
ASSOCIATION OF LONG-LIVED RADIOACTIVITY WITH SEDIMENT 
ALONG THE COLUMBIA RIVER SHORELINE, ISLANDS, BOTTOM AND SLOUGH AREAS 

by Jack J. F i x  

B a t t e l l  e 
P a c i f i c  Northwest Laboratories 
R i  chl and, Washington 99325 

* This paper i s  based on work performed under U.S. Energy Research and 
Development Adminfstratton Cantract No E(45-1)!1830 

?@T~?IBUTION OF THIS DOCUMENT IS UNUMITV 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



ASSOCIATION OF LONG-LIVED RADIOACTIVITY WITH SEDIMENT 
ALONG THE COLUMBIA RIVER SHORELINE, ISLANDS, BOTTOM AND SLOUGH AREAS 

Jack J. Fix 

Battell e 
Pacific Northwest Laboratories 
Richland, Washington 99352 

Since deactivation of the last once-through cooling production 
reactor in January 1971, radioactivity associated with sediments or 

biota in the Coluntbia River attributable to past Hanford operations 
decreased to very low levels. Currently only a few long-1 ived radio- 
nuclides are measilrable and generally due to tt:e association of these 
radionuclides with sediments in the river. The data available from 

several different monitoring programs provide a preliminary description 
of the extent, ccricentration, and physical form of these radionucl ides: 

A ,detailed aerial survey of the Columbia River shoreline, islands, 
and slough areas by EG&G, Inc. of Las Wegas between March 26 an3 
April 28, 197'4, which showed radiati'on, at several locations, from 
60Co (maximum, 0.022 mR/hr) and, at a few locations, from 137Cs 

(maximum, 0.C03 mR/hr) in addition to natural background radiation 
(about 0.010) mR/hr). 

@ Analyses of sediment core samples collected from the bottom of the 

Columbia River behind Priest Rapids Dam (upstream of the Hanford 
Reservation) and McNary Dam (downs tream of the Hanford Reservation) 
a1 low a comparison of the accumulation of' long-1 ived radionucl ides 
(65Zn, 6 0 C ~ ,  152E~) from Hanford operations behind McNary Dam with 
the accumulation of fallout radionuclides behind Priest Rapids Dam. 

Analyses of sediment samples collected from the shore1 ine, island, 
and slough areas, observed to have the highest levels of radioactivity 

during the aerial survey, provide measurement of the remaining concen- 

tration of long-l.lved raclionucl~des due to p a s t  Han.Fur*il opera t ions .  



. 
0 Biweekly data obtained w i t h  a " f i l t e r - r e s i n "  method ,of sampling 

~olumbia kiver  water during most of 1973, 1974, and 1975 allow the  

separation of observed concentrations of radionucl ides in to  a par t i  - 
cu la t e~(co l1ec ted  on f i l t e r s )  o r  a soluble (adsorbed on r e s in )  f rac-  

t ion.  

INTRODUCTION - 
The Hanford Plant was or ig ina l ly  designed, b u i l t ,  and operated t o  

produce plutonium f o r  nuclear weapons. A t  one time, nine production reac- 

t o r s ,  e ight  with once-through cooling, were in operation along the Columbia 
River. Between December 1964 and January 1971, a1 1 e ight  reactors  with 
once-through coo.lirlg were deactivated. N Reactor, the  remaining production 

reactor  in operation, has a closed primary cooling lqop. During operation 

of the production reactors  with once-through cooling, substant ial  quant i t ies  

of act ivat ion prodircts were released t o  the  r i v e r .  

Once released t o  the r i v e r ,  t he  radionuclides became a par t  of the 
ecology of the r i v e r  being measurable in water, a lgae,  f i s h ,  ducks, sedi- 

ment, e t c .  Since January 1971, when the l a s t  of these reactors  was deact i -  
vated, the levels  of short-l ived radionuclides have decreased t o  e i t h e r  

extremely low leve.!s or  the point of nonexistence. Figure 1 shows the sharp 
drop i n  gross beta a c t i v i t y  measurable in r i v e r  water t o  e s sen t i a l ly  back- 

ground leve ls  a f t e r  January 1971. Figure 2 shows the  gradual decl ine,  
approximately as  the radioactive decay r a t e ,  i n  65Zn a c t i v i t y  i n  muscle 
t i s s u e  of Will ipa Bay oysters .  Long-1 ived radionucl ides  remaining from 

past Hanford operations a re  current ly measurable along the Columbia River 
shorel ine,  is lands,  bottom, and slough areas.  These radionuclides a re  
associated w i t h  r i ve r  sediment and, as a r e s u l t ,  t h e  major reservoir  of 

rad ioac t iv i ty  i s  expected t o  be the sediment accumulated behind McNary Dam, 
the f i r s t  dam downstream of the Hanford Reservation. The data avai lable  

from three separate monitoring programs 

@ Aerial survey of Columbia River, 
Sediment sampl ing from Col unibia River shorel ine,  is lands , bottom and 

slough arcas ,  



and 

"Filter-Resin" continuous sampling of r i v e r  water 

provide a preliminary description of the magnitude, d i s t r ibu t ion ,  and 

physical form of long-lived rad ioac t iv i ty  along the Columbia River. 

AERIAL SURVEY 

Between March 26 and April 28, 1974, a de ta i led  ae r i a l  survey of 

Columbia River shot-eline, is lands and slough areas was conducted by EG&G, 

Inc. of Las Vegas. ) The survey covered an area froth approximately four 

kilometers above Vernita Bridge t o  approximately 10 kilometers below the 

intersect ion of t h e  Snake River with the  Columbia River. An additional 

20 kilometers downstream from McNary Dam was a lso  surveyed. The survey 

was conducted a t  an a l t i t u d e  of 45 meters using a Navy helicopter.  A 

minimum of three l i n e s ,  spaced 60 meters apa r t ,  were flown along each bank, 

s t a r t i n g  a t  the sh l~ re l ine  and moving inland. Similar pat terns  were flown 

over the islands.. The counting system employed.consisted of two pods; 

each containing twenty 12.5 cm diameter by 5 cm thick NaI ( t h )  de tec tors ,  

mounted external ly  on the helicopter.  The s ignals  from the detectors  were 

fed in to  three uni ts :  a gross count s c a l e r ,  a s e t  of f i v e  adjustable window 

s ingle  channel analyzers, and a 300-channel multichannel an,alyzer. 

Photographs ' 1 through 12 show the observed 1 evel s of 60C0 recorded 

during the aer ia l  survey. Because of the presence of water which caused 

large f luctuat ions in the natural t e r r e s t r i a l  background count r a t e ,  the 

gross count information was not very useful .  For t h i s  reason,.only the 

spectroscopic data were used. 

The highest a c t i v i t y  observed a t  areas  within the  s i t e  boundary which 

a r e  r e s t r i c t ed  from public use occurred along the sl'ough area between the 

100-H and 100-D Areas and along the slough area just north of the old 

Hanford townsite. Both 60Co and 137Cs were observed i n  these areas .  Radia- 

t ion  levels  up. t o  0.014 mR/hr  from 60Co and 0.003 mR/hr  from 1 3 7 ~ s  were 

seen i n  the slough area between 100-H and 100-D. Levels up t o  0.022 mR/hr 

from 60Co and 0.001 mR/hr 'from 137Cs were seen in the  other  slough area.  

The highest radiation 1 evel s observed o f f s i  t e  during the ae r i a l  survey 

occurred on the islands between the old Hanford 'townsite and the 300 Area. 



A maximum reading of 0.014 m R / h r  of 60Co was obtained. No 1 3 7 ~ s  a c t i v i t y ,  

above background l eve l s ,  was observed. The average external exposure r a t e  

from natural sources in the Hanford Environs i s  approximately 0.010 mR/hr .  

SEDIMENT SAMPLING 

Sediment samples col lected from the  Columbia River are' of two types: 

1 )  Core samples col lected from the Columbia River bottom. 

2) Sediment samples collected from Columbia River shore1 ine ,  
is land,  and slough areas observed t o  have the highest levels  

of rad-ioactivity during the ae r i a l  survey. 

Core Samples . 

Samples of sediment on the Columbia River bottom behind McNary Dam, 

the f i r s t  dam dowristream of the Hanford Reservation, have been col lected 
during past years t o  determine the accumulation and variat ion with depth 
of radionucl ides released from Hanford f a c i l  i t i e s .  Additional samplis 
were collected behind P r i e s t  Rapids Dam, the f i r s t  dam upstream of the 
Hanford Reservation, during 1973 t o  allow a determination of background. 
concentrations due t o  f a l l o u t .  Table 1 presents a summary of the radio- 

nuclides and the range of concentrations observed a t  the two dams. The 

TABLE 1. Range o f  Rad ionuc l ide  Concentrat ions 
Observed a t  P r i e s t  Rapids and McNary Dams 

Concen t ra t ion  (pC i /q  - d r y  we igh t )  

P r i e s t  Rapids Dam McNary Dam 
Radiorlucl i d e  -- Range Range 

N a t u r a l  - -.- Minimum Maximum Minimum Maximu111 



radionuclides present  i n  t h e  g r e a t e s t  amounts r e l a t i v e  t o  background 
concentrat ions a r e  6 0 ~ o  and l S 2 E u .  Figures 3 and 4 show t h e  average 

var ia t ion  with depth of these  two radionuclides behind McNary Dam from 

measurements taken during 1973. The f i gu re s  i nd i ca t e  t h a t  r a d i o a c t i v i t y  
from Hanford operat ions  i s  a t  l e a s t  22 .inches in  depth. The average con- 

cen t ra t ions  near t he  surface  a r e  decreasing due t o  d i l u t i on '  from addi t ional  
sediment being t ranspor ted downstream. 

Sediment Samples 

Subsequent t o  t he  Aerial survey,  sediment samples were co l lec ted  from the  
r i v e r  1 ocati'ons which showed the  highest  1 eve1 5. of r ad ioac t i v i t y .  These 

loca t ions  a r e  shown i n  photographs 1 through 12. Generally samples were 

co l lec ted  from the  top one inch of sediment although i n  a  few loca t ions  
p r o f i l e  samples t c  8 inches in  depth were co l lec ted .  Table 2 presents  a 

summary of the  range of values and the  average concentra t ion f o r  each 
radionucl ide  observed. Except f o r  natural  l y  occurring radionucl i d e s ,  
the  radionuclides observed most f requent ly  and i n  t h e  highest  concentra t ions  
were 60Co, 1 3 7 C ~ ,  and l S 2 E u .  Figure 5 and 6 stlow t h e  average depth p r o f i l e  
f o r  6 0 ~ o  and lS2Ec: t o  8 inches.  For both 6 0 ~ o  and l S 2 E u ,  a  maximum average 
concentrat ion a t  a. depth o f . abou t  2 inches was observed. 

TA!ILE 2. Radionucl i des  Observed on C o l u n ~ l ~ i a  R ive r  Sediment ' . . -- 
Samples Collected Dur ing 1974. 

Radionucl ide 
~ t a t  u r a i -  

A r t i f i c i a l  -- 
'"in 
Seco 
;:co 
."ln 

l OGRu 
I 3"CS 

. 1 3 7 ~ ~  
lk4C.e 

Concentrat ion (pC i /g )  

Ffl'iii6w11-- Maxi ~IUIII 

Less than dercc tab le .  

(a )  Averaye p lus  o r  minus Otie standard d e v i a t i o n  c a l c u l a t e d  I f  a l l  andlyses 
werc p o s i l i v e .  Othcrwisc a  less - than  nuniber rias c a l c u l a t e d  from a l l  
r e s u l t s  i n c l u d i n g  l e s s  than d c t e c t a b l c  va lucs.  The nunltlcrs i n  parenthesis 
i n d i c a t e  the number o f  p o s i t i v e  r e s u l t s  o u t  o f  a  t o t a l  o f  41 analysts. 



Table 3 compares the  a e r i a l  survey r e s u l t s  f,or G°Co i n  uR/hr w i t h  t h e  c0.n- 

cen t ra t i on  o f  6 0 ~ o  -measured i n  sediment samples f o r  each sampl i n g  locat i 'on .  

As expected, the sediment sample r e s u l t s  a re  q u i t e  v a r i a b l e  and t oo  few i n  

number t o  a l l ow  a q u a n t i t a t i v e  d e s c r i p t i o n  o f  the r ad ionuc l i de  concentra- 

t i ons .  However, the  r e s u l t s  do v e r i f y  t he  presence o f  e levated l e v e l s  o f  

60Co, cons is ten t  w i t h  t he  a e r i a l  survey data, when compared t o  an expected 

background concent ra t ion o f  approximately 0.01 pCi/g. 

TABLE 3. Comparison of  Acrtal  Survey and Sedtcent  Sampling Resul ts  -- 
Acrtal S e d f m n t  

Sample 
No. 

Survey Sanpl e 
D e s c r i o t ~ o n  -- "Co oR/hr --- GOCo, ~ t i / ~ - d r y  w t .  

B R f , ~ c t o r  Shorel i n c  
l l  P.1 .>cl6r Shorel ine 
0 2 1 . a c t ~ r  Shorel ine 
Higt. M e t e r  Channel 
Dhi:c Bluf f s  Slough 
l4hii.e Bluffs  Slough 
100 F Slough 
100 F Slough 
Her ford Slough 
tianFord Slough 
Savcgc Island-high water channel 
Uoodcd Is land 
I s l a d  Y345 Above 300 Area 

, 

I s l t n d  9244. 300 Area 
Is lcnd U342. North Richland 
Is lend ir341, Richlcnd Puzphouse 
l s i cnd  $240, Felou Richland Pun~phausc 
Is land f333, Be-ow Confluence of  Yakina Rive,r 
Is lzno 4332,  Coiurbia Park 
Is lend 8333, Col u~~ibia  Park 
Sac2 ja,xca Park Shorel ine  

( a )  Radiat ion f r ~ m  1301-N leach t rench ins tead  o f  shore l ine .  

(b)  Location o f  p r o f i l e  sariples t o  8-inches. 

"FILTER-RESIN" SAMPLING 

Beginning i n  1973, a  new method of sampling r i v e r  water  f o r  r a d i o a c t i v i t y ,  

r e f i n e d  by BNW's Radio log ica l  chemistry s t a f f , ( 2 )  was used. The method re -  

s u l t s  i n  a  much lower de tec t i on  l e v e l  and invo lves  runn ing a  known q u a n t i t y  

o f  r i v e r  water through a ny lon f i l t e r ,  a  se r i es  o f  f i b e r g l a s s  f i l t e r s ,  and 

a  mixed bed i o n  exchange column. The sampler operates cont inuous ly  du r ing  



which the river water flows ( ~ 3  liters/hour) through the nylon filter which 

removes all macro (>5 microns) particles, through the series of fiberglass 

filters which remove all particles greater than 0.3 microns, and then the 
filtered water flows through the resin to remove all soluble radionuclides 

with the exception of tritium. The filters a.nd resin are changed biweekly 

and directly counted with a high sensitivity mu1 ti -dimensional (coincidence) 

gamma ray spectrometer to measure the radionuclides present. 
'). , 

Table 4 presents a summary of the radionuclides observed, the range of 
results, and average concentration observed during 1973, 1974 and the first 

few months of 1975; With the exception of naturally occurring radionuclides, 

60Co and 106Ru were observed with the most consistency. 

TACLE 4. Radionucl Ides 0bservc:d I n  Columbia River Water 

-- 
7 ~ 7 3  

Detection FFJ-xKl~iiiI~iiij.uia 
RadlonuclIde l i m i t  Obscrved Obzcrved AAveraue 

Conccntrr t i o n  (pCi / l )  
y9, 9 1975:~) 
fGiFGTl~iif 1 IIIUII~ R,rx i IIIUIII Hi ~ i i  I:~UIII 

Obscrvcd C:~.;cr.~cc) Avcrnge Obscrvcd Obscrved Avcraoe -. ...-- 
2.3 ~ 1 . 0  0.8 0.4 0.5 

'0.03 '0.01 0 . 6 ,  '0.1 
0.04 . C0.02 0.1 0.006 0.02 

c 0.04 <0.01 0.1 * '0.02 
0.6 ~ 0 . 1  0.5 0.05 0.1 . 
0.2 0.02 0.12 0.2 0.09 0.1 

'0.07 <O.G3 0.4 * CO.1 

r 0 . 0 3  <3.02 '0.05 <0.02 

0.14 0 '0.05 0.8 0.003 0.04 
0.04 . ~ 0 . 0 1  0.05 0.004 0.01 . 

* Less than d ~ t ~ c t  hie 

(a) Data co l lec ted  f r o 3  February 26 t o  Ju ly  14, 1975. only. 

Figures 7 and 8 show the variability of 60Co and lo6Ru results for both 
soluble and particulate (insoluble) fractions for each beweekly sampl ing 

period. The elevated concentrations of radioactivity assoc3ated with 
particulates each spring and early summer are assumed due to higher water 
levels in the Columbia River and the resulting resuspension of greater 

quantities of sediment in the water. The sharp peak observed during July 
1973 for soluble l o G ~ u  was due 20 fallout from a June 26, 1973 nuclear 



t e s t  in the atmosphere by the Peoples Republic of China. 

Table 5 i s  a summary of the average concentrations of each radionucl ide 
observed fo r  both the soluble and pa r t i cu la t e  f rac t ions .  4 0 K ,  226Ra, and 

l o 6 ~ u  a r e  primarily observed in a soluble form whereas 5 4 ~ n ,  6 0 C ~ ,  and 65Zn 
a r e  primarily observed in a par t icu la te  form. These l a t t e r  radionuclides 

were released in large quant i t ies , f rom past operation of once-through pro- 

duction reactors and the majority of the observed concentrations a re  attri- .  
bu ted  t o  t h i s  source. The contribution of f a l l o u t  t o  the observed leve ls  

i s  not known b u t  expected t o  be 'qu i t e  low from analysis  of sediment core 
samples collected from Pr ies t  Rapids Dam (Table 1 ) .  A similar  ' f i l  ter-resin" 

sampling system has been ins ta l led  a t  P r i e s t  Rapids Dam during the f i r s t  week 
of September 1975. This u n i t  will  measure and ident i fy  rad.ionuc1ides present 

in the r ive r  from background and f a l l o u t  sources . '  In any event, a l l  of 
the observed concentrations a re  l e s s  than 0.01% of the  most r e s t r i c t i v e  
ERDAM 0524 ~ u i d e l i n e ' ~ )  f o r  drinking water as shown i n  Table 5. 

6adlonucl ide 

Artificial 

5"n 

=oco 

65Zn 

9sZrNb 
io6RU 

137Cs 

==Ell 

TASLE 5. Soluble and Particulate Fracticn Concentratfons 
Observed Curfng 1973. 1974 and 19i5 (pCl/i) 

1973 1974 
0524:~) Soluble Particulate Soluble -- Particulate 

1975'~) 
Soluble Partic.ulate - -- 

( a )  ERDA Manual Chapter 0524 standards only apply to concentrations due to ERDA facilities in excess of naturally 

occurring or fallout radioactivity. E R D M  0524 does not list a concentration standard for 4 0 ~ ,  e naturally 
occurring radionucl lde. 

(b) Data collected from February 26 to July 14. 1975 only. 



CONCLUS I O N  

Long-lived r ad ioac t i v i t y  from pas t  operation of once-through cooling 

production r eac to r  operation i s  cu r r en t l y  measurable a t  several  p laces  along 

t he  Columbia River shore l ine ,  i s l ands ,  bottom and slough a reas .  

A de t a i l ed  a e r i a l  survey of t h e  Columbia River by EG&G, Inc.  of - Las 

Vegas showed r ad i a t i on ,  a t  several  1 ocat ions  , from 60Co (maximum 0.022 

mR/hr) and, a t  a  few loca t i ons ,  from 137Cs (maximum, 0.003 mR/hr) i n  addi- 

t ion  t o  natural  background rad ia t ion  (about 0.010 mR/hr) . Sediment core  

samples co l lec ted  from t h e  bottom of t he  Columbia River behind P r i e s t  

Rapids Dam (upstream of t he  Hanford Reservation) and McNary Dam (downstream 
of the  Hanford Reservation) ind ica te  t h a t  r a d i o a c t i v i t y  from pas t  Hanford 

operations i s  a t  l e a s t  22 inches i n  depth. Radionuclides present  in  the  
g r e a t e s t  amounts r e l a t i v e  t o  background concentra t ions  a r e  60Co and 1 5 2 E u .  

Analysis of sediment samples co l lec ted  from the  r i v e r  shore l ine ,  i s l ands ,  

and slough areas  showed elevated l eve l s  of long-l ived radionucl i d e s ,  primari.1 y 

60Co, 1 3 7 C ~ ,  and 1 5 2 E ~ .  The concentrat ion of r a d i o a c t i v i t y  due t o  pas t  once- 
' 

through cooling production reac tor  operat ion near t h e  sur face  i s  decreasing 
due t o  d i l u t i on .  

Continuous r i v e r  water sampling w i t h  a  " f i l t e r - r e s i n ' !  sampler showed 
very low concentrat ions of long-1 ived rad.ionuc1 ides  (60Co, 65Zn ,  lS2 Eu) 
presumably due t o  pas t  once-through cooling r eac to r  operat ion.  The con t r i -  
bution of f a l l o u t  t o  t h e  observed concentra t ions  5s not known-. An addi t ional  
" f i l t e r - r e s i n "  sampler i n s t a l l e d  a t  P r i e s t  Rapids Dam wi l l  allow measure- 

ment of t he  concentrat ion of radionucl ides  i n  t he  r i v e r  due t o  f a l l o u t .  
All observed concer~ t ra t ions  were l e s s  than 0.01% of t h e  most r e s t r i c t i v e  
ERDA Manual Chapter 0524 standard f o r  d r i n k i n g  water.  



REFERENCES 

1 .  W .  J .  Tipton,  An Aerial Radiological Survey of t h e  U .  S .  Atomic Energy 
Commission's Hanford Reservation, EG&G,,Las Vegas, N V ,  i n  press .  

2. D.  E .  Robertson, e t  a1 , "Transport and Depletion of Radionucl i de s  i n  
t he  Columbia River," IAEA, Vienna, 1973. 

3 .  "Standards f o r  Radiation Pro tec t ion ,"  ERDA Manual, Chapter 0524, w i t h  
Appendix. U. S .  Energy Research and Development Adminis t ra t ion, '  
Washington, D C ,  1963. Revised October 1973.. 



FIGURE 1 .  ' lariation of gross beta. a c t i v i t y  in  the Columbia River. 

65- FIGURE 2. Decline of Ln a c t i v i t y  i n  \dil lap'a Bay oysters .  . 
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FIGURE 4. Depth, p r o f i l e  of 1 5 * ~ u  i n  sediment behind McNary 

Dam from measurements dur ing  1973. 



DEPTH, INCHES 

FIGURE 5. Depth -p ro f i l e  of 6 0 ~ o  i n  sediment from Columbia 

Ri ver shore1 ine ,  is lands and slough areas.  
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FIGURE 6 .  Depth p ro f i l e  of 1 5 * ~ u  i n  sediment -&& 

from Col umbia River shore1 i ne, islands , and slough 

areas.  



FIGURE 7. 6 0 ~ o  a c t i v i t y  i n  Columbia River, soluble versus insoluble f rac t ions .  
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FIGURE 8. lo6 RU a c t i v i t y  i n  Columbia R i v e r ,  so lub le  versus i ~ s o l u b l e  fract ions' .  



SEDIMENT SAMPLING LOCATION 

COLUMBIA RIVER PHOTO I 
VERNlTA BRIDGE TO lOOB AREA 





SEDIUENT SAMPLING LOCATION 

COLUMBIA RIVER - PHOTO II 
lWB TO lOOD AREAS 





SEDIMENT SAnPLlNG LOCATION 

COLUMBIA RIVER - PHOTO Ill 
lOBD TO lOOF AREAS 





SEDIMENT SAMPLING LOCATION 

COLUMBIA RIVER - PHOTO IV 
lWF AREA TO HANFORD 





SEDIMENT SAMPLING LOCATION 

COLUMBIA RIVER - PHOTO V 
SAVAGE ISLAND AREA 





SEDIMENT SAMPLING LOCATION 

COLUMBIA RIVER - PHOTO VI 
WOODED ISLAND AREA 





SEDIMENT SAMPLING LOCATION 

COLUMBIA RWER - PHOTO VII 
300 AREA TO NORTH RICHLAND 





SEDIMENT SAMPLING LOCATION 

COLUMBIA RIVER - PHOTO Vlll 
INTERSECTION WITH YAKIMA RIVER 





SEDIHENT SAJ4PLING LOCATION 

COLUMBIA RIVER - PHOTO IX 
PASCO - KENNEWICK AREA 









COLUMBIA RIVER - PHOTO XI 

McNARY DAM - UMATILLA AREA 





COLUMBIA RIVER - PHOTO XI1 
IRRIGON AREA 




