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ABSTRACT 

The study area encompasses 18 miles of Oregon coastline knm-m as 
Clatsop Beach, which lies betl-reen the Columbia River south jetty and 
Tillamook Head, south of Seaside, Oregon. The physical changes (includ­
ing man-made changes such as jetty construction 1-Ihich was initiated in 
1885) that have occurred in the area since 1792 are described and pre­
sented graphically . Theories based on an analysis of the very complex 
joint function of sand supply and incident wind, oceanographic, and 
estuarine forces are proposed as to the cause of erosion and accretion 
over the long-time span. 

NATURAL CHANGES IN THE ENTRANCE 

The history of changes at the entrance of Columbia River is an 
important indicator of the shoreline changes that have occurred along 
Clatsop Beach. Clatsop Spit and the entrance to Columbia River have 
been in a continual state of change since the earliest surveys l -rere 
taken of them 173 years ago . 

In 1792 (see figure 1) the mouth of Columbia River had one chan­
nel, flanked on the south by Clatsop Spit and Point Adams and on the 
north by Peacock Spit and Cape Disappointmento Upstream from Point Adams 
in the Columbia River estuary, there l-rere tIm cha=els, called north and 
south channels, separated by a shoal. By 1839 (figure 2) this tlm­
cha=el system had moved dm-mstream to the I-rest past Point Adams and 
Cape Disappointment. The cha=els lIere then separated by Sand Island 
and the shoal area which hooked southl-rard knm-m as Middle Sands. During 
the follm-ring 40 years to 1879, the tIm-channel system prevailed through 
Middle Sands. Sand Island and Clatsop Spit moved northward during this 
period, and the Middl e Sands area maintained its hook to the south. 

By 1879 (figure 3) Sand Island had migrated north1-lard sufficiently 
to cut off the channel near the Hashington shore but a cha=el still 
existed bet1-leen Middle Sands and Peacock Spit. This condition prevailed 
until the early 1880 I S at l-rhich time Middle Sands split into t1-ro sections, 
leaving three cha=els from the river into the Pacific Ocean as shmm on 
an 1883 map (figure 4). The northern channel crossed bet1-leen Middle 
Sands and Peacock Spit in a northl'1esterly direction; the middle and 
largest channel crossed the spit in a southl'1esterly direction, and the 
southern cha=el crossed betlIeen Clatsop Spit and Middle Sands in a 
southerly direction. 
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CHANGES DURIHG J E T T Ï CONSTRUCTION 

By 1885 ( f i g u r e 5) a t t h e s t a r t o f c o n s t r u c t i o n o f t h e s o u t h j e t t y , 
t h e n o r t h e r n p o r t i o n o f M i d d l e Sands h a d j o i n e d tóth Peacock S p i t , and t h e 
s o u t h e m p o r t i o n had j o i n e d m t h C l a t s o p S p i t , l e a v i n g o n l y t h e m i d d l e 
c h a n n e l open . A t t h i s t i m e t h e o u t e r c h a n n e l had an a l i n e m e n t t h a t was 
a l m o s t n o r t h and s o u t h . As c o n s t r u c t i o n on t h e s o u t h j e t t y p r o g r e s s e d , 
some v e r y r a p i d changes t o o k p l a c e on C l a t s o p S p i t and t h r o u g h M i d d l e 
Sands. The c h a n n e l t h r o u g h M i d d l e Sands began t o move t o a more e a s t -
wes t a l i n e m e n t . M i d d l e Sands and C l a t s o p S p i t n o r t h o f t h e s o u t h j e t t y 
e r o d e d and moved o f f s h o r e t o f o i m an o u t e r b a r , and a deeper c h a n n e l 
fo r r aed be tween Peacock S p i t and t h e s o u t h j e t t y . 

I n 1889 ( f i g u r e 6) 2 yea r s a f t e r c o m p l e t i o n o f t h e o r i g i n a l 4 . 5 -
m i l e - l o n g j e t t y , C l a t s o p S p i t had s h o a l e d s u f f i c i e n t l y t o be p a r t i a l l y 
above mean l o w e r l o w w a t e r , a l t h o u g h even a t t h i s t i m e t h e r e was e x t e n s i v e 
t r a n s f e r o f w a t e r d u r i n g each t i d a l change i n t h e c h a n n e l o v e r t h e s p i t 
n e a r P o i n t Adams. 

Peacock S p i t a l o n g t h e Wash ing ton shore was d e c r e a s i n g i u s i z e d u r ­
i n g t h i s p e r i o d , and a p o r t i o n o f i t m i g r a t e d u p s t r e a m p a s t Cape 
D i s a p p o i n t m e n t as R e p u b l i c S p i t . By 1902 ( f i g u r e 7) R e p u b l i c S p i t h a d 
J o i n e d Sand I s l a n d . A t t h i s t i m e C l a t s o p S p i t e x t e n d e d 2 m i l e s wes t f r o m 
P o i n t Adams. Between I 9 0 3 and I913 t h e s o u t h j e t t y was r e h a b i l i t a t e d a n d 
e x t e n d e d t o a t o t a l l e n g t h o f 6 - 1 / 4 m i l e s . The g e n e r a l e r o s i o n o f f s h o r e 
o f C l a t s o p Beach c o n t i n u e d t h r o u g h t h e p e r i o d o f r e h a b i l i t a t i o n and e x ­
t e n s i o n o f t h e j e t t y . 

The r a p i d i n i t i a l b u i l d u p o f C l a t s o p S p i t t o o k p l a c e d u r i n g c o n ­
s t m c t i o n o f t h e o r i g i n a l 4 . 5 m i l e s o f t h e s o u t h j e t t y . T h i s was f o l l o w e d 
by a p e r i o d o f i n t e n s e e r o s i o n on C l a t s o p S p i t d u r i n g subsequent r e h a b i l i ­
t a t i o n and e x t e n s i o n o f t h e s o u t h j e t t y . Between 1885 and I 9 1 3 t h e m a x i ­
mum amount o f s c o u r t o o k p l a c e on M i d d l e Sands and i n t h e o f f s h o r e a r e a 
s o u t h o f t h e j e t t y . 

E r o s i o n s t u d i e s have been made o f t h e p o s i t i o n o f t h e 0 - , 2 0 - . 3 0 - , 
4 0 - j and 5 0 - f o o t d e p t h c o n t o u r s ve r sus t i m e f o r t h e p e r i o d f r o m 1894 t o 
t h e p r e s e n t . The d e p t h c o n t o u r p o s i t i o n s were d e t e r m i n e d as t h e p e r p e n ­
d i c u l a r d i s t a n c e s f r o m t h e " A " l i n e s t a t i o n s 0+00, 25+OO, and 85+OO. The 
" A " l i n e i s a p p r o x i m a t e l y p a r a l l e l t o t h e p r e s e n t b e a c h l i n e , and s t a t i o n 
A- 0+00 i s a p p r o x i m a t e l y 200 f e e t s o u t h o f t h e J e t t y ; s t a t i o n A - 85+OO i s 
8 , 5 0 0 f e e t s o u t h e a s t e r l y o f s t a t i o n A- 0+00 . The e r o s i o n - a c c r e t i o n r a t e s 
d e t e n a i n e d f r o m t h e s t u d y denote r a t e o f h o r i z o n t a l movement f o r t h e 
s e l e c t e d d e p t h s . A t y p i c a l e r o s i o n r a t e s t u d y i s s h o ™ a t s t a t i o n A - O+OO 
f o r t h e 2 0 - f o o t c o n t o u r o f f C l a t s o p S p i t ( f i g u r e 8 ) . The g r a p h shows t h a t 
a v e r y r a p i d r a t e o f e r o s i o n o c c u r r e d d u r i n g and i m m e d i a t e l y a f t e r t h e 
J e t t y c o n s t m c t i o n p e r i o d . A n o t h e r i m p o r t a n t c h a r a c t e r i s t i c o f t h e g r a p h 
i s t h e a s y m p t o t i c n a t u r e w h i c h i n d i c a t e s t h a t a s t a b l e c o n d i t i o n may be 
n e a r a t h a n d . 

D e p t h compar i sons f o r t h e a r ea a t t h e mouth o f Co lumbia R i v e r a r e 
s h o r n on f i g u r e s 9, 10, and 11 f o r t h e p e r i o d s 1 8 7 7 - I 9 2 6 , I 9 2 6 - I 9 5 8 , a n d 
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I 9 5 8 - I 9 6 2 , r e s p e c t i v e l y . I t s h o u l d he n o t e d t h a t t h e i n c r e m e n t a l s c o u r 
u n i t on f i g u r e s 9 and 10 i s i n f a t h o m s whereas i t i s i n f e e t i n f i g u r e 11 . 
The e a r l i e s t p e r i o d i n c l u d e d t h e t i m e o f i n i t i a l j e t t y c o n s t r u c t i o n and 
shows a g e n e r a l s c o u r i n g o f t h e u n d e r w a t e r a r e a s o u t h o f t h e s o u t h j e t t y 
f o r abou t 7 m i l e s . S c o u r i n g o c c u r r e d a t dep ths as g r e a t as 200 f e e t . The 
maximum amount o f s cou r was abou t h2 f e e t and i s shoim on f i g u r e 9 abou t 2 
m i l e s s o u t h o f t h e head o f t h e s o u t h j e t t y . I t i s a p p a r e n t t h a t t h e b i g 
change o c c u r r e d d u r i n g and i m m e d i a t e l y a f t e r t h e 6 . 6 2 - m i l e - l o n g j e t t y con­
s t m c t i o n p e r i o d f r o m I885 t o I 9 1 3 . The s c o u r t h a t o c c u r r e d o f f s h o r e o f 
C l a t s o p Beach f o r t h e I926-58 p e r i o d amounted t o 12 f e e t o r l e s s and was 
g e n e r a l l y l e s s t h a n 6 f e e t . F o r t h e I 958 -62 p e r i o d ( f i g u r e l l ) t h e a r e a 
o f f s h o r e o f C l a t s o p Beach i s p r a c t i c a l l y s t a b l e . 

C o n s t m c t i o n on t h e n o r t h j e t t y ( f i g u r e 12) s t a r t e d i n I913 and 
c o n t i n u e d u n t i l I 9 1 6 . T h i s caused a f u r t h e r deepen ing o f t h e n a v i g a t i o n 
c h a n n e l and a s h o a l i n g i m m e d i a t e l y n o r t h o f t h e n o r t h j e t t y . 

I n 1938, J e t t y A ( f i g u r e 12) was c o n s t m c t e d f r o m t h e most e a s t e r l y 
p o i n t on Cape D i s a p p o i n t m e n t s o u t h w a r d t o a p o i n t beyond t h e s o u t h e r n 
l i m i t s o f Sand I s l a n d . J e t t y A f u r t h e r i n c r e a s e d c h a n n e l depths and 
caused t h e c h a n n e l t o s h i f t t o a more e a s t - w e s t a l i n e m e n t b u t , a g a i n , no 
n o t i c e a b l e changes o c c u r r e d on C l a t s o p Beach s o u t h o f t h e s o u t h j e t t y . 
S i n c e c o m p l e t i o n o f t h e t h r e e - j e t t y sys t em, t h e mouth o f Co lumbia R i v e r 
has been r e a s o n a b l y s t a b l e , 

RECEHT CHAUGES ALONG CLATSOP BEACH 

Some c o m p a r a t i v e l y r e c e n t su rveys g i v e an i n d i c a t i o n o f what was 
o c c u r r i n g on C l a t s o p Beach be tween T i l l a m o o k Head and t h e s o u t h j e t t y 
d u r i n g and a f t e r t h e j e t t y c o n s t m c t i o n p e r i o d s . Beach c r o s s s e c t i o n s f o r 
t h e y e a r s I934, 1963, aud 1964 ( f i g u r e I 3 ) , f o r t h e a r ea s o u t h o f t h e 
j e t t y , show t h a t dunes 25 f e e t h i g h have d e v e l o p e d b e h i n d t h e beach . The 
b u i l d u p o f t h e s e dunes i s a r e s u l t o f onshore m n d b l o w n sand and t h e dune 
s t a b i l i z a t i o n p rog ram t h a t was c a r r i e d o u t b y t h e W a r r e n t o n Dune S o i l 
C o n s e r v a t i o n D i s t r i c t between 1934 and 1944. A r e p o r t o f t h e sand-dune 
c o n t r o l i s g i v e n i n C i r c u l a r No. 660, U n i t e d S t a t e s Depar tment o f A g r i ­
c u l t u r e , September 1942. A n o t h e r s u r v e y t h a t i n d i c a t e s t h e r e s u l t s o f t h e 
a c t i o n o f t h e s e v e r a l f o r c e s a t work on t h e beach i s shoim i n f i g u r e s l 4 
t h r o u g h 16. These f i g u r e s show b y t h e p o s i t i o n o f t h e h i g h - w a t e r l i n e 
o v e r a 25-year p e r i o d t h e l i m i t s o f e r o s i o n and a c c r e t i o n areas on C l a t s o p 
Beach . I t appears t h a t e r o s i o n o c c u r r e d f r o m t h e s h o r e l i n e a t t h e s o u t h 
j e t t y t o a n o d a l p o i n t abou t 3 m i l e s s o u t h , b u t a c c r e t i o n o c c u r r e d f r o m 
t h i s p o i n t t o T i l l a m o o k Head, a d i s t a n c e o f l 4 . 4 m i l e s . The p o i n t o f 
maximum a c c r e t i o n a t Necanicum R i v e r , m i l e l 4 . 7 f r o m t h e s o u t h j e t t y , 
shows on f i g u r e 16. The p o i n t o f maximum e r o s i o n was a t t h e s h o r e l i n e 
a t t h e s o u t h j e t t y ( m i l e 0 ) . From t h e s o u t h j e t t y t h e e r o s i o n dec reased 
t o t h e n o d a l p o i n t ( f i g u r e I 5 ) , and f r o m t h i s p o i n t a c c r e t i o n i n c r e a s e d 
t o Necanicum R i v e r . 

EROSION-ACCRETION PROCESSES 

There appears t o be b o t h a n o r t h e r l y and s o u t h e r l y l i t t o r a l d r i f t 
a t t h e mouth o f Columbia R i v e r and a l o n g C l a t s o p Beach. The n o r t h e r l y 



650 COASTAL ENGINEERING 

l i t t o r a l d r i f t i s caused t y t h e h i g h , s t e e p , m u t e r waves f r o m t h e s o u t h 
and t h e s o u t h e r l y l i t t o r a l d r i f t i s caused h y t h e f l a t t e r summer waves 
f r o m t h e n o r t h . N o r m a l l y t h e m n t e r waves e rode t h e t e a c h , and t h e summer 
waves h u i l d t h e beach . From a r e v i e w o f t h e h i s t o r y o f t h e mouth o f 
Coliombia B i v e r p r i o r t o j e t t y c o n s t r u c t i o n , t h e s h i f t i n g o f M i d d l e Sands, 
t h e n o r t h w a r d m i g r a t i o n o f Sand I s l a n d , a n d t h e n o r t h e r l y e x t e n s i o n o f 
C l a t s o p S p i t , i t appears t h a t t h e p r e d o m i n a n t l i t t o r a l f o r c e s o f f C l a t s o p 
Beach a re f r o m s o u t h t o n o r t h . By c o n s i d e r i n g t h e same a r e a a f t e r c o n ­
s t r u c t i o n o f t h e s o u t h j e t t y , e s p e c i a l l y t h e b u i l d u p o f C l a t s o p S p i t t o 
t h e s o u t h o f t h e j e t t y and i t s f o l l o m n g e r o s i o n , i t appears t h a t t h e 
p r e d o m i n a n t l i t t o r a l f o r c e s a re f r o m n o r t h t o s o u t h . A n o r t h - t o - s o u t h 
l i t t o r a l d r i f t i s f u r t h e r i n d i c a t e d b y t h e b u i l d u p o f sand b e h i n d t h e 
n o r t h j e t t y aud t h e g e n e r a l n o r t h e a s t t o s o u t h w e s t a l i n e m e n t o f t h e n a v i ­
g a t i o n c h a n n e l t h r o u g h t h e o u t e r b a r a r e a . A l s o , t h e a c c r e t i o n t h a t has 
t a k e n p l a c e a l o n g C l a t s o p Beach c o u l d be an i n d i c a t i o n o f a n o r t h - t o -
s o u t h l i t t o r a l d r i f t as t h e maximum a c c r e t i o n o c c u r s a t t h e s o u t h end o f 
t h e beach . A l t h o u g h v i s i b l e s i g n s i n d i c a t e d t h a t t h e p r e d o m i n a n t l i t t o r a l 
d r i f t c o u l d be e i t h e r t o t h e n o r t h o r s o u t h , an a n a l y s i s made b y B a l l a r d 
i n t h e U n i v e r s i t y o f W a s h i n g t o n ' s Depar tmen t o f Oceanography T e c h n i c a l 
R e p o r t No . 98 , shows a p r e d o m i n a n t l i t t o r a l d r i f t based upon n e t e n e r g y 
f l u x i n a s o u t h - t o - n o r t h d i r e c t i o n i n t h e C l a t s o p S p i t a r e a . I t was 
s t a t e d i n t h i s same r e p o r t t h a t sed iment samples t o t h e n o r t h o f Co lumbia 
R i v e r h a d a s l i g h t l y l a r g e r median d i a m e t e r t h a n sed iments t o t h e s o u t h , 
and t h a t sed imen t s b o t h t o t h e n o r t h and s o u t h o f t h e Co lumbia e s t u a r y had 
t h e i r o r i g i n f r o m Columbia R i v e r . The f a c t t h a t n o r t h e r l y s ed imen t s have 
a l a r g e r med ian d i a m e t e r does n o t n e c e s s a r i l y i n d i c a t e a s o u t h - t o - n o r t h 
p r e d o m i n a n t l i t t o r a l d r i f t . However, t h e s e sed iments do seem t o i n d i c a t e 
a h i g h e r e n e r g y f l u x p e r u n i t t i m e f r o m s o u t h t o n o r t h . T h i s h i g h e r 
e n e r g y , a s s o c i a t e d w i t h waves f r o m t h e s o u t h , i s a m a t t e r o f r e c o r d and 
can be seen i n wave s t a t i s t i c s p r e p a r e d b y N a t i o n a l M a r i n e C o n s u l t a n t s , 
I n c . , f o r P o r t l a n d D i s t r i c t , Corps o f E n g i n e e r s . The s o u t h e r l y waves i n 
g e n e r a l a re h i g h e r and s t e e p e r t h a n waves coming f r o m t h e n o r t h . D u r i n g 
O c t o b e r aud December t h r o u g h A p r i l t h e n e t a l o n g s h o r e f l u x i s t o t h e 
n o r t h , and t h e g e n e r a l movement o f sand i s o f f s h o r e . D u r i n g t h e months 
o f May t h r o u g h September and November, n e t a l o n g s h o r e f l u x i s t o t h e s o u t h 
aud sand movement i s onsho re . 

C u r r e n t s t u d i e s and o b s e r v a t i o n s n e a r t h e e n t r a n c e t o C o l u m b i a 
R i v e r e s t u a r y were made i n t h e 1 9 3 0 ' s and r e p o r t e d i u t w o p u b l i c a t i o n s o f 
t h e U . S. T i d a l M o d e l L a b o r a t o r y , B e r k e l e y , C a l i f o m i a , as f o l l o w s : 

"Mouth o f Co lumbia R i v e r Beach E r o s i o n I n v e s t i g a t i o n , 
R e p o r t on E x p e r i m e n t s , P a r t I , J u l y 1933-May 1 9 3 5 , " d a t e d 
June 15 , 1935. 

"Mouth o f Co lumbia R i v e r Beach E r o s i o n I n v e s t i g a t i o n s , 
Summary o f O b s e r v a t i o n s and R e s u l t s J u l y 1933-Augus t 1 9 3 6 , " 
T e c h n i c a l Memorandum No. 20, d a t e d December 2k-, I 9 3 6 . 

B o t h r e p o r t s i n d i c a t e a s o u t h e r l y l i t t o r a l d r i f t i n t h e summer and a 
n o r t h e r l y l i t t o r a l d r i f t d u r i n g t h e m u t e r . A l s o , t h e s e r e p o r t s i n d i c a t e 
a somewhat s o u t h e r l y ebb a t t h e mouth o f Co lumbia R i v e r . 
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ANALYSIS OF EROSIOM AND ACCRETION 

The most i m p o r t a n t change made h y c o n s t r u c t i o n o f t h e j e t t y sys tem 
a t t h e mouth o f Columhia R i v e r was t h e r e s t r i c t i o n i n w i d t h o f t h e en ­
t r a n c e w h i c h r e s u l t e d i n t h e s t a h i l i z i n g o f t h e l o c a t i o n o f t h e n a v i g a t i o n 
c h a n n e l . As t h e s o u t h j e t t y was e x t e n d e d seaward , sand f r o m M i d d l e Sands 
e r o d e d , c r e a t i n g a deeper c h a n n e l . M a t e r i a l f r o m M i d d l e Sands moved sea­
w a r d o n t o t h e o u t e r b a r and l a n d w a r d o n t o C l a t s o p S p i t . The movement o f 
sand o n t o t h e o u t e r b a r was p r o b a b l y caused b o t h b y r e s t r i c t e d ebb c u r ­
r e n t s and b y w i n t e r seas f r o m t h e s o u t h and summer waves f r o m t h e n o r t h . 
T h a t t h e s e seas f r o m t h e s o u t h have h a d and c o n t i n u e t o have a v a s t i n ­
f l u e n c e i n t h e s e phenomena i s f u r t h e r e v i d e n c e d b y t h e Immense volume o f 
sand t h a t has moved n o r t h beyond Cape D i s a p p o i n t m e n t and has l a t e r been 
c a r r i e d i n b y t h e s o u t h e r l y l i t t o r a l d r i f t t o s t a y be tween t h e n o r t h j e t t y 
and Cape D i s a p p o i n t m e n t . 

I n t h e a r e a o f maximum scou r s o u t h o f t h e s o u t h J e t t y p r i o r t o c o n ­
s t r u c t i o n o f t h e s o u t h J e t t y ( f i g u r e 5 ) , p r e v a i l i n g dep ths were be tween 3 
and k f a t h o m s . As t h e s o u t h j e t t y was c o n s t m c t e d , t h i s p o r t i o n o f t h e 
s p i t was s h u t o f f f r o m t h e Co lumbia R i v e r sand s u p p l y aud , as M i d d l e Sands 
deepened and moved o f f s h o r e , t h e a r e a was s u b j e c t e d t o c o n c e n t r a t e d wave 
a t t a c k . A l s o , as t h e j e t t y was l e n g t h e n e d , recirculation o f t h e sand on 
C l a t s o p S p i t i n t h e e s t u a r y was f u r t h e r restricted u n t i l t h e saxid moved 
o f f s h o r e and t h e n n o r t h o r s o u t h f r o m t h e e s t u a r y , o r i t c o u l d move o n ­
shore and t o t h e s o u t h o n t o C l a t s o p S p i t . There i s ample e v i d e n c e t h a t 
t h e s e phenomena t o o k p l a c e ( f i g u r e 9 ) . Some o f t h e m a t e r i a l moved o f f s h o r e 
and t o t h e n o r t h , some m a t e r i a l moved i n s h o r e and t o t h e s o u t h t o f o r m t h e 
p r e s e n t C l a t s o p Beach , and i n deeper w a t e r some o f t h e m a t e r i a l moved 
s o u t h u n d e r t h e i n f l u e n c e o f t h e seas f r o m t h e n o r t h and t h e s o u t h e r l y ebb 
o f C o l u m b i a R i v e r . As t i m e p r o g r e s s e d and t h e e r o s i o n c o n t i n u e d , C l a t s o p 
S p i t d e t e r i o r a t e d u n t i l t h e dep ths were so g r e a t o v e r t h e s p i t a n d t h e 
a l i n e m e n t was s t r a i g h t e n e d s u f f i c i e n t l y t h a t waves no l o n g e r f o c u s e d on 
i t . T h i s t e n d e d t o decrease t h e s c o u r r a t e u n t i l a t t h e p r e s e n t t i m e 
t h e r e i s v e r y l i t t l e movement o f sand i n t h e a r e a be tween t h e node and t h e 
s o u t h j e t t y . 

To i n t e r p r e t t h e e r o s i o n and a c c r e t i o n p a t t e m s t h a t a re now e s t a b ­
l i s h e d o f f C l a t s o p Beach, i t i s n e c e s s a r y t o r e v i e w t h e b o u n d a r y c o n d i ­
t i o n s o f t h e beach and t h e r e c e n t r e c o r d s o f a c c r e t i o n and e r o s i o n . 
F i g u r e Bo . 17 shows C l a t s o p Beach bounded on t h e n o r t h b y t h e s o u t h j e t t y 
a t t h e e n t r a n c e t o Columbia R i v e r and on t h e s o u t h b y T i l l a m o o k Head. 
Any sand t h a t i s s u p p l i e d t o t h e beach must e i t h e r be f r o m t h e C o l u m b i a 
R i v e r , f r o m t h e dune a r ea b e h i n d t h e beach , o r f r o m t h e a r e a o f f s h o r e . 
S i n c e 1939 t h e e r o s i o n and a c c r e t i o n p a t t e m has been c o n s i s t e n t on C l a t ­
sop Beach , m t h e r o s i o n o c c u r r i n g f r o m t h e J e t t y t o a node a b o u t 3 m i l e s 
s o u t h o f t h e j e t t y , and a c c r e t i o n o c c u r r i n g f r o m t h i s node t o T i l l a m o o k 
Head. The volume o f a c c r e t i o n has been much g r e a t e r t h a n t h e e r o s i o n . 
I t i s r e a s o n a b l e t o assume t h a t a p o r t i o n o f t h e a c c r e t i o n was s u p p l i e d 
by t h e e r o d i n g n o r t h e r n beach and some u n d o u b t e d l y came f r o m o f f s h o r e as 
sho^m by t h e I 9 2 6 - I 9 5 8 o f f s h o r e d e p t h compar i sons ( f i g u r e l O ) . F rom t h e 
amount o f a c c r e t i o n w h i c h has o c c u r r e d i t appears t h a t m a t e r i a l mus t have 
come a r o u n d t h e end o f t h e s o u t h J e t t y and moved s o u t h w a r d do\m. t h e c o a s t 
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and t h e n been c a r r i e d i n s h o r e by waves and d e p o s i t e d on t h e beach . 0»'^'=' 
i n t h e C l a t s o p Beach a r e a , d i s t r i b u t i o n o f t h e sand i s g o v e m e d by botl^ 
sunmier seas f r o m t h e n o r t h and w i n t e r seas f r o m t h e s o u t h . The l o c a t i ° 
o f T i l l a m o o k Head a t t h e s o u t h end and o f t h e s o u t h J e t t y a t the n o r t b 
end o f C l a t s o p Beach i s s h o ™ i n f i g u r e I 7 . The p r o j e c t i o n o f T i l i a ' " ^ ^ ^ ' ' 
Head o u t i n t o t h e ocean has c r e a t e d a change i n t h e o f f s h o r e c o n t o u r ^ 
f r o m those a l o n g C l a t s o p Beach. I n g e n e r a l , t h i s has r e s u l t e d i n d e ­
c r e a s e d wave h e i g h t s a l o n g t h e s o u t h e r n end o f t h e beach f o r waves f r ^ ^ 
t h e s o u t h . L i k e m s e t h e s o u t h J e t t y o b s t m c t s waves f r o m t h e n o r t h 
r educes wave h e i g h t s a l o n g t h e n o r t h e r n end o f t h o beach f o r waves f r o i " 
t h e n o r t h . V/ave r e f r a c t i o n d iagrams p r e p a r e d f o r U . S. Army E n g i n e e r -^a. 
D i s t r i c t , P o r t l a n d , by W a t i o n a l M a r i n e C o n s u l t a n t s , I n c . , o f S a n t a BO-f ^ 
C a l i f o r n i a , i n March I 9 6 1 , show t h e e f f e c t o f t h e s o u t h j e t t y , b e a c H l i " ^ 
c u r v a t u r e , and T i l l a m o o k Head on wave h e i g h t s f o r t h e l e n g t h o f C l a b - ' O P ^ ^ f i 
Beach . The c o m b i n a t i o n o f r e f r a c t i n g and b l o c k i n g o f waves f r o m t h e '̂ 
a l o n g v f i t h t h e s o u t h e r l y l i t t o r a l d r i f t 6 months each y e a r i s b e l i e v e < i 
a c c o u n t f o r t h e c o n t i n u e d b u i l d u p o f t h e s o u t h end o f C l a t s o p B e a c h - j_s 
i t i s b e l i e v e d t h a t t h e p r e d o m i n a n t l i t t o r a l d r i f t i n t h e e r o s i o n a l " ® ^ 
f r o m s o u t h t o n o r t h . 

D u r i n g w i n t e r months t h e seas a re f r o m t h e s o u t h e r l y q u a d r a a * ^ ^ ^ ^ ^ 
t h e l i t t o r a l c u r r e n t s move t h e m a t e r i a l n o r t h , b u t t h e s t e e p e r w a v e S 
e r o s i o n o f t h e beach and d e p o s i t o f f s h o r e . T h i s o f f s h o r e movement y^e 
m a t e r i a l c o u l d be one o f the reasons f o r t h e l a c k o f a c c r e t i o n f r o m * c. 
s o u t h j e t t y t o t h e node. Sand i n t h i s a r e a i s b r o u g h t u p - c o a s t b y ^ ' ^ ^ o O g 
f r o m t h e s o u t h and i s r e c i r c u l a t e d i n a c o u n t e r - c l o c k w i s e d i r e c t i o n - ^ 
t h e s o u t h J e t t y , t h e n back t o t h e s o u t h b y ebb c u r r e n t s f r o m t h e &e^'^^ 
aud o n t o t h e o u t e r b a r a t t h e e n t r a n c e t o C o l u m b i a R i v e r by t h e tl.oO'^ ^ h e 
c u r r e n t s . A n o t h e r p o s s i b l e reason f o r t h e l a c k o f a c c r e t i o n s o u t h ^ 
j e t t y t o t h e node i s t h e i n a b i l i t y o f t h e waves f r o m t h e n o r t h t o m O ^ ^ ' ^ - t 
m a t e r i a l i n t o t h i s a r ea because i t i s i n t h e l e e o f t h e s o u t h j e t t y - ^ t J - ^ ^ 

i s a l s o i n t e r e s t i n g t o no t e t h a t t h e e r o s i o n - a c c r e t i o n n o d a l p o i n t '^'^ ^-Üa 
s o u t h o f t h e J e t t y a d i s t a n c e w h i c h i s a p p r o x i m a t e l y e q u a l t o t h e X-<^^ 
o f t h e J e t t y seaward o f t h e b e a c h l i n e . 

The e r o s i o n r a t e f r o m t h e s o u t h J e t t y t o t h e node appears t o 
been d e c r e a s i n g as the shore recedes and becomes l e s s s u s c e p t i b l e t - ^ - t , h i s 
a n g u l a r wave a t t a c k . A t t h e p r e s e n t t i m e t h e r e a re i n d i c a t i o n s t h e - ' ^ 
a r e a i s a p p r o a c h i n g s t a b i l i t y . 

Recent i n s p e c t i o n o f C l a t s o p Beach shows t h a t sand a c c r e t i o E t ^ - t i o n 
p r e s e n t l y o c c u r r i n g i m m e d i a t e l y s o u t h o f the s o u t h J e t t y . T h i s a c c ^ ^ j a d 
i s a t t r i b u t e d t o t h e e x t r e m e l y l a r g e d e p o s i t o f d e b r i s , m a i n l y l o g s -y^e 
t i m b e r s , f r o m t h e December I 9 6 4 f l o o d s . I t i s p r o b l e m a t i c a l as t o ' * ^ ^ l i e 
l a s t i n g e f f e c t s o f t h e a c c r e t i o n caused b y t h e f l o o d d e b r i s , b u t i f ^ 
i n t e r l o c k e d mass once i s c o v e r e d w i t h sand , and beach g ras s and o t h L ^ n s t 
v e g e t a t i o n become e s t a b l i s h e d , i t w i l l f o r m a f o r m i d a b l e b a r r i e r a g ; *==^ 
wave a t t a c k and f u r t h e r e r o s i o n . 

COHCLUSIOWS 

The e r o s i o n and a c c r e t i o n t h a t have o c c u r r e d ou C l a t s o p Beacr R i v e r 
i n t h e v i c i n i t y o f t h e s o u t h j e t t y o f f s h o r e o f t h e mouth o f C o l u m b i -
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d u r i n g and s i n c e j e t t y c o n s t r u c t i o n can be c o n s i d e r e d t o be a t l e a s t p^ i^" 
t i a l l y t h e r e s u l t o f t h e s o u t h j e t t y . The s o u t h j e t t y r e s t r i c t e d t h e ebb 
f l o w o f t h e r i v e r a round P o i n t Adams t o t h e s o u t h and caused a deepen ing 
o f t h e a r e a seaward o f C l a t s o p S p i t , s u b j e c t i n g t h e s p i t t o i n t e n s e ocea" 
s torm-wave a t t a c k . I n a d d i t i o n , t h e j e t t y r e s t r i c t e d t h e n o r t h and s o u t b 
c i r c u l a t i o n o f sand on C l a t s o p Beach and , i n g e n e r a l , s t a r v e d t h e beach 
s o u t h o f t h e j e t t y f o r abou t 3 m i l e s . The s t a r v e d p o r t i o n o f t h e beach 
a p p a r e n t l y i s p r e s e n t l y a p p r o a c h i n g e q u i l i b r i u m , and t h e p a t t e r n o f erO' 
s i o n and a c c r e t i o n t h a t i s now e s t a b l i s h e d can be e x p l a i n e d by t h e sea ­
s o n a l l i t t o r a l d r i f t changes and t h e s o u t h e r l y ebb o f Co lumbia R i v e r . 

The i n v e s t i g a t i o n s d e s c r i b e d and t h e r e s u l t i n g d a t a p r e s e n t e d 
h e r e i n , u n l e s s o t h e n - f i s e n o t e d , were o b t a i n e d f r o m s t u d i e s c o n d u c t e d b y . ^ 
t h e U n i t e d S t a t e s Army E n g i n e e r D i s t r i c t , P o r t l a n d unde r c o n t i n u i n g s t u d ^ ' 
o f a c c r e t i o n and e r o s i o n a t t h e Co lumbia R i v e r e n t r a n c e . P e r m i s s i o n 
g r a n t e d by t h e C h i e f o f E n g i n e e r s t o p u b l i s h t h i s i n f o r m a t i o n i s a p p r e ' 
e l a t e d . 
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