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ABSTRACT

RADIONUCLIDES IN  DARDANELLE LAKE IN  THE 
AREA OF THE NUCLEAR I  FACILITY: 1979-1981

 The v a r ia t io n s  o f  th e  c o n c e n tra t io n s  o f  90Sr and 137Cs a t  fo u r  s ta t io n s  
in  D a rd a n e lle  R e s e rv o ir  were ana lyzed  as fu n c t io n s  o f  two p a ra m e te rs : 
c o n c e n tra t io n  o f  io n ic  sp ec ies  and th e  a c t i v i t y  re le a s e d , Ar , fro m  th e

two 900 Mw re a c to rs  w h ich  use th e  r e s e r v o ir  as a sou rce  o f  c o o lin g  w a te r .  
M u lt ip le  re g re s s io n  ana lyses  were perfo rm ed  on th e  ra d io n u c l id e  concen
t r a t io n s  u s in g  th e  two param ete rs  as p r e d ic to r s .  The ana lyses  in d ic a te d  

th a t  90Sr i s  in  a s ta te  o f  e q u i l ib r iu m  between th e  s o lu t io n  and th e  sus
pended se d im en t. The p o s i t io n  o f  th e  e q u i l ib r iu m  was found  to  be q u i te  
s e n s i t iv e  to  changes in  th e  c o n c e n tra t io n  o f  a lk a l in e  e a r th  c a t io n s ,
M ( I I ) .  Thus, the  c o n c e n tra t io n  o f  M ( I I )  has a s u b s ta n t ia l  e f f e c t  on th e

  rem ova l o f  90Sr fro m  th e  w a te r  co lum n. The 137CS c o n c e n tra t io n  v a r ie d
as Ar , in d ic a t in g  th a t  s o lu t io n -s e d im e n t e q u i l ib r iu m  has n o t been a t ta in e d

 s in c e  th e  tim e  necessa ry  f o r  new ly  re le a s e d  137Cs to  come to  e q u i l ib r iu m
is  g re a te r  tha n  th e  mean re s id e n c e  t im e  o f  w a te r in  D a rd a n e lle  R e s e rv o ir .

 
The o ccu rre n ce  o f  144Ce-144 P r in  th e  R e s e rv o ir  seems to  be a consequence

o f  r e fu e l in g  o r  m a in tenance  o f  th e  re a c to rs ;  th e  141Ce as w e l l  as 144Ce, 
i t  appears , w ere o r i g in a l l y  a irb o rn e  and f in d  t h e i r  way to  th e  r e s e r v o ir  
th rou g h  r u n o f f .

C h itte n d e n , D. Μ ., I I
RADIONUCLIDES IN  DARDANELLE LAKE IN  THE AREA OF THE NUCLEAR I  FACILITY: 
1979-1981
P ro je c t  C om p le tion  R eport to  A rkansas W ater Resources Research C e n te r, 
F a y e t t e v i l le ,  AR and to  O f f ic e  o f  W ater Research and T e chno logy ,
D epartm ent o f  th e  I n t e r i o r ,  December, 1981, W ash ing ton , D. C . , 38 pages. 
KEYWORDS— *c e riu m  ra d io is o to p e s /  *ces ium  ra d io is o to p e s /  c o b a lt  r a d io is o to p e s /  
d is s o lv e d  s o l id s /  * e q u i l ib r iu m /  * io n  exchange/ * io n s /  * q u a n t i ta t iv e  a n a ly s is /  
r a d io a c t iv e  w a s te s / r e s e r v o ir s /  s e d im e n ta tio n / * s t r o n t iu m  ra d io is o to p e s .
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INTRODUCTION

T h is  r e p o r t  summarizes th e  r e s u l t s  o f  a program  d es ign e d  to  measure 

lo w  le v e ls  o f  some common ra d io n u c l id e s  found  in  D a rd a n e lle  R e s e rv o ir ,  

A rkansas and to  c o r r e la te  th o s e  c o n c e n tra t io n s  w ith  g eochem ica l p rocesses 

a n d /o r  w ith  m a n - in i t ia te d  e v e n ts , p a r t i c u la r l y  a t  A rkansas N u c le a r One 

f a c i l i t y  o p e ra te d  by A rkansas Power and L ig h t  Company. The f a c i l i t y  

houses two 900 Mw re a c to r s ;  th e  second u n i t  came on l i n e  in  th e  summer o f  

1980.

The p r o je c t  ru n n in g  fro m  May, 1979 to  Septem ber, 1981 is  a c o n t in u a 

t io n  o f  a s im i la r  p r o je c t  (1 ) conducted  d u r in g  th e  p e r io d  fro m  November,

1975 to  Septem ber, 1977. I t  had been o bse rve d , upon a re -e x a m in a t io n  o f  

90 Sr d a ta  fro m  1975-1977, th a t  th e  c o n c e n tra t io n  o f  t h i s  n u c l id e  v a r ie d

as th e  v a lu e  o f  th e  t o t a l  d is s o lv e d  s o l id s  (TD S). To d e f in e  th e  geochem ica l

param ete rs  w h ich  c o n t r o l  t h i s  r e la t io n s h ip ,  i t  was nece ssa ry  to  d e te rm in e

th e  c o n c e n tra t io n  o f  io n s  s im i la r  to  S r ( I I ) ,  i . e . ,  C a ( I I )  +  M g ( I I )  [h e r e in -

a f t e r  r e fe r r e d  to  as M ( I I ) ] ,  in  a d d i t io n  to  th e  c o n c e n tra t io n s  o f  S r -  Y , 

 58 137 89S r, 144Ce- 144P r, 141Ce, 58Co, 137Cs, and th e  g ro ss  b e ta  a c t i v i t y  i n  th e

w a te r o f  D a rd a n e lle  R e s e rv o ir .  As th e  p r o je c t  d e ve lo p e d , th e  c o n c e n tra t io n s  

o f  a l l  th e  m a jo r io n s  found  in  Lake D a rd a n e lle  were d e te rm in e d . Added to

th e  l i s t  o f  s ta b le  sp e c ie s  were K+ , H C O-3, C l- , S042- , and N03-. These were 

added as a check on th e  M ( I I )  and Na+  d e te rm in a t io n s ,  s in c e  th e  number o f  

e q u iv a le n ts  o f these  a n ion s  and c a tio n s  shou ld  be ro u g h ly  e q u a l.

L a te r  s t i l l  in  th e  p r o je c t ,  bo tto m  sedim ents and suspended sed im ents  

w ere ana lyzed  f o r  Sr and Cs.

Phenomena in v o lv in g  e q u i l ib r iu m  exchange o f  io n s  between th e  n a tu ra l 

aqueous medium and th e  s u r fa c e  o f  suspended p a r t ic le s  have been observed .
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N osh k in  and Bowen (2 )  have shown t h a t  w h i le  P r appears to  be removed from

sea w a te r  b y  a s s o c ia t io n  w ith  s in k in g  p a r t i c le s ,  137Cs and 90Sr re m a in  in  

th e  w a te r  phase. S in ce  some o f  the se  n u c l id e s  e n te re d  th e  m a rin e  e n v iro n 

ment a s s o c ia te d  w i t h  p a r t i c u la t e  m a t te r ,  d e s o rp t io n  due to  in c re a s e d  io n ic  

s t r e n g th  m ust be p o s s ib le .  The r e v e r s i b i l i t y  o f  th e  a d s o rp t io n  o f  65Zn 

and 54Mn has been dem on s tra te d  b y  Evans and C u ts h a ll  ( 3 ) .  I t  was found  

th a t  th e s e  n u c l id e s  w ere  desorbed  fro m  suspended p a r t i c le s  when th e  f re s h  

w a te r  o f  th e  C o lum bia  R iv e r  was m ixed w ith  sea w a te r  in  th e  r i v e r ' s  e s tu a ry . 

The d e s o rp t io n  o f  65Zn o c c u rre d  fro m  suspended p a r t i c le s  b u t  n o t fro m  bo tto m  

se d im e n t; on th e  o th e r  hand , 54Mn was desorbed  fro m  b o th  ( 4 ) .  In  sea w a te r ,  

th e re  i s  e s s e n t ia l ly  no e q u i l ib r iu m  e s ta b lis h e d  betw een adsorbed  and 

desorbed  ra d io n u c l id e s  because th e  la rg e  c o n c e n tra t io n s  o f  s p e c ie s  l i k e  

C a ( I I )  fo r c e  th e  e q u i l ib r iu m  a l l  th e  way to  th e  s id e  o f  th e  d is s o lv e d  

r a d io n u c l id e s .

S tu d ie s  o f  th e  s e d im e n t-s o lu t io n  in t e r a c t io n  i n  f r e s h  w a te r ,  u s in g  

b o th  re a c to r-p ro d u c e d  and f a l l o u t  ra d io n u c l id e s  as t r a c e r s ,  have le d  to  a 

b e t t e r  u n d e rs ta n d in g  o f  th e  means by  w h ich  d is s o lv e d  sp e c ie s  a re  removed 

fro m  a body o f  w a te r .  The m a jo r ro u te s  f o r  th e  rem o va l o f  ra d io n u c lid e s  

fro m  la k e s  have been d e s c r ib e d  b y  Lerman and L ie tz k e  ( 5 ) .

The ro u te  o f  m ost im m ed ia te  in t e r e s t  in  th e  s tu d y  o f  137Cs and 90Sr

is  a d s o rp t io n  by  suspended and d e p o s ite d  se d im e n t. In  Lake E r ie  th e  most

common mode o f  rem ova l o f  137Cs i s  f l u x  to  th e  sed im en t b u t  s e d im e n ta tio n

 i s  a poo r s in k  f o r   90S r. Lerman and T a n ig u c h i (6 )  e s tim a te  th a t  o n ly  2-6%

o f  th e  90Sr in tro d u c e d  in t o  th e  L a u re n tia n  G re a t Lakes is  removed by

in t e r a c t io n  w ith  th e  sed im en t w h i le  s e d im e n ta tio n  removes more than  80%

o f th e  137Cs. These f in d in g s  have been co n firm e d  by  A lb e r ts  and W ahlgren
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(7 )  i n  t h e i r  c o m p a ris o n  o f  th e  1976 and 1979 c o n c e n t r a t io n s  o f  th e s e

n u c l id e s  i n  th e s e  la k e s .  I n  th e  tw e n ty  y e a rs  c o v e re d  b y  th e s e  two s t u d ie s ,

90th e re  has been  l i t t l e  v a r i a t i o n  o b s e rv e d  i n  th e  S r v a lu e s .  T h is  i s  to

be  e x p e c te d  because  th e  mean re s id e n c e  t im e s  i n  th e  G re a t Lakes ra n g e  fro m

2 .6  to  31 y e a rs .  Thus no s i g n i f i c a n t  change i n  th e  c o n c e n t ra t io n s  o f

e i t h e r  f a l l o u t  r a d io n u c l id e s  o r  s t a b le  s p e c ie s  such  as C a ( I I )  w o u ld  be

e x p e c te d . Even i f  an e q u i l ib r iu m  had been  e s ta b l is h e d  b e tw e e n  d is s o lv e d

and a d so rb e d  s p e c ie s ,  i t  w o u ld  be  d i f f i c u l t  t o  d e te c t .

I n  c o n t r a s t  to  th e  s t a t i c  c o n d i t io n s  to  be  fo u n d  i n  th e  G re a t Lakes

90 137and i n  sea w a te r ,  th e  c o n c e n t r a t io n s  o f  S r ,  C s, and s t a b le  s p e c ie s  in  

D a rd a n e lle  R e s e rv o ir ,  A rka n sa s  v a r y  w id e ly  o v e r  th e  p e r io d  o f  a y e a r .  

D a rd a n e lle  R e s e r v o ir ,  fo rm e d  b y  th e  im poundm ent o f  th e  A rka n sa s  R iv e r  

s o u th w e s t o f  R u s s e l l v i l l e ,  has  a vo lu m e  o f  4 8 6 ,2 0 0  a c re  f e e t .  The m o n th ly  

f lo w  th ro u g h  ra n g e s  fro m  2 0 0 ,0 0 0  to  2 0 ,0 0 0 ,0 0 0  a c re  f e e t  e x c e p t i n  p e r io d s  

o f  s e v e re  d ro u g h t ;  th u s ,  th e  mean re s id e n c e  t im e  i s  u s u a l ly  le s s  th a n  tw o 

m onths and o f t e n  on th e  o rd e r  o f  w e e ks . The c o n c e n t r a t io n  o f  d is s o lv e d  

s p e c ie s  can change q u i t e  r a p id l y ;  th e  t o t a l  d is s o lv e d  s o l id s  (TDS) ra n g e s  

fro m  200 to  730 m g/L ( 8 ) .

90The m a jo r  s o u rc e  o f  S r i n  D a rd a n e lle  R e s e rv o ir  i s  f a l l o u t  c a r r ie d

b y  th e  in f lo w in g  w a te r .  O n ly  m in o r  am ounts a re  re le a s e d  fro m  th e  tw o 900 Mw

r e a c to r s ,  o p e ra te d  b y  A rka n sa s  Power and L ig h t  Company P la n t  (A rka n sa s

N u c le a r  O n e ), w h ic h  use th e  r e s e r v o i r  as a s o u rc e  o f  c o o l in g  w a te r .  V a r i -  

90a t io n s  i n  th e  S r c o n c e n t r a t io n  s h o u ld  o n ly  be  l in k e d  to  th e  n a tu r a l

137re m o v a l r o u te s  o f  th e  la k e  e n v iro n m e n t. C o n v e rs e ly ,  th e  b u lk  o f  th e  Cs 

i s  r e a c to r  p roduced  and th e  v a r i a t i o n  i n  i t s  c o n c e n t r a t io n  s h o u ld  be 

s t r o n g ly  l in k e d  to  r e a c to r  r e le a s e s  and le s s  s t r o n g ly  l in k e d  to  th e
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re m o v a l p ro c e s s e s  i f  e q u i l ib r iu m  i s  n o t  r a p id l y  a c h ie v e d .

The f a c t o r s  a f f e c t i n g  th e  c o n c e n t r a t io n s  o f  th e  o th e r  n u c l id e s  w i l l  

a ls o  be  a n a ly z e d . The b u lk  o f  th e s e  s p e c ie s  w as, d u r in g  t h i s  t im e  o f  th e  

s tu d y ,  r e a c to r  p ro d u c e d .

EXPERIMENTAL METHODS

90 90 89 144 144The c o n c e n t r a t io n s  o f  g ro s s  b e ta  a c t i v i t y ,  S r -  Y , S r ,  Ce- P r ,  

58 58 137Ce, Co, and Cs w ere  m easured i n  sam ples c o l le c t e d  i n  May and A ugus t 

o f  1979 and m o n th ly  fro m  O c to b e r 1979 to  A u g u s t 1981 . Sam ples o f  a p p ro x i

m a te ly  20 L in  vo lu m e  w e re  c o l le c t e d  fro m  th e  s u r fa c e  a t  f o u r  s t a t io n s  (see  

F ig u re  1 ) and a n a ly z e d  f o r  th e  r a d io n u c l id e s .  A t th e  same t im e ,  a 1 .0  L 

sam p le  was c o l le c t e d  f o r  th e  s t a b le  io n  a n a ly s is .  The s t a t io n s  w e re : (1 )

400 m dow nstream  fro m  th e  r e a c t o r 's  c o o l in g  w a te r  d is c h a rg e  c a n a l;  (2 )  400 m 

u p s tre a m  fro m  th e  r e a c t o r 's  c o o l in g  w a te r  in ta k e ;  (3 )  15 km u p s tre a m  fro m  

th e  r e a c to r  f a c i l i t y ;  (4 )  8 km dow nstream  fro m  th e  r e a c to r  f a c i l i t y  a t  th e  

D a rd a n e lle  L o ck  and Dam. The sam ples w e re  ta k e n  fro m  th e  s u r fa c e  s in c e ,  

a t  S ta t io n  1 , i t  was fo u n d  t h a t  th e  h e a te d  w a te r  d is c h a rg e d  fro m  th e  

f a c i l i t y  re m a in e d  i n  a s u r fa c e  la y e r  tw o f e e t  i n  d e p th .

The ra d io c h e m ic a l p ro c e d u re s  f o r  th e  i s o l a t i o n  o f  th e  S r ,  Ce, Co, and 

Cs f r a c t io n s  h ave  been  f u l l y  d e s c r ib e d  i n  th e  r e p o r t  f o r  th e  1975 -77  s tu d y  

( 1 ) .  A b r i e f  o u t l i n e  o f  th e  c h e m ic a l p ro c e d u re s  f o l lo w s .

The 20 L sam ples w ere  a c i d i f i e d  and f i l t e r e d  th ro u g h  Whatman 42 

p a p e r , th e  n e c e s s a ry  c a r r ie r s  (2 0 -2 5  mg o f  c a t io n )  w e re  added , and th e  

sam p le  was passed th ro u g h  a co lum n c o n ta in in g  -  100 g o f  D ow ex-50x8 ,

100 -200  mesh, a t  a r a t e  o f  1 L / h r .  The w a te r  p a s s in g  th ro u g h  th e  co lum n 

was d is c a rd e d .
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The c a t io n s  w ere  e lu te d  fro m  th e  co lum n w i t h  1 L o f  6N HC1. The

e lu a te  was e v a p o ra te d  to  d ryn e ss  and th e  s o l id s  w ere  re d is s o lv e d  i n  d i l u t e

a c id  and th e  s o lu t io n  was th e n  made b a s ic  w i t h  NH4OH. The Ce f r a c t io n  was4

c o p r e c ip i ta te d  w i th  Fe as th e  h y d ro x id e .  A f t e r  r e d is s o lv in g ,  th e  Ce was

p r e c ip i ta t e d  as th e  o x a la te .  The Ce was f u r t h e r  p u r i f ie d  by  e x t r a c t io n

o f  C e (IV ) in t o  m e th y l is o b u t y l  k e to n e  and f i n a l l y  p r e c ip i ta te d  as th e

o x a la te  ( 9 ) .  The in s o lu b le  s u l f id e  f r a c t io n  was p r e c ip i ta te d  fro m  b a s ic

s o lu t io n  b y  th e  a d d i t io n  o f  th io a c e ta m id e . The c o b a lt  f r a c t io n  was p u r i -

2+
f ie d  b y  p r e c ip i t a t io n  tw ic e  as K3Co( NO2)6 and th e  p u r i f ie d  Co was

p r e c ip i ta te d  as CoS (1 0 ) .  The in s o lu b le  ca rb o n a te s  w ere  th e n  p r e c ip i ta te d

and p rocessed  f o r  th e  s t ro n t iu m  f r a c t io n .  The r e s u l t in g  d e c a n ta te  was

processed  to  is o la t e  th e  cesium  f r a c t io n  as a CsC104 p r e c ip i t a t e  fro m

e th a n o l (1 1 ) .  The p ro ce d u re  f o r  th e  p u r i f i c a t i o n  o f  th e  s t ro n t iu m  was

e s s e n t ia l ly  th a t  o f  Hodges (1 2 ) ,  e xce p t t h a t  th e  s t ro n t iu m  was f i n a l l y

p r e c ip i ta te d  as SrSO4 . The f i n a l  p r e c ip i ta t e s  w ere f i l t e r e d  o n to  a paper

d is c ,  d r ie d ,  w e ig he d , mounted on a s ta in le s s  s te e l  p la n c h e t,  and covered

2
w ith  a m y la r f i l m  o f  1 -4  mg/cm th ic k n e s s .

Gross b e ta  sam ples were o b ta in e d  b y  e v a p o ra tin g  125-250 mL o f  f i l t e r e d  

w a te r .  The s o l id s  were t r a n s fe r r e d  q u a n t i t a t iv e ly  to  cupped alum inum 

p la n c h e ts  and d r ie d  a t  1 05 °C to  c o n s ta n t w e ig h t  and s to re d  in  a d e s s ic a to r  

u n t i l  c o u n t in g .  TDS was c a lc u la te d  fro m  t h i s  w e ig h t.

The suspended s o l id s  were removed fro m  th e  f i l t e r  paper and leached  

o f  S r ( I I )  and C s ( I )  by s t i r r i n g  f o r  two hou rs  i n  400 mL o f  6 N HNO3 sp ik e d  

w ith  s ta b le  S r ( I I )  and C s ( I)  c a r r ie r s .  The s lu r r y  was f i l t e r e d  and the  

f i l t r a t e  was p rocessed in  th e  same manner as th e  e lu a te  fro m  th e  io n -  

exchange column d e s c r ib e d  above.
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Bottom sediments were c o lle c te d  from the upper one centim eter o f the 

r iv e r  bed by an Eckmann dredge. Only S ta tions 1 and 3 were sampled since 

the bottom o f the i ntake canal i s scoured and the bottom at the  dam i s a t 

such a depth as to  make dredging ve ry  d i f f i c u l t .

The samples were d rie d  a t 105°C and ground in  a b a l l  m i l l  to  pass a 

40 mesh sieve. The f in e  mesh was necessary fo r  the removal o f shards of 

s h e ll found in  the sediment a t S ta tion  1. A 40-70 g sample was s lu rr ie d  

w ith  40Q mL o f 6 N HC1 conta in ing  c a rr ie rs  and s t ir r e d  fo r  an hour. The 

s lu r ry  was f i l t e r e d  through two thicknesses o f Whatman 42 paper. The 

s o lid s  were resuspended in  400 mL o f 6 N HC1, s t ir r e d  fo r  another hour, and 

f i l t e r e d .  The combined f i l t r a t e s  were passed through -  100 g o f Dowex 1 

to  remove F e ( I I I ) .  The e lua te  was evaporated to dryness and processed as 

the e luate  described above.

A l l  samples were beta counted in  e ith e r a Tennelec LB-1000 low back

ground (0.97 cpm) counting system or a Tracerlab Omni-Guard system (0.60 

cpm background). A fte r  c o rre c tio n  fo r  se lf-a b s o rp tio n  and s e lf-s c a tte r in g  

(13) and fo r  chemical y ie ld ,  the a c t iv i t ie s  o f the samples were obtained 

from comparison w ith  a standard.

The concentra tion o f the major ions except s u lfa te  and n i t r a te  (14) 

were determined by standard methods (15).

A l l  s ta t is t ic a l  computations were performed using the package MINITAB 

ro u tin e  (16) a v a ila b le  on the U n iv e rs ity 's  H a rris /7  computer.

The concentrations of the rad ionuclides and the s tab le  io n ic  species 

is  presented in  the appendices.

RESULTS AND DISCUSSION
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A. Gross Beta A c t iv i t y .

The gross be ta  a c t i v i t y  Ag is  a good measure o f the  a c t i v i t y

re leased  by th e  re a c to r ,  Αr ,  Since th e re  is  u s u a lly  an a p p re c ia b le

q u a n t ity  o f K+ in  the  w a te r, th e re  is  a " n a tu ra l"  c o n tr ib u t io n  to  the

gross be ta  a c t i v i t y .  I f  th is  c o n tr ib u t io n  and the  c o n tr ib u t io n  from  

f a l lo u t  90S r-  90Y is  su b tra c te d  from  the gross be ta  a c t i v i t y ,  the

r e s u lt  w i l l  be Ar .

Ar -  Ag -  ( a c t iv i t ie s  o f  4 0 K  +  9 0 S r -   9 0 Y )  (1)

The second term  can be ob ta ined  from  a n a lys is  o f a p lo t  o f gross beta

a c t iv i t y  v s . TDS (F ig u re  2 ) . The l in e  drawn through the  p o in ts  o f

minimum measured a c t i v i t y  fo r  g iven  TDS va lues is  a fu n c t io n  o f TDS

o n ly  and can be s a fe ly  assumed to  rep resen t the  second term ; Ar  is

then equal to  the  d e v ia t io n  o f a measured p o in t from  th is  l in e

Ar  = Ag -  0.0108(TDS) (2)

The same a n a lys is  can be done on a p lo t  o f gross be ta  a c t i v i t y  vs .

co n ce n tra tio n  o f K+ . Id e a l ly ,  the  re la t io n s h ip  should be

Ar  = Αg -  [C(K) + a c t i v i t y  o f 90S r- 90Y] (3)

where K = the  c o n ce n tra tio n  o f K+ in  mg/L

and C = the  s p e c if ic  a c t iv ty  o f 40K = 0.75 pCi/mg K

The s lope o f the l in e  through the p o in ts  o f minimum a c t iv i t y  leads to

an e m p ir ic a l va lu e  o f C = 0.85 pCi/mg K, a reasonably good agreement.

B. Sr-90 and Cs-137.

The dependence o f the 90Sr co n cen tra tio n  upon TDS in  the w ater taken 

from  S ta tio n  1 (F ig u re  3) was f i r s t  no ticed  when the  complete body o f 

data from  the  1976-1977 pe riod  was analyzed. S ta t is t ic a l  a n a lys is  o f 

the data in d ica te d  th a t a reasonably good f i t  o f the data could be
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Figure 2: The Variation of Gross Beta Activity 
as a Function of TDS
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obtained by assuming that the points described two s tra igh t lines

joined by a small region of s tead ily  decreasing slope; an equally good

f i t  was provided by an exponential curve asymptotically approaching a 

maximum 90Sr concentration. The second option was discarded in  the 

l ig h t  of la te r data. Since the region of changing slope is  quite small, 

i t  w i l l  be ignored in  th is  and subsequent figures and discussion. For 

the sake of s im p lic ity , the data w i l l  be treated as i f  they described 

two intersecting s tra ig h t lines.

The corre la tion coe ffic ien t fo r 90Sr concentration and TDS fo r TDS

values less than 450 mg/L was -  0.75, a remarkably high value considering

the number of variables that could a ffec t the 90Sr concentration. At TDS 

values greater than 450 mg/L, the concentration was a constant 0.48 ± 0.04 

pCi/L.

To eliminate the second option i t  was necessary to determine the 

dependence of the 90Sr concentration upon the concentration of M (II).

The concentration of these ions should be a better predictor of the 90Sr

concentration because of th e ir chemical s im ila r ity .

The dependence of dissolved 90Sr upon the concentration of M (II) 

at Station 1 can be seen in  Figure 4. I t  is  obvious that the best f i t  

is  to the two s tra igh t so lid  lines rather than an exponential curve.

At M (II) concentrations less than 2.5 meq/L the s tra igh t lin e  was 

assumed to have the equation

90Sr -  a + bCM( I I )  (4)
 where 90Sr = the concentration of 90Sr in  pCi/L

CM(I I ) = the concentration of  M (II) in  meq/L 
a,b = constants



- 12-

90Figure 4: Dependence of Sr Activity upon 
M(II) Concentration: Station I
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This equation can be used on the assumption tha t the so lu tion has

reached equilibrium  w ith respect to 90Sr, M ( I I) , and any processes

that would re su lt in  the addition or removal o f 90Sr from so lu tion.

I f  90Sr had been newly in jected in to  so lu tion  by release from the 

reactor f a c i l i t y ,  a be tte r f i t  might be obtained from 

90Sr = a + + cAr (5)

 where c = constant

Ar  = a c t iv ity  of a l l  nuclides newly in jected in  pCi/L

Two methods were available to determine Ar . I f  the K (I) concentra

tio n  is  known, as in  the 1979-1981 period, equation (3) was used. 

Equation (2) was used when points from both the 1975-1977 study and 

the 1979-1981 study were considered. There is  very l i t t l e  d ifference 

in  th e ir  u t i l i t y  as pred ictors. The constants a, b, and c were deter

mined by f i t t in g  the data to a s tra ig h t lin e  using lin e a r and m u ltip le  

regression analyses.

For M (II) concentrations greater than 2.5 meq/L, the value fo r 

the 90Sr concentration is  simply the mean of a l l  the values of the 

90Sr associated w ith these high M (II) values.

Table I  is  a tabula tion of the values of a, b, and c obtained by

regression as w e ll as the R2 fo r the regression lin e . R2 is  the per-

centage of the variance in  90Sr concentration that can be predicted

from the values of the parameters that have been chosen as predictors,

i . e . ,  the concentration of M (II) below 2.5 meq/L and Ar . I t  is  a



2Table I :  Constanta fo r Equation (2) and R Resulting from M ultiple Regression and the 

Maximum A c tiv ity  at Stations 1, 2, and 4*

C M (II) <  2 .5  m eq/L CM(II) > 2.5 meq/L

r2(%)

90S r(pC i/L )
Due to  Due to

S ta tio n  a b c M ( II)  T o ta l

1 0.135+ 0.144+ —  86.5 0.0 86.5 
0.041 0.022

0.48 + 0.03

2 0.168+ 0.094+ 0.0117+ 81.4 7.8 89.2 
0.046 0.029 0.0062

0.46 + 0.04

4 0.107+ 0.098+ 0.0453+ 48.6 26.1 74.7 
0.094 0.048 0.0200

0.47 + 0.03

-14-

E rro rs  l is te d  are ± 1o
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measure o f the v a l id i t y  o f the p re d ic tio n  equation. Also included is

the maximum and constant value o f the 90Sr concentra tion th a t occurs

when the concentration of M (II)  exceeds 2.5 meq/L. The co n tr ib u tio n

o f each parameter to the to ta l  R2 is  also inc luded. I t  can be seen

th a t the M (II)  concentration is  by fa r  the most im portant p re d ic to r;

on ly a t S ta tio n  4 is  the c o n tr ib u tio n  o f the Ar term im portant.

Also included in  F igure 4 is  a s in g le  dashed l in e  derived from

the lin e a r  regression assuming only one s tra ig h t l in e .  The R2 value

fo r  th is  s ing le  l in e  is  74.2%, a respectable va lue . Upon inspection

of F igure 4, however, i t  can be seen th a t we can ignore th is  p o s s ib i l i ty .

The dev ia tions of the experimental po in ts  from the s o lid  regression lin e s

are random, w h ile  the dev ia tions from the s in g le  dashed l in e  are no t.

At low and high values o f M (II)  the dev ia tions are u n ifo rm ly  negative

w h ile  in  the m iddle range, they are un ifo rm ly  p o s it iv e . This s itu a t io n

is  ty p ic a l o f a poor f i t  o f data regard less o f the R2 va lue . In  add i-

t io n ,  the TDS vs. 90Sr curve is  undoubtedly o f the tw o - lin e  type. 

S ta t is t ic a l ly ,  the assumption of two in te rs e c tin g  s tra ig h t lin e s  is  to  

be p re fe rred  over a s in g le  s tra ig h t l in e .

That the M (II)  concentra tion  is  a b e tte r  p re d ic to r o f the 90Sr

concentra tion than TDS is  not s u rp ris in g  bu t the h igh va lue o f the R2 

was q u ite  unexpected. I t  approached the range (>90%), expected o f 

lab o ra to ry  experiments in  which the extraneous va ria b le s  are w e ll con

t r o l le d .

This s tra ig h t l in e  r is e  o f the 90Sr concentra tion  to  a maximum 

and e s s e n tia lly  constant va lue is  due to  the increas ing  f ra c t io n  of 

exchange s ite s  on the sediment p a r t ic le s  being occupied by M (II)  ra th e r
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than 90S r ( I I )  as the concentra tion  o f aqueous M ( II)  Increases. At

M ( II)  concentra tions g rea te r than 2.5 meq/L, M ( II)  occupies 100% o f

the exchange s i te s ,  i . e . ,  s a tu ra tio n  co n d itio n s , and the 90Sr concen

t ra t io n  remains constant a t the -  0.5 pC i/L th a t is  c h a ra c te r is t ic  o f

the r a in f a l l  p lus ru n o ff o f th is  geographical area.

The re la t io n s h ip  between M (II)  and 90Sr is  a ty p ic a l a t S ta tio n  3. 

The data f i t s  w e ll none o f the p o s s ib i l i t ie s  considered above. The

best f i t  is  to  the case o f a s in g le  s t ra ig h t  l in e  (F igure  5 ). The R2 

va lue fo r  th is  regress ion l in e  is  48.5%; the c o n tr ib u tio n  o f the Ar. 

term is  n e g lig ib le  which is  to  be expected so fa r  upstream. This 

anomaly may w e ll be due to  the d iffe re n c e  in  the flo w  cond itions at 

S ta tio n  3. S ta tio n  3 is  in  a l i t t o r a l  reg ion  where the water is  

qu iescent. S ta tions 1 and 2 have flo w  cond itions  th a t approach tu r 

bulence. On numerous occasions, the analyses here have d if fe re d

s ig n if ic a n t ly  from those at o ther s ta t io n s . Nonetheless, there is

s t i l l  a strong in d ic a tio n  th a t the 90Sr concentra tion  is  dependent on 

the M (II)  concentra tion .
90The concentra tion  o f Sr in  suspended sediments should e x h ib it

an inverse re la tio n s h ip  to  the concentra tion  o f M (II)  in  s o lu tio n .

There are in d ic a tio n s  o f such a trend , summarized in  Table I I .  The

u n ce rta in ty  in  the 90Sr values is  la rge  because the samples were sm all,

as l i t t l e  as 0.18 g, and the count ra te  fo r  the Sr fra c t io n  was only

s l ig h t ly  above background. In  January, 1981, the samples were so sm all

th a t they were combined fo r  a s in g le  ana lys is . Consequently, a weighted

average fo r  each month is  included in  Table I I .  These averages in d ica te

th a t there is  an inverse re la tio n s h ip  between adsorbed 90Sr and aqueous



Table I I :  C oncentrations o f 90S r(p C l/L ) i n Sediments as F unction  o f Aqueous M (II)  C oncentration 

(meq/L)

Type o f 
Sediment

S ta t io n Combined
SampleDate Species fa #2 #3 #4

Suspended 7/81 90-Sr

M ( I I )

0 .14+0.11

2.88

0 .20+0.20

2.81

0.00+0.15

3.11

0 .14+0.18

2.93

0.12+0.10

2.93

Suspended 5/81 90Sr

M ( II )

0 . 24±0.07

1.58

0.1810.07

1.46

0 .10+0.03

2.04

0 .1 4 +0.09

1.95

(a) (b ) 
0 .21+ 0 .11+ 

0.07 0.07

1.52 2.00

Suspended 3/81 90Sr

M (XI)

0 . 15±0.12 

2.03

0 .16+0.10

1.94

. 0 .08+0.06 

1.88

0 .09+0.09

2.11

0 .11+0.05

1.99

Suspended 1/81 90Sr

M ( I I )

— — — — 0.10+0.04

3.04

Bottom 3/81 90Sr 0 .32+0.04 — 0.34+0.04 - —

(a ) S ta tions  1 & 2 combined

(b ) S ta tio n s  3 & 4 combined

-1
7

-
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F igu re  5: Dependence o f 90Sr A c t iv i t y  upon 
M ( I I )  C oncen tra tion : S ta t io n  3
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M ( I I ) .

T h e re  seems t o  b e  a m in im um  c o n c e n t r a t i o n ,  -  0 . 1  p C i / g ,  b e lo w  

w h ic h  t h e  90Sr w i l l  n o t  f a l l .  T h i s  may b e  due  t o  a com ponen t t r a p p e d  

b y  i n t e r n a l  a d s o r p t i o n  and th u s  n o t  a v a i l a b l e  f o r  e xch a n g e  w i t h  t h e  

aqueous  p h a s e .  S tu d ie s  o f  l a r g e r  suspend ed  s e d im e n t  sam p les  a r e  

a n t i c i p a t e d  i n  t h e  f u t u r e .

The p a r a m e te r  t h a t  i s  t h e  b e s t  p r e d i c t o r  o f  t h e  137Cs i s  Ar ; t h e

c o n c e n t r a t i o n  o f  d i s s o l v e d  s p e c ie s  c o n t r i b u t e s  l e s s  t h a n  10% t o  t h e  

v a l u e  o f  R2 . The b e s t  m u l t i p l e  r e g r e s s i o n  l i n e  h a s  t h e  fo r m

137Cs = b (T D S ) +  cAr  (6 )

 w h e re  137Cs = t h e  c o n c e n t r a t i o n  o f  137Cs i n  p C i / L .

TDS = t o t a l  d i s s o l v e d  s o l i d s  i n  g / L

S in c e  d a t a  f r o m  b o th  t h e  1 9 7 6 -7 7  and 1 9 7 9 -8 1  p e r i o d s  was u s e d ,  Ar  was

c a l c u l a t e d  u s in g  e q u a t i o n  ( 1 )  and TDS was used  as t h e  m e a su re  o f  t h e

c o n c e n t r a t i o n  o f  d i s s o l v e d  s p e c ie s .  S t a t i s t i c a l  a n a l y s i s  o f  t h e  d a ta

f r o m  1 9 7 9 -8 1  i n d i c a t e d  t h a t  M ( I I ) ,  N a ( I )  and TDS w e re  p r e d i c t o r s  o f

a lm o s t  e q u a l  w e i g h t .  T a b le  I I I  i s  a summary o f  t h e  v a lu e s  o f  t h e

c o e f f i c i e n t s  b and c ,  and o f  t h e  c o n t r i b u t i o n  o f  each  p a r a m e te r  t o  t h e  

R2 v a l u e ;  t h e  c o n s t a n t ,  a ,  was fo u n d  t o  b e  z e r o .

I t  i s  n o t  s u r p r i s i n g  t h a t  t h e  TDS te r m  i s  u n im p o r t a n t  a t  S t a t i o n  1

s in c e  t h e  " f r e s h "  aqueous  137Cs i s  n o t  a t  e q u i l i b r i u m  w i t h  t h e  s e d im e n t

so s o o n  a f t e r  i n j e c t i o n .  I t  w o u ld  a p p e a r  t h a t  e q u i l i b r i u m  has n o t  been

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

c ,  d e c r e a s e s  as  d i s t a n c e  f r o m  t h e  i n j e c t i o n  p o i n t  i n c r e a s e s  as  does t h e

 c o n t r i b u t i o n  o f  t h e  Ar  te r m  t o  t h e  v a l u e  o f  R2 , i n d i c a t i n g  t h a t  t h e  137Cs

i s  b e in g  s ca ve n g e d  f r o m  t h e  w a t e r  c o lu m n  as  t h e  w a t e r  p ro c e e d s  d o w n s tre a m .



Table I I I : Constants fo r  Equation (5) and R2 R esu ltin g  from  M u lt ip le  Regression

137A nalys is  o f Aqueous Cs C oncentrations.

S ta tio n b c
r2(%)

Due to  
TDS

Due to  
Ar T o ta l

1 -0.428±

0.124

0.188±

0.018
5.6 77.6 83.2

2 0.122±
0.041

0.0292±

0.0097
7.7 62.3 70.0

3 0.0842±

0.0441

0.0156+

0.0107

4.8 56.0 60.8

4 0.0 0.0552+

0.0258

0.0 40.7 40.7

-20
-
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I t  i s  d o u b t f u l  t h a t  t h i s  re m o v a l  i s  a  s u r f a c e  phenomenon s u ch  as

 
io n - e x c h a n g e  o r  a d s o r p t i o n .  The o b s e rv e d  D v a l u e  ra n g e s  f r o m  104 t o  105 

L / k g  a t  S t a t i o n s  1 ,  2 ,  and 4 ,  much h i g h e r  th a n  t h e  v a l u e  o f

-  103 ( t h e  v a l u e  a t  S t a t i o n  3) p r e d i c t e d  f r o m  S h ia o ,  e t  a l .  ( 1 7 ) ,  an 

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

t i o n  a t  w o r k .  T h is  i s  c o n s i s t e n t  w i t h  t h e  f i n d i n g s  o f  Duursm a (1 8 )  t h a t

t h e r e  i s  v e r y  l i t t l e  e xch a n g e  o f  137Cs w i t h  s t a b l e  Cs i n  some m a r i ne

s e d im e n ts .  The TDS seems t o  b e  a s u p p r e s s o r  v a r i a b l e  a t  S t a t i o n  1 .

P e rh a p s  a h i g h e r  i o n i c  s t r e n g t h  p ro m o te s  t h e  c o a g u l a t i o n ,  p r e c i p i t a t i o n ,

and th e  c o n s e q u e n t  i n t e r n a l  a d s o r p t i o n  o f  137Cs as t h e  w a t e r  s lo w s  f r o m

i t s  t u r b u l e n t  f l o w  i n  t h e  o u t l e t  c a n a l .  T h u s ,  t h e  s e d im e n t  i s  c a p a b le  

o f  h o l d i n g  m ore  137Cs t h a n  w o u ld  b e  p o s s i b l e  b y  s u r f a c e  a d s o r p t i o n  a lo n e .

I n  a n y  c a s e ,  i t  i s  c e r t a i n  t h a t  e q u i l i b r i u m  b e tw e e n  137Cs i n  s o l u 

t i o n  and i n  t h e  s e d im e n t  has  n o t  b e e n  r e a c h e d  p r i o r  t o  t h e  t im e  t h e  

w a t e r  le a v e s  t h e  r e s e r v o i r  i n  p e r i o d s  o f  n o r m a l  f l o w .  The c o n c e n t r a t i o n  

o f  t h e  n e w ly  i n j e c t e d  n u c l i d e  r e m a in in g  u n p r e c i p i t a t e d  i s  g r e a t e r  t h a n  

t h e  e q u i l i b r i u m  c o n c e n t r a t i o n  b e c a u s e  t h e  t im e  n e c e s s a r y  t o  e s t a b l i s h  

e q u i l i b r i u m  b e tw e e n  s o l u t i o n  and s e d im e n t  i s  s i g n i f i c a n t l y  l o n g e r  t h a n  

t h e  n o r m a l  mean r e s id e n c e  t im e  o f  t h e  w a t e r  i n  D a r d a n e l l e  R e s e r v o i r .

I n  t h e  A rk a n s a s  R i v e r ,  w i t h  i t s  c o n s i d e r a b l e  lo a d  o f  susp e n d e d  

s e d im e n t ,  f a l l o u t  90S r ( I I )  h a s  r e s i d e d  l o n g  enough i n  t h e  w a t e r  t o  h a v e  

a t t a i n e d  e q u i l i b r i u m  w i t h  t h e  susp e n d e d  s o l i d  v i a  an  e xch a n g e  p r o c e s s

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

 M ( I I )  and 90S r ( I I ) . The e q u i l i b r i u m  c o n c e n t r a t i o n  o f  90S r  i s  q u i t e

s e n s i t i v e  t o  changes  i n  t h e  c o n c e n t r a t i o n  o f  M ( I I )  as lo n g  as t h e  c o n 

c e n t r a t i o n  i s  l e s s  t h a n  2 .5  m e q /L .  No o t h e r  v a r i a b l e ,  s u ch  as f l o w
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r a t e ,  susp e n d e d  l o a d ,  o r  i n p u t  b y  f a l l o u t  can  a c c o u n t  f o r  th e  v a r i a -  

t i o n s  o f  90S r  c o n c e n t r a t i o n s  o v e r  t h e  p e r i o d  o f  t h i s  s t u d y .  T h e re  i s  

no d o u b t  t h a t  t h e  c o n c e n t r a t i o n  o f  a l k a l i n e  e a r t h  c a t i o n s  can  s i g n i f i 

c a n t l y  a f f e c t  t h e  e f f i c i e n c y  o f  t h e  r e m o v a l  ( b y  f l u x  t o  t h e  s e d im e n t )

o f  90S r f r o m  t h e  f r e s h  w a t e r  c o lu m n .

No c o n c l u s i o n  c a n  b e  re a c h e d  a b o u t  t h e  e f f e c t  o f  d i s s o l v e d  s p e c ie s  

on t h e  137Cs c o n c e n t r a t i o n  b e c a u s e  e q u i l i b r i u m  c o n d i t i o n s  do n o t  e x i s t

i n  D a r d a n e l l e  R e s e r v o i r  s i n c e  t h e  r e a c t o r  f a c i l i t y  i s  a c o n s t a n t  s o u rc e

o f  t h i s  r a d i o n u c l i d e .  S tu d ie s  o f  137Cs much f u r t h e r  d o w n s tre a m  f r o m  

A rk a n s a s  N u c le a r  One w i l l  b e  n e c e s s a r y  f o r  a s t u d y  o f  e q u i l i b r i u m  co n 

d i t i o n s .

 
C.       144C e -  144P r .

 
The c o n c e n t r a t i o n  o f  144C e- 144P r  i s  sum m arized  i n  F ig u r e  6 .  I t  

w i l l  b e  n o te d  t h a t  s i g n i f i c a n t  q u a n t i t i e s  o f  t h i s  p a i r  o c c u r  u s u a l l y  i n  

t h e  f i r s t  h a l f  o f  t h e  y e a r  ( e . g . ,  1 9 7 7 ,8 0 ,8 1 )  and i n  t h e  se cond  h a l f ,  

t h e  c o n c e n t r a t i o n  i s  u s u a l l y  n e g l i g i b l e  ( e . g . ,  1 9 7 9 - 8 1 ) .  These p e r io d s  

o f  in c r e a s e d  a c t i v i t y  c o i n c i d e  w i t h  p e r i o d s  o f  r e f u e l i n g  o r  e x t e n s i v e  

m a in te n a n c e  a t  ANO; t h e  n u c l i d e  a l s o  re m a in s  f o r  a fe w  m on ths  a f t e r  

t h e  r e f u e l i n g  o r  m a in te n a n c e  h as  c e a s e d .  These a c t i v i t i e s  a r e  s p re a d  

t h r o u g h o u t  t h e  r e s e r v o i r .  T h is  f a c t  w o u ld  i n d i c a t e  t h a t  th e  a c t i v i t y  

was o r i g i n a l l y  a i r b o r n e  and i s  i n j e c t e d  i n t o  t h e  l a k e  w i t h  r u n o f f .

The p re s e n c e  o f  th e s e  a c t i v i t i e s  i n  s m a l l  q u a n t i t i e s  may be  a 

good i n d i c a t o r  o f  m in o r  b re a k s  i n  c o n ta in m e n t .

D. 141Ce.

T h e re  seems t o  be  no p a t t e r n  t o  t h e  a p p e a ra n ce  o f  t h i s  n u c l i d e  

e x c e p t  t h a t  i t  a p p e a rs  t h r o u g h o u t  t h e  l a k e ,  a g a in  g i v i n g  t h e  im p r e s s io n
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 F ig u r e  6 :  T e m p o ra l  V a r i a t i o n  o f  144C e -  144P r  A c t i v i t y
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o f  b e in g  i n i t i a l l y  a i r b o r n e .  The c o n c e n t r a t i o n s  m easu red  d u r i n g  t h e

1 9 7 9 -8 1  p e r i o d  a r e ,  as a r u l e ,  h i g h e r  th a n  th o s e  fo u n d  i n  1 9 7 6 -7 7 ,  a

p e r i o d  w hen t h e  m a jo r  s o u r c e  seemed t o  b e  f a l l o u t  f r o m  t h e  C h in e s e  t e s t s .

The o n l y  s i g n i f i c a n t  s o u r c e  d u r i n g  1 9 7 9 -8 1  was ANO.

E. 8 9 S r .

The o n l y  o c c u r e n c e  o f  t h i s  n u c l i d e  was i n  A p r i l - M a y  o f  1981 . No 

r e a s o n  f o r  i t s  a p p e a ra n c e  can  b e  o f f e r e d .

F .  58Co.

The a p p e a ra n c e  o f  t h i s  n u c l i d e  i s  a l s o  i n t e r m i t t e n t .  The a p p e a r 

ance  o f  s i g n i f i c a n t  q u a n t i t i e s  o f  t h i s  n u c l i d e  u s u a l l y  a ccom pan ie s

enhan ced  l e v e l s  o f  137C s .

G. S t a b le  S p e c ie s .

T h e re  i s  a r e c u r r i n g  s e a s o n a l  p a t t e r n  o f  t h e  TDS v a lu e s  ( F i g u r e  7 ) .  

The TDS i s  g e n e r a l l y  lo w  i n  t h e  w i n t e r  m o n th s ,  r i s e s  t o  a maximum i n  

t h e  summer m o n th s ,  f o l l o w e d  b y  a g r a d u a l  d e c r e a s e  i n  t h e  l a s t  4 - 5  

m o n th s  o f  t h e  y e a r .  T h is  p a t t e r n  was i n t e r r u p t e d  b y  t h e  d r o u g h t  o f  

l a t e  198 0 .

T h e re  a r e  lo n g  p e r i o d s  w hen t h e r e  i s  none  o f  t h e  n e g a t i v e  

c o r r e l a t i o n  b e tw e e n  TDS and f l o w  r a t e  w h ic h  i s  e x p e c te d  o f  s a l i n e  r i v e r s  

such  as t h e  C o lo r a d o .  Season r a t h e r  t h a n  f l o w  r a t e  seems t o  be  th e  

c o n t r o l l i n g  f a c t o r  f o r  TDS. T h is  r e l a t i o n s h i p  i s  w o r t h  f u r t h e r  s t u d y .

I t  c a n  be  seen  f r o m  t h e  t a b l e s  i n  t h e  a p p e n d ix  t h a t  t h e  v a r i a t i o n s  

i n  t h e  N a ( I )  and C l ( - I )  a r e  m ore  v o l a t i l e  t h a n  t h e  o t h e r  m a jo r  i o n s .

I f  N a ( I )  and C l ( - I )  i n  t h e  r a t i o  fo u n d  i n  N aC l ( 1 . 5 4  mg C l/m g  Na) i s  

s u b s t r a c t e d  o u t ,  t h e  p e r c e n ta g e s  o f  t h e  o t h e r  io n s  r e m a in  q u i t e  con

s t a n t  a t
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F ig u r e  7 :  S e a s o n a l  V a r i a t i o n  o f  TDS
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M ( I I )  [e x p re s s e d
as C a ( I I ) ] :  

K ( I ) :

19 ±2%

1 . 4 ± 0 .1%

HC03 :

SO42- :

39±3% 

19 ±1%

The n i t r a t e  i o n  re m a in s  r e l a t i v e l y  c o n s t a n t  y e a r  r o u n d .
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APPENDICES A-D

C o n c e n t r a t i o n s  o f  R a d i o n u c l i d e s  

and S t a b l e  S p e c i es

I .  A N o t e  on  E r r o r s

The e s t i m a t e d  e r r o r s  i n  t h e  d e t e r m i n a t i o n  o f  r a d i o n u c l i d e  con 

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

o f  s p a c e  c o n s i d e r a t i o n s .  The e r r o r  i n  t h e  c o n c e n t r a t i o n  was e s t i 

ma t ed  b y  c o n s i d e r i n g  t h e  s t a n d a r d  d e v i a t i o n  i n  t h e  c o u n t  r a t e  o f  each 

n u c l i d e  and t h e  maximum e s t i m a t e d  e r r o r  i n  f SSA and t h e  e r r o r  i n  t h e  

a c t i v i t y  o f  t h e  s t a n d a r d .  T o g e t h e r ,  t h e  l a t t e r  t w o  s o u r c e s  o f  e r r o r  

w e r e  f o u n d  t o  b e  ±10%. T a b l e  I V  summar i zes  t h e  e s t i m a t e d  e r r o r  f o r  

t h e  n u c l i d e s  i n  q u e s t i o n  as  a f u n c t i o n  o f  c o n c e n t r a t i o n .  T h e r e  w i l l  

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

t i e s  when o n l y  one  o f  t h e  a c t i v i t i e s  i s  p r e s e n t  i n  t h e  Ce f r a c t i o n .

T a b l e  I V :  E s t i m a t e d  E r r o r s  i n  t h e  R a d i o n u c l i d e  C o n c e n t r a t i o n s

C o n c e n t r a t i o n  ( p C i / L )  o f

E r r o r  Range 
(%) 58Co

C e r i u m
A c t i v i t i e s 1 3 7 Cs,  9 0 S r - 90Y

±50 t o  ±100 

±25 t o  ±50 

±15 t o  ±25 

±11 t o  ±15 

±10

0 . 0 1  -  0 . 0 5  

0 . 0 5  -  0 . 1 0  

0 . 1 0  -  0 . 2 0  

0 . 2 0  -  0 . 7 0  

> 0 . 7 0

0 . 0 1  -  0 . 0 2  

0 . 0 2  -  0 . 1 0  

0 . 1 0  -  0 . 3 0  

> 0 . 3 0

0 . 0 1  -  0 . 0 2  

0 . 0 2  -  0 . 0 4  

0 . 0 4  -  0 . 2 0  

> 0 . 2 0
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I I .  A N o t e  on  S t a n d a r d s

1.  D u r i n g  t h e  1975- 1977  p e r i o d  and e a r l y  i n  t h e  1 9 79 - 19 81  p e r i o d ,  

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

t r i t i u m  s t a n d a r d  as s u g g e s t e d  b y  t h e  m a n u f a c t u r e r .  M i s h a n d l i n g  

o f  t h e  s t a n d a r d  caused  v a r i a t i o n s  i n  t h e  s t a n d a r d ' s  c o u n t i n g  r a t e  

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

o f  t h e  r a d i o n u c l i d e s  d u r i n g  t h e  197 9 - 1 9 8 1  p e r i o d .  These w e r e

i n c l u d e d  i n  t h e  a n n u a l  r e p o r t  f o r  t h a t  f i s c a l  y e a r .  Thus t h e  90Sr  

s t a n d a r d  became a l s o  t h e  s t a n d a r d  f o r  t h e  c h e c k  o f  d e t e c t o r  p e r 

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

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

c o n c e n t r a t i o n s  w e r e  c o r r e c t e d .

2.  I n  t h e  summer o f  1980 ,  i t  was f o u n d  t h a t  t h e  d i s t i l l e d  w a t e r  s u p p l y  

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

The p o t a s s i u m  s t a n d a r d s  c o n t a i n e d  s i g n i f i c a n t  amounts o f  e x t r a  

p o t a s s i u m  f r o m  t h i s  s o u r c e .  New s t a n d a r d s  w e r e  made up  f r o m  K - f r e e  

w a t e r ,  t h e  o l d  s t a n d a r d s  r e c a l i b r a t e d ,  and t h e  p o t a s s i u m  c o n c e n t r a 

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

I I I .  Symbols

ND -  A c t i v i t y  n o t  d e t e c t e d .

* * *  -  A c t i v i t y  n o t  d e t e r m i n e d  d u r i n g  t h a t  s a m p l i n g  p e r i o d .



A p p e n d ix  A —  S ta t io n  1

CONCENTRATI ON OF RAD I ONUCLI D E S  ( P C I / L )

MONTH
GROSS

B ETA
P R  - 1 4 4 -
C E - 1 4 4 CE - 1 4 1 C O - 5 8 C S - 1 3 7

Y - 9 0 -
SR - 9 0 S R - 8 9

5 7 9
8 79

1 0 7 9
1 1 7 9
1 2 7 9

1 8 0
2 8 0
3 6 0  
4 8 0
5 6 0  
6 6 0
7 6 0  
8 8 0 
9 6 0

1 0 6 0
1 1 8 0
1 2 8 0

161
2 81
3 8 1 
4 8 1 
4 8 1
5 8 1 
6 8 1
7 8 1 
8 8 1

3 . 9
4 . 9
9 . 8
6 . 3  
8 . 4
4 . 2
4 . 2
8 . 4  
4 . 6
б . 7
7 . 8
8 . 5  

1 0 . 1
9 . 5  

1 0 . 0
8 . 6

1 0 . 5  
1 8 . 8

7 . 8
5 . 8  
4 . 5
4 . 4
4 . 4
4 . 3

1 2 . 6  
8 . 0

NO
0 . 0 1 4

NO
0 . 0 16

ND
0 . 0 5 3
0 . 0 2 2
0 . 0 2 9

NO
NO

***

NO
NO
NO
NO
NO

0 . 0 6 7
0 . 1 7 0

NO
0 . 1 8 0  

* * *  
* * *  

0 . 0 9 2  
*  * *  

NO 
NO

0 . 1 1 0
0 . 0 3 6
0 . 0 2 1

NO
0 . 0 4 5

ND
NO
ND

0 . 0 7 9  
0 . 0 6 5  

*  *  *
ND

0 . 0 2 4
ND

0 . 0 2 8
NO
NO
NO

0 . 2 0 0  
ND 

*  *  *
*  *  *  

0 . 0 9 4  
*  *  *  

0 . 0 6 2  
0 . 1 6 0

0 . 0 9 4  
0 . 0 6 0  
0 . 2 4 0  
0 . 7  40 
0 . 1 1 0  
1 . 1 4 0  
0 . 4 70 
0 . 2 6 0  
0 . 0 3 0  
0 . 0 7 6  

*  *  *  
0 . 0 1 3  
0 . 0 5 0  
0 . 1 3 0  
0 . 0 0 5  

NO
0 . 9 1 0
0 . 5 2 0
0 . 0 5 0
0 . 1 1 0

* * *
*  *  *  

NO 
*  *  *  

0 . 3 7 0  
0 . 1 3 0

0 . 1 9 0
0 . 0 7 2
0 . 0 9 1
0 . 0 63
0 . 0 4 4
0 . 4 5 0
0 . 2 1 0
0 . 2 6 0
0 . 0 90
0 . 0 89

* * *
0 . 0 91
0 . 2 2 0
0 . 2 7 0
0 . 1 4 0
0 . 1 3 0
0 . 1 5 0
2 . 1 4 0
0 . 1 9 0
0 . 6 6 0
0 . 1 6 0
1 . 2 4 0
0 . 2 3 0
0 . 1 7 0
3 . 5 2 0
0 . 1 4 0

0 . 6 8  
1 . 1 0  
1 . 1 5  
1 . 0 3  
0 . 9 9  
0 . 7  0 
0 . 78  
0 . 9 0  
0 . 7 4  
1 . 0 1  
4 . 9 1  
0 . 8 2  
0 . 9 9  
1 . 0 2  
1 . 0 0  
0 . 9 8  
0 . 9 9  
1 . 0 1  
0 . 9 2  
0 . 7 9  
0 . 7 6  
0 . 8 5  
0 . 6 1  
0 . 9 7  
0 . 8 9  
0 . 8 8

NO
ND
ΝD
NO
NO
ND
NO
NO
NO
ND
ND
NO
NO
NO
ND
ND
NO
NO
ND
ND
ND
NO

0 . 2 1 0
NO
NO
NO

-2
9

-



A p p e n d ix  A —  S ta t io n  1 ( c o n t ’ d )

CONCENTRATI ON OF ΝΟΝ- R A D I O A C T I V E  S P E C I E S ( M G / L )

DΑΤΕ TDS
CA + MG 
AS CA ΝΑ K HC0 3 SO 4 CL NO 3

7 9 0 5 2 4  
7 9 0 8 1 7  
7 9 1 0 1 9  
7 9 1 1 1 7  
7 9 1 2 2 0  
8 0 0 1 1 8  
8 0 0 2 1 5  
8 0 0 5 1 5  
8 0 0 4 11 
8 0 0 5 1 9  
8 0 0 6 1 5  
8 0 0 7 1 8  
8 0 0 8 1 5  
8 0 0 9 1 9  
8 0 1 0 1 7  
8 0 1 1 2 2  
8 0 1 2 1 8  
8 1 0 1 1 6  
8 1 0 2 2 0  
8 1 0 3 2 1  
8 1 0 4 1 1  
8 1 0 4 2 4  
6 1 0 5 2 0  
8 1 0 6 1 9  
8 1 0 7 1 8  
8 1 0 8 2 8  
8 1 0 9 1 8

2 2 7
4 1 8
5 8 2
4 9 6
5 8 4
2 5 7  
3 1 3  
5 4 8  
3 4 9  
5 1 4  
5 8 7  
5 9 4  
7 0 6  
6 2 4  
5 9 4  
5 3 4  
5 5 8  
5 8 6  
5 3 0  
2 4 8  
2 1 8  
2 3 2
2 5 8
2 5 9  
5 9 1  
5 4 8  
6 6 0

20
41
56
57 
4 7 
27 
36  
4 5  
33 
49  
47 
61
67 
6 9
68
6 5
6 6  
6 3  
60  
41 
29  
27 
31 
2 9
58  
58  
6 5

* * *  

*  *  *
110
116

94
40 
53

107 
66

1 0 4
1 4 5
1 0 8  
121 
1 0 3

93  
104

88
94  
78 
44

* * * *
27
34
41 

137  
1 0 3  
1 1 6

* * *
 

* * *
5 . 8
5 . 8
3 . 9
4 . 5
3 . 2  
2 . 8  
3 . 4  
3 . 7
4 . 9
5 . 0
5 . 0  
4 . 8
5 . 3
4 . 6  
4 . 7
9 . 2
4 . 2  
*  * *
2 . 6
3 . 1
3 . 0
5 . 1
5 . 1
5 . 3

* * *  
* * *  
* * *  
*  *  *  
*  * *  
* * *  

 
* * *  

* * *  
* * *  
* * *  

* * *

138  
134  
1 36
137 
141
138  
1 2 2

8 2
* * *

57
6 3

* * *

1 0 3
1 1 2
1 2 3

* * *
* * *

* * *
* * *
* * *
* * *
* * *
* * *

32
51
57 
68  
78 
66  
61 
70
67 
70 
6 3  
47 
28  
32
32
33  
6 3
58
68

* * *
* * *

* * *

* * *
* * *
* * *
* * *
* * *
* * *
* * *
* * *

1 5 4
1 7 3
1 4 3
1 2 0
1 1 3
1 1 9
111
1 0 6

61
* * *

41
36
71

2 0 4
1 5 4
1 7 2

* * *
* * *

* * *
* * *
* * *
* * *
* * *
* * *
* * *
* * *
* * *

* * *
* * *
* * *

7
8 
9 
9 
8 
8

* * *

8
7
8 
9 
9 
8

-3
0

-



A p p e n d ix  B —  S ta t io n  2 

CONCENTRATI ON OF R A D I O N U C L I D E S  ( P C I / L )

MONTH
GROSS

BETA
P R - 1 4 4 -  
C E - 1 4 4 C E - 141 C0 - 5 8 C S - 1 3 7

Y - 9 0 -
S R - 9 0 S R - 8 9

5 79
8 7 9

1 0 7 9
1 1 7 9
1 2 7 9  

180 
2 8 0
3 8 0  
4 80
5 8 0  
6 8 0
7 8 0
8 8 0  
9 8 0

1 0 8 0
1 1 8 0
1 2 8 0  

181 
281
381 
481
581  
681
781  
8 81

3 . 3
4 . 5  
8 . 8
5 . 7

1 1 . 2
3 . 5  
4 . 9
5 . 6
4 . 6
7 . 3  
6 . 1  
8 . 5
9 . 0
8 . 4
8 . 0
7 . 3
7 . 7
6 . 5
8 . 3
5 . 4  
5 . 3  
3 . 2
4 . 0
9 . 0
6 . 1

NO
NO
NO
ND
ND

0 . 0 3 4
0 . 0 2 1

ND
0 . 0 2 3  

NO 
*  * *

NO
NO
NO

0 . 0 1 5
NO

0 . 0 3 4
0 . 0 7 3
0 . 1 1 0
0 . 1 2 0

* * *
0 . 0 7 3

* * *
NO
NO

0 . 0 8 2
0 . 1 1 0
0 . 0 5 3
0 . 0 2 6
0 . 0 6 4

NO
NO

0 . 0 3 0
ND

0 . 0 6 8
* * *

0 . 0 2 2
NO

0 . 0 1 6
NO

0 . 0 4 7
ND
NO
NO

0 . 1 9 0
* * *

0.0 8 2  
* * *  

0 . 0 2 6  
0 . 3 2 0

NO
0 . 0 0 3  
0 . 0 4 9  
0 . 0 1 0  
0 . 0 4 1  
0 . 0 19 
0 . 1 1 0  
0 . 1 3 0  
0 . 0 6 7 
0 . 0 1 6  

*  *  * 
0 . 0 5 0  
0 . 0 6 2  
0 . 0 5 9  
0 . 0 4 5  
0 . 1 2 0  
0 . 0 2 9  
0 . 0 3 3  
0 . 0 5 6  
0 . 0 5 0  

* * *  
0 . 0 3 3

* * *
0 . 0 6 7
0 . 0 5 9

0 . 0 5 7  
0 . 0 3 0  
0 . 0 4 9  
0 . 0 3 4  
0 . 0 5 1  
0 . 0 5 5  
0 . 0 4 7  
0 . 0 6 1  
0 . 0 8 4  
0 . 0 7 0

* * *
0 . 0 8 7
0 . 1 3 0
0 . 1 1 0
0 . 0 9 5
0 . 1 1 0
0 . 1 7 0
0 . 1 4 0
0 . 0 9 4
0 . 1 5 0
0 . 1 4 0
0 . 1 2 0
0 . 1 1 0
0 . 1 3 0
0 . 3 1 0

0 . 6 3
0 . 9 6
0 . 9 9
0 . 9 6
0 . 8 7
0 . 5 8
0 . 73
0 . 7 6
0 . 7 0
0 . 89
2 . 6 8
0 . 8 4
0 . 9 9
1 . 0 3
0 . 9 8
1 . 0 2
1 . 0 0
0 . 9 0
0 . 8 7
0 . 7 7
0 . 8 4
0 . 4 8
1 . 2 3
0 . 8 4
0 . 7 7

NO
ND
ND
ND
ND
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
ND
NO
NO
NO
NO
NO

0 . 4 2 0
NO
NO
NO

-3
1
-



A p p e n d ix  B —  S t a t io n  2 ( c o n t ’ d )

CONCENTRATI ON OF N O N - R A D I O A C T I V E  SP E C I E S ( M G / L )

DATE TDS
CA + MG 
AS CA NA K HCO3 SO4 CL NO 3

7 9 0 5 2 4
7 9 0 8 1 7
7 9 1 0 1 9
7 9 1 1 1 7
7 9 1 2 2 0
8 0 0 1 1 8
8 0 0 2 15
8 0 0 3 1 5
8 0 0 4 1 1
8 0 0 5 1 9
8 0 0 6 1 5
8 0 0 7 1 8
8 0 0 8 1 5
8 0 0 9 1 9
8 0 1 0 1 7
8 0 1 1 22
8 0 1 2 18
8 1 0 1 1 6
81 0 3 3 0
8 1 0 2 2 1
8 1 0 4 2 4
8 1 0 5 2 0
8 1 0 6 1 9
8 1 0 7 1 8
8 1 0 8 2 8
8 1 0 9 1 8

1 4 9
4 1 3
6 0 5
5 0 8
6 6 3
244
4 0 0
5 3 0
3 5 0
4 5 4
5 4 0
5 8 5
7 0 2
6 1 6
5 4 9
5 8 3
5 6 5
5 9 2
5 3 9
237
228 
2 4 4  
23 5  
5 9 0  
5 4 2 
6 2 5

16
41
60
58
47
27
40
5 3
33
47
48  
61 
66  
68  
68  
64  
64
6 2 
60  
39  
27 
29 
27
56
57
6 4

a  a  a

50
91

114
94
37 

1 1 2 
101

66  
98  

1 3 2 
104  
1 2 0 
1 0 5

9 5
96  
9 3 
93  
68  
44 
24 
34
38 

1 2 9 
100  
110

*  * * 
*** 
***

5 . 8
5 . 8
3 . 7
4 . 7  
3 . 6
2 . 8
3 . 3
3 . 5
4 . 9
4 . 9
5 . 0
4 . 6
4 . 7
4 . 8
4 . 7  
4 . 5
4 . 1  

 2 . 5
2 . 8
2 . 9
5 . 1
5 . 1
5 . 3

** *  
*** 

*** 
***  
***

*** 
*** 
***
*  *  *  
*** 
*** 
***

1 4 2  
1 3 4  
1 3 5  
137 
1 3 8  
140  
1 2 2  

8 5  
57 
60  

*  *  *
101
1 1 3
1 2 4

* * *  
*** 
*** 
*** 
*** 
*** 
*** 
***

32
4 8
52
67
79
68
6 4
68
6 6
73
6 3
43
32
32
33  
6 3  
5 6  
67

***
***
***
***
***

***
***
***
***
***
***
149
171
1 4 3
130
112
1 2 4
1 0 9
1 0 4

64
39
34
6 4

2 0 7
1 5 3
1 6 9

***
***
***
***
***
***
***
***
***
***
***
***
***
***

6
8
9
9
8
8
8
6
8
8
9
8

-3
2
-



A p p e n d ix  C —  S ta t io n  3

CONCENTRATI ON OF RAD I O N U C L I D E S  ( P C I / L )

MONTH
GROSS

BETA
P R - 1 4 4 -
C E - 1 4 4 C E - 1 4 1 C O - 5 8 C S - 1 3 7

Y - 9 0 -
S R - 9 0 S R - 8 9

5 7 9
8 7 9

1 0 7 9
1 1 7 9
1 2 7 9  

180  
2 8 0
3 8 0
4 8 0
5 8 0  
6 8 0
7 8 0
8 8 0  
9 8 0

1 0 8 0
1 1 8 0
1 2 8 0  

181 
281
381
4 8 1
5 8 1  
6 8 1
781  
8 8 1

4 . 5  
6 . 0

1 2 . 0
6 . 6
7 . 1
4 . 3  
8 . 0  
7 . 5
7 . 0
6 . 4
8 . 3
9 . 9
9 . 9
7 . 5  
8 . 8
7 . 4
7 . 9
7 . 2
5 . 9
5 . 6
5 . 3
5 . 7
5 . 8
9 . 0
6 . 4

0 . 0 1 5
NO
NO
NO
ND

0 . 0 2 7
0 . 0 3 8

NO
ND
NO

ft *  *
ND

0 . 0 1 3
NO
NO
NO

0 . 0 1 7
0 . 0 4 4
0 . 0 8 0
0 . 1 3 0

*  ft *
0 . 2 5 0

* * *
NO
NO

0 . 1 7 0
0 . 0 3 5
0 . 0 5 6
0 . 0 5 9
0 . 0 4 4

ND
NO

0 . 0 7 4
0 . 1 1 0
0 . 0 6 5

* * *
NO
NO
NO
NO

0 . 0 5 6
NO
NO

0 . 1 1 0
0 . 4 0 0

ft ft ft
NO

* * *
0 . 0 9 8
0 . 1 3 0

0 . 2 7 0
NO
NO

0 . 0 4 3
0 . 4 1 0
0 . 0 1 5
0 . 2 6 0
0 . 1 9 0
0 . 2 2 0
0 . 1 7 0

* * *
0 . 0 9 0
0 . 0 8 4
0 . 0 0 4

NO
0 . 0 2 8
0 . 0 5 6
0 . 0 4 5
0 . 0 5 6
0 . 0 3 3

* * *
NO

* * *
NO

0 . 1 9 0

0 . 0 4 8
0 . 0 3 7
0 . 0 5 1
0 . 0 3 8
0 . 0 1 9
0 . 0 4 8
0 . 0 5 0
0 . 0 2 5
0 . 0 1 5
0 . 0 6 4

* * *
0 . 0 7 1
0 . 0 8 7
0 . 0 5 1
0 . 0 6 3
0 . 0 6 1
0 . 0 7 3
0 . 2 7 0
0 . 0 4 4
0 . 0 6 7
0 . 0 9 2
0 . 0 4 6
0 . 0 7 1
0 . 0 4 9
0 . 0 6 3

0 . 8 0
0 . 9 9
1 . 0 1
0 . 8 5
0 . 8 4
0 . 7 9
0 . 9 0
0 . 90
0 . 6 6
0 . 8 7
2 . 2 0
1 . 0 9
0 . 93
0 . 9 7
1 . 0 1
0 . 9 6
0 . 9 b
0 . 8 8
0 . 8 5
0 . 7 1
0 . 7 4
1 . 0 5
1 . 1 1
0 . 8 5
0 . 8 9

ND
NO
NO
NO
NO
NO
NO
ND
ND
NO
NO
ND
NO
ND
NO
ND
ND
NO
NO

0 . 5 9 0
0 . 5 7 0
0 . 5 1 0

NO
NO
ND

-3
3
-



A p p e n d i x  C —  S t a t i o n  3 ( c o n t ' d )

C ONCENTRAT I ON OF N O N - R A D I O A C T I V E  S P E C I E S ( M G / L )

CA + MG
d a t e TDS AS CA NA K HCO3 SO4 CL NO 3

7 9 0 5 2 4 
7 9 0 8 1 7  
7 9 1 0 1 9  
7 9 1 1 1 7  
7 9 1 2 2 0  
8 0 0 1 1 8  
8 0 0 2 1 5  
8 0 0 3 1 5  
8 0 0 4 1 1  
8 0 0 5 1 9  
8 0 0 6 1 5  
8 0 0 7 1 8  
8 0 0 8 15 
8 0 0 9 1 9  
8 0 1 0 1 7  
8 0 1 1 2 2  
8 0 1 2 1 8  
8 1 0 1 1 8  
8 1 0 2 2 0  
8 1 0 3 2 0  
8 1 0 4 2 4 
8 1 0 5 2 0  
8 1 0 6 1 9  
8 1 0 7 1 8  
8 1 0 8 2 8 
8 1 0 9 1 8

2 6 8
5 1 6
7 1 0
4 7 7
5 0 1
3 1 6
6 0 0
6 7 1
5 0 6
4 6 4
6 6 9
7 3 9
6 2 8
5 4 7
5 6 9
5 7 7
5 4 2
5 3 9
4 0 2
2 4 7
2 8 6
3 7 9
4 4 0
6 0 0
5 8 4
6 6 3

21
5 9
6 3  
61 
4 6 
39  
51
64  
50  
43  
57 
7 5  
70  
66  
68  
6 6
6 4  
5 8 
47 
38  
37 
41 
4 3  
6 2
6 5  
6 5

A  A  a

6 5
1 2 3
1 0 9

8 0
4 4

1 1 2
1 6 2

9 3
9 6

1 6 2
127
1 0 4

8 9
9 2  

1 0 4
8 4
8 3
5 6
38
32
5 5
9 3  

121 
1 1 9  
1 0 0

* * *  
*  *  *  
* * *
5 . 8
5 . 5
4 . 5
3 . 4
3 . 5
3 . 6  
3 . 5  
4 . 2
5 . 1
5 . 0
4 . 9
5 . 2
5 . 4  
4 . 8
4 . 5
3 . 7
4 . 1
3 . 4
4 . 1
4 . 3
5 . 5
5 . 1
5 . 3

*  * *

*  *  *  
*  *  *  
*  *  *  
*  *  *  
* * *  

*  *  *  
* * *  

* * *  

* * *  

*  *  *  
*  *  *  
1 4 4  
1 3 8  
1 3 8 
1 4 2  
141 
1 3 2

9 9
8 1
74
80

* * *

1 2 0
127
1 3 0

* * *

* * *

* * *

* * *

* * *

* * *
* * *
* * *

5 2  
47 
6 6 
8 2 
67  
6 3 
6 2  
87  
6 4  
6 3
50  
4 5  
39  
44
51 
6 6  
b 5  
6 6

* * *

* * *

* * *

* * *

* * *
* * *

* * *
* * *

* * *

* * *

* * *

1 9 9  
1 4 8 
1 1 4  
1 2 6  
111 
1 1 9  
1 0 3  

8 0 
6 0  
5 2  
5 8  

1 5 2  
1 8 0  
1 7 6  
1 6 0

* * *  

* * *  

* * *  

* * *  

* * *  
* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

* * *

6
8
7

10
8

11
7
8

10
8

10
7

-3
4
-



Appendix D — Station 4

CONCENTRATI ON OF R A D I O N U C L I D E S  ( P C I / L )

MONTH
GROSS

BETA
P R - 1 4 4 -
C E - 1 44 CE- 141 C O - 5 8 C S - 1 37

Y - 9 0 -
SR - 9 0 S R - 8 9

5 7 9
8 7 9  

1 0 7 9
1 1 7 9  
1 2 7 9

18 0  
2 8 0 
3 8 0  
4 80
5 8 0  
6 8 0
7 8 0
8 8 0  
9 8 0

1 0 8 0
1 1 8 0  
1 2 8 0

1 8 1
2 8 1
3 8 1
4 8 1
581  
6 8 1
781  
8 8 1

5 . 1
5 . 6
9 . 6
9 . 0
7 . 1
4 . 9
6 . 2
7 . 3  
6 . 2
7 . 0
8 . 4
8 . 1
8 . 9  
9 . 7  
8 . 0
8 . 3  
8 . 0  
8 . 6  
8 . 2
5 . 6
4 . 6  
5 . 2  
5 . 6
7 . 5
6 . 6

0 . 0 2 1
0 . 0 0 5

NO
ND
NO

0 . 0 4 7
ND
NO
ND
ND

* * *
NO
ND
NO

0 . 0 2 9
ND
ND

0 . 0  67 
0 . 0 9 3  
0 . 3 2 0  

* *  * 
0 . 1 8 0  

* * *  
0 . 0 5 6  

ND

0 . 1 5 0
0 . 1 2 0
0 . 1 9 0
0 . 110
0 . 0 6 5

ND
0 . 120
0 . 2 1 0
0 . 0 9 0
0 . 120

* * *  

0 . 0 6 2  
0 . 0 6 5

NO
ND

0 . 0 5 9  
0 . 0 6 6  

ND
0 . 1 2 0

ND
* * *

ND
*  *  * 

ND
0 . 2 8 0

ND
NO

0 . 5 0 0
0 . 0 5 3
0 . 2 4 0

NO
0 . 170  
0 . 160  
0 . 0 7 8  
0 . 2 0 0  

*  *  *  
0 . 0 6 7  
0 . 0 3 8  
0 . 0 1 9  
0 . 0 7 0  
0 . 0 6 7 
0 . 0 5 2  

NO 
ND

0 . 1 1 0
***

0 . 0 6 0  
*  *  *

0 . 0 3 8
0 . 0 3 7

0 . 0 5 1  
0 . 0 3 0  
0 . 0 5 3  
0 . 0 3 1  
0 . 0 3 3  
0 . 0 6 3  
0 . 0 6 3  
0 . 0 5 7  
0 . 0 6 6  
0 . 0 6 9  

*  *  * 
0 . 0 9 9  
0 . 1 2 0  
0 . 1 1 0  
0 . 1 1 0  
0 . 1 4 0 
0 . 1 9 0  
1 . 0 0 0  
0 . 1 1 0  
0 . 2 3 0  
0 . 2 8 0  
0 . 1 6 0  
0 . 1 5 0  
0 . 1 2 0  
0 . 0 6 3

1 . 0 9  
0 . 9 8  
0 . 9 8 
1 . 28  
0 . 7 9  
0 . 6 9  
0 . 9 8  
0 . 8 7  
0 . 9 1  
0 . 9 8  
1 . 8 4 
0 . 9 7  
0 . 9 5  
0 . 9 7  
0 . 96  
0 . 9 9  
1 . 0 1  
0 . 9 2  
0 . 8 6  
0 . 7 1  
0 . 9 1  
0 . 7 6  
0 . 9 6  
0 . 8 7  
0 . 7 9

ND
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
ND 
ND

0 . 3 3 0
ND
ND
ND

-3
5
-



Appendix D — Station 4 (cont’d)

CONCENTRATI ON OF N O N - R A D I O A C T I V E  S P E C I E S ( M G / L )

DATE TDS
CA+MG 

AS CA ΝΑ Κ HCO 3 SO4 CL N 0 3

7 9 0 5 2 4  
7 9 0 8 1 7  
7 9 1 0 1 9  
7 9 1 1 1 7  
7 9 1 2 2 0  
8 0 0 1 1 8  
8 0 0 2 1 5  
8 0 0 3 1 5  
8 0 0 4 1 1 
8 0 0 5 1 9  
8 0 0 6 1 5  
8 0 0 7 1 8  
8 0 0 8 1 5  
8 0 0 9 1 9  
8 0 1 0 1 7  
8 0 1 1 2 2  
8 0 1 2 1 8  
8 1 0 1 1 6  
8 1 0 2 2 0  
8 1 0 3 2 0  
6 1 0 9 2 4 
8 1 0 5 2 0  
8 1 0 6 1 9  
8 1 0 7 1 8 
8 1 0 8 2 8  
8 1 0 9 1 8

2 7 3
4 7 0
6 5 0
5 8 4
5 1 2
3 2 6
5 2 5
7 2 3
491
4 2 2
6 2 6
6 4 8
6 8 8
5 6 5
5 6 2
5 6 3  
5 4 6  
5 9 4  
5 2 8  
2 3 4  
2 5 9  
347  
3 8 9  
5 9 8  
571  
621

44
5 6
58
6 2
47
36
50
58  
49  
40 
56
67 
71 
6 9
68  
66  
67 
61 
6 0  
42  
31
39
40
5 9  
6 2  
64

* * *

56
1 1 6
140

8 2
46
88

180
8 6
90

161
116
117

99
90
98
92
93  
68  
42  
29  
4 9  
77

1 2 5
114
108

* *  *  

* * *  

* * *

6 . 0
5 . 6
4 . 5
4 . 3
3 . 9
3 . 5
3 . 3  
4 . 2
4 . 9
5 . 0
5 . 1  
4 . 8
5 . 4
5 . 1
4 . 7
4 . 2
4 . 0
3 . 0
3 . 8
4 . 0
5 . 6
5 . 2
5 . 2

* *  * 
* * *  
* * *  
*  *  * 
*  *  *  

*  * *  
* * *  
*  *  *  

* * *  
* *  * 
*  * *  
*  * * 
142  
1 3 6
137
138  
141 
140
1 2 5  

8 5 
6 5  
80

*  *  *
1 1 0
1 2 2
1 2 6

* * *  
*  *  *  
* * *
*  *  * 
*  *  *  

* * *  
* * *

60
47
45  
60  
73  
77 
67 
6 7 
6 8
6 9  
73  
6 2
46  
34
4 6
47 
6 3  
6 3
70

*  * *  
*  *  *  

* *  *  

*  *  *  

*  *  *  

*  *  *  
*  *  * 
*  *  * 
*  *  *  
*  *  * 
*  * * 
1 7 5  
167 
140  
1 2 9  
113  
1 2 5  
1 0 9  
101 

6 5  
47 
5 6  

1 3 5  
1 9 2  
171 
167

* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

*  *  *  

*  * *  

*  *  *

*  *  *  

* * *

*  *  *  

*  *  *  

*  *  *

5
8
9

10
ft

11 
9 
9 
9 
9

10
9

-3
6

-
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