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SUMMARY 

Th i s  document descr ibes  a r a d i o l o g i c a l  survey which was per formed t o  

e v a l u a t e  t h e  magnitude and d i s t r i b u t i o n  o f  r a d i o a c t i v e  con tam ina t i on  on t h e  

exposed s h o r e l i n e s  o f  t h e  Columbia R i v e r  a long and downstream o f  t h e  Hanfo rd  

S i t e .  The area encompassed by t h e  su rvey  i n c l u d e s  t h e  l o w - l y i n g  exposed 1 and 

on b o t h  s ides  o f  t h e  r i v e r  from t h e  uppermost p o i n t  o f  p r o d u c t i o n  r e a c t o r  

d ischarge  i n t o  t h e  r i v e r  a t  100-B Area t o  t h e  conf luence of t h e  Snake and 

Columbia R i ve r s ,  a lmost  60 m i l e s  downstream o f  t h e  s t a r t i n g  p o i n t .  E x t e r n a l  

exposure r a t e  measurements were made a t  n e a r l y  30,000 l o c a t i o n s  d u r i n g  t h e  

survey - accoun t ing  f o r  approx imate ly  60% o f  t h e  l a n d  i n  t h e  s tudy  area. 

Measurab le  r a d i o a c t i v e  con tamina t ion ,  r e s u l t i n g  f r om  p a s t  Han fo rd  

ope ra t i ons  was found t o  be p resen t  on t h e  shore1 i n e s  of t h e  Columbia R i v e r  

along t h e  s tudy  area. The absence o f  s h o r t - l i v e d  r a d i o n u c l i d e s  i n  t h e  shore  

sediments and t h e  presence o f  con tam ina t i on  seve ra l  meters  above r e c e n t  

maximum r i v e r  l e v e l s  i n d i c a t e  t h a t  t h e  m a t e r i a l  was depos i t ed  some years  ago. 

Con tamina t ion  on t h e  exposed i s l a n d  and s h o r e l i n e  areas was found t o  be 

p resen t  i n  t h r e e  d i f f e r e n t  d i s t r i b u t i o n s :  

1 )  A f a i r l y  cons tan t ,  u n i f o r m l y  d i s t r i b u t e d  1 ayer o f  con tam ina t i on  was 

observed over  t h e  e n t i r e  s t u d y  area. The average exposure r a t e  over  t h e  

su rvey .a rea  measured 11 - + 3 pR/hr compared t o  a  background exposure 

r a t e  measured a long t h e  s h o r e l i n e  upstream o f  t h e  Hanford p r o j e c t  o f  

7 - + 1 pR/hr. 

N ine ty - two  areas were l o c a t e d  i n  which exposure r a t e  r ead ings  exceeded 

25 pR/hr. These areas o f  i nc reased  r a d i a t i o n  l e v e l s  a re  a t t r i b u t e d  t o  

contaminated sediments t h a t  have been concen t ra ted  i n  some p laces  by 

r i v e r  a c t i o n  and a re  r e f  e r r e d  t o  as " con tam ina t i on  depos i t s . "  The areas 

ranged i n  s i z e  f rom a few square meters  t o  seve ra l  thousand square mete rs  

and were u s u a l l y  found i n  areas o f  dense vege ta t i on .  Areas found t o  

c o n t a i n  t h e  h i g h e s t  l e v e l s  o f  r i v e r - d e p o s i t e d  con tam ina t i on  were t h e  

Whi te  B l u f f s  Slough area, where exposure r a t e s  reached 40 pR/hr ;  t h e  

Han fo rd  Tcwns i te  Pen insu la ,  i n  which an a rea  r e a d i n g  45 pR/h r  was 

i d e n t i f i e d ,  and I s 1  and-344 near t h e  300 Area which read  38 p.R/hr. The 
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rema in ing  "con tamina t ion  depos i t s "  were i n  t he  25-30 pR/hr range and 

appeared t o  be even ly  d i s t r i b u t e d  over  t h e  survey area. , (Higher exposure 

r a t e s  were measured d u r i n g  t h e  survey a long t h 2  p r o d u c t i o n  r e a c t o r  areas, 

b u t  were a t t r i b u t e d  t o  r a d i o a c t i v e  m a t e r i a l  con ta ined  i n  t h e  p r o d u c t i o n  

r e a c t o r  f a c i l  i t i e s  and n o t  t o  r i v e r - d e p o s i t e d  con tamina t ion . )  Samples o f  

s o i l  and vege ta t i on  taken  a t  severa l  s i t e s  a long t h e  r i v e r  showed t h e  

"con tamina t ion  depos i t s "  t o  c o n s i s t  o f  a  m i x t u r e  o f  "CO, 1 3 7 ~ s  and - 
1 5 2 ~ u  i n  approx imate ly  equal p r o p o r t i o n s .  

3 )  D i s c r e t e  p a r t i c l e s  of con tamina t ion  c o n t a i n i n g  6 0 ~ o  were found  a long 

t h e  r i v e r ,  u s u a l l y  i n  f l a t ,  r o c k y  areas w i t h  l i t t l e  o r  no vege ta t i on .  The 

p a r t i c l e s  were observed t o  Se m e t a l l i c  f l a k e s ,  p o s s i b l y  f ragments o f  s t e l -  

l i t e  v a l v e  and pulnp components used i n  t h e  p r o d u c t i o n  r e a c t o r s .  Fourteer:  

o f  t h e  p a r t i c l e s  were recovered. These p a r t i c l e s  were found  a t  depths 

f r om 0-5" below t h e  su r f ace  and con ta ined  f rom 1.7-24 $i o f  6 0 ~ o  

a c t i v i t y .  

E x t e r n a l  dose r a t e s  f rom t h e  u n i f o r m l y  d i s t r i b u t e d  con tamina t ion  and t h e  

"con tamina t ion  depos i t "  t ypes  of c o n t m i  n a t i o n  are Sel ow appl  i c a b l e  e x t e r n a l  

r a d i a t i o n  p r o t e c t i o n  dose 1  i m i  t s  f o r  uncon t ro l  1  ed areas. Based on p a s t  

surveys o f  r i v e r  usage, t h e  maximum i n d i v i d u a l  has been e s t a b l i s h e d  as a  

meniber o f  t h e  p u b l i c  who spends 500 hours per  year  on t h e  shore o f  t h e  r i v e r .  

Were t h a t  i n d i v i d u a l  t o  spend t h e  e n t i r e  500 hours a t  t h e  h i g h e s t  measured 

con tam ina t i on  d e p o s i t  l o c a t i o n  (45 pR/hr )  , t h e  r e s u l t i n g  whole body dose would 

be about 20 rnrem above t h e  approx imate ly  100 rnrem which would norma:ly be 

r e c e i v e d  d u r i n g  a  year  by a  l o c a l  r e s i d e n t  due s o l e l y  t o  n a t u r a l l y - o c c u r r i n g  

r a d i a t i o n s .  

The d i s c r e t e  p a r t i c l e s  p resen t  a  somewhat d i f f e r e n t  s i t u a t i o n ,  r a d i o -  

l o g i c a l l y .  I n  t h e  even t  of d i r e c t  c o n t a c t  w i t h  a  smal l  source, t n e  be ta  

r a d i a t i o n s  and t h e  extreme n o n u n i f o r m i t y  o f  t h e  r a d i a t i o n  f i e l d  i n  t h e  ex- 

posed t i s s u e s  become t h e  p r ima ry  c o n s i d e r a t i o n s .  I n  such a  s i t u a t i o n ,  t h e  

usual  dose-response r e l a t i o n s h i p s  become i n v a l i d ;  and i n  f a c t ,  t h e  e f f e c t i v e -  

ness o f  t h e  r a d i a t i o n  i n  p roduc ing  damage i n  t h e  organism i s  s i g n i f i c a n t l y  4 

reduced. A l though no d e f i n i t e  s ta tements can be made w i t h o u t  a d d i t i o n a l  data,  

c u r r e n t l y  a v a i l a b l e  i n f o r m a t i o n  on t h e  p a r t i c l e  s i z e s  and a c t i v i t i e s  suggest 

t h a t  d e l e t e r i o u s  h e a l t h  e f f e c t s  due t o  t h e  p a r t i c l e s  a re  most u n l i k e l y .  
4 .  
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INTRODUCTION 

As a  r e s u l t  o f  p l u t o n i u m  p r o d u c t i o n  o p e r a t i o n s  a t  Hanford, l a r g e  quan- 

t i t i e s  o f  r a d i o a c t i v e  m a t e r i a l  were d i scha rged  i n t o  t h e  Columbia R i v e r .  T h i s  

d i scha rge  began i n  1944 upon s t a r t u p  o f  t h e  f i r s t  o f  n i n e  p r o d u c t i o n  r e a c t o r s  

( F i g u r e  1 ) .  E i g h t  o f  t h e  r e a c t o r s  used Columbia R i v e r  water  as a  c o o l a n t .  

The wa te r  was wi thdrawn f r o m  t h e  r i v e r ,  c i r c u l a t e d  th rough  t h e  r e a c t o r  c o r e  

and, a f t e r  a  few hours holdup t i m e  i n  a  r e t e n t i o n  bas in ,  r e t u r n e d  t o  t h e  r i v e r .  

Dur ing  passage th rough  t h e  r e a c t o r ,  t h e  c o o l i n g  wa te r  p i c k e d  up loose  d e b r i s  

i n c l u d i n g  r a d i o a c t i v e  p r o d u c t s  o f  c o r r o s i o n  processes w i t h i n  t h e  r e a c t o r  and 

smal l  f ragments  o f  r e a c t o r  f u e l  e lements which had f a i l e d  w h i l e  i n  s e r v i c e .  

Upon d i s c h a r g e  t o  t h e  r i v e r ,  t h e  r a d i o a c t i v e  m a t e r i a l  was r a p i d l y  d i spe rsed  i n  
3 t h e  r i v e r  water  (Columbia R i v e r  f 1  owrate  averages approx ima te l y  2800 m  / s )  

and sorbed on to  d e t r i t u s  and i n o r g a n i c  p a r t i c l e s ,  i n c o r p o r a t e d  i n t o  t h e  a q u a t i c  

b i o t a ,  o r  i n  t h e  case o f  l a r g e r  p a r t i c l e s  o f  i n s o l u b l e  m a t e r i a l ,  depos i ted  on 

t h e  r i v e r  bed. (1, 2 )  

I n  t h e  y e a r s  f o l l o w i n g  i t s  d e p o s i t i o n  on r i v e r  sediments, p e r i o d i c  

increases i n  r i v e r  f l o w r a t e ,  caused by  o p e r a t i o n  o f  l a r g e  h y d r o e l e c t r i c  p l a n t s  
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FIGURE 1. H i s t o r y  o f  P r o d u c t i o n  Reactor  O p e r a t i o n  a t  Hanford 



upstream and downstream o f  t h e  Hanford  s i t e ,  annual s p r i n g  f r e s h e t s ,  and occa- 

s i o n a l  f l o o d s  have r e s u l t e d  i n  t h e  resuspens ion and subsequent d e p o s i t i o n  o f  

some o f  t h e  i n s o l u b l e  r a d i o a c t i v e  m a t e r i a l  on r i v e r  shore1 i n e  areas above t h e  

c u r r e n t  normal r i v e r  wa te r  l e v e l .  F o l l o w i n g  t h e  c l o s u r e  i n  1971 o f  t h e  l a s t  

o p e r a t i  ng s i  ng le-pass p r o d u c t i o n  r e a c t o r  ( K E )  , t h e  d i scha rge  o f  r a d i o a c t i v e  

m a t e r i a l  i n t o  t h e  r i v e r  f r o m  p l u t o n i u m  p r o d u c t i o n  o p e r a t i o n s  a t  Hanford  

decreased t o  r e l a t i v e l y  i n s i g n i f i c a n t  l e v e l s .  (The o n l y  p r o d u c t i o n  r e a c t o r  

which remained i n  o p e r a t i o n ,  N-Reactor, does n o t  use t h e  s ing le -pass  c o o l i n g  

system, b u t  i n s t e a d  uses a  c l o s e d  l o o p  c i r c u l a t i n g  system w i t h  system b leeds 

d i scha rged  t o  r a d i o a c t i v e  waste t r e a t m e n t  f a c i  1  i t i e s .  ) 

S ince 1971, t h e  r a d i o n u c l i d e  burden o f  t h e  sediments and exposed shore-  

l i n e  areas o f  t h e  Columbia R i v e r  downstream o f  t h e  p r o d u c t i o n  r e a c t o r  s i t e s  

has been dec reas ing  as t h e  r a d i o a c t i v e  m a t e r i a l  d e p o s i t e d  i n  t h e s e  areas 

decay. S h o r t - l i v e d  r a d i o n u c l i d e s ,  wh ich  d u r i n g  o p e r a t i o n  o f  t h e  s i n g l e - p a s s  

r e a c t o r s  accounted f o r  t h e  m a j o r i t y  o f  t h e  r a d i a t i o n  exposure  due t o  t h e  depos- 

i t e d  contarrii n a t i o n ,  hhve s i n c e  decayed t o  neg l  i g i b l e  l e v e l s .  R a d i a t i o n  expo- 

sure  l e v e l s  above background a long  t h e  s h o r e l i n e s  a re  c u r r e n t l y  due t o  a  few  

r e m a i n i n g  l o n g - l i v e d  r a d i o n u c l i d e s  and u n l e s s  l a r g e  i nc reases  i n  r i v e r  f l o w -  

r a t e  i n  t h e  f u t u r e  r e s u l t  i n  t h e  r e d i s t r i b u t i o n  o f  c o n t a m i n a t i o n  a long exposed 

s h o r e l i n e  areas, t h e  q u a n t i t y  o f  d e p o s i t e d  r a d i o a c t i v e  c o n t a m i n a t j o n  i s  

expected t o  c o n t i n u e  t o  decrease a t  a  r a t e  c h a r a c t e r i s t i c  o f  t h e  h a l f - l i f e  o f  

t h e  m i x t u r e  o f  r e m a i n i n g  r a d i o n u c l i d e s .  

T h i s  document d e s c r i b e s  a  r a d i o l o g i c a l  survey t o  e v a l u a t e  t h e  magni tude 

and d i s t r i b u t i o n  o f  r a d i o a c t i v e  c o n t a m i n a t i o n  on t h e  exposed s h o r e l i n e s  o f  t h e  

Columbia R i v e r  a l o n g  and downstream o f  t h e  Hanford S i t e .  Areas cons ide red  i n  

t h e  s u r v e y  i n c l u d e  t h e  r i v e r b a n k ,  b road  f l o o d  p l a i n s ,  low l y i n g  pen insu las ,  

s loughs and i s l a n d s  f r o m  t h e  uppermost p o i n t  o f  p r o d u c t i o n  r e a c t o r  d i s c h a r g e  

a t  100-B Area t o  t h e  con f luence  o f  t h e  Snake and Columbia R i v e r s .  



HISTORICAL OVERVIEW 

Several  r a d i o l o g i c a l  surveys o f  shore1 i n e s  and i s 1  ands o f  t h e  Columbia 

R i v e r  have been performed i n  t h e  past .  (3-8)  T h i s  has i n c l u d e d  ground 

surveys, a e r i a l  surveys, and s o i l / s e d i m e n t  ana lys i s .  Most o f  t h e  ground 

survey work was conducted d u r i n g  o p e r a t i o n  o f  t h e  s i  ngle-pass r e a c t o r s  u s i n g  

G-M survey ins t ruments .  The r e s u l t s  o f  these surveys were i n f l u e n c e d  by  

immedi a t e  r e a c t o r  o p e r a t i n g  c o n d i t i o n s  and r i v e r  l e v e l  f l u c t u a t i o n s ,  s i n c e  

many o f  t h e  h igher  l e v e l s  o f  con tamina t ion  encountered were due t o  s h o r t - 1  i v e d  

r a d i o n u c l i d e s  which had been depos i ted  s h o r t l y  b e f o r e  t h e  survey. 

The decrease i n  s h o r e l i n e  a c t i v i t y  t h a t  f o l l o w $  shutdown o f  t h e  produc- 

t i o n  r e a c t o r s  i s  shown by r o u t i n e  measurements taken  d u r i n g  1968-1975 (Tab le  1 )  

a t  two l o c a t i o n s  downstream and one l o c a t i o n  upstream o f  Hanford. (9-13) The 

exposure r a t e s  i n  Tab le  1 r e p r e s e n t  an average o f  severa l  read ings taken  

d u r i n g  t h e  year  a t  t h e  s p e c i f i e d  l o c a t i o n ,  one meter above t h e  ground and one 

meter f rom t h e  edge o f  t h e  water.  

TABLE 1. S h o r e l i n e  Exposure Rate  1968-1975 

E x ~ o s u r e  Rate ( ~ R / h r )  

Year - Rich1 and Sacajawea Park Vern i  t a  ~ r i d ~ e (  a)  

( a )  Upstream o f  Hanford  P r o j e c t  - r e p r e s e n t s  n a t u r a l  background 
r a d i a t i o n  l e v e l s  

( b )  NR - Not Reported 



I n  1976, a  more i n t e n s i v e  r o u t i n e  s h o r e l i n e  m o n i t o r i n g  program was i n s t i -  

t u t e d .  Thermoluminescent dos imeters  (TLD 's )  were p laced  a t  10 s i t e s  a long  t h e  

Hanford  s h o r e l i n e  f r o m  100-K Area t o  Wooded I s l a n d .  ( I 3 )  The dos imeters  a r e  

changed mon th l y  and r e s u l t s  a re  summarized each yea r  i n  t h e  Hanford  Env i ron -  

menta l  S u r v e i  11 ance Report .  Data  f r o m  t h e  Env i ronmenta l  Repor t s  f o r  t h e  yea rs  

1976-1978 show no d i s c e r n a b l e  t r e n d s  i n  s h o r e l  i n e  c o n t a m i n a t i o n  l e v e l .  (14-16) 

A e r i a l  surveys  of Columbia R i v e r  s h o r e l i n e  and i s l a n d  areas were per formed 

d u r i n g  1973-1974 and aga in  i n  1978 by  EG&G I n c .  o f  Las Vegas, u s i n g  t h e  Aer ia !  

R a d i o l o g i c a l  M o n i t o r i n g  System (ARMS). ( I 7 )  The surveys covered an area f r o m  

a p p r o x i m a t e l y  f o u r  km above t h e  V e r n i t a  B r i d g e  t o  a p p r o x i m a t e l y  10 km be low 

t h e  con f luence  o f  t h e  ~ n a k 5 - ~ i v e r  w i t h  t h e  Columbia R i v e r .  An a d d i t i o n a l  

20 km downstream o f  McNary Dam was a l s o  surveyed. The surveys were conducted 

u s i n g  an a r r a y  o f  NaI  d e t e c t o r s  mounted on a  h e l i c o p t e r .  R e s u l t s  were 

r e p o r t e d  i n  terms o f  n e t  exposure r a t e  above background f o r  6 0 ~ o  and, where 

detec ted,  1 3 7 ~ s .  (The average background exposure raJe measured i n  t h e  

v i c i n i t y  o f  t h e  Han fo rd  S i t e  by t h e  a e r i a l  su rvey  was 10 p R / h r ) .  (17 )  

The h i g h e s t  s h o r e l  i n e  a c t i v i t i e s  were observed a long  t h e  H-Area Slough and 

on t h e  Hanford  Towns i te  Pen insu la .  R a d i a t i o n  l e v e l s  above background up t o  

14 pR/hr  from 6 0 ~ o  ( c o r r e c t e d  t o  one-meter above su r face )  and 3  pR/hr  

from 1 3 7 ~ ~  were measured i n  t h e  H-Area Slough. L e v e l s  up t o  22 pR/hr  f r o m  6 0 ~ o  

and 1 pR/hr  f r o m  1 3 7 ~ s  were measured on t h e  Hanford  Townsi t e  Pen insu la .  The 

h i g h e s t  r a d i a t i o n  l e v e l s  observed on i s l a n d s  o c c u r r e d  i n  t h e  R i n g o l d  a rea  

where maximum r e a d i n g s  i n  t h e  range of 9-14 pR/hr  6 0 ~ o  were ob ta ined .  No 1 3 7 ~ s  

a c t i v i t y  was d e t e c t e d  i n  t h i s  area. 

F o l l o w i n g  t h e  1973-1974 a e r i a l  survey,  samples o f  sand were taken  f r o m  

s e v e r a l  o f  t h e  areas a long  t h e  r i v e r  r e p o r t e d  t o  have h i g h e r  r a d i a t i o n  l e v e l s .  

A n a l y s i s  showed t h a t  t h e  most prominent  r a d i o n u c l  i d e  i n  t h e  sand was 60Co. 

a long  w i t h  measurable l e v e l s  o f  5 4 ~ n ,  152-154~u, 6 5 ~ n ,  l o 6 ~ u ~ h ,  and 1 3 7 ~ s .  !11-12) 

These r a d i o n u c l i d e s  appeared t o  be u n i f o r m l y  d i s t r i b u t e d  i n  t h e  sand. However, 

d u r i q g  c o l l e c t i o n  o f  t h e s e  sands, seven d i s c r e t e  p a r t i c l e s  c o n t a i n i n g  o n l y  

6 0 ~ o  ccn ta rn ina t i on  were found b u r i e d  2.5-10 cm (1 -4 " )  below t h e  su r face .  



I n  1976, samples of surface sediments i n  t h e  Columbia R i v e r  were analyzed 

t o  determine b o t h  t h e  n a t u r a l  and man-made r a d i o n c u l i d e  compos i t ion .  An 

example o f  a  t y p i c a l  d i s t r i b u t i o n  based on samples taken beh ind McNary Dam 

(decay c o r r e c t e d  t o  t h e  p r e s e n t )  i s  shown i n  F i g u r e  2. Since t h e  

contaminat ion a long t h e  s h o r e l i n e s  i s  cons idered t o  be f rom t h e  same source, 

t h e  d i s t r i b u t i o n  o f  r a d i o n u c l  i d e s  i s  expected t o  be s i m i  1  ar .  

ALPHA EMITTERS 

2 4 1 ~  m a 0052 (aooiw 
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FIGURE 2. T y p i c a l  Rad ionuc l i de  Composi t ion i n  Sur face 
Sedi~nents Behind McNary Dam 



PRESENT SURVEY 

I n  June 1979, f u n d i n g  was p r o v i d e d  t o  pe r fo rm a  comprehensive ground 

based su rvey  o f  i s l a n d s  and s h o r e l i n e s  a long t h e  Columbia R i v e r  t o  determine 

t h e  s t a t u s  and e x t e n t  o f  e x i s t i n g  r a d i a t i o n  l e v e l s  and c o n t a m i n a t i o n  i n  areas 

above t h e  water  l e v e l .  Such a  comprehensive ground su rvey  o f  a l l  o f  these 

areas had n o t  been per formed s i n c e  t h e  shutdown of t h e  l a s t  of t h e  s ing le -pass  

p r o d u c t i o n  r e a c t o r s  i n  January 1971. 

T h i s  su rvey  was performed d u r i n g  t h e  p e r i o d  May 13 - J u l y  9, 1979 and 

i n c l u d e d  t h e  r i v e r  i s l a n d s  and s h o r e l i n e s  shown i n  F i g u r e  3  w i t h  t h e  e x c e p t i o n  

of Is land-377 (ac ross  f rom D-Area), wh ich  was surveyed i n  October 1978, 

Is land-345 ( N o r t h  o f  t h e  300 Area),  wh ich  was surveyed i n  A p r i l  1979, and t h e  

Coyote Rapids Pen insu la ,  wh ich  was surveyed i n  August 1979. 

It was n o t  p h y s i c a l l y  p o s s i b l e  t o  t a k e  exposure r a t e  read ings  ove r  t h e  

e n t i r e  area under c o n s i d e r a t i o n .  There fore ,  s e l e c t e d  l o c a t i o n s  were chosen 

based upon r e s u l t s  o f  t h e  1974 and 1978 ARMS surveys and on t h e  a n t i c i p a t e d  

use o f  t h e  area by  t h e  p u b l i c  (e.g., hun t ing ,  f i s h i n g ,  boa t ing ,  p i c n i c k i n g ,  

and e x p l o r i n g ) .  The ARMS r e p o r t s  ( t h e  1978 r e p o r t  i s  expected t o  be i ssued  i n  

mid-1980) p r o v i d e  t h e  b e s t  i n f o r m a t i o n  concern ing  t h e  c o n t a m i n a t i o n  s t a t u s  o f  

i s l a n d s  and s h o r e l i n e  areas n o t  s p e c i f i c a l l y  covered i n  t h i s  r e p o r t .  

T h i s  su rvey  p r o v i d e s  a  c h a r a c t e r i z a t i o n  o f  t h e  e x t e r n a l  r a d i a t i o n  

environment o n l y .  Contaminat ion  found  a long t h e  r i v e r  i s  expressed i n  terms 

of pR/hr  a t  one-meter above t h e  ground. Us ing t h i s  approach t o  s p e c i f y  con- 

t a m i n a t i o n  l e v e l s  a l l o w s  d i r e c t  comparison w i t h  e x t e r n a l  r a d i a t i o n  measure- 

ments taken  elsewhere, and w i t h  s tandards  f o r  a l l o w a b l e  e x t e r n a l  r a d i a t i o n  

l e v e l s  i n  u n c o n t r o l l e d  areas. 



FIGURE 3. Hanford S i t e  Showing Columbia River Shoreline 
and Islands Included in 1979 Survey (Darkened 
areas were surveyed. See Figures 4 through 1 2 . )  



SURVEY AND MEASUREMENT METHODS 

Survey L o c a t i o n s  

Areas were chosen f o r  s u r v e y  based upon t h e  a n t i c i p a t e d  presence o f  con- 

t a m i n a t i  on u s i n g  t h e  1974 A e r i a l  R a d i o l o g i c a l  Survey Repor t  ( I 7 )  and p r e l  i m i -  

n a r y  1978 A e r i a l  Survey data .  I n  a d d i t i o n ,  s e v e r a l  o t h e r  areas were su rveyed  

based upon t h e i r  f r e q u e n t  use by  t h e  p u b l i c .  These areas i n c l u d e  s e v e r a l  

smal l  beaches n o r t h  o f  R ich land ,  Two R i v e r s  Park, Bateman I s l a n d ,  R i n g o l d  Sand 

Dunes, and p o r t i o n s  o f  t h e  R i c h l a n d  s h o r e l i n e .  An e x p l o r a t o r y  s u r v e y  was 

per formed a long  t h e  s h o r e l i n e  o f  t h e  Columbia R i v e r  Park; however, t h e r e  was 

no i n d i c a t i o n  o f  t h e  presence o f  e l e v a t e d  c o n t a m i n a t i o n  l e v e l s  and as a  r e s u l t  

a  f o r m a l  s u r v e y  was n o t  per formed.  

Areas wh ich  were surveyed a r e  enc losed  w i t h i n  t h e  d o t t e d  l i n e s  i n  F i g u r e s  

4-12. Appendix A  and B  p r o v i d e  d e s c r i p t i o n s  o f  s t a r t i n g  and s t o p p i n g  p l a c e s  

f o r  t h e  r i v e r  s h o r e l i n e  surveys and a l s o  p r o v i d e s  maps o f  l a n d  areas su rveyed  

u s i n g  t h e  g r i d  system. 

Survev Techniaues 

A l l  surveys  were conducted on f o o t  u s i n g  p o r t a b l e  l o w - l e v e l  gamma r a d i a -  

t i o n  d e t e c t o r s .  The p rocedure  f o r  r e c o r d i n g  c o n t a m i n a t i o n  l e v e l s  remained 

c o n s t a n t  t h r o u g h o u t  t h e  cou rse  o f  t h e  survey;  however, t h e  degree o f  s u r v e y  

coverage p r o v i d e d  f o r  i n d i v i d u a l  areas v a r i e d  depending on s e v e r a l  f a c t o r s  
-4 

i n c l u d i n g ;  t h e  s i z e  o f  t h e  area,  a n t i c i p a t e d  c o n t a m i n a t i o n  l e v e l s , . t y p e  o f  

area i n c l u d i n g  l o c a t i o n  and g e o g r a p h i c a l  f e a t u r e s ,  and manpower schedul  i n g  

c o n s t r a i n t s .  Whenever p o s s i b l e ,  a  f o r m a l  g r i d  was e s t a b l i s h e d  f o r  t h e  a rea  t o  

i n s u r e  u n i f o r m  coverage and t o  enab le  r e l o c a t i o n  o f  s u r v e y  p o i n t s  a t  some t i m e  

. . i n  t h e  f u t u r e  i f  d e s i r e d .  

Formal G r i d  Survey 

The f o r m a l  g r i d  was l a i d  o u t  b y  f i r s t  e s t a b l i s h i n g  a  r e f e r e n c e  p o i n t .  

T h i s  l o c a t i o n  was pe rmanen t l y  marked b y  a  5-cm d iamete r  p i p e  d r i v e n  i n t o  t h e  
, - ground. G r i d  p o i n t s  were t h e n  e s t a b l i s h e d  a t  90-meter spac ings ( e x c e p t  f o r  

I s land -345  f o r  wh ich  t h e  spac ing  was 15 m e t e r s ) .  Maps o f  t h e  g r i d d e d  areas 

are  i n c l u d e d  i n  Appendix 0. The g r i d s  were o r i e n t e d  f r o m  t h e  r e f e r e n c e  p o i n t  
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by e i t h e r  a  compass b e a r i n g  o r  a  second r e f e r e n c e  p o i n t  as shown on t h e  maps. 

Wi th  t h e  e x c e p t i o n  o f  t h e  surveys conducted on I s l a n d s  375 and 345, g r i d d e d  

areas were surveyed by  l o c a t i n g  each q r i d  p o i n t  and a r b i t r a r i l y  choos ing t h r e e  

3  m  x  3  m  ( 1 0 '  x  1 0 ' )  survey p l o t s  w i t h i n  a  c i r c l e  o f  a p p r o x i ~ n a t e l y  30 mete rs  

r a d i u s  f r o m  t h e  g r i d  p o i n t .  On I s l a n d  375, t h e  g r i d  p o i n t s  were used t o  mark 

c o r n e r s  o f  90 m  x  90 m  s e c t i o n s  w i t h i n  which t h r e e  3  m  x  3  m  survey p l o t s  were 

a r b i t r a r i l y  chosen and on I s l a n d  345, a  .6 m  x  .6 m  ( 2 '  x  2 ' )  p l o t  was s u r -  

veyed a t  each g r i d  p o i n t .  Two r e a d i n g s  were taken  f o r  each su rvey  p l o t :  t h e  

maximum exposure r a t e  a t  one-meter above t h e  ground and t h e  maximum ground 

s u r f a c e  exposure r a t e  ( F i g u r e  13 ) .  The ground exposure r a t e  was n o t  r e p o r t e d  

i n  t h e  d a t a  Appendix u n l e s s  i t  d i f f e r e d  s i g n i f i c a n t l y  f r o m  t h e  r e a d i n g  taken  

a t  one-meter ( i .e., a  d i s c r e t e  r a d i o a c t i v e  p a r t i c l e  was l o c a t e d ) .  

I n f o r m a l  G r i d  Survey 

An i n f o r m a l  g r i d  was used when a  s y s t e m a t i c  method was necessary  t o  

assure u n i f o r m  coverage o f  an area, b u t  a  f o r m a l  g r i d  c o u l d  n o t  be e s t a b l i s h e d  

(due t o  t i m e  c o n s t r a i n t s ) .  Methods o f  e s t a b l i s h i n g  i n f o r m a l  g r i d s  v a r i e d  from 

l o c a t i o n  t o  l o c a t i o n ,  b u t  assured t h a t  coverage was a t  l e a s t  as e q u i v a l e n t  as 

t h a t  p r o v i d e d  by  a  f o r m a l  g r i d ,  t h a t  t h e  su rvey  p l o t s  were e v e n l y  d i s t r i b u t e d  

over  t h e  area, and t h a t  s h o r e l i n e  areas r e c e i v e d  s p e c i a l  c o n s i d e r a t i o n .  The 

i n f o r m a l  g r i d  was most o f t e n  used f o r  long, nar row i s l a n d s .  

Shore1 i n e  Track Survey 

The s h o r e l i n e  t r a c k  su rvey  method was a p p l i e d  t o  r i v e r  s h o r e l i n e  surveys 

where t h e  s h o r e l i n e s  were nar row ( i  .e., a1 1  areas excep t  f o r  l a r g e  low l y i n g  

s h o r e l i n e  r e g i o n s  on f l o o d p l a i n s  and p e n i n s u l a s  which were surveyed u s i n g  t h e  

g r i d  method). The s h o r e l i n e  su rvey  u s u a l l y  c o n s i s t e d  o f  t h r e e  t r a c k s  r u n n i n g  

p a r a l l e l  t o  t h e  s h o r e l i n e .  Surveys were made on .6 m  x  .6 m  ( 2 '  x  2 ' )  p l o t s  

a t  15-meter i n t e r v a l s  a long each t r a c k .  A t  each p l o t ,  two su rvey  i n s t r u m e n t  

r e a d i n g s  were o b t a i n e d  j u s t  as i n  t h e  g r i d  survey.  Track 1 was always l o c a t e d  

c l o s e s t  t o  t h e  w a t e r ' s  edge a long a  p a t h  midway between t h e  w a t e r ' s  edge and 

t h e  d a i l y  h i g h  water  mark. Tracks 2  and 3  were spaced 15-meters and 

30-meters, r e s p e c t i v e l y ,  i n l a n d  f r o m  t h e  t r a c k  1 p a t h .  





General  Survey 

General  surveys were conducted on v e r y  sma l l  i s 1  ands and pen insu las  and 

on t h e  beach areas. The surveys were per fo rmed u s i n g  3 m x 3 m ( 1 0 '  x 1 0 ' )  

survey  p l o t s  randomly  d i s t r i b u t e d  ove r  t h e  area. 

Measurements 

F i e l d  c o n t a m i n a t i o n  measurements were made u s i n g  a  p o r t a b l e  Ludlum 

micro-R m e t e r  Model 12s su rvey  i ns t rumen t .  The micro-R meter  i s  a  sma l l  hand- 

held,  b a t t e r y  powered d e v i c e  i n c o r p o r a t i n g  a  2.5 cm x 2.5 cm NaI(TR) c r y s t a l  

t o  d e t e c t  gamma r a d i a t i o n  e m i t t e d  by  t h e  r a d i o a c t i v e  con tamina t i on .  The 

i n s t r u m e n t  r e a d o u t  i s  i n  u n i t s  o f  pR/hr  based on l a b o r a t o r y  c a l i b r a t i o n  u s i n g  

a  Ra-226 source.  The surveys  were per fo rmed b y  t h e  Env i ronmenta l  M o n i t o r i n g  

personne l  o f  t h e  P a c i f i c  Nor thwest  L a b o r a t o r y  (PNL). 

Maintenance and c a l i b r a t i o n  checks were per fo rmed t h r o u g h o u t  t h e  su rvey  

by  t h e  I n s t r u m e n t  C a l i b r a t i o n s  and E v a l u a t i o n s  group a t  PNL. C a l i b r a t i o n  and 

 maintenance r e c o r d s  a r e  m a i n t a i n e d  by  c a l i b r a t i o n s  pe rsonne l .  P r i o r  t o  use 

each day, each i n s t r u m e n t  was g i v e n  an i n f o r m a l  b a t t e r y  and background check 

by t h e  M o n i t o r i n g  pe rsonne l .  

D u r i n g  t h e  survey,  i t  became apparent  t h a t  t h e  su rvey  i n s t r u m e n t s  were 

s e n s i t i v e  t o  s m a l l  changes i n  b a t t e r y  charge, i n  t h a t  d u r i n g  a  survey,  a  

g radua l  decrease i n  t h e  e f f i c i e n c y  o f  t h e  d e t e c t o r  was observed as t h e  

b a t t e r i e s  weakened. The maximum change i n  i n s t r u m e n t  e f f i c i e n c y  observed 

d u r i n g  a  su rvey  was 50%; however, i n  most cases e f f i c i e n c y  changes were o f  t h e  

o r d e r  o f  o n l y  a  few pe rcen t .  T h i s  d i d  n o t  a f f e c t  t h e  c a p a b i l i t y  o f  t h e  i n s t r u -  

ment t o  respond t o  i n c r e a s e s  i n  r a d i a t i o n  l e v e l  a s s o c i a t e d  w i t h  t h e  presence 

o f  a  c o n t a m i n a t i o n  d e p o s i t  o r  d i s c r e t e  p a r t i c l e ,  a l t h o u g h  i n  some cases i t  

caused t h e  i n s t r u m e n t  r e a d i n g  t o  be b iased  low. 

The s u r v e y  i n s t r u m e n t s  were found  t o  be h i g h l y  s e n s i t i v e  t o  t h e  low-energy 

gamma r a d i a t i o n s  r e s u l t i n g  f r o m  t h e  s c a t t e r  o f  t h e  h i g h e r  ene rgy  source  

emissions f rom t h e  c o n t a m i n a t i o n  w i t h  nearby  o b j e c t s  such as rocks ,  

v e g e t a t i o n ,  and t h e  i n s t r u m e n t  use r .  A c o r r e c t i o n  f a c t o r  was e s t a b l i s h e d  t o  

account f o r  t h e  gamma energy d i s t r i b u t i o n  encountered under f i e l d  c o n d i t i o n s  



u s i n g  a  Reu te r  Stokes i o n i z a t i o n  chamber as t h e  r e f e r e n c e .  Procedures and 

r e s u l t s  a re  d e s c r i b e d  i n  Appendix D. (The f i e l d  c a l i b r a t i o n  was pe r fo rmed  

a f t e r  t h e  s u r v e y  had begun. A l l  d a t a  r e p o r t e d  i n  Appendix A and B were t a k e n  

d i r e c t l y  f r o m  t h e  s u r v e y  i n s t r u m e n t  w i t h o u t  a p p l i c a t i o n  o f  t h e  f i e l d  c a l i b r a -  

t i o n  c o r r e c t i o n  f a c t o r . )  



RESULTS AND DISCUSSION 

GENERAL 

A  t o t a l  o f  n e a r l y  30,000 i n d i v i d u a l  measurements were made d u r i n g  t h e  

per formance o f  t h e  survey .  It i s  e s t i m a t e d  t h a t  2 1  m i l l i o n  square me te rs  of 

land,  o r  app rox ima te l y  60% o f  t h e  a f f e c t e d  a r e a  between B-Area and Two R i v e r s  

Park i n  F i n l e y ,  was accounted f o r  by  t h e  survey .  I n  a l l ,  64 km (40 m i l e s )  of 

s h o r e l i n e  and 26 i s l a n d s  were surveyed.  

Data o b t a i n e d  d u r i n g  t h e  su rvey  a r e  p resen ted  i n  Appendix A f o r  su rveys  

made on i s l a n d s ,  pen insu las ,  s loughs,  and f l o o d  p l a i n s ;  and i n  Appendix B  f o r  

s h o r e l i n e  surveys .  T h i s  d a t a  i s  summarized i n  Tab les  2 and 3. 

Con tamina t i on  found  a long  t h e  Columbia R i v e r  shore1 i n e  and i s l a n d  areas  

can be c a t e g o r i z e d  as one o f  t h r e e  t y p e s  w i t h  r e s p e c t  t o  i t s  d i s t r i b u t i o n :  

1) " d i s c r e t e  p a r t i c l e s "  o f  'OCO con tamina t i on ,  2)  " c o n t a m i n a t i o n  d e p o s i t s " ;  

i . e . ,  r e g i o n s  o f  v a r y i n g  s i z e  w i t h  c o n t a m i n a t i o n  l e v e l s  s i g n i f i c a n t l y  h i g h e r  

t h a n  a d j a c e n t  areas and 3 )  a  u n i f o r m  l a y e r  of c o n t a m i n a t i o n  d e p o s i t e d  ove r  a  

l a r g e  area. For  t h e  purpose o f  d e f i n i t i o n ,  t h e  t e r m  " d i s c r e t e  p a r t i c l e "  was 

a p p l i e d  t o  c o n t a m i n a t i o n  i n  wh ich  t h e  r a d i a t i o n  appeared t o  be e m i t t e d  by  a  

p o i n t  source ( i . e . ,  t h e  i n s t r u m e n t  r e a d i n g  would decrease r a p i d l y  as t h e  

i n s t r u m e n t  was moved away f r o m  t h e  apparent  sou rce ) .  Areas des igna ted  as 

" con tamina t i on  d e p o s i t s "  r e f e r  t o  r e g i o n s  i n  wh ich  t h e  measured exposure r a t e  

a t  one-meter above t h e  ground exceeded an a r b i t r a r i l y  chosen v a l u e  of 25 pR/hr .  

The l e v e l  of u n i f o r m l y  d i s t r i b u t e d  c o n t a m i n a t i o n  i s  expressed i n  t h e  t a b l e s  b y  

t h e  ave rage (a )  of t h e  i n d i v i d u a l  exposure r a t e  r e a d i n g s  t a k e n  a t  one-meter 

(a) In computing the average exposure rate for island, slough, peninsula, and floodplain 
areas, all individual survey measurements were included. For shoreline regions, in which 
the survey was performed by walking tracks parallel to the shoreline, a biased average 
was used. The biased average was calculated by considering only the maximum of the three 
instrument readings (one for each track) at a particular location along the shoreline in 
the calculation of the average exposure rate. The biased average exposure rate was 
intended to prevent data recorded at survey points located high on the river bluff which 
had not been exposed to contamination-bearing river water and hence, not a member of the 
population under study, from being included in the calculation of an average exposure 
rate for that population. It was frequently the case during the survey, that the river 
bluff would closely approach the shoreline such that two tracks would be on the bluff, 
well above the river. This technique results in a slight overestimation of the average 
exposure rate. 



TABLE 2. Summary o f  Survey Data: I s l a n d  an6 Broad Shore1 i n e s  
F 

L o c a t i o n  w i t h  E l e v a t e d  
Number Rezd !nos(b )  (>25 .R/hr 

Exposure ? a t e ,  ~ ~ / 9 r ( ~ )  'dumber D i s c r e t e  $ 1  Y e t e r  Above Ground 
1  k!eter  Above Ground 3m x  3m ? a r t i c l e s  ~ m a x  - R / h r ;  l o c a t i o n ;  - s 

Survey  Area  Average : 2 Maxinum S~urvey P l o t s  Found P a r t i c l e l m  
2  t e r r a i n ]  

i o y o t e  Rap ids  Fen. 6 I 1  9 3 1 3  

I s l a n d - 3 7 7  (3-  ~ s l a n d / ~ '  9 ~ 1  125 ', 1 7 5 . 4  x  m ( d : 2 5 ;  i t  Vent  Pipes 

3-Area F l o o d p l a i n  12 r 4  23 i 98 1 3 .7  x  1C-' 

I s l a n d - 3 7 6  13  1 3  25 r^ 5  9  3 . 9  x l C - 2  @ 25; I n t e r i o r  o f  down- 
s t r e s m  h a i f ;  r o c k y .  
no v e g a t i c n  

; 9  213 3 0 1 . 5  x l o - ;  3 1 ;  

1 5  : 3  2 5 6 1  1 . 3  x  !!I-? 3 25; ,u?stream P a l f  of ' i s l a n d  j u s t  above 
d a i l y  h i g h  r z t e r  mark; 
r o c k y ,  s 2 a r 5 e  v e q e t -  
a t ' o n  - ? a r t i c l e s  f s b n d  
n e s r b y  

Upper Is !and-372 ( L o c k ?  I) 11 r 4 

Lower is;and-j;2 ( i o c k e  i )  . - 
I L  7 2  

2 h i t e  b l u f f s  S lough  I :  : 4 

I s l a n d - 3 6 8  

F-Area F l o o d p l a i n  

2  1 . 0  x 1:': I 25;  Yea- downstream end ' o f  i s l a n e ;  r o c k y ,  no 
v s q e t a t i o n ,  j i a r t i c l e s  
= o d r d   earb by 

a 6 . 0  10': ;5; S r i d  s e c t i o n  jC; 
?oc ny 

25; : r i d  s e c t i o n  8C; 
E o i k y  

2 5 ;  ;,-;d s e c t i o n  GC; 
? c c r y  

3 9 . 4  x 13-' 

2  9 . 8  x 1 3 - -  2 9 ;  G r i d  s e c t i o n  4A; 
C h e a t g r a s s  

28; G r i d  s e c t i o n  5A; 
C h e a t g r a s s  

25 ;  G r i d  s e c t i o n  6:; 
t h e a t 9 r a s s  f 

I? f3 ;  ; r ia  s e c t i o n  2:; r; 

,ow, g rassy  a r e a  

@ 3 2 :  ';r:d sec:ion 23:; 
-ow g r a s s y  a r e a  

ZE.; .;r?d s e c t i o c  6 3 ;  
Z r a s s  i n d  o i r c  

@ 25; G r i d  s e c t i o n  175;  
?OC k y f 
T S ;  Gr 'd  s e c t i o n  ZC; 
-.OC ky 

19 2 e ;  Gr:d s e c t i o n  5C; 
'?cck;/ 

. E 

2 2 5  10 .'- 
31: S r i d  section ~ I J ;  . ' u; nockv  u i t n  g r a s s ;  i 

p a r t i c l e s  Coucd r,ear:y 

[ 



RESULTS AND D I S C U S S I O N  

GENERAL 

A t o t a l  o f  n e a r l y  30,000 i n d i v i d u a l  ineasurements were made du r i ng  t h e  

performance o f  t h e  survey. It i s  est imated t h a t  2 1  m i l  l i o n  square meters o f  

land, o r  approx imate ly  60% o f  t h e  a f f e c t e d  area between B-Area and Two R i v e r s  

Park i n  F i n l ey ,  was accounted f o r  by t h e  survey. I n  a l l ,  64 km (40 m i l e s )  of 

sho re l i ne  and 26 i s l a n d s  were surveyed. 

Data obta ined du r i ng  t h e  survey are presented i n  Appendix A f o r  surveys 

made on is lands,  peninsu las,  sloughs, and f l o o d  p l a i n s ;  and i n  Appendix B f o r  

sho re l i ne  surveys. Th is  data i s  summarized i n  Tables 2 and 3. 

Contaminat ion found along t h e  Columbia R i ve r  s h o r e l i n e  and i s l a n d  areas 

can be ca tegor i zed  as one o f  t h r e e  types w i t h  r espec t  t o  i t s  d i s t r i b u t i o n :  

1) " d i s c r e t e  p a r t i c l e s "  o f  6 0 ~ o  contaminat ion,  2 )  "contaminat ion depos i ts" ;  

i .e., reg ions  o f  va r y i ng  s i z e  w i t h  contaminat ion l e v e l s  s i g n i f i c a n t l y  h igher  

than ad jacent  areas and 3) a un i f o rm  l a y e r  o f  contaminat ion depos i ted over 

l a r g e  area. For t he  purpose o f  d e f i n i t i o n ,  t h e  term " d i s c r e t e  p a r t i c l e "  I 

app l ied  t o  contaminat ion i n  which t h e  r a d i a t i o n  appeared t o  be emi t ted  by 

p o i n t  source (i .e., t he  ins t rument  read ing  would decrease r a p i d l y  as t h e  

ins t rument  was moved away f rom the  apparent source).  Areas designated as 

"contaminat ion depos i t s "  r e f e r  t o  reg ions  i n  which t he  measured exposure r a t e  

a t  one-meter above t he  ground exceeded an a r b i t r a r i l y  chosen va lue o f  25 ~ R / h r .  

The l e v e l  o f  u n i f o r m l y  d i s t r i b u t e d  contaminat ion i s  expressed i n  t he  t ab les  by 

t h e  average(a) o f  t he  i n d i v i d u a l  exposure r a t e  readings taken a t  one-meter 

( a )  I n  computing t h e  average exposure r a t e  f o r  i s l and ,  slough, peninsula,  and f l o o d p l a i n  
areas, a l l  i n d i v i d u a l  su rvey  measurements were inc luded.  For  s h o r e l i n e  reg ions ,  i n  which 
t h e  survey was performed by wa l k i ng  t r a c k s  p a r a l l e l  t o  t h e  sho re l i ne ,  a  b iased average 
was used. The b iased  average was c a l c u l a t e d  by cons ide r i ng  o n l y  t h e  maximum o f  t h e  t h r e e  
ins t rument  read ings  (one f o r  each t r a c k )  a t  a  p a r t i c u l a r  l o c a t i o n  a long  t h e  s h o r e l i n e  i n  
t h e  c a l c u l a t i o n  of t h e  average exposure r a t e .  The b iased  average exposure r a t e  was 
in tended t o  p reven t  da ta  recorded  a t  survey p o i n t s  l o ca ted  h i g h  on t h e  r i v e r  b l u f f  which 
had n o t  been exposed t o  con tamina t ion-bear ing  r i v e r  water  and hence, n o t  a  member of t h e  
popu la t i on  under study, f r om  be ing  i nc l uded  i n  t h e  c a l c u l a t i o n  o f  an average exposure 
r a t e  f o r  t h a t  popuTat ion.  It was f r e q u e n t l y  t h e  case du r i ng  t h e  survey, t h a t  t h e  r i v e r  
b l u f f  would c l o s e l y  approach t h e  s h o r e l i n e  such t h a t  two t r a c k s  would be on t h e  b l u f f ,  
w e l l  above t h e  r i v e r .  Th i s  techn ique  r e s u l t s  i n  a  s l i g h t  ove res t ima t i on  o f  t h e  average 
exposure r a t e .  



TABLE 2. Summary of Survey Data: I s l a n d  and Broad Shore1 i n e s  

Number 
Exposure Rate. ' j ~ / h r ( ~ '  :dumber D i s c r e t e  
1  Meter Above Ground 3m x  3m P a r t i c l e s  

Survey Area Average 5 n Maximum Survey P l o t s  Found 

Coyote Rapids Pen. 6 . 1  9  3  4  0  

Is land-377 ( C I - ~ s l a n d ) ( ~ )  9 . 1  125 14 7  

0-Area F l o o d p l a i n  12 5 4  2  3  298 1  

Is land-376 10 . 3 25 2  5  9 

Upper Is land-372 (Locke I )  

- Is land-372 (Locke I )  

1 B l u f f s  Slough 

I s l and -368  

F-Area F l o o d o l a i n  

L o c a t i o n  w i t h  E levated 
~ e a d i n g s ( b )  (>25 ~ R / h r  
B 1  Meter Above Ground 
[max uR/hr;  l o c a t i o n ;  

p a r t i  c l  e/m2 t e r r a i n ]  

(d) - 
5.4 x  l o - '  125; A t  Vent Pipes 

3 .7  1 0 4  

3.9 x 25; I n t e r i o r  o f  down- 
s t ream h a l f ;  r ocky ,  
no vega t i on  

1.5 x  l o - '  
1 .8  x  3  25; ups t ream h a l f  o f  ' i s l a n d  j u s t  above 

d a i l y  h i g h  water  mark; 
r ocky ,  sparse veqe t -  
a t i o n  - p a r t i c l e s  found 
nearby 

1 . 0  x  l o - '  25; Hear downstream end 
o+ i s l a n d ;  r ocky ,  no 
vege ta t i on ,  ~)ar : i c les  
found nearby 

6.0 x  25; G r i d  s e c t i o n  3 ~ ;  
Rocky 

25; G r i d  s e c t i o n  8C; 
Rocky 

25; G r i d  s e c t i o n  9C; 
Rocky 

9.4 x 

9 .8  x  10-' 8 29; G r i d  s e c t i o n  3A; ' Cheatgrass 

28; G r i d  s e c t i o n  5A; 
Cheatgrass 

2 5 ;  G r i d  s e c t i o n  5 R ;  
Cheatgrass 

40; G r i d  s e c t i o n  ?2A; 
LOW, g rassy  area 

j 8 ;  G r i d  s e c t i o n  23A; 
L O W  grassy  area 

13 26; G r i d  s e c t i o n  68; 
Grass 2nd d i r t  

14 25; G r i d  s e c t i o n  J O B ;  
Rocky 

25; G r i d  s e c t i o n  l i e ;  
Rocky 

25; G r i d  s e c t i o n  178; 
Rocky 

25; G r i d  s e c t i o n  2C; 
ROC ky 

25; G r i d  s e c t i o n  4C; -- 
ROC ky 

28; G r i d  s e c t i o n  5C; 
Rocky 

1 . 0  x  10-i 

4 . 7  x 10-3  25; G r i d  s e c t i o n  3!; 
Grassy 

31; G r i d  sec t ' on  I l J ;  
Rockv w i t h  grass ;  2 
p a r t i c l e s  fodnd nearby , . .  



TABLE 2. Summary of Survey Data: Island and Broad Shorelines (contd) 

Loca t i on  w i t h  E levated 
Number ~ e a d i n g s ( b )  (>25 pR/hr 

Exposure R? t e ,  u ~ / h r ( ~ )  Number D i s c r e t e  @ 1 Meter Above Ground 
1 Meter  Above Ground 3m x 3m P a r t i c l e s  [max uR/hr;  l o c a t i o n ;  

Survey Area Average t o Maximum Survey P l o t s  Found ~ a r t i c ? e / m ~  t e r r a i n ]  

Is land-367 13 t 3 25 191' 13 7.8 x 10-3 25; ~ e g i o n ( 3 ) ; -  

4 ? 1  
25; ~ e g i o n ( 3 ) ; -  

Is land-367 A 4 7 

F-Area Slough 
0 

11 t 4 2 6 725 
8 1 .2  x 10-3 26; I n t e r i o r  o f  

Region ( 1 ) ;  - 
@ 26; Region ( 1 )  near 

water ;  

25; Region ( 2 )  near 
water ;  H igh vege ta t i on  

27 25; Region ( 4 ) ;  Grassy 

23 25; Region ( 4 ) ;  Grassy 8 
29 28; Region (51,  near a shore1 i ne ,  approx. 

730m South o f  N.E. 
Corner; - . 

28; Region (5),  near 
shore l  i n e ,  approx. 
830111 South o f  N.E. 
Corner; Grassy bank - 
p a r t i c l e s  found nearby 

31 25; Region ( 5 ) ,  approx 
75Cm South o f  N.E. 
Corner and 15m above 
d a i l y  h i g h  water  mark;- 

32 25; Region*. ( 5 ) ,  approx. 
83Cm South o f  Y . E .  
Corner and 15m above 
d a i l y  h i g h  water  mark;- 

28; Region ( 5 ) ,  approx. 
920m South o f  N.E. ~- - ~ -  ~ - 

Corner and 15m above 
d a i l y  h i g h  water  mark;- 

34 25; Region ( 5 ) ,  approx. ' 92, counter  c l ockw i s  
f rom No r th  P o l n t ,  
a l ong  shore l  ine;- 

153 15 1 . 1  x 

38 2 5.7 l o - ?  



TABLE 2. Sumnary o f  Survey Data: I s l and  and Broad Shorel ines (contd)  

Number 
Exposure Rate. u ~ / h r ( ~ )  Number D i sc re te  

Loca t i on  t h  E levated 
~ e a d i n ~ s ( ! j  (>25 uR/hr 
@ 1  Meter Above Ground 

1  Meter Above  round 3m x 3m P a r t i c l e s  2  [max pR/hr;  l o c a t i o n ;  
Survey Area Average t o Maximum Survey P l o t s  Found P a r t i c l e / m  - t e r r a i n ]  

Hanford Townsite Pen. 12 +_ 5  38 483 2  4.4 x 25; G r i d  s e c t i o n  13E; 
Brushy 

@ 25; Gr i d  s e c t i o n  14E; 
Brushy 

25; G r i d  s e c t i o n  15E; 
Brushy 

@ 25; Gr i d  s e c t i o n  16E; 
Brushy 

@ 25; G r i d  s e c t i o n  17E; 
Brushy 

@ 28; G r i d  s e c t i o n  18E; 
Brushv w i t h  w i l l o w s  

30; G r i d  s e c t i o n  19E; 
Jrushv w i t h  w i l l o w s  

@ 25; Gr i d  s e c t i o n  26E; 
on sho re l i ne .  p a r t i c l e s  
found a t  waters  edge 
nearby 

43 25; G r i d  s e c t i o n  13F; 
Rocky w i t h  medium 
vege ta t i on  

25; G r i d  s e c t i o n  1SF; 
Dead t r e e s  nearby 

45 38. G r i d  s e c t i o n  15F; Deao , .  t r ees  nearby 

25; G r i c  sec t i on  20F; 
H igh vege ta t i on  

25; G r i d  s e c t i o n  21F; 
High vege ta t i on  

48 25; G r i d  ;ect ion 16G; ' n i g h  vege ta t i on  

Savage I s l a n d  Slough 14 ? 4  35 11 7  
(Upstream end) 

Savage I s l a n d  Slough 
(Gravel Bars)  11 c_ 2  15 20 

Is land-355 ( ? i n g o l d  I )  1 0 1 2  25 153 

Is land-353 1 1 ~ 2  20 253 

Is land-352 10 ? 2  15 740 

Ringo ld  Pen insu la  1 1 . 3  20 21 6 

Is land-350 11 t 2  18 2  02 

Is land-349 ( N .  Wooded I s l a n d )  10 t. 3  15 129 

Is land-348 (S. Uooded I s l a n d )  12 t 4  23 303 

I s l a n d  348 A 1 5 2 3  23 3  4  

@ 3:; Gr id  s e c t i o n  3C; 
Rocks and weeds 

25; On West bank. 
55Dm 5, o f  N. t i p  o f  
I s l a n d  near  boat  
Landing beach; Xocky 
! . l i th iow vegeta t io r ;  



TABLE 2 .  Sumnary o f  Survey Data: Island and Broad Shorelines (contd) 

Number 
D i s c r e t e  

L o c a t i o n  w i t h  E leva ted  
~ e a d i n g s ( b )  (>25 pR/hr  
@ 1 Meter Above Ground Exposure Rate, v ~ / h r ( ~ )  Number 

1 Me te r  Above Ground 3m x 3m P a r t i c l e s  2 [max pR/hr;  l o c a t i o n ;  
Survey Area Average 2 o Maximum Survey P l o t s  Found P a r t i c l e l m  t e r r a i n ]  

I s l and -345  13 t 5 736(e ) 0 26; N.E. Quad ran t ,  
Track 1 , 15m f rom 
S t a r t i n g .  p o i n t ;  - 
26; N.E. Quadrant ,  
Track 1. 30m f rom 
s t a r t i n g  p o i n t ;  - 
29; N.E. Quad ran t ,  
Track 1, 75m f rom 
S t a r t i n g  po in t ;  - 

54 26; N.E. Quadrant ,  
Track I ,  15, f r om 
S t a r t i n g  p o i n t ;  - 
25; N.E. Quadrant .  
Track 1, 20, f r om 
S t a r t i n g  p o i n t  

56 26. S.W. Quadrant ,  
 rick 3. 170-21011 a From s t a r t i n g  p o i n t  

25; S.W. Quad ran t ,  
I" Track 5. 380-41Gm 

From s t a r t i n g  p o i n t  

38; S e c t i o n  20 on W. 
1.1 10-3 S ide o f  I s l a n d ;  p a r t i c l e s  

found nearby 

6.1 x 1G- 
25; On upper  reaches 
sandy b e a m  on l ower  
E. s i d e  o f  T h i r d  I s .  
Where b l a c k  jil t y  
M a t e r i a l  was d e p o s i t e d i n  
Bands para1 l e l  t o  waters 
edqe; - 

0 

Is land-332 ( T h i r d  I s l a n d )  

Beaches No r th  o f  R i ch land  

I s l and -339  (Nelson I )  15 i 5 2 4 

R i ch land  Mar ina 12 i 3 19 

Columbia Pt. .  4 WD-Track Area 11 2 2 15 

Bateman I s l a n d  Beaches 11 2 2 15 

I s 1  and-333 13 s 5 33 

3 

1 2.2 x l o - '  38; 5. s i d e  o f  I s . ,  
Ap@rox ima te l y  3@rr 
From upst ream end; 
Sandy w i t h  w i l l o w s  

0 

1 5.0 x l o - '  
I s 1  and-332 

Two R i v e r s  Park 

( a )  Co r rec ted  f o r  f i e l d  c a l i b r a t i o n  
( b )  Re fe r  t o  maps i n  Appendix A t o  l o c a t e  
( c )  Surveyed 10-30-79 (See Appendix C) 
( d )  Numbers i n  cor respond t o  f u r t h e r  i n f o r m a t i o n  

i n  Appendix 
( e )  Survey p l o t s  were 0.6 x 0.6m ( 2 '  x 2 ' )  
( f )  Complete coverage ( p l o t s  n o t  used)  



TABLE 3. Sumnary of Survey Data: Narrow Shorelines 

Number o f  Number o f  
Exposure Rate, u ~ / h r ( ~ )  0.6m x  0.6m D i s c r e t e  
i Meter  Above Ground ( 2 '  x  2 ' )  P a r t i c l e s  

Survey L o c a t i o n  Average B iased  ?G Maximum Survey P l o t s  Found P a r t i c l e s / m  2 

V e r n i t a  B r i d g e  

8-Area 

D-Area t o  0-F l  o o d p l a i n  

H-Area 

Areas w ' t h  E l e v a t e d  
Read ings l c )  (>25 uR/hr  
1 Meter  Above Ground) 
[max uR/hr ;  l e n g t h  o f  
d e p o s i t ;  l o c a t i o n ]  

A 1 2 5 ;  110m. below 107-8 
R e t e n t i o n  b a s i n  

2 28; 60m; approx. 2kn  
Upstream o f  s t a r t i n g  

3  250. 150m; below 107-K n 
R e t e n t i o n  bas in  

4  880; 1250m; Sh ine 
From r e a c t o r  f ac i l i t i es .  
Region ex tends f r om 
s t a r t i n g  p o i n t  a t  
100-N o u t f a l l  and 
ex tends downstream 
f o r  1250m. L e v e l s  
i nc rease  as bank i s  

A iiim:::; 730m down- 
s t ream o f  s t a r t i n g  

,, p o i n t  

/ 6 \ 2 5 ;  15m; Aporox. I.8km 
A downstream o f  181 -H 

/ 7 \ 2 5 ;  30m; Approx. 310m 
downstream o f  sawed 
o f f  t e l ephone  p o l e  
which i s  l o c a t e d  
approx.  3.Wm down- 
s t ream o f  i 8 1  -H Area. 
H ighe r  a c t i v i t y  appears 
t o  be assoc ia ted  
w i t h  3  p a r t i c l e s  found 
i n  t h i s  area. A f o u r t h  
p a r t i c l e  sas found 
approx . 18Cm upst ream 

A 3 0 ;  490m; A ~ p r o x .  
490m downstream o f  

a s t a r t i n g  p o i n t  

/ 9 \ 2 6 ;  150111; J u s t  up- 
s t ream o f  power l i ne  
c r o s s i n g  



TABLE 3. Sumnary of Survey Data: Narrow Shorelines (contd) 

Number o f  Number o f  
Exposure Rate, p ~ / h r ( ~ )  0.6m x 0.6m D i s c r e t e  
1 Meter Above Ground ( 2 '  x 2 ' )  P a r t i c l e s  

Average Biased r a  Maximum Survey P l o t s  Found Pa r t i c l es /m  
2 

Survey Loca t i on  

0 
Hanford Townsite Slough 12 r 3 24 219 

0 
Hanford Townsite 11 r 3  30 876 

Savage I s l a n d  

R ingo ld  Sand Dunes 

East Bank Across from 10 -- 1 
R inqo ld  I s l a n d  

West Bank Across from 12 f- 3 
Wooded I s l a n d  - 1 

West Bank Across from 14 + 3 
Wooded I s1  and - 2 

Areas w i t h  E leva ted  
~ e a d i n ~ s ( c )  (>25 pR/hr 
1 Meter Above Ground) 
[max pR/hr;  l e n g t h  o f  
depos i t ;  l o c a t i o n ]  

/(j\ 28; 30m; APProx. 
153011 downstream of 
s t a r t i n q  p o i n t  

30; 1 4 h ;  Approx. 
1 7 1 h  downstream o f  , s t a r t i n g  p o i n t  

12 28; 46m; Approx. 
2450111 downstream of , s t a r t i n g  p o i n t  

13 25; 46m; Approx. 
2600m downstream of , s t a r t i n g  p o i n t  

4 30; 92m; Approx. 
2750111 downstream of , s t a r t i n g  p o i n t  

15 25; 30m; Approx. 
3060m downstream of , s t a r t i n g  p o i n t  

16 29; 60m; Approx. 
3500111 downstream of , s t a r t i n g  p o i n t  

17 28; 60m; Approx. 
3850111 downstream o f  A s t a r t i n g  p o i n t  

25; 46m; Approx. 
4 1 3 h  downstream o f  , s t a r t i n g  p o i n t  

19 25; 30m; Approx. 
4200m downstream of 
s t a r t i n g  p o i n t  

A 26; 240111; Approx. 
670m downstream o f  
s t a r t i n g  p o i n t  i n  
t h i c k  grass  

A 25; 30m; Approx. 
1530m downstreamof 
s t a r t i n g  p o i n t  i n  

A sand dunes 

/22\ 25; 30m; Approx. 
1 6 0 h  downstreamof 
s t a r t i n g  p o i n t  i n  
sand dunes and 
w i l l o w s  

A 26; 110m; Approx. 
795171 upstream of 

A s t a r t i n g  p o i n t  

/?4\ 25; 15m; Approx. 
ZZOOm upstream o f  
s t a r t i n g  p o i n t  

A 29; 46m; Approx. 
2lOm downstream 
o f  s t a r t i n g  p o i n t  



TABLE 3. Sumnary o f  Survey Data: Narrow Shore1 i n e s  (con td )  

Survey Loca t i on  

Nor th  of 300 Area 

Nor th  of Graduate Center 

Nor th  o f  R ich land Pumphouse 

Sa in t  t o  Snyder St.  
(R ich land)  

Thomas t o  Park St.  
(R ich land)  

East Shore Across from 
Hanford House 

Exposure Rate. u ~ / h r ( ~ )  
1 Meter Above .~'ro;nd 

Average Biased t o  Maximum 

Number of Number o f  
0 . h  x 0 . h  D i s c r e t e  

( 2 '  x 2 ' )  P a r t i c l e s  
Survey P l o t s  Found 

92 ,(c) 

( a )  co r rec ted  f o r  f i e l d  c a l i b r a t i o n  
( b )  Survey p l o t s  measured 3m x 3m 
( c )  Appendix B 
( d )  Numbers i n A c o r r e s p o n d  t o  f u r t h e r  i n f o r m a t i o n  i n  t he  Appendix 

Areas w i t h  E levated 
Readings(c) (>25 aR/hr 
1 Meter Above Ground) 
[max uR/hr;  i eng th  o f  

pa r t i c l es /m2  depos i t ;  l o c a t i o n ]  
A 

/2$\ 26; 15m; Approx. 
370m upstream o f  , s t a r t i n g  p o i n t  

27 25; 1%; Approx. 
4 6 h  upstream o f  
s t a r t i n g  p o i n t  

- A 25; 46.; Approx. 
4 6 h  upstream o f  
s t a r t i n g  p o i n t  

C ONTAM l NAT l ON 

SHORELINE SURVEY TRACK + 

FIGURE 14. D i s t r i b u t i o n  o f  R i v e r  Deposi ted Contaminat ion 
on Exposed Shore l ines  and I s l a n d s  



above the ground within a designated survey area, b u t  excluding any readings 
indica t ive  of the  presence of a "contamination deposi t"  or "d i sc re t e  pa r t i c l e1 ' .  
Figure 14 p i c t o r i a l l y  represents  the three  ca tegor ies  of contami nation reported 
in the t ab le s .  

UNIFORMLY DISTR T BUTED CONTAMINATION 

The uniformly d i s t r ibu ted  layer  of contamination appears t o  remain a t  a 

f a i r l y  constant  level  s l i g h t l y  above background over the  s t r e t c h  of exposed 
riverbank shore l ine  extending from B-Area t o  the  endpoint of the survey a t  the  

Snake River confluence ( s e e  Figure 1 5 ) .  An average exposure r a t e  f o r  t h i s  
s t r e t ch  of the r i v e r  based on the portable survey instrument readings i s  11 - + 

3 pR/hr (96 mR/yr). A background exposure r a t e  based on 30 readings taken 

along a 300 m sect ion of shore l ine  upstream of the Vernita Bridge ( i . e . ,  

upstream of any potent i  a1 sources of Hanf ord introduced contamination) 
indica tes  a background of 7 - + 1 pR/hr (61 mR/yr). This measured background 
exposure r a t e  agrees favorably w i t h  background external  rad ia t ion  measurements 
reported in the 1978 Hanford Environmental Survei l lance repor t .  (16) 

Samples of so i l  and vegetation were co l lec ted  a t  s ix  s i t e s  along the  

shore l ine  a t  which contamination l eve l s  below 25 pR/hr a t  one meter above t h e  

ground were recorded. Table 4 shows the concentrat ions of the predominant 

long-lived man-made radionucl ides found in the  samples. Naturally occurring 
radionucl ides were present a t  normal concentrations and accounted f o r  the  

majori ty of the  gamna-radiation emitted by the  samples. W i t h  t h e  exception of 
the so i l  samples taken a t  N-Area and the  Hanford Townsite Peninsula, 1 3 7 ~ s  
concentrations were a t  l eve l s  a t t r i b u t a b l e  t o  world-wide f a l l o u t  as  reported 
in the 1978 Hanford Environmental Survei l lance Report. ( I6)  Cobal t-60 and 
Europium-152 were not i den t i f i ed  i n  samples of s o i l  and vegetation taken o f f -  
s i t e  and away from the  r i v e r  as pa r t  of the rout ine  Hanford environmental 
surve i l  1 ance program and thus are associated with Hanford operations. (16) 

CONTAMINATION DEPOSITS 

Twenty-eight areas w i t h  measured exposures r a t e s  of 25 pR/hr or grea ter  
were iden t i f i ed  a1 ong t h e  riverbank shore1 ine and 64 areas were iden t i f i ed  on 
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TABLE 4. Concent ra t ions of Man-Made Long-Lived Radionucl  i des  i n  
S o i l  and Vege ta t ion  Samples C o l l e c t e d  Along t h e  Columbia 
R i v e r  Shore l ine  

L o c a t i o n  

Exposure Rate <25 pR/hr 
N-Area Shore 

v e g e t a t i o n  
S o i l  

F-Area Slough 
Vegetat ion 
Soi  1  

Hanford Townsi t e  Peninsu la  
Vegetat ion 
Soi  1  

P l a n t  Shore Across f rom Wooded I s l a n d  
Vegetat ion 
S o i l  

R ich land  Mar ina 
Vegetat ion 
Soi  1  

McMurray St. Shore1 i n e  
Vegetat ion 
S o i l  

Exposure Rate >25 pR/hr 
H Area Slough 

Vegetat ion 
S o i l  

Hanford Townsi t e  Slough 
Vegetat ion 
S o i l  

Concen t ra t ion  pCi/gram (wet  wt.) 
CO-60 CS-137 Eu-152 

NOTE: Shor ter  l i v e d  r a d i o n u c l i d e s  were a l s o  p resen t  i n  t h e  N-Area Shore l ine  
sample. N a t u r a l l y  o c c u r r i n g  r a d i o n u c l  i d e s  were p resen t  i n  normal 
concen t ra t ions .  Only  gamna-emni t t i n g  r a d i o n u c l  i d e s  were considered. 

ND - Not Detected 



i s lands ,  peninsulas,  sloughs and f l o o d p l a i n s .  A  t o t a l  o f  3,450 m o f  shore- 

1  i n e  o r  5% o f  t h e  d i s t ance  along t h e  shore1 i n e  surveyed by t h e  t r a c k  method 

was found t o  exceed 25 yR/hr a t  one meter above t h e  ground. These areas 

ranged f rom a  few f e e t  t o  1,250 m i n  length.  On i s l ands  and o ther  land  areas 

surveyed by t h e  g r i d  systems, contaminat ion depos i t s  v a r i e d  i n  area from l e s s  
2  than 10 m t o  areas cover ing  severa l  ad jacent  90 m x 90 m g r i d  sec t ions .  

5  2  Approx imate ly  5  x  10 m o r  2.4% o f  t h e  area surveyed by t h e  g r i d  system 

was found t o  con ta i n  contaminat ion depos i ts .  

The h i ghes t  exposure r a t e s  a t  one meter above t h e  ground on t h e  r i v e r  

s h o r e l i n e  were measured along t h e  0 ,  K, N, and D Reactor areas. Exposure 

r a t e s  as h i g h  as 800 yR/hr were recorded along t h e  sho re l i ne  i n  a  r e g i o n  which 

extended f r om j u s t  below t o  approx imate ly  1,250 m downstream o f  N Reactor.  

A l l  exposure r a t e  read ings  taken i n  t h i s  area increased as t h e  survey 

ins t ruments  were r a i s e d  away f rom t h e  ground and as t h e  h i gh  r i v e r b a n k  b l u f f  

i n  t h i s  area was ascended towards t h e  r e a c t o r  f a c i l i t y ;  t he re fo re ,  t h e  h i g h  

r a d i a t i o n  l e v e l  i n  t h i s  area was determined t o  be due t o  sca t t e red  gamna rays  

(skysh ine)  f rom severa l  o f  t h e  N Reactor radwaste s torage and t r ans fe r  

f a c i l i t i e s  and no t  t o  s u r f  ace contaminat ion.  The h i ghes t  r a d i a t i o n  l e v e l s  

found along 13, K, and D areas, 125, 250 and 63 yR/hr r e s p e c t i v e l y ,  were 

measured below t h e  now i n o p e r a t i v e  r e a c t o r  e f f l u e n t  r e t e n t i o n  bas ins  and as 

such were a l so  p robab ly  no t  t h e  r e s u l t  o f  r i v e r  depos i ted contaminat ion.  

The h i ghes t  exposure r a t e  measured on an i s 1  and was 125 pR/hr on 

Is land-377 (D- Is land) .  Th i s  read ing  was taken where ven t  p ipes  f o r  t h e  D and 

DR r e a c t o r  c o o l i n g  systems pene t ra te  t h e  ground su r f ace  near t h e  upstream end 

o f  t h e  i s l and .  As i n  t h e  p r e v i o u s l y  mentioned areas w i t h  h i gh  exposure r a tes ,  

t h e  r a d i a t i o n  l e v e l s  measured were no t  due t o  r i v e r  depos i ted contaminat ion.  

Areas found t o  c o n t a i n  t h e  h i ghes t  l e v e l s  o f  r i v e r  depos i ted contamina- 

t i o n  were i n  t h e  Whi le B l u f f  Slough, where exposure r a t e s  a t  one meter above 

ground reached 40 yR/hr i n  one l o c a t i o n  and 38 yR/hr i n  another;  on t h e  

Hanford Townsi te Peninsu la  i n  which an area read ing  45 yR/hr was located;  and 

on Is land-344 (near t h e  300 Area) a t  38 pR/hr. The remain ing contaminat ion 



depos i t s  were i n  t h e  25-30 pR/hr range and appeared t o  be r a t h e r  even l y  

d i s t r i b u t e d  as f a r  downr iver  as t h e  survey was conducted. 

I n  genera l ,  con tamina t ion  depos i t s  were most f r e q u e n t l y  found i n  f l a t ,  

densely  vegetated areas a t  an e l e v a t i o n  severa l  f e e t  above t h e  d a i l y  h igh-wate r  

l e v e l .  F i e l d  measurements u s i n g  a  Reuter  Stokes i o n i z a t i o n  chamber were made 

i n  a  h e a v i l y  vegetated area on t h e  Hanford Townsi te  Pen insu la  t o  determine i f  

t h e  increased read ings  were due t o  t h e  uptake and c o n c e n t r a t i o n  of r ad ionu -  

c l i d e s  by t h e  vege ta t ion .  The measurements showed o n l y  a  15% r e d u c t i o n  i n  t h e  

exposure r a t e  f o l l o w i n g  t h e  re~ i i ova l  o f  a l l  v e g e t a t i o n  f l u s h  w i t h  t h e  ground 

w i t h i n  a  3  m r a d i u s  c i r c l e  around t h e  ins t rument .  

Samples of s o i l  and v e g e t a t i o n  taken from two areas c l a s s i f i e d  as "con- 

t am ina t i on  depos i t s "  show t h e  same r a d i o n u c l i d e s  found i n  areas w i t h  lower  

con tamina t ion  l e v e l s ,  b u t  a t  g r e a t e r  concen t ra t i ons  (see Table 4 ) .  The con- 

c e n t r a t i o n s  o f  a l l  r a d i o n u c l i d e s  i d e n t i f i e d  i n  these  samples a re  above l e v e l s  

assoc ia ted  w i t h  wor ldwide f a l l o u t .  (16)  

DISCRETE PARTICULATE CONTAMINATION 

D i s c r e t e  p a r t i c l e s  of con tamina t ion  were found i n  188 p laces  between 

B-Area and Two R i v e r s  Park near t h e  conf luence of t h e  Snake and Columbia 

R i ve rs .  U n l i k e  areas w i t h  con tamina t ion  depos i ts ,  which were more f r e q e n t l y  

l oca ted  i n  areas o f  dense vege ta t ion ,  t h e  m a j o r i t y  o f  t h e  d i s c r e t e  p a r t i c l e s  

were found i n  rocky ,  f l a t  areas w i t h  l i t t l e  o r  no vege ta t i on .  The two types  

of con tamina t ion  t h e r e f o r e  appear t o  have been d i s t r i b u t e d  a long t h e  r i v e r  i n  

a  m u t u a l l y  e x c l u s i v e  manner. 

The number o f  d i s c r e t e  p a r t i c l e s  found i n  each survey r e g i o n  i s  g i ven  i n  

Tables 2  and 3. I n f o r m a t i o n  p e r t a i n i n g  t o  t h e  s p e c i f i c  l o c a t i o n  of each 

p a r t i c l e  i s  p rov ided  i n  Appendix A and B. Ins t rument  r ead ings  were recorded  

a t  t h e  ground i n  a d d i t i o n  t o  one meter above t h e  ground a t  each p a r t i c l e  l oca -  

t i o n .  These readings,  which a re  g i ven  i n  t h e  da ta  Appendices, should be con- 

s idered  o n l y  an approx imat ion  o f  t h e  ac tua l  exposure r a t e  a t  t h e  ground sur face 

s i nce  t h e  depth of t h e  p a r t i c l e ,  and hence t h e  gamma energy d i s t r i b u t i o n  and 

source- to -de tec to r  geometry were unknown, and a  v a l i d  c o r r e c t i o n  f a c t o r  cou ld  

thus  n o t  be determined. 



With  t h e  excep t i on  of 14 p a r t i c l e s  recovered f rom D- I s l and  and R i n g o l d  

I s l a n d  f o r  s p e c i a l  s tudy,  none o f  t h e  d i s c r e t e  p a r t i c l e s  were removed f r om 

t h e i r  o r i g i n a l  l o c a t i o n .  Labo ra to r y  a n a l y s i s  o f  these d i s c r e t e  14 p a r t i c l e s  
I 

w i t h  a  NaI ( T i )  mu l t i channe l  analyzer  i d e n t i f i e d  t h e  gamma r a d i a t i o n s  e m i t t e d  

t o  be e n t i r e l y  due t o  6 0 ~ ~  a t  a c t i v i t i e s  rang ing  from 1.7-24 pCi (see - - 

Tab1 e  5 ) .  

When i s o l a t e d ,  t h e  p a r t i c l e s  were b a r e l y  v i s i b l e  t o  t h e  naked eye, appear- 

i n g  as snial l ,  dark c o l o r e d  ch ips  o r  f l a k e s  o f  r o u g h l y  equal s i ze .  M i c roscop i c  

examinat ion o f  t h r e e  p a r t i c l e s  showed them t o  be meta l  1  i c  appear ing f 1  akes 

w i t h  d iameters  o f  approx imate ly  0.1 mm (see F i g u r e  E - 1 ) .  The p a r t i c l e s  were 

found t o  v a r y  i n  e lementa l  composi t ion,  b u t  a1 1  con ta ined  s i g n i f i c a n t  p ropor -  

t i o n s  o f  chromium, i r o n ,  and c o b a l t  (see Appendix D) c h a r a c t e r i s t i c  of t h e  

a l l o y  s t e l l i t e ,  used i n  va l ve  and punip components i n  a l l  o f  t h e  p r o d u c t i o n  

r e a c t o r s .  

N ine  o f  e leven  p a r t i c l e s  were found above t h e  d a i l y  h i g h  water  l e v e l ,  

i n d i c a t i n g  d e p o s i t i o n  occur red  d u r i n g  a  p e r i o d  o f  ex t reme ly  h i g h  r i v e r  f l o w .  

P a r t i c l e s  were found a t  depths up t o  5" below t h e  sur face ,  m o s t l y  i n  t h e  sandy 

i n t e r s t i c e s  between rocks,  a l though one was found t o  have been depos i t ed  

w i t h i n  a  smal l  c rack  on t h e  s i d e  o f  a  rock  (see Tab le  5 ) .  

The p a r t i c l e s  were more h e a v i l y  concen t ra ted  on i s 1  ands, espec i  a1 l y  those  

w i t h  l a r g e  rocky,  unvegetated areas. Fewer p a r t i c l e s  (37 as compared t o  151) 

were found on shore1 ines ,  sloughs, f l o o d p l a i n s ,  and pen insu las  where t h e r e  was 

more vege ta t ion .  The smal l  number of p a r t i c l e s  found i n  many of t h e  areas 

p rec ludes  an accura te  q u a n t i f i c a t i o n  o f  p a r t i c l e  d i s t r i b u t i o n .  I t  does, 

however, appear t h a t  t h e  number of p a r t i c l e s  found  pe r  square meter  of ground 

surveyed decreases as one t r a v e l  s  downstream f roll1 t h e  r e a c t o r  areas. 

The h i g h e s t  c o n c e n t r a t i o n  o f  d i s c r e t e  p a r t i c l e  con tam ina t i on  was found on 

t h e  group of i s l a n d s  between D-Area and Locke I s l and .  These i s 1  ands a re  a1 1  

c h a r a c t e r i z e d  by l a rge ,  l e v e l ,  r ocky  areas w i t h  l i t t l e  o r  no vege ta t i on .  Com- 

pa rab le  concen t ra t i ons  o f  d i s c r e t e  p a r t i c l e s  were found  on I s 1  and-368 and . * -  

I s 1  and-366 near F-Area and on I s 1  and-339 (Nelson I s 1  and) near N o r t h  R ich1  and. 

These i s l a n d s  are a l s o  c h a r a c t e r i z e d  by  l a rge ,  f l a t ,  r o c k y  areas. - 



TABLE 5 .  Discrete 6 0 ~ o  Particles Recovered from Island-377 
(D-Island and Island-355 (Ringold) 

Micro-R Meter  Readings, pR /h r  
lm above Sur face  

General  ground a t  o f  ground Depth 6 0 ~ 0  
D e s c r i p t i o n  Background P a r t i c l e  above Below A c t i v i t y  

P a r t i c l e  L o c a t i o n  of Area i n  Area L o c a t i o n  P a r t i c l e  Su r face  (pCi !  

Upper end of 
D- I s l a n d  30' above 
DHWL 

Rocks 1-6" d ia .  
sparse weeds 
i n  area, g radua l  
s l o p e  
Sand, r o c k  1-5" 
d ia .  f l a t  

Upper end o f  
D- Is1 and 25'  above 
DHWL 
Upper end o f  
0 - I s l a n d  30' above 
DHWL 
Cove a t  upper end 
o f  0 - I s land ,  be low 
DHWL 
50 yds downstream 
o f  cove 40' below DHWL 
0 - I s l a n d  7 5 '  above 
DHWL 
0 - I s l a n d  60' above 
DHWL 
Upper end o f  
R i n g o l d  I s l and ,  8 0 '  
above DHWL near 
c e n t e r  of I s  1  and 
Upper end of 
R i n g o l d  I s l a n d  30' 
i n  i rm DHUL b22' 
v e r t i c l e  above 
DHWL) 
Upper end of 
R i n g o l d  I s l a n d  20' 
i n  f rom DHWL (s2' 
v e r t i c l e  above 
DHWL) 
Upper t h i r d  o f  
R i n g o l d  I s l a n d  13' 
above DHWL 
R i n g o l d  I s l a n d  
R i n g o l d  I s l a n d  
R i n g o l d  I s l a n d  

Rocks 1-6" d ia .  
sparse weeds 

Rocky, gradual  
s l o p e  

Rocks t o  6" d ia .  

Sand, rocks, low 
v e g e t a t i o n  
La rge  r o c k s  Surface 9.9 

Small rocks, sand 

Rocks 2-6" d i a .  

Rock t o  I", sand, 
sparse v e g e t a t i o n  

Small r o c k s  I", 
sand 

Rocky 
Rocky 
Rocky 

DHWL - D a i l y  H igh Water Leve l  
NR - Not  Recorded 



COMPARISON WITH AERIAL RADIOLOGICAL SURVEYS (ARMS) 

I n  genera l ,  t he  p resen t  survey showed good agreement w i t h  t he  1974 ARMS 

r e p o r t  and w i t h  p r e l i m i n a r y  r e s u l t s  f o r  t h e  1978 a e r i a l  survey. Both surveys 

i n d i c a t e d  t h a t  t h e  areas c o n t a i n i n g  t h e  maximum l e v e l s  o f  r i v e r  depos i t ed  con- 
" .- 

t a m i n a t i o n  were l o c a t e d  a long t h e  H-Area Slough and on t h e  Hanford Townsi te  
( I 7 )  It i s  f e l t  t h a t  t h e  use of t h e  A e r i a l  survey as a  b a s i s  f o r  Pen insu l  a. 

.a 

choos ing t h e  p a r t i c u l a r  areas t o  be i nc l uded  i n  t h e  ground survey was appro- 

p r i a t e .  

Two aspects  r e g a r d i n g  t h e  use o f  a e r i a l  m o n i t o r i n g  techniques f o r  

per fo rmi r lg  a  d e f i n i t i v e  con tamina t ion  survey o f  t h e  Columbia R i v e r  s h o r e l i n e  - 
areas shou ld  be noted. F i r s t ,  t h e  l o s s  o f  s p a t i a l  r e s o l u t i o n  by l o c a t i n g  t h e  

d e t e c t o r  w e l l  above t h e  ground su r f ace  (45 m) prevented t h e  d e t e c t i o n  of 

d i s c r e t e  p a r t i c u l a t e  con tamina t ion .  Second, t he  presence o f  water  w i t h i n  t h e  

d e t e c t o r  ' f i e l d  o f  v iew ' g r e a t l y  compl i c a t e d  t h e  measurement o f  background 

t e r r e s t r i a l  r a d i a t i o n s  a long t h e  shore1 i n e  and p reven ted  t h e  measurement o f  

t h e  n e t  g ross  a c t i v i t y  due t o  Hanford produced con tamina t ion .  For t h i s  r ea -  

son, t h e  1974 survey  r e p o r t e d  o n l y  6 0 ~ o ,  and where de tec tab le ,  1 3 7 ~ s  con- 

c e n t r a t i o n s .  Europium-152 cou ld  n o t  be measured w i t h  t h e  NaI d e t e c t o r s  used 

i n  t h e  survey due t o  spectrum i n t e r f e r e n c e  and; as a  r e s u l t ,  t h e  a c t u a l  r a d i a -  

t i o n  l e v e l  due t o  t h e  c o n t r i b u t i o n s  o f  a l l  t he  i n d i v i d u a l  r a d i o n u c l i d e s  

p resen t  c o u l d  n o t  be determined. 



CONCLUSiONS 

Measurable r a d i o n u c l  i d e  con tamina t ion  r e s u l t i n g  from p a s t  Hanfo rd  

opera t ions  i s  s t i l l  p resen t  a long t h e  shore o f  t h e  Co l l ~mb ia  R i v e r  downstream 

frm t h e  100-8 Area. The absence of s h o r t - l i v e d  r a d i o n u c l i d e s  i n  t h e  shore 

sediments and t h e  presence o f  con tamina t ion  severa l  meters  above c u r r e n t  

maximum r i v e r  l e v e l s  i n d i c a t e  t h a t  t h e  m a t e r i a l  was depos i ted  some yea rs  ago. - - . - -  
The predominant r a d i o n u c l  i d e s  p resen t  i n  t h e  sediments a re  b U ~ o ,  lSZ~u and 

137cs. 

Contaminat ion on t h e  exposed shore and i s l a n d  su r f aces  i s  p resen t  i n  

t h r e e  types o f  d i s t r i b u t i o n s :  

A f a i r l y  cons tan t ,  un i f o rm  d i s t r i b u t i o n  o f  con tamina t ion ,  p roduc ing  an 

exposure r a t e  read ing  o f  about 11 pR/hr  ( i n c l u d i n g  approx imate ly  7  pR/hr  

background) e x i s t s  over much o f  t h e  s tudy  area. 

Loca l  i z e d  areas o f  concen t ra ted  con tamina t ion  o r  "con tamina t ion  

depos i t s "  p roduc ing  exposure r a t e s  i n  excess o f  25 pR/hr were observed 

a t  92 l o c a t i o n s ,  p r i m a r i l y  i n  areas o f  heav ie r  vege ta t i on .  

. D i s c r e t e  p a r t i c l e s  c o n t a i n i n g  6 0 ~ o  were observed i n  a  number o f  areas, 

p r i m a r i l y  i n  f l a t ,  r ocky  areas devoid o f  vege ta t i on .  

Ex te rna l  dose r a t e  f rom t h e  u n i f o r m l y  d i s t r i b u t e d  con tamina t ion  and t h e  

"con tamina t ion  depos i t "  types o f  con tamina t ion  are be1 ow a p p l i c a b l e  e x t e r n a l  

r a d i a t i o n  p r o t e c t i o n  dose l i m i t s  f o r  u n c o n t r o l l e d  areas. Based on p a s t  

surveys o f  r i v e r  usage, t h e  maximum i n d i v i d u a l  has been e s t a b l i s h e d  as a  

member o f  t h e  p u b l i c  who spends 500 hours per  year  on t h e  shore o f  t h e  r i v e r .  

Were t h a t  i n d i v i d u a l  t o  spend t h e  e n t i r e  500 hours a t  t h e  h i g h e s t  measured 

con tamina t ion  depos i t  l o c a t i o n  (35 pR/hr) ,  t he  r e s u l t i n g  whole body dose would 

be about 20 mrem above t h e  approx imate ly  100 mrem which would no rma l l y  be 

r e c e i v e d  d u r i n g  a  year  by a  l o c a l  r e s i d e n t  due s o l e l y  t o  n a t u r a l l y - o c c u r r i n g  

r a d i a t i o n s .  

The d i s c r e t e  p a r t i c l e s  p resen t  a  somewhat d i f f e r e n t  s i t u a t i o n ,  r a d i o -  

l o g i c a l l y .  I n  t h e  event  o f  d i r e c t  c o n t a c t  w i t h  a  smal l  source, t h e  be ta  

r a d i a t i o n s  and t h e  extreme n o n u n i f o r m i t y  o f  t h e  r a d i a t i o n  f i e l d  i n  t he  ex- 

posed t i s s u e s  become t h e  p r ima ry  c o n s i d e r a t i o n s .  I n  such a  s i t u a t i o n ,  t he  



usual dose-response relationships become invalid; and in f a c t ,  the effect ive-  

ness of the radiation in producing damage in the organism i s  s ignif icant ly 

reduced. Although no def in i te  statements can be made without additional data,  

currently avai lab1 e information on the part ic le  sizes and a c t i v i t i e s  suggest 

that  deleterious health effects  due to  the part ic les  are most unlikely. 
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APPENDIX A 

DATA - ISLANDS AND BROAD SHORELINES 



Colu~~tb ia  R iver  Shore1 ine Survey 

Coyote Rapids Peninsula 

D a t e / T i ~ t ~ e :  8-14-79;0900-1200 
R'iver Flow Rate (CFS) :  No Data A v a i l a b l e  

S ize  o f  Survey P l o t s :  10' x 10' 

General Survey 

Lake 

o f  Lake 

Unco~,rected IIR Meter Reading @ lm Above Ground 

Nor th  o f  I a k ~  

6 .  7. 7 

7, 7, 6 

7, 6, 7 

7 

South o f  Lake 

4, 5, 5 

4, 4. 5 

4, 5, 4 

5, 5, 4 

4, 4. 4 

5, 4, 4 

5. 5, 5 

4, 4. 5 





0-Area F loodpla in  Continued Uncorrected pR Meter Reading @ lm Above Ground 

(pR/hr) 

I 

9. 9. 9 Rocks 

8. 9. 8 1 
9. 9.11 

14.15.14 Grass 

14.15.14 1 
15.16,18 (a)  

14. 8, 9 

9. 9, 8 Rocks 

8. 8,  7 

H 

10, 8.10 

10. 8.10 

8.10.10 

8.10.10 

8, 8,  8 

10.10, 8 

8, 8.10 

8, 8.10 

10. 8.10 

11.10.10 

10.10, 8 

G 

7, 8, 8 Rocks 

8, 7, 7 
17.10. 8 I 
10.17.16 

9. 9, 9 

10, 9.10 

13.13.11 

9. 9, 9 

9. 9. 8 
10. 9, 9 

11.11. 9 

9.10.11 

13.12.13 

13.13.13 

F 

4, 4, 4 Rocks 

4. 4. 4 I 
4. 4. 4 

4, 4. 4 

10,11, 9 High 

10.10,10 Grass 

10,10,10 I 
10,10.10 

8, 8, 8 Sand, 

7, 7, 7 Rocks 

6 .  6. 6 1 
6 ,  6 ,  6 
6 .  6 ,  6 

6 ,  6 .  6 

5, 5. 5 

7. 7, 7 

8, 8. 8 

7, 7, 7 

7. 7, 7 

0 

7, 7, e R O C ~ S  

8. 7.10 1 
6 ,  8, 7 

7, 7.  7 

7, 7.10 

8.10.11 

12,10.10 S o i l  

9.10.11 

10.11.13 

11 , l O , l O  

12.13.12 

12.12.12 

10.10.11 

12,11.11 

10.14.12 

12.10, 8 

10 

E 

10. 8.10 Rocks 

10.10. 8 1 
8. 8. 8 
6, 8, 8 Sand, 

10,10,10 Grass 

10.10.10 1 
12.12.12 

12.12.12 

12.12.12 

12,12,11 

12.11 , I2 

11,11.11 
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APPENDIX E 

ANALYSIS OF DISCRETE PARTI-CLES 










