r i v e r  samples above P r a i r i e  Creek (Appendix J )  . 
The Gold B l u f f s  u n i t  ( i n fo rma l  des ignat ion)  i s  exposed i n  sea 

c l i f f s  adjacent  t o  a wide beach n o r t h  of t h e  mouth o f  Redwood Creek 

(F igure  4 ) .  This u n i t  does n o t  appear t o  be a major source of 

sediment t o  t he  beach a t  'present.  The abundance o f  blue-green 

hornblende i n  sample H-10 from t h i s  u n i t  (Appendix J )  subs tan t i a tes  

o t h e r  evidence o f  depos i t i on  by ancest ra l  Klamath and T r i n i t y  R ive rs  

(Kelsey, 1982, p. 131). The Gold B l u f f s  and o t h e r  P l i o -P le i s tocene  

u n i t s  i n  t he  P r a i r i e  Creek drainage b a s i n  c o n t r i b u t e  blue-green 

hornblende t o  lower Redwood Creek. The blue-green hornblende con ten t  



va r ies  from 0 t o  1.3 percent i n  samples above P r a i r i e  Creek and 

increases below P r a i r i e  Creek t o  2.2 t o  9.0 percent  (Appendix J) .  

The mineralogy and abundance o f  t he  heavy minera l  f r a c t i o n  i n  

sands depend on the  d is tance from the  source rocks, res is tance t o  

abrasion, and o the r  s o r t i n g  processes du r ing  t ranspor t  i n  a d d i t i o n  t o  

the  l i t h o l o g y  o f  the  source rocks. Dur ing the  summer, the  abundance 

o f  heavy minera ls  i n  f i n e  sand f rom t h e  embayment depends on t h e  

degree o f  s o r t i n g  o f  the  o v e r a l l  sample. F ine sand from sediment 

sampled above mean sea l e v e l  conta ined an average o f  24 percent heavy 

minera ls ,  w h i l e  f i n e  sand below mean sea l e v e l  averaged 3 percent  

heavy minera ls .  The mean sea l e v e l  datum corresponds t o  a 1.23 meter 

(4.02 f t )  t i d e  i n  the  ocean (Appendix D) .  Apparent ly,  the  winnowing 

a c t i o n  o f  recu r ren t  t i d a l  f l u c t u a t i o n s  s o r t s  and concentrates the  

heavy minera ls  above mean sea l e v e l .  

The abundance o f  blue-green hornblende i n  the  es tuary  general l y  

does n o t  depend on the  heavy minera l  concentrat ion;  i t  does depend on 

t h e  sediment source. However, the  sample w i t h  the  h ighes t  concen- 

t r a t i o n  o f  heavy minera ls  i n  t h e  es tuary  (H-01, Appendix J )  a l s o  

conta ined the  h ighes t  percentage of t he  denser minera l ,  garnet,  and 

had a r e l a t i v e l y  low percentage of blue-green hornblende. Sample 

H-01 was c o l l e c t e d  from the  o u t l e t  (ebb f l o w  channel) o f  the  n o r t h  

slough. 

The process o f  s e l e c t i v e  s o r t i n g  o f  heavy minera ls  accord ing t o  

t h e i r  hyd rau l i c  equivalence i s  probably o f  g rea te r  importance f o r  

f l u v i a l  sediments than f o r  es tua r ine  sediments. Sample 6-13, from a 

coarse l a g  depos i t  on a p o i n t  bar,  conta ined the  h ighes t  concentra- 

t i o n  o f  garnet  measured, b u t  on l y  a t r a c e  o f  heavy minera ls  

(Appendix J). Most o f  the  heavy minera ls  were probably winnowed o u t  

along w i t h  the  f i n e r  sediments. Th i s  example f rom Redwood Creek 

i l l u s t r a t e s  the  problems inhe ren t  i n  o b t a i n i n g  a rep resen ta t i ve  

sample f o r  heavy minera l  ana lys i s  of f l u v i a l  sediment. Sel e c t i v e  

s o r t i n g  may be responsib le f o r  some o f  t h e  discrepancy between 

blue-green hornblende values f o r  t he  Klamath R ive r  found by Kulm and 

o thers  (1968) (F igure  33) and by t h i s  r e p o r t  (sample P-01, 

Appendix J). 



Net Sediment Accumulation - D i s t r i b u t i o n ,  Processes and Rates 

A e r i a l  photograph i n t e r p r e t a t i o n s  and survey data presented i n  

t he  sec t i on  on E f f e c t s  of Channe l iza t ion  documented the  s i t e s  o f  n e t  

sediment accumulation s ince  levee cons t ruc t i on .  These s i t e s  i nc luded  

t h e  storm berm overwash s lope and p a r t s  o f  t h e  slough necks n o t  

sub jec t  t o  e ros ion  by t h e  slough neck channels. Recent s i t e s  and 

processes o f  sediment t r a n s p o r t  were observed i n  t h e  f i e l d  under 

known discharge, wave, wind and t i d a l  cond i t i ons .  S i g n i f i c a n t  s torm 

berm overwash and t i d a l  c u r r e n t  t r a n s p o r t  occur red  du r i ng  per iods  of 

h i g h  waves co inc iden t  w i t h  h igh  t i d e s .  The e x t e n t  o f  t i d a l  c u r r e n t  

t r a n s p o r t  o f  sediment a l s o  depended on the  opposing f o r c e  o f  stream 

discharge and the  w id th  o f  t he  mouth (scoured by prev ious h i g h  stream 

discharge)  . 
Graphs o f  monthly f i e l d  c o n d i t i o n s  (Appendix E )  combined w i t h  

repeated surveys y i e l d e d  est imates o f  t h e  magnitude o f  events asso- 

c i a t e d  w i t h  observed r a t e s  o f  sediment depos i t i on .  Storm per iods  

between f i e l d  observat ions respons ib le  f o r  sediment t r a n s p o r t  and 

morphologica l  change were a l s o  i d e n t i f i e d  on these graphs. 

Because t h e  Humboldt Bay I n n e r  WAVERIDER Buoy was i n o p e r a t i v e  

d u r i n g  per iods  of h igh  energy waves (Appendix F), i t  was n o t  p o s s i b l e  

t o  q u a n t i f y  t h e  occurrence f requenc ies  f o r  c o n d i t i o n s  which cause 

overwash, t i d a l  c u r r e n t  t r a n s p o r t ,  and s a l t w a t e r  i n t r u s i o n .  D a i l y  

wave observat ions from the  Humboldt S t a t e  U n i v e r s i t y  Fred Te lon i che r  

Marine Lab a t  T r i n idad ,  C a l i f o r n i a ,  which a re  concur ren t  w i t h  WAVE- 

RIDER data, were used t o  es t imate  wave h e i g h t s  expected a t  t h e  

WAVERIDER Buoy (Appendix F) . 

Depos i t ion  on t h e  Storm Berm Overwash Slope 

The p a t t e r n  o f  overwash d e p o s i t i o n  d u r i n g  t h e  1980-81 season i s  

i l l u s t r a t e d  by Beach P r o f i l e s  B, C. D  and E (Appendix C )  and Longi -  

t u d i n a l  Dune P r o f i l e  Two (F igu re  31).  Waves washed i n t o  t h e  neck of 

t h e  south slough along Beach P r o f i l e  B, b u t  o n l y  washed over  t h e  

s torm berm c r e s t  along Beach P r o f i l e s  C and D. Some v a r i a b i l i t y  

between successive p r o f i l e  surveys o f  t h e  overwash s lope i s  caused by 



depressions around organ ic  deb r i s ,  o f f - r o a d  v e h i c l e  t r acks  and t h e  

l a r g e  v e r t i c a l  exaggerat ion o f  t he  p r o f i l e s .  

Overwash across the  s lope as f a r  south as Beach P r o f i l e  C (see 

Map P l a t e  1 )  was observed du r i ng  a 2.1 meter (6.9 f t )  t i d e  on 

January 9, 1981 (see Appendix E f o r  1981 c o n d i t i o n s ) .  Swel ls  of 

2.1-2.7 meters (7-9 f t )  recorded a t  T r i n idad ,  C a l i f o r n i a ,  t h a t  day, 

were probably  equ i va len t  t o  a 5 nieter (16 f t )  WAVERIDER reading. On 

March 7, 1981, 4.4 meter (14 f t) WAVERIDER waves du r i ng  a 2.0 meter 

(6.5 f t )  t i d e  reached the  south slough o n l y  a long the  nor thern,  lower 

p a r t s  o f  t h e  storm berm. The b u i l d i n g  o f  t h e  storm berm du r i ng  t h e  

w i n t e r  as w e l l  as t he  lower waves and t i d e s  may have l i m i t e d  the  

e x t e n t  o f  overwash. 

Fo l low ing  the  7.1 meter (23 f t )  waves measured by WAVERIDER on 

November 14, 1981 (Appendix E)  , evidence o f  overwash across the  storm 
berm c r e s t  was found f rom t h e  berm escarpmerlt t o  t h e  C a l i f o r n i a -  

P a c i f i c  M i l l  s i t e .  Waves reached t h e  south s lough i n  several  places. 

Al though t h i s  magnitude o f  overwash may have been unusual i n  terms of 

t he  l a r g e  waves, depos i t i on  would have been g r e a t e r  i f  h ighe r  t i d e s  

had a l s o  occurred. 

Rates o f  overwash depos i t i on  were c a l c u l a t e d  f o r  an area on the  

overwash s lope f rom Mouth P r o f i l e  Y t o  Mouth P r o f i l e  Z and f rom t h e  

storm berm c r e s t  t o  t h e  midd le  of t h e  neck o f  t h e  south slough 

(F igure  32).  For  t h e  1980-81 w i n t e r  season, 4,200 m3 (3,200 y d 3 )  o f  

sediment were deposi ted by overwash. Between 1966, when t h e  Army 

Corps surveyed t h e  area, and 1980, 47,600 m3 (36,400 y d 3 )  accumu- 
l a t e d ,  y i e l d i n g  an average r a t e  o f  d e p o s i t i o n  o f  3,400 m3/year 

(2,600 yd3) .  

Overwash depos i t i on  across t h e  s torm berm probably  was most 

r a p i d  i n  t h e  s torm seasons immediately f o l  l ow ing  channel i z a t i o n .  

Therefore, t h e  average r a t e  o f  d e p o s i t i o n  f o r  t h e  p e r i o d  1966 t o  1980 

g ives  a minimum volume o f  m a t e r i a l  t h a t  would have t o  be removed each 

yea r  t o  ma in ta in  t h e  lower,  p re -channe l i za t i on  berm. As o f  1981, t h e  

volume o f  m a t e r i a l  t o  be removed f rom t h e  s p e c i f i e d  area t o  r e s t o r e  

i t  t o  t he  1966 sur face  was 51,800 m3 (39,600 yd3).  



Depos i t i on  i n  t he  Necks o f  t h e  Sloughs 

The i n t e r t i d a l  area south of t h e  n o r t h  c l i f f s  i s  exposed 

d i r e c t l y  t o  wave a t t a c k  d u r i n g  storms a r r i v i n g  f rom the  southwest t o  

west-southwest. Sediment i s  m o b i l i z e d  and r e d i s t r i b u t e d  around t h e  

l a r g e  accumulat ion o f  o rgan i c  d e b r i s  i n  t h i s  area. Along No r th  

Slough P r o f i l e  A (Appendix C ) ,  a  0.9 meter  (2.9 f t )  d iameter  stump 

remained i n  p lace  d u r i n g  t h e  w i n t e r  1980-81 storms, c r e a t i n g  a l a r g e  

scoured area. 

The neck o f  t h e  south s lough i s  p r o t e c t e d  f r om d i r e c t  wave 

a t t a c k  by  t h e  storm berm. T i d a l  c u r r e n t s  depos i ted  sand waves i n  t h e  

neck o f  t h e  south 'slough west  o f  South Slough P r o f i l e  A ( F i g u r e  32) 

a t  l e a s t  t w i c e  f o l l o w i n g  peak f l o w s  wh ich  scoured a wide mouth. The 

peak f l o w  f o r  WY 1982 was 740 m3/sec (26,000 c f s ) .  A f t e r  t h e  peak 

f l ow ,  waves t r a v e l l e d  i n t o  t h e  neck o f  t h e  south s lough pas t  Beach 

P r o f i l e  C, e rod ing  dredge s p o i l  depos i t s  a long  t h e  bank. These waves 

were observed on January 12, 1982 (Appendix E )  on a 2.2 meter  

(7.3 f t )  t i d e  w i t h  moderate waves a g a i n s t  a  30 m3/sec (1100 c f s )  

d ischarge.  Three days e a r l i e r  t h e  waves and d ischarge  were s i m i l a r  

b u t  t h e  h i ghes t  t i d e  p r e d i c t e d  i n  a t  l e a s t  t h r e e  years  occurred,  

2.5 meters (8.2 f t ) .  Sand waves found west  o f  South Slough P r o f i l e  A 

on January 12 apparen t l y  formed d u r i n g  t h i s  h i g h  t i d e  ( F i g u r e  32) .  

The volume o f  sediment m o b i l i z e d  was rough l y  es t ima ted  by assum- 

i n g  t h a t  t he  sand waves were depos i t ed  on an i n i t i a l l y  f l a t  surface. 

Because each sand wave was asymmetr ical  w i t h  an ampl i tude  of 

20-30 cen t imete rs  (8-12 i n ) ,  i t s  volume was approximated as a wedge 

w i t h  a  v e r t i c a l  upst ream-fac ing slope. The sand wave f i e i d  covered 

an i r r e g u l a r  area o f  530 m2 (5700 f t 2 ) .  The l e n g t h  o f  i n d i v i d u a l  

c r e s t s  v a r i e d  f r om 6 t o  18 meters  (20 t o  60 f t ) ;  wavelength ranged 

f r om 1.5 t o  7.5 meters (5  t o  25 f t )  i n  w i d t h .  The volume o f  m a t e r i a l  

m o b i l i z e d  by t i d a l  c u r r e n t s  i n  t h e  neck o f  t h e  sou th  s lough  was 63 m3 

(82 yd3 ) . 
Dredge s p o i l s  excavated f rom.  t h e  channel d u r i n g  c h a n n e l i z a t i o n  

were p laced  ad jacen t  t o  b o t h  levees  ( F i g u r e  32) .  Cutbanks i n  t h e  

a c t i v e l y  e rod ing  dredge s p o i l s  occur  as c l i f f s  which average 2 meters 

(6  f t )  h i g h  south o f  t he  south levee. From 1968 t o  1981, t h e  c u t -  



banks receded as l i t t l e  as 9 meters and as much as 24 meters (30 and 

80 f t ) .  Over t h i s  p e r i o d  an average volume o f  150 m3/yr  (115 y d 3 / y r )  

o f  sediment was removed. However, e ros ion  i s  n o t  an annual event;  i t  

depends on the  t i d e s ,  wave he igh t ,  and w i d t h  o f  t h e  mouth. 

P r e d i c t i o n  o f  Condi t ions Conducive t o  Depos i t ion  

From t h e  wave he igh ts  measured by t h e  Humboldt Bay I n n e r  WAVE- 

R IDER Buoy f o r  1981 (F igu re  36), i t  seems reasonable t o  expect  

5.0 meter (16 f t )  waves f o r  a t  l e a s t  50 .hours p e r  year .  Dur ing  

November 1981, waves exceeding 7.0 meters (23 f t )  occurred f o r  

approximately 12 hours. 

Considering the  maximum events o f  record,  p o t e n t i a l  e x i s t s  f o r  

7 meter (23 f t )  WAVERIDER waves t o  co inc ide  w i t h  h i g h  t i d e s  o f  

2.5 meters (8.2 ft) f o l l o w i n g  a peak f l o w  o f  Redwood Creek on the  

o rde r  o f  1,420 m3/sec (50,000 cfs) .  Such an event  would cause 

overwash and t i d a l  c u r r e n t  depos i t i on  i n  t h e  slough necks, e r o s i o n  of 

dredge s p o i l s ,  and sa l  twater  i n t r u s i o n  f a r  exceeding t h a t  observed 

d u r i n g  t h i s  study. 



F igu re  36: S i g n i f i c a n t  Wave He igh ts  Recorded by  t h e  Humboldt Bay 
I n n e r  WAVER1 DER Buoy, January Through November, 1981 
( f rom Seymour and o the rs ,  1981, p. 57 ) .  

~ U M B O L D T  S A Y  BUOY ( I N N E R )  J A N - N O V  195'1 

HEIGHT DISTRIBUTION FUNCTiON 

OCCURRENCE OF HEIGHTS EXCEEDING(HOURS/YEAR) 



CIRCULATION AND AQUATIC HABITAT 

The d i r e c t  and immediate ef fects o f  channe l i za t i on  as w e l l  as 

n e t  accumulation o f  sediment over t he  l a s t  30 years have d r a s t i c a l l y  

changed c i r c u l a t i o n ,  water qua1 i t y ,  subs t ra te  d i s t r i b u t i o n ,  and the  

volume o f  aquat ic  h a b i t a t  a t  the  mouth o f  Redwood Creek. 

R ipar ian  vegeta t ion  which supp l ies  n u t r i e n t s  and streamside 

p r o t e c t i o n  f o r  f i s h  and which reduces ins t ream temperatures, was 

removed du r ing  levee cons t ruc t ion .  The pool and r i f f l e  s t r u c t u r e  

which was destroyed du r ing  excavat ion o f  the  t rapezo ida l  channel has 

s ince rees tab l ished w i t h i n  the  c o n s t r a i n t s  o f  t he  levees. However, 

i n  t h e  i n t e r e s t  o f  f l o o d  con t ro l ,  the  Army Corps o f  Engineers re-  

qu i res  Humboldt County t o  p e r i o d i c a l l y  remove w i l l ows  and o t h e r  

species invad ing  gravel  bars between the  levees. Since t h e  h igh  

' g r a d i e n t  channel was constructed i n  1968, t he  stream g rad ien t  i n  t h e  

lower reach has decl ined, a l though no t  t o  i t s  former l e v e l .  The 

stream grad ien t  and lack  o f ,  roughness r e s u l t  i n  h ighe r  mean v e l o c i -  

t i e s  and more f requent  m o b i l i z a t i o n  o f  bed m a t e r i a l .  Seasonal 

c o l o n i z a t i o n  by benth ic  i nve r teb ra tes  and species d i v e r s i t y  among the  

i nve r teb ra tes  may s t i l l  be a f f e c t e d  by the  i n s t a b i l i t y  o f  t he  sub- 

s t ra te .  

C i r c u l a t i o n  through the  n o r t h  and south sloughs has become more 

r e s t r i c t e d  as overwash and t i d a l  cu r ren ts  depos i t  sediment i n  t h e  

slough necks. The sloughs a re  i s o l a t e d  from the  embayment except 

du r ing  h igh  stream discharge, h igh  waves and/or f l o o d  t i d e s  o r  when 
the  outf low channel i s  f u n c t i o n a l l y  closed. Discharge f rom Sand 

Cache and Strawberry Creeks through the  n o r t h  and south sloughs i s  

t i d a l l y  dependent (SD, SC, F igure  7) .  When backwater develops, t he  

sloughs f u n c t i o n  as ebb f l o w  channels, remaining stagnant  u n t i l  t he  

f l o o d  t i d e  and/or h igh  discharge recede. 

C i r c u l a t i o n  f rom Sand Cache Creek i n t o  t h e  n o r t h  slough i s  

f u r t h e r  r e s t r i c t e d  a t  a road crossing.  I n  t he  n o r t h  slough, a 

h a l o c l  i n e  1.5-2.0 meters (5-6.5 f t )  below. t he  water  sur face p e r s i s t s  

throughout the  yea r  (R. Gregory, J. Yuska, unpubl ished data) .  The 

bottom cons is ts  o f  mud, f i n e  organics, and abundant pieces o f  o rgan ic  

deb r i s  (sample G-07, Appendix G )  . F l o a t i n g  o rgan ic  deb r i s  covered 

most of the  n o r t h  slough u n t i l  r e c e n t l y  when the  deb r i s  was removed 



a f t e r  i t  f l oa ted  onto adjacent  pastures and a  l o g  boom was i n s t a l l e d .  

Although organ ic  deb r i s  res ided i n  the n o r t h  slough p r i o r  t o  channel- 

i z a t i o n  (Appendix A), l a r g e r  accumulations o f  deb r i s  may now be 

s tored w i t h o u t  being f l ushed  from the  slough d u r i n g  per iods o f  h igh  

stream discharge. Except a t  t he  surface, t h e  n o r t h  slough i s  anoxic 

due t o  r e s t r i c t e d  c i r c u l a t i o n ,  decomposit ion o f  organic deb r i s  , and 

u n t i l  r ecen t l y ,  f l o a t i n g  deb r i s  which i n h i b i t e d  1  i g h t  pene t ra t i on  and 

macrophyte es tab l  ishment (Gregory, 1982). 

Un res t r i c ted  f l ow  from Strawberry Creek and lower e leva t i ons  a t  

t he  slough neck provide better circulation through the south slough 

than through the  n o r t h  slough. Winter  f lows f rom Strawberry Creek 

f l u s h  s a l t  water from the  slough slough. I n  t h e  spr ing ,  when the  

south slough i s  i s o l a t e d  from Redwood Creek, oxygen concentrat ions 

decrease and temperatures increase. Macrophyte p roduc t i on  du r ing  the  

summer genera l l y  increases the  d isso lved oxygen concentrat ions 

(Gregory, 1982). 

S a l t  water  has been detected i n  the  main channel o f  Redwood 

Creek 1.5 k i lometers  (0.9 m i )  upstream (Gregory, 1982). A w e l l -  

def ined sa l twa te r  wedge i n t r u d e d  aga ins t  a  1.2 m3/sec (42 c f s )  

discharge on a  2.3 meter (7.4 f t )  t i d e  w i t h  3.3 meter (10.8 f t )  

WAVERIDER waves (Appendix E, November 1980). E a r l i e r  i n  t he  month, 

5.9 meter (19.4 f t)  WAVERIDER waves on a  2.0 meter (6.5 f t )  t i d e  

entered the  mouth aga ins t  a  2.8 m3/sec (98 c f s )  discharge. These 

waves caused mix ing  above and s l i g h t l y  below t h e  n o r t h  slough ha lo-  

c l i n e ,  pushed woody deb r i s  and s a l t  water i n t o  the  south slough as 

f a r  as Strawberry Creek, and again c a r r i e d  s a l t  water  1.5 k i l ome te rs  

(0.9 m i )  upstream (Gregory, 1982). Although the re  i s  no permanent 

s a l i n e  l a y e r  i n  the  embayment, when s a l t  water  i n t rudes ,  i t  g e n e r a l l y  

forms a s t r a t i f i e d  s a l t  wedge. 

Sa l twater  i n t r u s i o n  i n t o  the  embayment and sloughs occurs most 

f requen t l y  du r ing  h igh  t i d e s  i n  t he  l a t e  s p r i n g  and e a r l y  summer 

months be fore  the  ou t f l ow  channel becomes f u n c t i o n a l  l y  closed. A f t e r  

the  t i d e  recedes, s a l t  water i s  l e f t  i n  smal l  pockets which are  much 

shal lower than the  3-4.5 meter (10-15 f t )  depressions found a t  t he  

Sixes R ive r  es tuary  (Boggs and Jones, 1976, p. 420). As t h e  o u t f l o w  

channel becomes f u n c t i o n a l l y  closed, t i d a l  a c t i o n  i s  damped and the  



embayment may expand. S t r a t i f i c a t i o n  o f  t h e  wa te r  column breaks down 

and mar ine d e t r i t u s  and mud accumulate i n  t h e  embayment and sloughs. 

S ince 1966, t h e  a v a i l a b l e  volume o f  t h e  l owe r  es tua ry  between 0  

and 4 f e e t  above MSL has dec l i ned  by 47 t o  54 pe rcen t  (Appendix D ) .  

Unless t h e  o u t f l o w  channel f u n c t i o n a l l y  c loses  e a r l y  i n  t h e  summer, 

a l l o w i n g  t h e  enibayment t o  expand, t h e  volume o f  a q u a t i c  h a b i t a t  w i l l  

be ext remely  1 imied. Wi th  t he  s m a l l e r .  volume, t h e  embayment f i l l s  

more r a p i d l y  and wate r  r i s e s  ove r  ad jacen t  pas tu res  more f r e q u e n t l y  

than i n  t he  past.  I n  .January 1981, a  h i g h  berm backed wate r  up t o  

11.9 f e e t  above MSL, t h e  h i g h e s t  backwater i n  t h e  memory o f  l o c a l  

l a n d  owners. The encroachment o f  rushes (Juncus spp. ) i n  pas tu res  

and dead spruce ad jacen t  t o  t h e  n o r t h  s lough may be s igns  of more 

f requent  inundat ion .  

Nhen backwater pas tu res  become inundated, l o c a l  r e s i d e n t s  d i g  a  

t r ench  th rough t h e  berm. H i s t o r i c a l l y ,  t h e  mouth o f  Redwood Creek 

has been breached a lmost  every  y e a r  f o r  two purposes (Appendix A ,  

Tip ton ,  S. Bar low) .  F i r s t ,  eager f ishermen open t h e  mouth l a t e  i n  

t h e  season i n  o r d e r  t o  p rov ide  access t o  t h e  c reek  f o r  upm ig ra t i ng  

anadromous f i s h .  Th i s  p r a c t i c e  i s  now r e g u l a t e d  by  t h e  C a l i f o r n i a  

Department o f  F i s h  and Game due t o  i n c i d e n t s  o f  i l l e g a l  f i s h i n g  

methods and t h e  l a c k  o f  s u i t a b l e  spawning h a b i t a t  upstream p r i o r  t o  

t h e  f i r s t  w i n t e r  r a i n s .  Second, t h e  berm i s  breached t o  d r a i n  

f looded pas tu res  and more r e c e n t l y ,  t o  p reven t  d r i f t  l o g s  from 

f l o a t i n g  i n t o  t h e  f i e l d s .  The t r e n c h  th rough t h e  berm i s  dug by 

shovel immediate ly  f o l l o w i n g  h i g h  t i d e .  Water f l o w s  a t  a  s teep 

g r a d i e n t  through t h e  new o u t f l o w  channel d u r i n g  ebb t i d e  and r e s u l t s  

i n  cons iderab le  l owe r i ng  o f - t h e  embayment wa te r  l e v e l .  Th i s  t y p e  of 

c a t a s t r o p h i c  breach lowered t he  wate r  l e v e l  by 2.0 meters (6.4 f t )  i n  

J u l y  1980, i s o l a t e d  bo th  sloughs and reduced t h e  a v a i l a b l e  a q u a t i c  

h a b i t a t  be ing  used by 20,000 j u v e n i l e  salmonids by 75 percent .  

Fo l l ow ing  a  breach, a  p a r t i a l l y  mixed e s t u a r y  may develop when 

s a l t  wa te r  i n t r u d e s  aga ins t  lower  summer d ischarge.  Breaching a1 so 

changes t h e  embayment subs t ra te  by e r o d i n g  mud l a y e r s  and d e p o s i t i n g  

sand w i t h  renewed t i d a l  cu r ren t s .  N u t r i e n t s  washed f rom ad jacen t  

pas tu res  d u r i n g  a  breach produce a  heavy r e s p i r a t i o n  demand f o r  

oxygen i n  t h e  sloughs (Gregory, 1982). 



Changes i n  subs t ra te  and wa te r  q u a l i t y  caused by t h e  t i m i n g  o f  

embayment expansion and b reach ing  i n f l u e n c e  t h e  d i s t r i b u t i o n  and 

abundance of  t he  dominant b e n t h i c  i n v e r t e b r a t e ,  Corophium. The 

Corophium popu la t i on  and t he  volume o f  a q u a t i c  h a b i t a t  a l s o  a f f e c t s  

u t i l i z a t o n  o f  the  embayment r e a r i n g  h a b i t a t  by j u v e n i l e  s tee lhead  

t r o u t  (Salmo g a i  r d n e r i  ) and c h i  nook salmon (Oncorhynchus 

tshawytscha).  I n t e r r e l a t i o n s  among i n v e r t e b r a t e  popu la t i ons ,  down- 

stream m i g r a t i o n  o f  j u v e n i l e  f i s h ,  feeding h a b i t s  and growth r a t e s  

have been s tud ied  f o r  t he  Redwood Creek e s t u a r y  p r o j e c t  by Larson, 

Ricks , and Sal amunovi ch (1981) and by Larson, McKeon, Sal amunovi ch, 

and H o f s t r a  (1982). 



CONCLUSION 

S i t e s  o f  sediment accumulation a t  t h e  mouth o f  Redwood Creek 

have become more extensive s ince  the  e a r l y  1950's. Although an 

increase i n  the  q u a n t i t y  o f  sediment t ranspor ted  from the  dra inage 

bas in  r e s u l t e d  i n  channel aggradat ion a long the  lower  reach, the  

d i s t r i b u t i o n  o f  e ros iona l  and depos i t i ona l  s i t e s  a t  t he  mouth was 

a1 te red  more d r a s t i c a l l y  by the  e f f e c t s  o f  t h e  1966-68 channe l iza t ion  

o f  Redwood Creek, 

Ear ly  a e r i a l  photographs show t h a t  t h e  lower f l o o d p l a i n  of 

Redwood Creek was forested.  A1 ong t h e  1 as t downstream meander, 

dendrochronologica1 data i n d i c a t e  t h a t  a  grove o f  spruce began t o  

develop on t h e  middle i s l a n d  over  98 years ago, presumably f o l l o w i n g  

f l o o d  disturbance. The l a s t  downstream meander migra ted  l a t e r a l  l y  

southward f rom 1936 t o  1967 a t  a  r a t e  o f  l e s s  than 2.1 m/yr. 

Considering the  n a t u r a l l y  h igh  sediment l o a d  o f  Redwood Creek, t h e  

meander c o n f i g u r a t i o n  o f  the  mouth was comparat ive ly  s tab le .  Bank 

eros ion  associated w i t h  severe f l o o d i n g  i n  1953, 1955, and 1964 was 

no t  unusual , e i t h e r  i n  l o c a t i o n  o r  magnitude along the  l a s t  down- 

stream meander. However, channel widening, aggradat ion and ex tens ive  

overbank depos i t i on  along the  lower f l o o d p l a i n  resu l  t e d  from t h i s  

se r i es  o f  f loods .  

Between 1936 and 1967, p r i o r  t o  levee cons t ruc t i on ,  sediment 

accreted i n  t he  embayment main ly  between t h e  middle and n o r t h  

sloughs. Most o f  t he  ma te r ia l  was depos i ted  du r ing  the  slow 

recession o f  t he  1964 f l ood .  F l u v i a l  sediment deposi ted i n  t h e  

nearshore zone du r ing  t h e  1964 f l o o d  may have been t ranspor ted  

onshore, accumulat ing i n  t he  embayment. Dur ing  major f l oods  , scour 

occurred i n  over f low channels and a t  t he  mouth where t h e  beach berm 

was removed f rom t h e  n o r t h  c l i f f s  south almost t o  t h e  C a l i f o r n i a -  

P a c i f i c  M i l l  s i t e .  

Levee cons t ruc t i on  du r ing  1966-1968 r e s u l t e d  i n  removal o f  

r i p a r i a n  vegetat ion,  d e s t a b i l i z a t i o n  o f  g rave l  bars,  and excavat ion 

o f  a  t rapezo ida l  channel. Extending the  levees beyond t h e  l a s t  down- 

stream meander increased the  stream g r a d i e n t  i n  t h i s  reach by a  
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f a c t o r  o f  2.0, inc reas ing  the c u r r e n t  v e l o c i t y  and frequency of 

niobi l  i z a t i o n  of the  substrate.  

From 1968 through 1978, the  slough necks adjacent  t o  t he  levees 

aggraded r a p i d l y .  Since h igh  f lows were conf ined by the  levees, o n l y  

a l i m i t e d  p a r t  o f  t he  berm was scoured and a h igh  storm berm 

developed t o  the south. A f t e r  channe l iza t ion ,  47-54 percent  o f  t he  

lower estuary between zero and four  f e e t  above MSL was f i l l e d  w i t h  

sediment o r  i s o l a t e d  from t h e  embayment. As a r e s u l t ,  c i r c u l a t i o n  

between Redwood Creek and the  sloughs became r e s t r i c t e d .  

Considering t h a t  the  sediment y i e l d  o f  Redwood Creek i s  among 

the  h ighes t  f o r  a drainage bas in  o f  i t s  s i z e  i n  North America, i t  
might  be expected t h a t  f l u v i a l  sediment would accumulate i n  t h e  

embayment and sloughs. The t o t a l  sediment l oad  o f  Redwood Creek i s  

composed o f  62-81 percent sand, s i g n i f i c a n t l y  g rea te r  than t h e  

25 percent  t ranspor ted  by the  Eel R iver .  However, du r ing  h igh  t o  

moderate streamflow, most o f  the  sand and some grave l  a re  f l ushed  o u t  

o f  t h e  mouth, l eav ing  a g r a v e l l y  subs t ra te  i n  the  channel. 

Present ly ,  overwash and t i d a l  c u r r e n t  t r a n s p o r t  a re  the  dominant 

processes o f  depos i t i on  i n  the embayment and sloughs. Landsl ides on 

the  n o r t h  c l i f f s  and e o l i a n  t r a n s p o r t  c o n s t i t u t e  very minor sediment 
sources. 

Heavy minera l  analyses o f  f l u v i a l  and beach sands v e r i f y  the  

presence of beach sediment i n  the  embayment and sloughs. Blue-green 

hornblende, abundant i n  the  Klamath R iver ,  i s  found along beaches a t  

l e a s t  as f a r  south as Freshwater Lagoon. I n  t he  embayment, t i d a l  

cu r ren ts  depos i t  sands con ta in ing  20 t o  31  percent  blue-green horn- 

blende over  coarser r i v e r  sediment w i t h  l e s s  than 5 percent  

b l  ue-green hornblende. 

Overwash dur ing  per iods o f  h igh  waves and h i g h  t i d e s  cont inues 

t o  b u i l d  t he  storm berm. Flood t i d a l  cu r ren ts  depos i t  sediment i n  

sup ra t i da l  areas under s i m i l a r  cond i t i ons ,  p a r t i c u l a r l y  when 

d ischarge i s  low and the  mouth i s  wide f rom recen t  scour du r ing  h i g h  

discharge. As the  berm b u i l d s  and t h e  sloughs f i l l ,  the  r a t e s  o f  

sediment depos i t i on  by overwash and t i d a l  cu r ren ts  decrease. A1 so, 

i t  should be noted t h a t  the volume of  sediment deposi ted by overwash 

and t i d a l  cu r ren ts  du r ing  a hypo the t i ca l  marine storm, w i t h  reco rd  



waves and t i d e s  f o l l o w i n g  a  reco rd  stream d ischarge,  would be much 

g r e a t e r  than  volumes c i t e d  f o r  WY 1980-1982. 

The q u a n t i t y  and qua1 i ty of a q u a t i c  h a b i t a t  a v a i l a b l e  d u r i n g  t h e  

s p r i n g  through e a r l y  f a l l  months a f f e c t s  t he  s u r v i v a l  o f  j u v e n i l e  

salmonids r e a r i n g  i n  t h e  embayment. Sediment accumulat ing i n  t h e  

necks of t h e  sloughs d i sp laces  t h e  wate r  volume s u b j e c t  t o  t i d a l  

f l u c t u a t i o n s  ( t i d a l  pr ism).  Wi th  a  s m a l l e r  t i d a l  pr ism,  t he  o u t f l o w  

channel f u n c t i o n a l l y  c loses  e a r l i e r  i n  t h e  season and t h e  embayment 

f i l l s  more r a p i d l y ,  a l l o w i n g  wa te r  t o  r i s e  over  ad jacen t  pas tu res .  

I n  o r d e r  t o  d r a i n  t h e  pastures,  l o c a l  l a n d  owners may breach t h e  

berm, thereby rduc ing  t h e  volume o f  a v a i l a b l e  a q u a t i c  h a b i t a t  by as 

much as 75  percent .  



IMPLICATIONS FOR REHABILITATION OF AQUATIC HABITAT 

The q u a l i t y  and q u a n t i t y  o f  aqua t i c  h a b i t a t  a t  t he  mouth o f  

Redwood Creek cou ld  be improved by rees tab l  i s h i  ng c i  r c u l  a t i  on and 

access between t h e  sloughs and embayment. A l t e r n a t i v e s  which m e r i t  

ser ious  cons idera t ion  inc lude r e s t o r i n g  c i r c u l a t i o n  through one o r  

bo th  o f  t he  sloughs, dredging the  slough necks, and c o n t r o l l i n g  the  

embayment water 1  eve1 . 
Sediment cou ld  be scoured from the  slough necks by d i v e r t i n g  

Redwood Creek through sp i l lways  o r  f lood gates i n  t he  levees t o  t h e  

sloughs. The discharge and sediment l oad  d e l i v e r e d  t o  the  sloughs 

would depend on the  he igh t  and w id th  o f  t he  s p i l l w a y  o r  t i m i n g  of 

opening of the f l o o d  gate. The peak d ischarge and recession r a t e  of 

f lows d i v e r t e d  i n t o  the  south slough would a l s o  determine the r a t e  of 

l a t e r a l  m i g r a t i o n  o f  the  l a s t  downstream meander. D i v e r t i n g  a  s low ly  

receding f l o o d  w i t h  a l a r g e  sediment l o a d  migh t  cause aggradat ion and 
acce lera ted  m ig ra t i on  due t o  channel widening. 

Proper ly  designed improvements would n o t  r e s u l t  i n  l o s s  of f l o o d  

c o n t r o l  s ince the  levees would cont inue t o  con ta in  h igh  flows w i t h i n  

the  channel. However, sediment s to red w i t h i n  the  channel may have 

a l ready  d imin ished the  f l o o d  p r o t e c t i o n  a f fo rded  by the  levees. 

Restor ing inst ream vegetat ion would c rea te  new bed roughness elements 

and a l s o  r e q u i r e  recons idera t ion  o f  t h e  channel design. 

Hydrau l ic  engineer ing designs f o r  t he  lower reach o f  the  f l o o d  

c o n t r o l  p r o j e c t  should a1 low f o r  t he  r e c e n t l y  est imated equ iva len t  of 

40 years o f  sediment s to red  i n  t h e  a c t i v e  channel upstream from 

Ori-ck. Heavy minera l  and t e x t u r a l  da ta  show t h a t  t h i s  f l u v i a l  

sediment i s  t ranspor ted  e f f i c i e n t l y  through t h e  es tuary  by t h e  

present  channel i z e d  con f i gu ra t i on .  

Dredging the  slough necks and/or berm would be a  con t i nu ing  

maintenance e f f o r t  s ince the  sediment i s deposi ted annual l y  by 

overwash and t i d a l  currents.  Overwash depos i t i on  i n t o  the  south 

slough neck (F igure  32) was c a l c u l a t e d  from the  volume of sediment 

accumulated s ince the  Corps of Engineers'  1964-1966 surveys. The 

3,400 rn3/yr (2,600 yd31yr) r a t e  i s  probably conserva t ive  because 

depos i t i on  would have been g rea tes t  d u r i n g  storm seasons immediately 



f o l l ow ing  1968 levee cons t ruc t i on  when the  storm berm was lower. 

Since overwash and t i d a l  cur ren ts  depend on the  t im ing  o f  waves, 

winds, t i d e s ,  and discharge, depos i t i on  across the  berm and i n  t h e  

slough necks w i l l  vary f rom year  t o  year.  The cond i t i ons  recorded 

du r ing  the  pe r iod  o f  f i e l d  observat ion are  presented i n  Appendix E 

and should be compared w i t h  f u t u r e  events and associated volumes of 

deposi t ion.  

As a  temporary means o f  ma in ta in ing  an adequate volume of 

aquat ic  h a b i t a t  w i t h  connect ion t o  the  sloughs, t h e  admin i s t ra to rs  o f  

Redwood Nat ional  Park manipulated the  o u t f l o w  channel f rom May 

through August 1982. I n  response t o  l o c a l  l a n d  owners' concerns 

about f l o o d i n g  f i e l d s ,  park managers agreed t o  at tempt a  c o n t r o l l e d  

breach o f  the  mouth. The o b j e c t i v e  was t o  prevent  a  ca tas t roph ic  

breach o f  t he  type t h a t  reduced the  volume o f  a v a i l a b l e  aquat ic  

h a b i t a t  by 75 percent i n  J u l y  1980. When t h e  o u t f l o w  channel 

migrated t o  the  south i n  t he  spr ing,  the  low channel g rad ien t  a l lowed 

water t o  back up i n  the  embayment. The ou t f l ow  channel was shortened 
by about one - th i rd  o f  i t s  l e n g t h  by d igg ing  a  channel through the  

swe l l  berm t o  capture t h e  f l ow .  The smal l  inc rease i n  channel 

g rad ien t  and f l o w  lowered the  water  l e v e l  i n  t he  embayment. The 

c o n t r o l l e d  breach was executed on numerous occasions throughout  t h e  

summer. L a t e r  i n  the  summer, when the  mouth c losed completely,  

d igg ing  a  new long, narrow o u t f l o w  channel t o  t he  south a l s o  dra ined 

the  embayment i n  a  c o n t r o l l e d  manner. 

Another method f o r  ma in ta in ing  a  s u i t a b l e  water  l e v e l  would be 

t o  i n s t a l l  a  temporary o u t l e t  c u l v e r t  i n  t he  swe l l  berm e a r l y  i n  t he  

summer. Out f low from the  embayment might  p revent  depos i t i on  i n  - the  

c u l v e r t  i f  the  grad ien t ,  length ,  diameter,  and embayment e l e v a t i o n  

cou ld  be ad jus ted  t o  accommodate decreasing summer discharge. 
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