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INTRODUCTION 

A Teak of a p p a r e n t l y  long  d u r a t i o n  was d f s c o v e r e d  on 
December 9 ,  1 9 6 9 ,  i n  t h e  t . r a n s f e r  l i n e  from .the 307 r e t e n t i o n  
b a s i n s  t o  t h e  340 contaminated w a s t e  s y s t e m  d l r r t n g  t h e  t r a n s f e r .  
of 1iqua"d from one of t he  307 b a s f n s ,  T h f s  79ne was d e s i g n e d  t c i  
c a r r y  on ly  mi I d l y - c o n t a m i n ~ l e d  r e t e n t j o n  sys t em w a s t e ,  However, 
t h e  u n c o v e ~ e d  19ne s u g g e s t s  t h a t ,  o v e r  a p e r i o d  of t i m e ,  t h e  bot tom 
h a l f  o f  the carbon s t e e l  togansf t f o n  s e c t 9 o n  between t h e  t r a n s f e r -  
l i n e  and t h e  340 con tamtna ted  w a s t e  s y s t e m  vlas c o r r o d e d  o u t ,  T h i s  
permft tec l  t h e  h lg l l ly  con tamina ted  w a s t e  t o  p e r c o l a t e  i n t o  t h e  s o i l  
benea th  the  m j s s i n g  p i p e  s e c t i o n ,  

S i n c e  nef t h e r  t h e  d u r a t f o n  of  l e a k a g e  n o r  t h e  e x a c t  o r i g i n  
o r  n a t u r e  of  t h e  c o n t a m i n a n t s  were known, t h i s  s t u d y  was under-  
t a k e n  t o :  ( 1 )  e s t j m a t e  t h e  amount of  r a d l o a c t l v i t y  r e l e a s e d ;  
( 2 )  document i t s  l o c a t i o n  \rig t h  r e s p e c t  t o  t h e  340 Area and t o  
t h e  u n d e ~ l y i n g  g roundwate r ;  and ( 3 )  i n v e s t i g a t e  f t s  p o t e n t i a l  
env i  rorjmental impact .  

S o i l  samples  were c o B l e c t e d  t3 'detemnfne t h e  a p p r s x i ~ ? . t , e .  
l o c a t f o n  and quants" t y  of each  o f  i i le- r a d i  o n u c l f d e s  w h i  ch hiid 
l e a k e d  t o  t h e  so'P"1, One-ds"ga"t a c c u r a c y  was deemed s u f f i c i e n t  
t o  d e c i d e  w h a t ,  i f  a n y D  a c t i o n  would be r e q u f ~ e d ,  Thfs  r e p o r t  
documents t h e  f i n d i n g s  from t h e  s e v e r a l  e x p l o r a t o r y  h o l e s  d r i  l l e d  
a t  and a d j a c e n t .  t o  t h e  s 3 t e  of the  c o r r o d e d  t r a n s f e r  1l"ne, 

Approximate ly  900 c u r i e s  o f  r e 1  a t l w e l y  shor t -T  i v e d  radf o- 
n u e l l ' d e s ,  r"nc1uding 10 c u r i e s  each  o f  ' G ~ r  and I n C s  f n a d v e r t e n t l y  
l e a k e d  t o  t h e  s o i l  as  a  r e s u l t  o f  t h e  eosgo.osQon of  an underground 
carbon s t e e l  p i p e  s e c t i o n ,  Grea ter -  t han  90% of  t h e  contarnfna t fon  
from t h i s  i n c i  d e n t  i s  c o n f i n e d  w f  t h f n  a "  cy l - ind r i  c a l  s e c t i o n  of  
e a r t h  approxs 'mately 25 f e e t  deep a n d ' l 2  f e e t  % a  d9amete r0  Des- 
pi  t e  t h e  f a c t  t h a t  promethium and e e r f  urn were combined wa" t h  
complexing a g e n t s ,  bo th  were s u b s $ a n t i a % % y  r e t a f n e d  by t h e  s o i l .  
Any g r o u n d w a t e r  contan1lradf;ion f rom t h f s  f n c f d e n t  was minimal ,  
because  no 300 Area g roundwate r  s a m p % e s  showed d e t e c t a b l e  coneen-  
t r a t i o r r s  o f  t h e  n u c l i d e s  four~cl . i r ~  t h e  s o f l .  S i n c e  t h e  l e a k  e x i s t e d  
f o r  some t ime ( l o n g e r  than a  y e a r ) ,  any f u r t h e r  m f g r a t i o n  of  t h e  
a c t i v i t y  from i t s  s o r b e d  p o s i t i o n  T"n t h e  s se ' l  s h o u l d  be n e g l l " g i , b l e ,  



IM!GS DENT D E S C R P P T  I O N  
c_---I-I_.P------ --=. 

On December 9, 1969,  some ~ i i f f i  cul t y  i sas  e x p e r i e n c e d  
d u r % n g  t h e  t r s n s f e ?  o f  I g q u i d  ret2lu.C-. :9 w a s t e  f r o m  a  307 
b a s f n  t o  t i l e  240  coi;tam";natad w a s t e  %?:.o?age vat.iT%, The 
b a s f r !  \ $as  s u s p e c t e d  o f  eon taSn f r i g  bet.a=gamrn6 emf t t e ~ s  a t  
a  c o n e e n t i - a t 1  on o f  ~ 8 x l B a ~ C i / m %  W I J ~  c h  r e q u i r e d  d i s p o s a l  
as eon&am',naLed was te ,  Hcwei/er, r e c h e c k i n g  t h e  samp le  
S n d j c s t e d  tl conaen t i c -a t i on  o f  o n l y  2 x 1 0 " "  ? C f . / m ' f i ,  w h i c h  d f d  
n o t  yequire .  t r a n s f e r  t c  t h e  340 wa5 t .e  t a n k s ,  A t  f u l l  
e f f i e $ e n c y  the 4 5 0  gpm p l i z p  shou'dd h a v e  t ~ a n s f e r ~ e d  mope 
t h a n  40,000 gallons, but .  anPy 3,000 g a l  Ions  wet-e actuaily 
t r a n s f e r r e d ,  Tile f i e x t  day t h e  pump a g a i n  l a b o r e d  as i t  
laad t h e  p r e v i o u s  day, then  % t qu%et9ec io  S h o r t . % y  t h e r e a f t e r ,  
watcan a p p e a r e d  a t  t he  g r o u n d  s u r f a c e  above t h e  t r a n s f e ~  line 
i n  t h e  v i c l n I t y  o f  i t s  c o n n e c t i o n  t h e  c s n t a m l n a t e d  w a s t e -  
s y s t e m  maTn I .Sne,  The  pump was s t o p p e d  and ehe damaged l i n e  
was h a ~ d  e x c a v a t e d ,  Upon e x a m i n a t i o n ,  t h e  d a m a g e d  11ne 
a p p e a r ~ d  t o  h a v e  been c o r v o d e d  t o  t h e  e x t e n t  t h a t  t he  b o t t o m  
s e c t i o n  was m i s s f n g  e n t i  ~ e l y  ( F j  gure I ) ,  When . t h e  darnaged 
l e n g t h  s f  p i p e  was removed, t h e  eontamSwated w a s t e  I f n e  was 
capped  t o  preven t  f u ~ t h e r  m a e a s e  o f  mate t - f a l ,  

Because t h e  b o t t o m  h a l f  o f  t h e  t r a n s % l % o n  p j e c e  o f  
p i p e  w z a  m i s s % n g ,  f t  was; assumccl % b a t  t h e  c o r ~ o s l s n  t o o k  
p l a c e  o v e r  a  long p e ~ s o d  o f  .ts"ne, a n d  t h a t  t he  p i p e  c o u l d  
have  l e a k ~ d  f o r  some - i n d e f i n i t e  p e r t o d ,  On March 2 0 ,  1 9 6 8 ,  
a b o u t  7C ,COO g a l l o n s  were  t . v a n s d e ~ ~ e d  w'; t h o u t  a p p a i e e n t  
d ~ f f i c u l t y ,  Some d 4 f f f r u l t . y  was e x p e r i e n c e d  on June 13, 
1969,  when a b o u t  40,000 g a l l o n s  w e r e  t ~ i i n s f e r r e d ,  These 
e x p e r i e n c e s  may i n d i c a t e  t h a t  b e t w e e n  t h o s e  d a t e s , . t h e  h o l e  
I n  t h e  B l n e  became s u f f i c f e n t l y  l a r g e  t o  a l l o w  j n w a r d  move- 
ment  o f  t h e  s u ~ r s e n d i n g  s o i l  t o  f o r m  a  p a r t i a l  b a r r i e r ,  

Figure  2 a"s a s c h e m a t f e  d i a g r a m  s h o w f n g  t y p j c a l  w a s t e  
l f n e s  9 n  a n d  a r o u n d  t h e  340 Retention a n d  Neutralization 
F'ac4I-i %yo The l o c a t i o n  f ~ o m  wh-ich t h e  mJ"ss$ng p i p e  s e e t i o n  
w a s  f o ~ ~ d  Ss ma?*ked w i t h  an X, An expanded  v j e w  o f  t h e  u n d e r -  
g r o u n d  p i p l n g  i n  t h e  v f c ' a n - i t y  o f  - t h e  c o r r o d e d  79"ne a n d  t h e  
l o c 3 t t o n  o f  t.he e x p l o r a t o r y  h o l e s  d u g  a f t e r  t h e  l e a k  was 
d i s c o v e r e d  a r e  shown i n  FCyure  3 ,  

A l :  u n d e r g ~ s u n d  cant.sn1;4rsated was. te  ('$30 pC$/mP;) 1 f nes  
l e a d f n g  t o  t h e  340  \ J ~ s ~ E .  s l o ' F a g e  vak7P: a r e  s t a i n l e s s  s t e e l ,  
They 0 r i g . f n a t . e  t n  t he  : & b o r a t o r y  b i r d 5 d i ; n g s  ( 3 0 8 .  3 2 4 ,  3 2 5 ,  
3 2 6 ,  3 2 7 ,  3 2 9 4 ,  a r e  j a l n e d  -in 2 eommcr; ma in  be tween  340 and 

, t h e  307 basSns ,  and t e r m i n a t e  S n  t h e  undercjr:oitr,d w a s t e  s t o r a g e  
t a n k s ,  I n  a d d i t i o n ,  a c a s t  i r o n  l i n e  f r o m  t h e  307 r e t e n t i o n  
b a s f n s  was J 'o i f i ed  ' t o  $h.tj; common mafr l  b y  a c a r b o n  s t e e ' l  
t t - ans f  t 5 o . n  o e c t l o n '  n e a r  t h e  w a s t e  s t o r a g e  v a u l  to  T h i s  . c a s t  
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FIGURE 2. Schematic Diagram of  Contaminated Waste and Retention 
L ines  Near the  340 Building 
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FIGURE 3. Expanded Diagram o f  Waste Lines Near the  340 Building 



i r o n  !%"fie was  u s e d  t o  t r a n s f e ~  r son=d l " scha rgab"Jg  ( ,>5x?Oe5 
v C i / m l )  r e t e n t i  on w a s t e  t o  t h e  c o n t a m i n a t e d  w a s t e  s y s t e m  
a n d  hence ,  was  n o r m a 7 ? y  enipt.y, The s t a i n l e s s  s t e e l  l i n e s  
a r e  9~21~1: t y  f e d ;  h o k i e v e r ,  t l ~ e r e  i s  a s 3 g h t  vacuum m a i n -  
t a f  n e d  cn t h e  w a s t e  s torage  t a n k s ,  Flaw c o n t ~ o i .  f o r  the  
t w o  u n d e r g v o u n d  s t o r s g e  t g n k s  i s  ma5 n t a 4 n e d  by d i  a p h r a g m  
v a l v e s  m o u n t e d  a d j a c e n t  %G t h e  w a s t e  "c.awk% ( F i g t i r e  2) ,  

The main w a s t e  l i n e  s l o p e s  u p w a r d  s l 9 g h t l y  f ron i  t h e  
p o a " n t  where  the  r e t e n t f a n  b a s f n  t r a n s f e r  l i n e  j o i n e d  i t  
t o  t h e  v a l v e s  i n  t h e  w a s t e  s t o r a g e  vau% t as shown 

. ( e x a g g e r a t e d )  i n  F l g u r e  4,  The cij a p h ~ a g m  v a l v e s  h a v e  a  
f o u r = i n c h  we l ' r  a g a t n s t  wfas'ch t h e  a5  aphr .agm s e a t s ,  B e c a u s e  
o f  t h e  g e n t l e  s l o p e  a n d  t h e  we i r ,  t he re  was a p o t e n t f a ]  f o r  
a c c u m u l a t i o n  o f  I i q t i f d  i n  t h e  w a s t e  F i n e s  t h a t  c o u l d  ( a n d  

. a p p a r e n t l y  d f d )  e x t e n d  f n t o  the t ~ a n s f e p  'Bjne,  Ht w a s  t h e  . 
c a r b o n  s t e a l  t r a n s f t j o n  s e c t i o n  j o f n % n g  t h e  e a s t  i r o n  
t r a n s f e r  l f n e  a n d  t h e  s t . a t s " n % e s s .  s t e e l  mafn  I % n e  t h a t  
c o ~ i p o d e d ~  

A r e v i e w  o f  t h e  q u a n t f t y  sf: r a d a " o n u c 3 l f d e s  ( T a b l e  1 )  
s e n t  t o  3 4 0  B u i l d i n g  o v e p  t h e  p a s t  s e v e ~ a l  y e a r s  f n d 4 c a t e s  
t h a t  o n l y  t h e  most ~ e e e n t  y e a r s  a re  s a " g n i f s ' e a n % ,  W h f l e  
t h e  e x a c t  s o u r c e  a n d  n a t u r e  o f  e a c h  n u e l S d e  a r e  unknown ,  
p r o b a b l o  s o u r c e s  i n c l u d e  t h e  f s 9 s o w < n g  p r o g r a m s :  w a s t e  
s o l f d % ' f ; ' e a t m ' o n  (Ru],  i s o t o p i c  h e s t .  sources [Ce, Pm, P a r e  
e a r t h s ) ,  a n d  r ad7"o -me%aS9urgy  ( s h o ~ t - l i v e d  f i s s f o n  p r o d u c t s )  , 
Adds" t 9 0 n n 9 9 y 2  much o f  the  p r o m e t h i u m  a n d  s e r f  urn s e n t  t o  
340 were a c c o m p a n i e d  by c o n i p l e x l n g  a g e n t s ,  

TABLE 1, Summary o f  Rads"oaet491.4 t y  -ks C o n t a m i n a t e d  [ L f q u f d )  
W a s t e  S y s t e m  

A ?  T o t a l  Q i l a n t j  ty,  1554-1969  
. . .  . : 

Beta-Gamma A e t d  v f  t y  Volume 
; . p J 6  . q a q  
.! e 



TABLE 1, [ c o n t i n u e d )  

A. T o t a l  Q u a n t i t y ,  1 9 5 4 - 1 9 6 9  ( C o n t i n u e d )  

B, Spec! P i  c Rada"onuc1 i d e s  t o  340% W a s t e ,  
1 9 6 8  a n d  1 9 6 9  

T o t a l  B e t a  
T o t a l  A l p h a  
] ~ ~ , R I J -  Rh 
9sZr-Nb 

IsbCe-Pr 
=37cs 

6 0 C o  
.%4 .7pm 

90Sr 
s 3s(-, 
1 0 3 ~ ~  

V O ~ , [ ? O ~  g a l l o n s )  

* 1 1  M o n t h s  ( p r i o r  t o  d i s c o v e r y  o f  l e a k )  





,g, BNWL-CC-2617' 

S o i  I Sampl in- - 
A f t e r  the  appearance of wate r  a t  t h e  ground s u r f a c e  

on December 50,  5 9 6 9 ,  the  s i t e  was c ra te red  and roped o f f  
f o r  s e v e r a l  days whi le  a course  of ac, ion was planned,  The 
pre l fmfnary  h a n d  excavation t o o k  p l ace  d u r r " n g  t he  week of 
December 15 t o  20, The s o i l  above a n d  i n  t h e  immediate 
v i c i n l t y  of t he  leak was g ros s ly  contaminated and was 
removed t o  the  200 Areas f o r  b u r i a l ,  The s i t e  of the  leak 
(cor roded  pipe  s e c t i o n )  was f i v e  f e e t  below the  grotind s u r f a c e ,  
Using an extended pos t -ho le  auger ,  a  9 - f o o t  deep ho l e  was 
hand d u g  d i r e c t l y  beneath the  p o l ' n t  where the  corroded pipe 
s e c t i o n  was found, So! T samples theyefrom were co1 l e c t e d  
a t  s e v e r a l  depths and were s e n t  t o  t h e  ' l abora tory  f o r  
i s o t o p i c  a n a l y s i s ,  As a check on p o t e n t i a l  r ad ionuc l ide  
movement through t h e  ground, a second 11 - foo t  deep ho l e  was. 
d u g  10 f e e t  t o  t h e  e a s t  w 4  t h o u t  encounte r$ng  any a c t i v i t y  
us lng a G M  d e t e c t o r  in  the  f f e l d ,  In  the  meantime, t h e  s i t e  
of the  l eak  was covered w i t h  p l a s t i c  u n t i l  f u r t h e r  d e c i s i o n s  
were. made, 

A b o u t  the  middle of January 1970 I t  was decided t h a t  
a d d i t f o n a l  ho l e s  should  be d u g  and, i n  p a r t i c u l a r ,  t h a t  a t  
l e a s t  one should  g o  t o  groundwater,  Ttie s i t e  was p repared  
f o r  d r i  l ' l i n g  by Ti l l i n g  t he  excava t ion  with uncontalninated 
e a r t h ;  . . . 

From the  o r i  g ina l  excava t ion  most of the  con tamfna t ion  
appeared t o  be confined.  w i t h i n  a ~ o u g h i l j ~ ~ c y 1 i n d r r " c a l  s e c t i o n  
of e a r t h  beneath the rnissfng p ipe  s e c t l o n ,  The re fo re ,  i t  

. - was deemed s u f f i c i e n t  t o  determine the  e x t e n t  of  contaminated 
s o i  1  by d r i l l j n g  a  well  (399-3-8) t o  groundwateb near .  t h e  s i t e  
o f  the  rnlssing l i n e  and s e v e r a l  o t h e r  ho l e s  l 5 . t o  20 f e e t  
deep t o  d e f i n e  t h e  l a t e r a l  s p r e a d ,  Because f o r  a d m i n i s t r a t i v e  
d e c i s i o n s  only one-dig1 t accuracy was r e q u i r e d ,  the  e x p l o r a t o r y  
holes  (F igu re  3 )  were d r i l l g d  along a s i n g l e  r a d i a l  l i n e  
extendi t i  i n  a  s o u t h e a s t e r l y  d l ~ e r e t i o n  ( t h e  probable  d i r e c t i o n  
o f  f l o ~ ( ~ ~ )  from 399-3-8. These ho le s  were d r i l l e d  a t  5 ,  6  1 / 2 ,  
1 0 ,  and 1 5  f e e t  from t h e  o r i g i n a l  .ho le ,  

The Hatch Dri l  l i n g  Company of Basco, Washf n g t o n ,  performed 
the  d r i l l i n g  o p e r a t i o n s  between March 12 a n d  2 3 ,  1970, All 
d t s i l l f n g  w a s  performeci us ing a dry b a r r e l  t o  p reven t  t h e  
r e d f s t r i b u t i o n  of contaminants I n  the  s o i l  by wet d r i l l i n g  
rn~t.hnds, S o i l  (mud, rocks,  s a n d ,  c l a y ,  e t c , )  samples were 
c o l l e c t e d  a t  two-foot i n t e r v a l s  i n  each ho l e  beginning a t  
s i x  f e e t  below grade,  A t y p i c a l  sol"% p r o f i l e  as a f u n c t i o n  

/ 
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of depth i s  shown i n  Figure 5 using t h e  d a t a  from the  d r i l l i n g  
log (Appendix B ) o  A one-14 t e r  sample o f  t h e  groundwater from 
well  399-318 was c o l l e c t e d  L i e f o r e  t h ~  well  was developed,  

Based upon the  r e s u l t s  of p o r t a b l  3 i n s t rumen t  s u r v e y s ,  
han ' ,d -dug  sof l  samp'l,es, and pre l iminary  m~il t i  channel ana lyze r  
d a t a ,  only s e l e c t e d  sol1 samples (300=500 grams e a c h ,  wet 
we igh t )  were submi t t e d  t o  the  ! a b o r ~ t o r y ( ~ ~  f o r  radiochemical  
a n a l y s l " ~ ,  Rocks were removed f n  t h e  l a b o r a t o r y  be fo re  t he  
samples were d iv ided  i n t o  two p a r t s ,  one f o r  d : rec t  gamma 
a n a l y s i s  a n d  t h e  o t h e r  f o r  radiochemi ca7 s e p a r a t i o n o  

Gamma a n a l y s l s  f o r  f i s s i o n  products  was done d i r e c t l y  
on p a i r e d  15-gram (wet weigh t )  p o r t i o n s  of so11 us ing  a 
Ge(Bi ) gamma spec t rome te r ,  Observed count  r a t e s  f o r  spec4 fP.c.. 
n u c l i d e s  were conver ted t o  dSsSntegra t ion  r a t e s  from, wh l "  ch 
c u r i e  q u a n t i t i e s  coul d r ead?  ly be computed, 

.. . .. 

~ u p l i c a t e  10-15 gram p o r t i o n s  o f  s o i l  were leached 
t h r e e  times f o r  a m f n f m u m  of  one h o u r  us ing 30 ml o f  concen- I 
t r a t e d  n i t r i c  ac id ,  The t h r e e  l each  s o l u t i o n s  were eombfned i 

, a n d  d f l u t e d  with d i s t i l l e d  wate r  t o  a s t a n d a r d  volume (250 i 

ml'), Americium-247 was measured by p l a t i n g  a $ 0  aTiquot  
OF t h e  leach s o l u t i o n  o n  a .stainless s t e e l  p l a n c h e t ,  d r y i n 9  
and c o ~ t n t i n g  on a gas flow p ropor t i ona l  a lpha  coun te r ,  T h e : .  
""Am'w.as i d e n t i f i e d  'us47ig a  s u r f a c e  ' b a r r i e r  a lpha  s p e c t r o -  
meter ,  Promethium-347 a n d  s t r o n t i  um-90 were s e p a r a t e d  by 
c a t i o n  exchange techniques  and were measured us ing a  gas P 
flow b e t a  coun te r ,  

Groundwater from well  399-9-8 was analyzed us ing a 
s t a n d a r d  volume of 10  ml, 

RESULTS 
--I-- 

A n a l y t f c a l  r e s u l t s  from the  sol" 1 s a m p ' i f n g  s" n d i  c a t e  
I k 7 P m  was t he  p rdnc ipa l  r a d f  o n u t l i  de found i n  t h e ~ s o i  I.. 
Thls  agrees  well  w f t h  the  f a c t  t h a t  ""7m was t he  most 
abundant n u c l i d e  i n  340 waste i n  t he  Biis t  t w o  y e a r s  (Table  f ) ,  
Addi t f  o n a l l y ,  the  concen t r a t i on  v a r i a t j o n  w f  t h  d i s t a n c e  from 
t h e  c o r r o d e d  l i n e  i n d i c a t e d  t h a t ,  d e s p i t e  t h e  camplexfng 
a g e n t s ,  i q P m v l a s  r e t a i n e d  by the  < o i l ,  T h i s  s o f l  r e t e n t i o n  
a l s o  w a s  c o n f i r m e d ,  a t  l e a s t  t o  a l i m i t e d  e x t e n t ,  by the  f a c t  
t h a t  samples from e x i s t i n g  300 Area. t e s t  w e l l s  (F igu re  6 )  and 
wel l  399-398 did  . . n o t  show d e t e c t a b l e  ""PP~, 

( 2 )  Radzochemis t r y  and S tandards  S e c t i o n ,  Chamis t r ~ y  Research  
Department ,  B a t i e  ZLe-Northues t .  





FIGURE 6. Map o f  300 Area Shoivi.ng Groundwater Sampling Wells 



A n a l y t i c a l  d a t a  f o r  t h e  s o i l  and g r o u n d w a t e r  s a m p l e s  
a r e  g i v e n  i n  A p p e n d i x  A. A p l o t  o f  t h e  o b s e r v e d  c o n c e n -  
t r a t i o n  f o r  s e v e r a l  n u c l i d e s  as a f u n c t i o n  o f  v e r t i c a l  d e p t h  
i n  t h e  s o i l  ( f r o r n  t h e  p r i m a r y  t e s t  h o l e ,  3 9 9 - 3 - 8 )  i s  g i v e n  
i n  F i g u r e  7,  The peak  c o n c e n t r a t i o n  f o r  e a c h  n u c l i d e  
o c c u r r e d  10 t o  2 0  f e e t  b e l o w  y r a d e e ,  e x c e p t  f o r  u 7 C s B  w h i c h  
o c c u r r e d  a t  s i x  f e e t ,  The l 4  P m  p e a k  c o n c e n t r a t i o n  was . 

o b s e r v e d  a t  t h e  1 8 - f o o t  l e v e l ,  a l m o s t  an o r d e r  o f  m a g n i t u d e  
g r e a t e r  t h a n  a t  t h e  1 2 -  o r  1 4 - f o o t  l e v e l s ,  The 9 0 S r  c o n c e n -  
t r a t i o n  r e m a i n e d  e s s e n t i  a1 Iy c o n s t a n t  down t o  t h e  3 0 - f o o t  
l e v e l ,  i n d i  r a t i n g  a r e l a t i v e l y  l o n g  p e r c o l a t i o n  t i m e  i n t o  
t h e  s o i l . ,  Each n u c l i d e  e x h i b i t e d  a s i m i l a r  d e c r e a s e  i n  
c o n c e n t r a t i o n  w i t h  d e p t h  ( a f t e r  t h e  peal< c o n c e n t r a t i o n  was 
r e a c h e d ) - - a p p r o x i m a t e l y  an o r d e r  o f  m a g ~ i t u d e  f o r  e a c h  f i v e  
f e e t .  The 1 3 ? C s  g r a d i e n t  was .much s t e e p e r ,  ? b o u t  t h r e e  f e e t  
f o r  e a c h  o r , d e r  o f  m a g n i t u d e  d e c r e a s e .  

The q u a t ~ t i  t y  o f  e a c h  r a d i  o n u c l  i de i n  t h e  s o i  1  was c a l -  
c u l a t e d  by d e t e r m i n i n g  t h e  v o l u m e  ( a n d  tnass) o f  s o i l  a f f e c t e d .  
T h i s  v o l u m e  w a s  assumed t o  b e  s y m m e t r i c a l  a b o u t  t h e  c e n t r a l  
a x i s  ( w e l l  3 9 9 - 3 - 8 ) ,  a n d  t o  be  a  s e r i e s  o f  v e r t i c a l l y  s t a c k e d  
cy l i ; , d . c rs ,  The cy 1 i n d e r  h e i  ;f; tl was c h o s e n  t.o encnn lnass  t h o s e  
d e p t n s  a t  vrhi c h  c o n c e n t r a t i o r ~ s  brere o b s e r v e d  w i t h i n  t i l e  same 

0 
o r d e r  o f  rnaqni t u d e ,  Tl.te c y l i n d e r  r a d i u s  was c h o s e n  t o  b e  
somewhat  l e s s  t h a n  t h e  r a d i u s  i n d i c a t e d  b y  t h e  e x p l o r a t o r y  
h o l e  i n  w h i c h  t h e  s g e c i f i c  n u c l i d e  was n o t  d e t e c t e d .  I n  
a d d i t i o n ,  ' t he  v o l u m e  t l ~ u s  d e f i n e d  !.[as assumed t o  b e  u n i f o r m l y  
c o n t a m i n a t e d ,  Thus,  t h e  t o t a l  a c t i  vi  t~ t k e r e i  n  was t h e  
p r o d u c t  o f  t h e  a r i t h m e t i c  a v e r a g e  c o n c e n t r a t i . o n  f r o m  a l l  
sa inp les  w i t h i n  t h e  v o l u m e  a n d  t h e  Inass r e ~ r e s e n t e d  b y  t h a t  
i n a g n i t u d e  d e c r e a s e  i n  s o i l  c o n c e n t r a t i o n  u n t i l  t h e  d e n t h  a t  
vrhi c i ~  t h e  r e s p e c t i v e  r a d i  o n u c l  i d e  d e t e c t i o n  1 i m i  t s  \& /e re  
reac ! ;ed .  The t o t a l  a c t i  v i  t.!:~ bras d e t e r m i n e d  f o r  e a c h  n u c l i d e  
a n d  i s  shown i n  T a b l e  2 a i o n g  w i t h  t h e  a s s o c i a t e d  v o l u m e  o f  
c o n t a m i n a t e d  s o i  1 .  

The vo lun?e o f  c o n t a m i n a t e d  s o i l  w a s  assurned t o  c o n s i s t  
onl;: o f  e a r t h ,  s a n d ,  a n d  c l a y  b r i t h  an a v e r a q e  b u l k  d e n s i t y  
o f  2 9.icrn3, T I ~ ~ r e f n r t ? . ,  t h e  cornouted s o i ' l  masses ( a n d  r a d i o -  
n u c l  i dc i n v e n t o r i e s )  r e n r e s e n t  u p p e r  l i ! n i  t s  b e c a u s e  n o  
c o r r e c t i o n  !.!a<. mzde f o r  t h e  r e l c t , i v e l y  l a r ? e  v o i d  s c s c e s  
t a k e n  u p  b y  r o c k s  a n d  c o b b l e s .  I n  a d d i t i o n ,  a l t h o u c h  t h e  
l a t e r a l  e x t e n t ,  o f  con t a r i l i n a t i o n  o r o b a b l ~ l  \:\as g r e a t e s t  i n  t h e  
s a u t h e a s  t c r 1 : j  ! j i  t - e c t i n n ,  i t w a s  assuined t h a t  an.v c o n t a m i n a t i o n  
e n c o u n t . e r e d  i n  t h e  e x n l o r a t o r y  h o l e s  d r i l l e d  a l o n a  t h e  s o u t h -  
eas  t e r 1 . v  r a d i  11s PIGS t - e n r e s e n  t a t i  ve o f  c o n t a m i n a t i o n  a t  t h e  
sanlc d e p t h  f o r  a l l  p o i n t s  . e c ; u i d i s t a r ] t  ft-on1 t h e  c e n t r a l  a x i s ,  
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FIGURE 7. Concentrat ion o f  90Sr, lo6Ru, 1 3 7 C ~ ,  l r 7 P m D  and 241Am as  a 
Func t ion  o f  V e r t i c a l  Depth i n  t he  Soi 1 



T A B L E  2 ,  , I n v e n t o r y  of  Rad$onu.clm"des and Volume o f  
Contaminated Soi l  Beneath t h e  Ccrroded . 
307 BasSn T r a n s f e r  Line 

Contamjnated  
Nuc l ide  --- f o t a ? '  A g w r 1 ,  C u ~ u i ~  204 !u ~ m e  . ~, 

( a s  of  6 / i , 7 0 ) - -  [ c u b i c  y a r d s )  

G0t-i-osfon o f  t h e  carbon s t e e l  t r a n s f  t f o n  s e c t f o n  f n  t h e  
307 b a s i n  t r a n s f e r  l i n e  p r o b a b l y  o c c u r r e d  o v e r  a r e J a t 4 v e l y  l o n g  
p e r i o d  o f  . t imeo.  B e c a u s e  t h e  corrtarn%nated w a s t e  l f n e  has very 
If t t l e  s l o p e ,  t h e  f o u r - i n c h  w e i r  f n  t h e  diaphragm v a l v e  caused  
an accumula t ion  of  l i q u i d  f n  t h e  c o r r o d e d  t r a n s i t f o n  s e c t i o n  
which p e r m i t t e d  t h e  h t g h l y  c c n t a m f n a t e d  w a s t e  t o  p e r c o l a t e  i n t o  
t h e  ~ 0 9 1 ~  S i n c e  t h e  l a s t  p j t e n t i a l  r e l e a s e  of 2 4 ' A n ~  was d u r i n g  
t h e  curium o p e r ' a t i o n s  per formed i n  December 1 9 6 7  and J a n u a r y  9968, 

- t h e  p r e s e n c e  of " I A m  i n  t h e  s o i l  i n d i c a t e s  t h a t  t h e  l e a k  p r o b a b l y  
e x i s t e d  f o r  more t h a n  two y e a r s ,  However, f t \vas on ly  d u r i n g  t h e  
l a s t  two y e a r s  t h a t  s u b s t a n t i a l  q u a n t f t f e s  o f  w a s t e  were p r e s e n t  
i n  t h e  con tamina ted  l i n e s ,  

A n a l y t f c a l  d a t a  from s o t 1  samples  showed t h a t  '"Prn, t h e  most  
abundan t  n u c l i d e  s e n t  t o  340 i n  t h e  l a s t  two y e a r s ,  was t h e  p r f n c i -  
pa l  r a d i o n u c l  i d e s ,  Despf t e  t h e  f a c t  t h a t  promethium and ce r ium 
were combined w i t h  complexjng a g e n t s ,  bo th  were s u b s  t a n t i a l l y  
r e t a i n e d  b y  t h e  s o i l ,  Only 5 " ~  and t h e  r e l a t f v e l y  s h o r t - l i v e d  

3 y r )  n u c l i d e s  p e n e t r a t e d  t h e  s o i l  t o  d e p t h s  g r e a t e r  t h a n  
a b o u t  20 f e e t ,  The l o n g = 9 i v e d  nuc ' l l 'des ,  "3'7Cs and 2 4 q m m ,  were 
r e t a i n e d  i n  t h e  f i r s t  10 t o  1 5  f e e t  o f  s o i l  b e n e a t h  t h e  c o r r o d e d  
p i p e  s e c t f o n ,  No d e t e c t a b l e  a c t i v i t y  was found f n  any o f  t h e  
samples  from t h e  h o l e s  '10 t o  1 5  f e e t  away from t h e  corroded.,-fs".ne.;.... 
I n  addition, on ly  "Vrn 8 " t e e ,  and X 3 7 ~ s  were d e t e c t e d  i n  t h e .  
h o l e  6,5 f e e t  from t h e  l e a k ,  P r f m a r i l y  because  of  t h e  low 



concentrations, 95Mb,  1 6 3 ~ ~ B  and '3"s were only d e t e c t e d  i n  
samples from the  h a n d = d u g  hole  d t r e c ~ l y  beneath t h e  corroded 
l i n e  a n d  we11 39903-8, 

Since  most of the  contaminants f n  t h e  so$P were e i u t e d  by 
the  aqueous was te ,  any f u r t h e r  ~ a d i o n u c l  ide movement i n  the  s o i l  
should  be n e g l i g f b l e  un less  a f u t u r e  f n c i d e n t  r e l e a s e s  a d d j t i o n a l  I 

l a r g e  volumes of l i q u f d , )  I f  any r a d i o n u r l i d e s  d 4 d  migra te  t o  t he  I i 
wate r  t a b l e ,  t h e f r  i n f l u e n c e  should  have been o b s e ~ v e d  by n o w ;  
however, r o u t i n e  ground\?rater s u ~ u e l l ' E a n c e  i n  the  300 Area has 
faS led  t o  show any changes in  groundwater c o n c e n t r a t i o n s  which 

I 
might have r e s u l t e d  f..rom t k i s  leal<,  Thus, a'f the radl"onuc1l'des . . . .  t 

d o  migra te  from a  f u t u r e  Ieaehfng e v e n t ,  the  gross  b e t a  concen- 
,, 

t r a t i o n s  in  groundwater would n o t  be expected t o  exceed 1000 p ~ i f l ' ! ~ ~  
the  max9 m u m  concen t ra t . ?  on  observed  i n  300 Area groundwater d u r l n g  
the  p a s t  t w o  Yearso Hane.Yt4P has shown t h a t  a m i n i m u m  d f l u t i o n  of 
500 occurs  when 300 Area 1 i q u a " d  wastes  e n t e r  the  Columbia River  v l ' a  
the  r eg tona l  groundwater,  The re fo re ,  the  m a x j m u m  a n t l c l p a t e d  con- 
c e n t r a t i o n  of be t a  emf. t ters  - in  the  Columbla Rl'ver n e a r  t he  300 Area 
would be 2  p C i / % ,  well  below the  1100 pCr" / ' l  Coneentra t fon Guide f o r  
g O S r  ( the most res  t r i  c t i  v e  eoncen t r a t i  on f o r  the  11uc1a' des observed)  
recommended i n  A E C  Manual Chapter  0525 f o r  members of t h e  genera l  
p u b l f s ,  Routine samplfng and ana,lysl"s of  300 Area groundwa.ter wfS1 
be cont ;°nued,  however, t o  moni t c r  f o r  possr 'b le  rad-ionucl l"de .movement 
through the  s o i l ,  

, 3 D o  H ,  Velzham, RadioLoai.caL S; ta ; . t~b  O X  t h e  Ghoundwatelr 

( 4 )  W ,  A ,  Haneij, bilr.r.~iovr . 0 6  ----- 300 Anea Uhanium ~ a n k e s  
En.,tching -A_- t h e  C b Z 5 m i i Z T R i ~ i i e n 3 T  - _-- -3'nZl 1 ,  ' - S e i E Z n T  1 9 5 7 ,  



APPENDIX A ---- 

The fol lowing tabu1 a t i  on summarizes a1 1 of the  r ad ioana ly t i ca l  da ta  compiled 
from the  water and soi  1 samples co1 l e c t e d  during exp lo ra to ry  excavation (both hand 
dug pos t  holes and well d r i l l i n g )  of the  s i t e  between t h e  340 waste tank v a u l t  and 
the 307 re t en t ion  basins,  The observed g r ~ u n d v ~ a t e r  concent ra t ions  from We11.399-3-8 
a re  repor ted  f o r  March 25, 1970,- t h e . d a t e  of' sample a n a l y s i s ,  A1 1 s o i l  concen- 
t r a t i o n s  a re  reported decay correc ted  t o  June 1 ,  1970, 

RADIONUCLI DE COrdCENTRATIONS IN 
GROUNDWATER FROM WELL 399-3-8 - 

Concentration 
Nucl i de ( d h / m l )  

: .r 

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES 
FROM BENEATH , T H E . . C O R R O D E D  307 BASIN TRANSFER LINE . ' . . . 

_I Sr-90 Concentrati  on . '  

(d/m/gm) ' . 

Feet 
Below Hole  NO.'^' Hole No. Hole No. Hole No. Hole No. Hole No, 

Surface (2 )  (31 1 4 1  ( 5 )  ( 6 )  



Feet  
Be 1 ow 

Surface  
-m__ 

5 112 
6 
a 
8 
9 

12 
14 
15  
16  
18' 
2 0 
24 
3 0 
4 2 
4 8 

Zr-95 Concentrat ion 
-:-- . . -. 

(d/m/ml) 

Hole NO, 
(11 -- 

Hole No, Hole No, Hole No, Hole No, 
. . (2)- . --I-- ( 3 ) -  L- ( 4 )  - J z L  

Hole No,' 

1 ,4x103 
NDA NDA 

6,1x103 
NDA N DA 
N DA 

- .  . . .  
N CA 

. . 
N DA N DA 

Nb-95 Concentrat ion A-d 

( d f ~ j m i )  ' 

N DA 
N DA 
N DA 
NDA 



Feet 
Below 

Surface 
.F 

Hole fro, 
( , I )  .. 

Ru-103 Concentrat i  on ------ 
(d/m/ gm) 

Hole 1 4 0 ,  Hole No, Hole No, Hole No, Hole No, 
( 6 )  (3)  (4  (5  (2  )- 

' NDA 
2.4x103 

N DA N DA 



Ru-106 . Concentration -- . 

(d/m/gm) 

Feet  
Be1 ow 

Surface 

5 112 
6 

' .  . 7  
8 

9 
12 
14 
15 
16 
1 8  
20 
.24 
3 0 
42 
48 

Hole No, 
(7) _P 

1, Ox! 06 

Hole 140, Hole ['lo, tlo!e No, Hole No, Hole Noo 
(2)  - - ( 3 )  - 0 A 

' NDA 

Cs-134 Concentration 

( d l m j y r i d  

5 112 1,4x1 04 
6 . . 8x104 . 5.1x105 
7 -- 3,2x1 05 

. 8 < 6x102 . N DA 
9 ~ ~ 0 x 1  o4 

' . I 2  4,7x1 O 3  N DA 
. ' 14 6,9x103 

15 N DA 
16 

1 8  < 1,1x103 
. . 

20 
.. 24 N DA 

30 NDA . 

42 < 4 
4 8 N DA 



Cs-137 Concentrat ion 

Fee% 
Be1 ow 

Surface - 
5 1/2 
G 
a 
8 
9 

12 
14  
15  
16 

.. 1 8 
20 
2 4 
3 0 
4 2 
48 

Hole No, . Hole NO, Hole ido, 
(2 )  C 3 1 (4) 

Hole No, Hole No, 
(5)  . , ( 6 )  

Hole rlo, 
(1 1 

Ce-141 Concentrat ion -- 
(d/m/gm) 



Ce-144 - . . Concentrat ion 

(d/m/gm) 

Feet 
Be 1 o\., 

Surface 
->- 

5 1/2 
6 
7 
8 
9 

1 2  
14 
7 5 
16 
1 8  
20 
24 
30 
4 2 
4 8 

Hole No, 
( 5 )  

Hole No. 
A 

Hole Iio, 
17) 

Hole No, Hole No, Hole No, 
J2)  -> - A: 

Pm-147 Concentrat ion - 
(d/m/am) 



Feet 
Be 1 obi 

Surface -- 

s 1/2 
6 
7 
8 
9 

12 
14 
15 
16 
18 
2 0 
24 
30 

Am-241 Concentration 
--.--------- 

(d(rn/gm) 

Iiole 140, Hole No, Hole No, Hole No, Hole No, 
( 2 )  . - --- - ( 3 )  (4,. .-!a- ( 6 )  

( a )  No detectable  a c t i v i t y  

( b )  Hole numbers a r e  r e l a t i ve  t o  81, the s i t e  of Well 399-3-8; #2, the locat ion of 
the  corroded l i n e ;  #3 f i ve  f e e t  SE of 1; #4, s i x  and one-half f e e t  SE of 1 ;  
#5, ten fee t ,SE of 1 ;  and #6, f i f t e e n  f e e t  SE of 1,  (liole #l was d r i l l e d ,  cased 
and perforated froin 28 t o  48 f ee t ,  Soi 1 samples were col lec ted t o  the  48-foot 
depth and a water sample was col lec ted a t  about 45 f e e t ,  Hole #2.was dug t o  
11 f e e t ;  #3 and #6 t o  15 f e e t ;  and #4 and #5 t o  24 f e e t ,  ) 

( c )  A blank in the t ab le '  ind ica tes  no analyses of  s o i l  were made a t  t h a t  depth. 



A P P E N D I X  B 

Well Number :  399-3-8 P r o j e c t  Numbers. 983-Be-091 3 

we o f  S o i l  - -Icl.-aa*n 

Grey s a n d  & s9J-t-  - 

Grey s a n d  & s i l t  



Tyne o f  S o i l  D a t e  T i nie E e m a r k s  

3 / 1 3 / 7 0  S a r n p l e d ,  m a t e r i  a 1  d a m p  

S a m p l e d ,  m a t e r i  a 1  damp 

S a n d  $. , g . t - sve l  t o  2 ' :  
' 5 

S a m p l e d ,  r n a t e r i  a 1  damp 

3 / 1 7  I . . 1 ~ a m l > l e d ,  ~ i r t e r i a l  damp 

8 '  / S a m p l e d .  n l a t e r i a l  d a m )  

S a m p l e d ,  w i l l  . p e r f o r a t e  i n  
At-I f r o n i  28 '  t o  4 8 ' ,  4 c u t s  
p e r  f o o t  p e t '  r o u n d .  . . 
T o o k  w a t e r  s a r i i p l e .  
D e v t i l o p c d  b e f o r e  p e r f o r a t - .  
i n ? .  
\ : Js te r  l e v e l  4 3 ' .  
5 2 '  5"  C a s i n g  i n  h . 0 1 ~ .  

~ e i - f o r a t e ' d  28 '  t o  4 8 ' .  
Ploved t o  5 , f o o t  t e s t  h o l e .  

t l e l l  I . l umber :  T e s t  G o r i n g  5 '  f r o m  3 9 9 - 3 - 8  

S a n d  & g r a v e l  t o  4"  1 3 / 1 7 / 7 0  [ S a n o l e d  

S a n d  F1 s i  1 t.., damp 1 3 / 1 7 / 7 0  1 I S a m p l e d  

Sa r id  ;?( s i l t ,  damp 

S a n d  5 s i  1 t d ~ l i l p ,  
1  a t:gc r o c k r ,  



1 I Remarks 
I 

S a n d  & s f l t  darnp 

S a n d ,  c o b b l e s  

Well Number: T e s t  B o r i n g s  ..lo1' & 1 5 V f O m  399-3-8 

I Moved t o  10 '  t e s t  h o l e  
D r i l l e d  h o l e  t o  1 6 ' .  I 
Sampled a t  4 '  ,6O , a 0  , 1 0 ° ,  
8 7 '  0 % 4 °  , $ 5 "  076' 
Moved t o  1 5 '  t e s t  h o l e  
D r i l l e d  h o l e  t o  1 5 '  
Sampled a t  3 "  ,5',6O , 8 0 D  
l o o  , 1 2 ° , 1 4 0  , 1 5 '  

' Moved back t o  l G O  . t e s t  0 

h o l e  
D r i l l e d  t o  2 4 "  s a m ~ l e d  
1 6 '  ,l8O , 2 0 °  ,2Z0 ,24O I Moved t o  6 1 / 2 O  t e s t  

Well Number: P e s t  B o r i n g  6 ' l / Z O  f rom 393-3-8  
, . ,: 

Cobb le s  and g r a v e l  

Cobb le s  and g r a v e l  

Cobb le s  and g r a v e l  

Cobb le s  and g r a v e l  

D r i l l e d  t o  5 5 P ,  h i t  
o b s t ~ u c t i o n ,  changed  t o  
h a r d  t o o l s  
Sampled 3\6O 0 ,9°  , 7 Z 0  ,74O 




