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U Pond, l o c a t e d  on t h e  Hanford Reservat ion,  has r e c e i v e d  l o w - l e v e l  q u a n t i t i e s  o f  p l u t o n i u m  

(Pu) and americium (Am) l o n g e r  than  any o t h e r  a q u a t i c  env i ronment  i n  t h e  w o r l d .  I t s  e c o l o g i c a l  

comp lex i t y  and c o n t e n t  o f  t r a n s u r a n i c s  make i t  an i d e a l  resource  f o r  i n f o r m a t i o n  concern ing t h e  

movement o f  these a c t i n i d e s  w i t h i n  and o u t  o f  an a q u a t i c  ecosystem. 

IJ Pond has been i n t e n s i v e l y  i n v e n t o r i e d  f o r  Pu c o n c e n t r a t i o n s  i n  t h e  e c o l o g i c a l  compartments 

and c h a r a c t e r i z e d  1  i m n o l o g i c a l l y  i n  terms o f  i t s  phys icochemical  parameters, b i o l o g i c a l  produc- 

t i v i t y  and community s t r u c t u r e .  T h i s  work p rov ides  a  b a s i s  f o r  e v a l u a t i n g  t h e  pond's  p e r f o r -  

mance i n  r e t a i n i n g  waste t r a n s u r a n i c s .  The q u a n t i t a t i v e  e s t i m a t i o n  o f  e x p o r t  r o u t e s  developed 

by  t h i s  s tudy  i s  i m p o r t a n t  i n  de te rmin ing  how e f f e c t i v e l y  such ponds a c t  as r e t a i n e r s  f o r  

t r a n s u r a n i c  wastes. A more complete r e p o r t  has been prepared.  

E c o l o g i c a l  Expor t  o f  Pu 

One o f  t h e  major  goa ls  o f  t h e  U Pond 
s tudy  has been t o  o b t a i n  s u f f i c i e n t  i n fo rma-  
t i o n  about  t h e  pond's  ecosystem, and t h e  
d i s t r i b u t i o n  o f  Pu w i t h i n  i t, so t h a t  Pu ex-  
p o r t  r o u t e s  can be assessed q u a n t i t a t i v e l y .  
A l though i t  i s  o f t e n  d i f f i c u l t  t o  measure 
w i t h  reasonable c e r t a i n t y  t h e  parameters 

. . necessary f o r  d e s c r i b i n g  these e x p o r t  r o u t e s ,  
t h e  purpose o f  t h i s  work i s  t o  f o r m u l a t e  t h e  
best  express ions o f  e x p o r t  g i ven  t h e  cond i -  
t i o n s  which l i m i t  t h i s  process.  The o b j e c -  
t i v e s  a r e  t o  determine ranges o f  q u a n t i t i e s  
o f  Pu i n  t h e  pond's  ecosystem and assess t h e  
amount o f  Pu be ing  expor ted  i n  r e l a t i o n  t o  
t h i s  i n v e n t o r y .  To accompl ish t h i s  task ,  
es t imates  were made o f  t h e  pond's Pu inven-  
t o r y  q u a n t i t i e s  on a  b a s i s  o f  minimum, mean 
and maximum values f o r  each ecosystem com- 
partment, shown i n  F i g u r e  2.3, t o  p o s t u l a t e  - t h e  amount o f  these i n v e n t o r i e s  t h a t  a r e  ex- 
p o r t e d  year1  y. 

I n  i t s  33-yr  h i s t o r y ,  U Pond has r e c e i v e d  
an es t imated  1  C i  o f  Pu which appears t o  - 

have been r e t a i n e d  by  t h e  sediments. I n  r e -  
l a t i v e  terms, sediments, sub~iierged p l a n t s  
and gast ropods have t h e  h i g h e s t  concentra-  
t i o n s  of Pu, r a n g i n g  f rom 3.2 x  l o 0  t o  6.9 x  
l o 2  pCi /g .  Emergent p l a n t s  and t h e  rema in ing  
fauna have Pu concen t ra t ions  r a n g i n g  f rom 
4.0 x  1 0 - l  t o  6.1 x  l o 1  pCi /g .  Emerging i n -  
sec ts  have t h e  h i g h e s t  Pu c o n c e n t r a t i o n s  o f  
t h e  l a t t e r  group, r a n g i n g  f rom 3.2 x  l o 1  t o  
6.1 x  l o 1  pCi/g. 

The mean Pu i n v e n t o r y  o f  t h e  sediment i s  
1.7 x  l o 9  nCi,  r a n g i n g  f rom 1.3 x  l o 9  t o  2.0 
x  l o 9  nCi o f  Pu ( F i g u r e  2.4) .  T h i s  e s s e n t i -  
a l  1  y represen ts  t h e  t o t a l  pond i n v e n t o r y  , 
s i n c e  > 99% o f  t h e  Pu i n  t h e  pond a r e  found 
i n  t h e  sediments. The mean Pu i n v e n t o r y  f o r  
t h e  b i o t a  i s  6  x  l o 6  nCi,  r a n g i n g  f rom 1 x  
l a 6  t o  1  x  l G 7  nCi ( F i g u r e  2 .4 ) .  Among t h e  
b i o t a ,  p l a n t  l i f e  c o n t a i n  > 99% o f  t h e  Pu. 
Diatoms and pondweed ( Potamogeton) a1 one 
account f o r  > 99% o f  t h e  Pu i n  p l a n t s .  
Emergent i n s e c t s  c o n t a i n  < 1  x  1 0 - l %  o f  t h e  Pu 
i n  b i o t a  and < 1  x  o f  t h e  Pu i n  t h e  pond. 
The i n v e n t o r y  o f  t h i s  compartment has p a r t i c -  
u l a r  re levance,  s i n c e  i t  i s  t h e  o n l y  d i r e c t  



FIGURE 2.3. Schematic Representation of Ecosystem Compartments and Pu Export Routes from U Pond via 
Biological Mobilization, Wind and Percolation. 
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FIGURE 2.4. Inventories of Pu in Ecological Compart- 
ments of U Pond Compared with Estimated Quantities 
that are Exported from the Pond Annually. Export of Pu 
by percolation or wind do not appear to be significant. 

INVENTORY 

b i o l o g i c a l  r o u t e  o f  e x p o r t  f rom t h e  pond. 
Remaining pond b i o t a  c o n t a i n  < 1  x  o f  
t h e  t o t a l  Pu i n v e n t o r y  i n  t h e  pond and can 
leave  t h e  pond o n l y  by t h e  fo rces  o f  e x t e r n a l  
e x p o r t  v e c t o r s .  

EXPORT 

If a l l  emergent i n s e c t s  s u c c e s s f u l l y  leave  
t h e  pond, t h e y  c o u l d  e x p o r t  f r o m  3.5 x  l o 3  t o  
7 x  l o 3  nCi o f  Pu. These q u a n t i t i e s  a r e  more 
t h a n  5  o r d e r s  o f  magnitude lower  than  t h e  
t o t a l  potla Pu i n v e n t o r y  ( F i g u r e  2 .4 ) .  E s t i -  
mated q u a n t i t i e s  o f  Pu a n n u a l l y  e x p o r t e d  by 
wa te r fow l  range f rom 4  x  10' t o  4  x  l o 3  nCi , 
w i t h  a  mean annual e x p o r t  o f  5  x  l o 2  nCi o f  
Pu ( F i g u r e  2.4) .  Other  b i r d s  appear t o  ex- 
p o r t  about 1  x  l o 2  nCi of Pu each year ,  w i t h  
a  maximum o f  2  x  103 nCi ( F i g u r e  2 .4 ) .  These 
e x p o r t  q u a n t i t i e s  a r e  about  6 o r d e r s  o f  
magnitude lower  than  t h e  t o t a l  i n v e n t o r y  o f  
Pu i n  t h e  pond. Mammals a r e  es t imated  t o  
a n n u a l l y  e x p o r t  a  maximum o f  3  x  10' nCi o f  
Pu f r o m  t h e  pond ( F i g u r e  2.4) ,  which i s  a t  
l e a s t  5  o r d e r s  o f  magnitude l o w e r  t h a n  t h e  
minimum t o t a l  Pu i n v e n t o r y  o f  t h e  pond. 
There i s  no apparent  s i g n i f i c a n t  e x p o r t  o f  Pu 
f rom t h e  pond v i a  wind.  

U Pond has been exposed t o  Pu s i n c e  1944, 
l o n g e r  than  any o t h e r  a q u a t i c  system. I n  
i t s  l i f e t i m e ,  i t  has r e c e i v e d  about  1  C i  o f  
2 3 9 3 2 4 0 P ~  and 2 3 8 P ~  f rom r e p r o c e s s i n g  opera- 
t i o n s .  T h i s  14-acre pond p r o v i d e s  a  r e a l i s t i c  



i l l u s t r a t i o n  o f  t h e  m o b i l i t y  o f  Pu i n  a  l e n -  
t i c  o r  non f low ing  ecosystem. Al though t h i s  
pond has a  r a p i d  f l u s h i n g  r a t e ,  i t  i s  h i g h l y  
enr i ched  w i t h  p l a n t  n u t r i e n t s ,  e c o l o g i c a l l y  
we1 1  es tab l  i shed  w i t h  a  n a t u r a l  complex i t y  
o f  popu la t i ons  and d i v e r s i t y  o f  communities, 
and i n  cont inuous con tac t  w i t h  assoc ia ted  
t e r r e s t r i a l  l i f e .  It appears t o  e f f e c t i v e l y  
b i nd  t h e  Pu d ischarged i n t o  i t  and p reven t  

i t  f rom moving s i g n i f i c a n t l y  i n t o  r ou tes  
l ead ing  t o  man and o t h e r  remote l i f e .  The 
envi ronmenta l  behav io r  o f  Pu i n  U Pond appears 
t o  be q u i t e  s i m i l a r  t o  t h a t  o f  o t h e r  aqua t i c  
systems having v a s t l y  d i f f e r e n t  eco log i ca l  
cha rac te r .  As l o n g  as t h i s  pond remains i n  
i t s  p resen t  c o n d i t i o n ,  t he  l i k e l i h o o d  o f  i t  
r e l e a s i n g  hazardous q u a n t i t i e s  o f  Pu t o  man 
and h i s  environment i s  ve r y  sma l l .  




