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ABSTRACT 

A Pu process ing waste pond on t he  Hanford Reservat ion has been s t u d i e d  
s i n c e  J u l y  1973 t o  cha rac te r i ze  t h e  pond's 1 imnology and determine t he  eco- 
l o g i c a l  d i s t r i b u t i o n  o f  Pu and Am i n  t h i s  ecosystem. Th i s  sha l low 14-acre 
pond has e x i s t e d  and rece i ved  Pu process ing wastes f o r  about 30 years. Dur ing  
t h i s  p e r i o d  about 8.1 kg was d ischarged i n t o  waste trenches lead ing  t o  t he  
pond. L imno log ica l  s t ud ies  have cha rac te r i zed  t h e  pond as having a s imple 
food web e x i s t i n g  under u l t r a - e u t r o p h i c  cond i t ions ,  w i t h  phys ica l  c i r c u l a t i o n  
and m ix i ng  be ing  p r i m a r i l y  c o n t r o l l e d  by wind and secon a r i l y  by heated 1 water  e n t e r i n g  t he  pond. Th i s  pond rece ives  about 10 m o f  water  per  minute, 
o f  which a t  l e a s t  95 percen t  leaves v i a  p e r c o l a t i o n  through t he  d e s e r t - l i k e  
s o i l .  Macrophytes (main ly  ~ o t a m o ~ e t o n ) ,  a1 gae (main ly  ~Zadophora) ,  ben th i c  
i n v e r t e b r a t e s  (main ly  d i p t e r a n  and odonate 1 arvae, hemipterans , amphi pods, 
and gastropods) and g o l d f i s h  a r e  t h e  major b i o t i c  components o f  t h i s  system. 
Sediments a r e  t he  p r i n c i p a l  r e p o s i t o r y  of Pu and Am, con ta in i ng  about 390 pCi 
of  2 3 8 9  2 3 9 9  2 4 0 P ~  ( c ~ u ) / g  ( d r y )  and about 83 pCi o f  241Am/g (d r y )  w i t h  
r a t i o s  of  2 3 8 ~ ~ : 2 3 9 ~ 2 4 u ~ ~  o f  about 1:1 and 2 4 1 A m : ~ ~ u  o f  about 0.23:1. 
Leve ls  o f  these t r ansu ran i cs  i n  t he  pond water  a r e  much lower  having con- 
c e n t r a t i o n s  o f  cPu o f  about 0.01 pCi /a  and 241Arn of  about 1.1 p C i / ~ ,  w i t h  
r a t i o s  of 2 3 8 ~ U : 2 3 9 ~ 2 4 0 ~ ~  of  about 3.5:1 and 241Am:~Pu o f  about 120: l .  
I n  t h e  b i o t a  t h e  p r i n c i p a l  concen t ra to r  o f  Pu and Arn i s  decomposing a l g a l  
m a t e r i a l  (des ignated as a l g a l  f l o c ,  and r i c h  i n  microorganisms) w i t h  l e v e l s  
o f  Pu o f  about 2 nCi /g  ( d r y )  and 241Am o f  about 250 pCi/g ( d r y ) .  Th i s  
m a t e r i a l  serves as a major  energy source f o r  most of t h e  pond fauna. I n  
s p i t e  o f  t h e  r e l a t i v e l y  h i gh  l e v e l s  p resen t  i n  t h e  sediments and ma jo r  food 
source most o f  the  b i o t a  have accumulated re1  a t i v e l y  lower  l e v e l s  o f  Pu and 
Am. Only an ephmeral growth o f  watercress ( ~ o r i ~ p a )  exceeds bo th  cPu and 

l A m  l e v e l s  i n  t he  sediments. However watercress, d ragon f l y  1 arvae 
(~ ibeZZuZa) ,  and t h e  s n a i l  Lymnaea had h ighe r  241An1 concent ra t ions  than t h a t  
o f  t h e  sediments. Leve ls  o f  these t r ansu ran i cs  i n  o t h e r  aqua t i c  f l o r a  and 
fauna a r e  a l s o  repo r ted  which range f r om 0.5 t o  154 pCi of  cPu/g and 0.3 
t o  50 pCi o f  t h a t  o f  t h e  sediments ( i .e. > 1:1), b u t  lower  than t h a t  o f  
pond water  ( i .e. < 3.5:1). The same was t r u e  f o r  r a t i o s  o f  241Am:cPu i n  
b i o t a  as most organisms had r a t i o s  exceeding 0.23:1 ( w i t h  a maximum of 
2:1), b u t  n o t  approaching t h a t  o f  pond water  (120: l ) .  A lso  discussed a r e  
concen t ra t i on  f a c t o r s  f o r  pond b i o t a  w i t h  respec t  t o  var ious  express ions of 
b i o l o g i c a l  a v a i l a b i l i t y .  Depending upon assumptions made f o r  a v a i l a b i l i t y  
t h e  CF values f o r  any organism may range by many o rders  o f  magnitude. 
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ECOLOGICAL BEHAVIOR OF PLUTONIUM AND AMERICIUM 

I N  A FRESHWATER ECOSYSTEM 

Phase I .  Limn01 o g i c a l  Cha rac te r i za t i on  and 

I s o t o p i c  D i s t r i b u t i o n  

INTRODUCTION 

As Noshkin (1972) has c l e a r l y  po in ted  out ,  t h e  a v a i l a b l e  1  i t e r a t u r e  on 

t he  t r ansu ran i c  elements h e a v i l y  f avo rs  t o p i c s  o f  phys ica l  and chemical pro-  

p e r t i e s .  Considerat ions f o r  t h e  environmental  d i s t r i b u t i o n  and movement o f  

p lu ton ium ( t h e  p r i n c i p a l  t ransuran ic  ) have rece ived  meager coverage i n  t h e  

l i t e r a t u r e .  Near ly  a l l  o f  t h a t  which has been pub l i shed  on the  env i ron-  

mental behavior  o f  p lu ton iun i  has pe r ta i ned  t o  t he  mar ine environment. These 

r e l a t i v e l y  few r e p o r t s  deal  ma in l y  w i t h  oceanic d issemina t ion  and uptake o f  

p lu ton ium by a smal l  v a r i e t y  o f  mar ine organisms. Recent ly f reshwater  env i -  

ronments have rece i ved  some a t t e n t i o n  w i t h  r espec t  t o  p lu ton ium behavior  i n  

waste ponds a t  Rocky F l a t s  f rom Johnson and Mat ters  (1971 ) and Johnson e t  a l .  

(1972). Adams and Fowler (1974) have repo r ted  uptake l e v e l s  o f  2 3 8 ~ ~ 0 2  by 

f reshwater  f i s h ,  algae, and s n a i l s .  F i n a l l y ,  Bowen and Noshkin (1973), 

Yaguchi e t  a1 . ( i n  p ress) ,  and Wal l e r  e t  a1 . ( i n  p ress)  have s tud ied  t he  

d i s t r i b u t i o n  and r e l a t i v e  concen t ra t ions  o f  Pu by some f reshwater  organisms 

i n  t h e  Lauren t ian  Great  Lakes. Beyond t h i s  we have found no th ing  e l s e  i n  

t h e  open l i t e r a t u r e  which p e r t a i n s  t o  t he  eco log i ca l  behavior o f  Pu and Am 

i n  f r e s h  water .  

The purpose o f  t h i s  i n t e r i m  r e p o r t  i s  t o  p resen t  t h e  f i r s t  y e a r ' s  f i n d -  

i ngs  f rom a s tudy i n i t i a t e d  i n  J u l y  1973 t o  d e p i c t  t h e  eco log i ca l  behavior  

o f  p lu ton ium and americium i n  a process ing waste pond on t h e  Hanford Reserva- 

t i o n .  Th is  r e p o r t  dea ls  w i t h  t he  l i m n o l o g i c a l  c h a r a c t e r i z a t i o n  o f  the  pond 

and t h e  i s o t o p i c  d i s t r i b u t i o n  o f  Pu and Am i n  t h i s  ecosystem. A l l  sample 

analyses have n o t  y e t  been completed and reviewed f o r  t h i s  phase o f  t he  

study, and t e n t a t i v e  hypotheses and conc lus ions a r e  sub jec t  t o  change as t he  

knowledge o f  t h i s  system and t he  rad ionuc l i des  p resen t  i n  i t  improves. 



THE POND'S HISTORY 

Th is  pond, designated as U Pond ( s p e c i f i c a l l y  216-U-lo), was created 

i n  a shal low depression i n  t h e  a r i d  steppe-land of t he  Hanford reg ion  a t  t he  

beginning o f  t h e  Manhattan P r o j e c t  i n  1944 (Figs. 1  and 2). The major 

purpose of the pond i s  t o  rece ive  low- leve l  rad-wastes from plutonium processinq 

and rec lamat ion  f a c i  1  i t i e s ,  a laundry, a  uranium rec0ver.y p lan t ,  and several  

l abo ra to r i es .  I n  a d d i t i o n  t o  acc identa l  p lu tonium discharges, t h e  aqueous 

e f f l  uents sometimes c a r r y  low- level  f i s s i o n  products ( l  7Cs, OSr, 06Ru, 

1 5 5 ~ ~ ) ,  a c t i v a t i o n  products (60Co, 54Eu, 54Mn), and a c t i n i d e s  ( 2  38U, 232Th, 

241Am). A few o t h e r  rad io iso topes  have been re leased t o  t he  pond a t  mar- 

g i n a l l y  de tec tab le  l eve l s .  The pond p resen t l y  e x i s t s  w i t h  a surface area o f  
2  3 56,000 m (14 acres) ,  a  volume o f  22,700 m (18 a c r e - f t )  , and a mean depth of 

about 0.4 m (1.3 f t ) .  There was a pe r i od  from 1952 t o  1953 when the  pond 
2 extended over  an area o f  about 120,000 m (30 acres)  due t o  abno rva l l y  heav,v 

water discharges from surrounding p l a n t  operat ions. The water l e v e l  i n  U 

Pond i s  now mainta ined by th ree  major scurces. One i s  from p l  utnnium Qro- 

cessing operat ions (234-5 p l a n t )  v i a  Z-19 trench; another i z  f rom a I a t ~ n d r ~ v  

\;here p r o t e c t i v e  c l o t h i n g  i s  cleaned ( v i a  U-14 t rench) ;  and t h e  t h i r d  i s  

coo l i ng  water from t h e  e v a p o r a t o r - c r y s t a l l i z e r  p l a n t  (242-S p l a n t  where 

l i q u i d  rad-wastes a re  reduced t o  s a l t  cakes ( v i a  U-14 trench, Fig. 3). 

Another t r ench  (Z-11 t rench)  c a r r i e d  Pu processing waste t o  U Pond through 

t h e  mid-19601s, bu t  became excess ive ly  contaminated and was subsequently back- 

f i l l e d .  U Pond has rece ived e f f l u e n t s  from the  recovery p l a n t  s ince  1973. The 
9 3 t o t a l  h i s t o r i c  d ischarge of water i n t o  U Pond i s  repor ted  as 1.2 x  10 m 

5 (3.17 x 10'' ga l ,  9.7 x 10 a c r e - f t )  (Anderson 1973) w i t h  a c u r r e n t  d ischarge 
3 r a t e  o f  about 10 m /min (5.9 cfs).  

The rec lamat ion  and processing e f f l  uents from the  234-5 p l  ant, which 

c a r r y  p lu ton ium t o  t h e  pond, a re  discharged i n t o  a t rench  a t  a  p o i n t  about 

885 m (970 yds)  above t h e  pond (F ig.  3). Processing wastes cont inuous ly  

f l o w  i n t o  t h i s  open trench, bu t  p lutonium releases, which a re  u s u a l l y  a t  l ow  

l e v e l s ,  occur  on an i n t e r m i t t e n t  basis.  Release records i n d i c a t e  t h a t  t h e  

t o t a l  h i s t o r i c  d ischarge of p lu tonium i n t o  t h i s  t rench i s  about 8.1 kg (Hanson 

e t  a1 . 1973 and Anderson 1973). (There are  no re lease records kept f o r  Am. 
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F i g u r e  1. Map o f  Hanford area showing U Pond. 
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Figure 3. Trenches and associated discharge po in t s  
which supply water t o  U Pond. 
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These records show r e l a t i v e l y  low- level  releases from 1944 t o  1953, l e s s  

than 2 g o f  Pu released over t h i s  per iod  (Fig. 4). (The r e l i a b i l i t y  o f  

sampling and analyses o f  these e a r l y  discharges a re  unknown). From 1953 

through 1960 annual releases of Pu were considerably qreater,  bu t  s t i l l  

amounted t o  l e s s  than 200 g (Fig. 4 ) .  A h ia tus  i n  t he  records appeared from 

1961 through 1966. During t h i s  per iod  (mid-1960's) the f i r s t  p u r i f i e d  

2 3 8 P ~  (produced by the  reac to r  i r r a d i a t i o n  o f  237Np f o r  the SNAP program) 

was mixed w i t h  normal weapons grade 2 3 9 P ~  i n  the  waste discharges. These 

records a1 so show t h a t  i n  1967 7.9 kg o f  Pu (97% o f  t o t a l  recorded re lease)  

was discharged i n t o  the  waste trench. Fur ther  i n v e s t i g a t i o n  revealed t h a t  the  

1967 f i g u r e  (7.9 kg) represents an accumulative re lease fo r  a per iod  running 

from 1959 through 1967. It was dur ing  t h i s  pe r iod  the  Z-11 t rench was being 

used t o  c a r r y  processing wastes t o  the  pond. Th i s  t rench became excessive1.y 

contaminated w i t h  Pu by 1971 and was b a c k f i l l e d .  I n  the  remaining years l ess  

than 0.1 kg o f  Pu i s  repor ted  t o  have entered the  pond by way o f  Z-19 trench. 

Th is  t rench s t i l l  remains i n  use. Although the  o f f i c i a l  f i gu re  fo r  t o t a l  

h i s t o r i c  Pu discharge i n t o  the  pond by way o f  the  Z-trenches i s  8.1 kg, some 

unce r ta in t y  e x i s t s  concerning the  accuracy o f  t h i s  value. It i s  q u i t e  poss ib le  

t h a t  t he  repor ted discharge o f  8.1 kg o f  Pu was ca l cu la ted  excessively  h igh  

due t o  an unknown amount o f  2 3 8 ~ u  present i n  the  wastes. Pu separat ions were 

probably made but  the  assay of wastes was done by t o t a l  alpha count. Thus, 

from t h e  mid-1960's t o  date the  conversion o f  Pu a c t i v i t y  t o  weight cou ld  

cause Pu weight conversions t o  be excessively  high. There have a l so  been 

o ther  i n d i c a t i o n s  t h a t  t h i s  est imate i s  too  low, such as the  p o s s i b i l i t y  

t h a t  p e r i o d i c  sampling has missed some higher  l e v e l  discharges, which adds 

f u r t h e r  confusion t o  the  matter.  Such unce r ta in t i es  w i l l  cause problems 

when attempts a re  made t o  balance the  re lease o f  Pu i n t o  the  pond w i t h  

est imates o f  t o t a l  pond Pu content  obtained by sampling. 



MATERIALS AND METHODS 

GENERAL PREPARATIONS 

For purposes o f  sampling and pond r e g i o n  i d e n t i f i c a t i o n ,  t h e  pond was 

sec t ioned  i n t o  quar te rs ,  des ignated as quads A, By C, and D, and each quad 

was subd iv ided  i n t o  f o u r  g r i d s ,  excep t ing  quad A, which has o n l y  t h r e e  g r i d s  

(F ig .  5 ) .  (The shape o f  t h e  pond would n o t  accomnodate a  f o u r t h  g r i d  i n  

quad A.) These sec t ions  were marked w i t h  s t e e l  fence pos ts  i n  t he  pond and 

a long  i t s  per imete r .  S o i l  samples f rom an o l d  s p i l l - o v e r  b a s i n  (U-11 bas in )  

a r e  i n d i c a t e d  by s t a t i o n  number. These r e s u l t s  a r e  n o t  discussed i n  t e x t  

b u t  appear i n  Table I i n  t he  appendix. 

Because t h e  pond i s  ve ry  shal low, and t h e  use o f  a  boat  f o r  sampl ing 

causes resuspension of much o f  t h e  l i g h t e r  sediments, a  f l o a t i n g  dock system 

was i n s t a l l e d  (F igs .  5  and 6 ) .  These walkways p rov ide  convenient  access t o  

n e a r l y  a l l  g r i d  sec t i ons  and e l i m i n a t e  t h e  problem of d i s t u r b i n g  t h e  pond 

bottom w h i l e  sampling. [However, a f t e r  t h e  docks were i n s t a l  l e d  i t  became 

ev iden t  t h a t  t hey  p rov ide  a  l a r g e  p o r t i o n  o f  t h e  pond (quads C and D, ma in l y )  

w i t h  wind p r o t e c t i o n ,  thus,  caus ing a  change i n  t h e  ben th i c  h a b i t a t  ( i . e . ,  

i nc rease  i n  s u b s t r a t e  s t a b i l i t y )  which was s u f f i c i e n t  t o  suppor t  new a l g a l  

and macrophyte comnuni t ies  n o t  l i k e l y  o c c u r r i n g  i n  t h e  pond p r i o r  t o  t h e  

dock i n s t a l  l a t i o n . ]  

To accomnodate sample p repara t ion ,  exper imentat ion,  and some a n a l y t i c a l  

work, a  l a b o r a t o r y  t r a i l e r  was i n s t a l l e d  a t  t h e  U Pond s i t e  i n  December 1973 

(F igs.  5  and 7 ) .  

SAMPLING, PROCESSING, AND ANALYSES FOR Pu AND Am 

A1 1  samples c o l l  ec ted f o r  Pu and Am analyses were prepared by d r y i n g  i? 

e i t h e r  a  105°C d r y i n g  oven o r  by  a  V i r t i s  Uni t r a p  f reeze d r y e r  (Model 10-100). 

The d r i e d  samples were packaged and shipped t o  LFE E n v i r o ~ m e n t a l  Labo ra to r i es  

(Richmond, C a l i f o r n i a )  f o r  t r ansu ran i c  analyses. A t  LFE t h e  i so topes  2 3 8 ~ ~ y  

2 3 9 P ~  + 2 4 0 ~ ~  (expressed as " 2 3 9 9 " 0 ~  . u " ) ,  and 'h 'Am were analyzed us ing  

i so tope  d i l u t i o n  methods, w i t h  h i gh  p u r i t y  2 3 6 ~ ~  and 243Am p repa ra t i ons  used 

as t r a c e r s .  F i n a l  measurements were made u s i n g  a lpha  spectroscopy methods 
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F igu re  13. F l o a t i n g  mats o f  CZadophora ( t o p  2 photos)  
and beds o f  Potumogeton (bottom pho to )  occur -  
r i n g  du r i ng  t h e  s p r i n g  and summer months o f  1974. 



. . 
I g u r e  6. Walkway system i n s t a l l e d  on U Pond f o r  sampling. The reg ion  o f  

t he  pond p ro tec ted  from t h e  wind by the  docks (quad D )  appears a t  
. - 

t he  l e f t  i n  t h e  upper photo and a t  t he  r i g h t  i n  t h e  lower photo. 
r, 





described by  Major e t  a l .  (1971), Wessmn e t  a l .  (1971), and Major e t  a l .  

(1974). Results a r e  expressed i n  terms o f  d r y  weight unless s ta ted  otherwise. 
2 

Sediment samples were taken us ing  a  114 ft Ekman dredge and a  co r ing  

tube. A f te r  a  sample of t h e  pond bottom was removed, i t  was subsarr~pled w i t h  

the  co r ing  tube t o  y i e l d  a  sediment p lug 4.8 cm i n  diameter, 10 cm deep, 
3 

w i t h  a  volume of 0.18k (10.8 i n  ) .  Four cores were removed from each 

dredge sample and placed immediately i n  aluminum d ry ing  pans. The f o u r  p lugs 

were mixed and f rozen t o  awai t  processing. 

F rac t i ona t i on  o f  forms o f  Pu and Am i n  U Pond water, i n t e r s t i t i a l  water, 

and sediments was done by the  Radio logical  Science Department o f  B a t t e l l e -  

Northwest. Water from the  pond was sampled dur ing  January 1974 when the  

pond was p a r t i a l l y  covered w i t h  i c e  (quads B and D, F ig.  5) ,  which permi t ted  

sampling w i t h  a  minimum o f  d is turbance o f  t he  bottom sediments. These water 
3 samples were processed (approximately 1  m per  sample) us ing  the  f i l t r a t i o n -  

so rp t i on  system described by S i l k e r  e t  a l .  (1971 ) (Fig. 8 ) .  The u t i l i z a t i o n  

o f  t h i s  technique penni t s  t he  f r a c t i o n a t i o n  o f  rad ionuc l  ides i n  water samples 

i n t o  the  f o l l o w i n g  f o u r  categor ies:  

(1 ) rad ionuc l  ides  associated w i t h  p a r t i c u l a t e  mater ia ls ,  

( 2 )  c a t i o n i c  rad ionuc l ides  o r  rad ionuc l ides  t h a t  a r e  bound i n  a  

c a t i  on ic  compl ex, 

(3)  an ion i c  rad ionuc l ides  o r  rad ionuc l ides  t h a t  a r e  bound i n  an 

an ion i c  complex, 

(4)  rad ionuc l  ides  complexed w i t h  "nonionic"  organic ma te r i a l s  t h a t  

a re  n o t  removed by the i o n  exchange beds b u t  t h a t  a r e  sorbed by 

the  aluminum oxide. 

A 1/4 ft2 Ekman dredge was used t o  ob ta in  th ree  samples o f  U Pond 

sediments f o r  Pu and Am f r a c t i o n a t i o n s .  Sediment sample #1 was taken from 

g r i d  V I I ,  #2 from g r i d  X I ,  and #3 from g r i d  X (F ig.  5 ) .  These th ree  sedi -  

ments represent  two d i f f e r e n t  types o f  sedimentary ma te r i a l .  Sediment #1 

was composed predominately o f  subsurface ma te r ia l  ( f rom > 5 cm below the 

sedlment-water i n te r face ;  sur face ma te r ia l  was removed from t h i s  sample), 

whereas sediment #2 was t h e  l oose ly  compacted sur face ma te r ia l  character ized 

as decaying a l g a l  c e l l s .  Sediment sample #3 was a  m ix tu re  o f  both sur face 

and subsurface sediments. 



WATER l NLET 
FROM PUMP 

WATER OUTLET 
TO ROWMFTER 

ANION RESIN 

t 
' 

CATION RESl N 

Figure 8. Schematic diagram of the large volume 
filtration-sorption water sampler. 
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To c h a r a c t e r i z e  t h e  na tu re  o f  t h e  p lu ton ium and americium species 

r e t a i n e d  by t he  U Pond sediments, a  sem i - se lec t i ve  l each ing  process was 

u t i l i z e d .  F i g u r e  9  i s  a  f low c h a r t  d e t a i l i n g  t h e  i n d i v i d u a l  s teps i n  t h e  

leach ing  procedure. Because these e x t r a c t i o n s  a r e  performed s e q u e n t i a l l y  

on t he  same sample, more t i gh t l y -bound  p lu ton ium and americium species a r e  

removed by each e x t r a c t i o n .  Whi le t h i s  approach may n o t  remove i n d i v i d u a l  

p lu ton ium and americium species s e l e c t i v e l y ,  i t  does eva lua te  t h e  p o t e n t i a l  

p lu ton ium and americium re l ease  f rom t h e  sediments and r e l a t e s  t h i s  r e l ease  

t o  t he  environmental  chemist ry  o f  t h e  sediments. 

The i n i t i a l  c e n t r i f u g a t i o n  o f  t h e  sediments and d i s t i l l e d  water  washing 

removed t he  i n t e r s t i t i a l  wa te r  and species which a re  p resen t  i n  s o l u t i o n  i n  

the  pond sediments. The i n t e r s t i t i a l  water  sample was f i l t e r e d  through an 

0.45 p f i l t e r  and passed s e q u e n t i a l l y  through a  c a t i o n  exchange r e s i n  bed, 

an an ion  exchange r e s i n  bed, and an aluminum ox ide  bed. Each o f  these beds 

and t h e  e f f l u e n t  f rom the  A1203 were analyzed. The m a t e r i a l s  w i t h i n  t h e  

i n t e r s t i t i a l  water  f r a c t i o n  a r e  q u i t e  mob i le  w i t h i n  the  pond system. M ix i ng  

a t  t h e  sediment-water i n t e r f a c e  may re l ease  t h e  rad ionuc l i des  found i n  t h i s  

f r a c t i o n  i n t o  t h e  pond water .  

The e x t r a c t i o n  w i t h  d i l u t e  (0.1 M) NaCl a l s o  removes species t h a t  a r e  

p o t e n t i a l l y  ve ry  mobi le ;  these a r e  spec ies absorbed on to  t h e  sediment m a t r i x .  

Reagents u t i l i z e d  t o  remove absorbed i ons  a r e  g e n e r a l l y  n e u t r a l  s a l t  so lu -  

t i o n s  such as 1M MgC12 (Gibbs 1973), 1M NH4C1 (W i l l i ams  e t  a l .  1971a), 

1M CH3COONH4 o r  5M NaCl (Jackson 1958). D i l u t e  a c i d  s o l u t i o n s  (0.1N t o  1.ON) 

have a l s o  been employed t o  remove nonoccluded species (spec ies n o t  bound i n  

t h e  c r y s t a l 1  i n e  m a t r i x  o f  t he  sediments) f rom s o i l s  and sediments (Shah e t  

a1 . 1968; Wentz and Lee 1969). Ac id  t reatment ,  however, removes bo th  sorbed 

species and species assoc ia ted  w i t h  hydrous ox ides t h a t  may be s o l u b i l i z e d  

by t he  ac id .  A v e r y  d i l u t e  0.1N NaCl n e u t r a l  s a l t  s o l u t i o n  was chosen f o r  

use i n  t h e  p resen t  i n v e s t i g a t i o n  t o  remove o n l y  the  l o o s e l y  adsorbed r a d i o -  

n u c l i d e  species.  

E x t r a c t i o n  o f  noncalcareous sediments, such as those found i n  U Pond, 
' w i t h  an ammonium o x a l a t e - o x a l i c  a c i d  reagent  ( s t ep  #3 i n  t h e  sequent ia l  

l each ing  procedure) has been shown t o  s o l u b i l  i z e  and remove hydrous Fe and 



WET SEDIMENT SAMPLE 

CENTRIFUGE AND WASH 
W I TH D I STILLED WATER 

EXTRACT FOR 15 MI N W I TH 
0 .1MNaCl  AND WASH WITH 

D l  STILLED WATER 

EXTRACT FOR 1 HR WITH 
0 . 1 M O X A L I C  A C I D  

0 . 2 M  A M M O N I U M  OXALATE 
AND WASH WITH DISTILLED WATER 

EXTRACT FOR 18 HR WITH 
0 .01M EDTA AND WASH 
WITH DISTILLED WATER 

RESI DUE - D l  SCARD 

I NTER ST1 TI AL 
WATER 

NaCl EXTRACT 

OXALATE EXTRACT 

EDTA EXTRACT 

F igu re  9. Schematic diagram o f  t h e  sequent ia l  e x t r a c t i o n  
procedure f o r  se:l l x n t  samples . 
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A1 ox ides and t h e  t r a c e  c o n s t i t u e n t s  assoc ia ted  w i t h  them (W i l l i ams  e t  a1 . 
1971a; Wi l l i ams e t  a l .  1971b). Since t h e  oxa la te  an ion  forms a  complex w i t h  

severa l  p lu ton ium and americium species (Lange 1973), t h i s  o x a l a t e  e x t r a c t i o n  

may remove some p l u t o n i  um and americium by fo rmat ion  o f  a  s o l u b l e  complex i n  

a d d i t i o n  t o  removing those forms r e t a i n e d  by hydrous ox ides.  

E x t r a c t i o n  w i t h  a  s t r onge r  complexing agent, EDTA (Lange 1973), was 

performed t o  o b t a i n  an i n d i c a t i o n  o f  t he  maximum amounts o f  p lu ton ium and 

americium t h a t  were removable f rom t h e  samples w i t h o u t  complete d e s t r u c t i o n  

o f  t h e  sediment m a t r i x .  

The d i f f e r e n c e  between t h e  t o t a l  p lu ton ium and americium con ten ts  o f  

the samples and t h e  summation o f  t h e  p lu ton ium and americium con ten ts  i n  t h e  

i n d i v i d u a l  f r a c t i o n s  i s  des ignated as t h e  " r e s i d u a l "  m a t e r i a l  i n  t h e  sed i -  

ments. As de f i ned  i n  t h e  c o n t e x t  o f  t h i s  i n v e s t i g a t i o n ,  t h i s  r e s i d u a l  f r a c -  

t i o n  i s  q u i t e  r e s i s t a n t  t o  removal by techniques norma l l y  u t i l i z e d  d u r i n g  

environmental  chenii s t r y  eva lua t i ons  o f  sediments. 

Water and sediment samples were pre-processed t o  f r a c t i o n a t e  each 

sample i n t o  severa l  sub-samples. Each o f  these sub-samples was handled as 

an i n d i v i d u a l  sample and a l l  were processed i n  approx imate ly  t h e  same manner. 

The concent ra t ions  o f  y - ray  e m i t t i n g  rad ionuc l i des  were determined w i t h  a  

standard Ge(Li  ) d iode  o r  w i t h  a  Ge(L i  )-Na I (TI  ) co inc idence -an t i co i  ncidence 

system (Cooper and Perk ins 1972). I n  a d d i t i o n ,  severa l  o f  t h e  samples were 

a l s o  counted on an an t i co inc idence  sh ie l ded  NaI(T1) d u a l - c r y s t a l  d e t e c t o r  

system (Perk ins  and Robertson 1965). Fol  lowing these ins t rumenta l  measure- 

ments, t h e  samples were subjected t o  a  chemical  separa t ions  t rea tment  t o  

prepare them f o r  f u r t h e r  rad iochemica l  a n a l y s i s .  An an ion  exchange proce- 

dure (Thomas 1972) separated 90Sr ,  2 3 8 ~ ~  and 2 3 9 ' 2 4 0 ~ ~ ,  and 241An1 i n t o  i n d i -  

v i d u a l  f r a c t i o n s  f o r  beta coun t ing  o r  a lpha energy a n a l y s i s .  P r i o r  t o  t h i s  

chemical separa t ion ,  i s o t o p e  d i l u t i o n  t r a c e r s  o f  8 5 ~ r ,  2 3 6 ~ ~ ,  and 2 4 3 A m  

were added t o  each sample so t h a t  recovery  o f  each o f  these r a d i o n u c l i d e s  

cou ld  be ca l cu la ted .  Tracer  r ecove r i es  were g e n e r a l l y  q u i t e  good b u t  v a r i e d  

w i t h  sample composi t ion.  Recovery o f  2 3 6 ~ ~  ranged f rom 16 t o  100%; 2 4 3 A m ,  

f rom 20 t o  65%; 8 5 ~ r ,  from 60 t o  90%. 



SAMPLING OF AQUATIC ORGANISMS 

Aquatic organisms were collected in numerous ways with the main concern 

being t ha t  of accumulating enough of a spec i f i c  sample mass t o  warrant prepa- 

ra t ion  and analys is .  None of the  sampling fo r  pond biota was carried out in 

a quant i ta t ive  manner. The d i s t r ibu t ion  of organisms in the pond does not 

general l y  permit the  use of comnon techniques fo r  quant i ta t ive  sampl i  ng . 
Many benthic invertebrates were collected using a Clemens net (Clemens 1950). 

Other b io t i c  samples were taken from the  various submerged t r e e  limbs and 

plant  subst ra tes ,  t o  which the benthos have a strong a f f i n i t y .  The plain 

sediment bottom does not support a large var ie ty  or quanti ty of benthic 

invertebrate biomass. Native goldfish samples were collected with d ip  nets .  

These goldfish a r e  designated as "native" to  the pond, b u t  i t  should be 

understood t ha t  they were probably introduced t o  the pond a r t i f i c i a l l y  by 

workers in the area.  Counts of benthic microorganisms in sediment and algal  

material were determined f o r  samples collected ascept ica l ly  from four s i t e s  

i n  the pond. Two al iquots  from each sample were dried to determine dry 

weight equivalents f o r  wet weights in order t o  r e l a t e  bacterial  counts t o  

dry weights. Aerobic and anaerobic bacteria were pour-plated in Bacto Brain- 

Heart infusion agar. Actinomycetes were grown in glycerol-asparagenate agar,  

and fungi were grown in Bacto Littman Oxgall agar containing 30 pglml s t rep-  

tomycin t o  se lect ively  el iminate most bacterial  c e l l s .  To determine number 

of viable c e l l s  a l l  samples were s e r i a l l y  d i lu ted and plated in t r i p l i c a t e .  

Plates were incubated a t  30°C f o r  seven days pr ior  t o  counting. 

PHYSICAL A N D  CHEMICAL DETERMINATIONS 

A water budget f o r  U Pond was determined weekly using a combination of 

flow measurements and dai ly  discharge records. The major supply of water 

t o  the pond comes from the evaporator-crystal l i z e r  plant  (Fig. 3 ) .  The 

supply r a t e  of t h i s  source i s  determined from dai ly  discharge records. 

Waste water from the laundry plant  jo ins  the cooling water from the 

evaporator-crystal 1 i  zer in  the laundry trench. The flow from the 1 aundry 

plant  i s  measured a few meters above the confluence using a corregated pipe 



which passes under a  road.  The c ross -sec t i ona l  area o f  t he  water  i n  t h i s  

p i pe  i s  measured and a  sur face  f l o a t  i s  used t o  determine the v e l o c i t y  o f  

the  stream. From these va lues water  f l o w  r a t e s  a r e  c a l c u l a t e d .  To determine 

f l o w  r a t e s  i n  t h e  Z-19 t r ench  t h e  same method i s  used w i t h  a  p l a s t i c  irri- 

g a t i o n  p i p e  p laced i n  t h e  t rench  near i t s  mouth. 

D isso lved  oxygen and temperature were measured us ing  a  YSI (Model 51A) 

DO-temperature probe. Pond temperatures were recorded con t i nuous l y  w i t h  a  

Foxboro thermograph. A  Leeds & Nor thrup (Model No. 741 7 )  pH meter was used 

t o  measure hydrogen i o n  concent ra t ion .  A1 ka l  i n i  ty,  hardness, and conduct-  

i v i  t y  measurements were made i n  accordance w i t h  APHA e t  a1 . (1  971 ) .  

To ta l  phosphorus and r e a c t i v e  s i l i c a t e  were analyzed us ing  t h e  molyb- 

da te  complexing r e a c t i o n  descr ibed  by S t r i c k l a n d  and Parsons (1968).  To ta l  

i no rgan i c  n i t r o g e n  concent ra t ions  were measured us ing  t he  Cd-Cu r e d u c t i o n  

method descr ibed  by S t r i c k l a n d  and Parsons (1968) and ammonia d i s t i l l a t i o n  

techniques descr ibed  by APHA e t  a1 . (1971 ) . Ch lo rophy l l  a (des ignated as 

Chl a )  concen t ra t ions  o f  a lgae  suspended i n  water  were measured us ing  ace- 

tone e x t r a c t i o n  and a  Turner Model 110 f luo rometer  accord ing t o  t he  method 

descr ibed  by S t r i c k l a n d  and Parsons (1 968). 

MEASUREMENTS OF AQUATIC PRODUCTIV ITY 

Determinat ions o f  p r imary  p r o d u c t i v i t y  f o r  t h e  pond cou ld  n o t  be made 

by o r d i n a r y  means. The major  r o l e  o f  p r imary  p roduc t i on  i n  t he  pond i s  pe r -  

formed by ben th i c  a lgae and submerged macrophytes and would n o t  be accounted 

f o r  i n  a  s tandard 1 4 C  bioassay. To account f o r  t h e  e n t i r e  aqua t i c  p r imary  

p roduc t i on  r a t e  a  method developed by Verduin (1964) was used which r e l a t e d  

d i u r n a l  change i n  pH t o  t he  removal o r  a d d i t i o n  o f  C02 i n  t he  pond water.  

Th is  method appears t o  be v e r y  s a t i s f a c t o r y  f o r  a  small aqua t i c  system l i k e  

t h i s  one, as i t  prov ided  pond-wide p r imary  p roduc t i on  est imates which were 

comparable t o  o t h e r  aqua t i c  systems o f  s i m i l a r  s t r u c t u r e .  [Since these 

est imates were based e n t i r e l y  on f r equen t  pH read ings  ( 4  t o  6  measurements 

through t h e  s o l a r  day) ,  one must be c a r e f u l  when assuming t h a t  pH changes 

a r e  caused by b i o t i c  a c t i v i t y  a lone.  Chemical d ischarges i n t o  t h e  system 
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being evaluated cou ld  i n v a l i d a t e  t h i s  method o f  determin ing pho tosyn the t i c  

r a t e .  Care was taken t o  i n s u r e  t h a t  t h i s  problem d i d  n o t  a f f e c t  our  pro-  

duc t i on  est imates.] .  The i n  s i t u  1 4 C  bioassay method, descr ibed by 

Vol 1  enweider (1 969), was used t o  measure p r imary  p roduc t ion  by suspended 

a lgae ( i . e .  phy top lank ton) .  Th is  combinat ion o f  methods w i l l  a l l o w  f o r  t h e  

de te rm ina t i on  o f  t h e  ben th i c  and p lank ton  f r a c t i o n s  o f  pho tosyn the t i c  r a t e .  

Est imates o f  s tanding crops were made f o r  predominant forms o f  vascu la r  

p l a n t s  and a lgae  growing i n  t h e  pond. Th is  was done by f i r s t  removing a l l  
2 p l a n t  m a t e r i a l  f rom a 1/16 m square placed randomly i n  t h e  pond. Dry 

weights  o f  t h e  var ious  p l a n t  m a t e r i a l s  c o l l e c t e d  i n  t h i s  way were determined 

sepa ra te l y  and then c o r r e l a t e d  w i t h  v i s u a l  est imates o f  p l a n t  coverage as 

viewed f rom above t h e  pond's sur face .  Thus, t h e  s tand ing  c rop  est imates f o r  

the  predominant p l a n t  and a l g a l  forms were c a l c u l a t e d  f o r  t h e  e n t i r e  pond 

on t h e  bas is  o f  su r face  coverage. 

TRANSURANIC UPTAKE EXPERIMENTS 

An i n  s i t u  exper iment was performed t o  measure t he  r a t e  o f  uptake and 

s a t u r a t i o n  l e v e l s  f o r  Pu and Am accumulat ion i n  g o l d f i s h .  The o b j e c t i v e  

was t o  q u a n t i f y  the  Pu and Am t r o p h i c  pathway f rom sediments t o  g o l d f i s h .  

Th is  simp1 e exper iment i n v o l v e d  p l  ac ing  g o l d f i s h  ( ~ a r a s s i u s  auratus , 8 cm 

long,  impor ted f rom Arkansas, "Ozark Comets") i n  p l a s t i c  mesh pens a t  the  

cen te r  o f  each quad (F ig .  10) .  These pens were s e t  i n t o  t he  sediments so 
2 2 t h a t  t he  g o l d f i s h  had access t o  0.66 m (7.0 f t  ) o f  the  pond bottom as a 

feeding subs t ra te .  These pens r a p i d l y  accumulated p e r i  phyton on t he  sur-  

face of the  p l a s t i c  which supplemented t he  food source ( i  .e. sediments) o f  

the  g o l d f i s h .  The water  volume o f  each pen ranged f rom 0.4 t o  0.7 m 
3 

3 (14 t o  24 f t  ) because t h e  wate r  depth v a r i e d  w i t h  t he  pen l o c a t i o n .  About 

60 o f  these f i s h  were p laced i n  each pen i n  mid-November 1973 and were sub- 

sampled b imonth ly  through t h e  f o l l o w i n g  summer. Gut contents  were washed 

o u t  o f  h a l f  o f  t h e  sub-samples w h i l e  t h e  r e s t  were processed f o r  Pu and Am 

analyses w i t h o u t  t he  removal o f  g u t  contents .  



Figure  10. Experimental g o l d f i s h  pen be i  ng sampled dur ing  w in te r .  

20 
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RESULTS AND DISCUSSION 

DESCRIPTIVE LIMNOLOGY 

Phys ica l  

Th is  shal low 14-acre pond ( p a r t i a l l y  descr ibed e a r l i e r  i n  an h i s t o r i c a l  

account ing)  i s  l o c a t e d  i n  t h e  200-West area o f  t h e  a r id -s teppe  l a n d  on t h e  

Hanford Reservat ion (F igs .  1  and 2 ) .  I t  has two i n f l o w  trenches supp ly ing  
3 water  ( f rom process ing p l a n t s )  a t  a  r a t e  o f  about 10 m /min (5.9 c f s )  

(F i g .  3 ) .  The major  source o f  water comes f rom the  242-S p l a n t  (evaporator -  
3  c r y s t a l l i z e r )  where a f l o w  o f  about 8  m /min (4.7 c f s ,  80% o f  t o t a l  ) t r a v e l s  

t o  t he  pond v i a  t he  U-14 t r ench  ( F i g .  3 ) .  Th i s  wate r  has been used f o r  

c o o l i n g  purposes and supp l i es  a s i g n i f i c a n t  heat  l o a d  t o  t h e  pond. Water 

f rom a laundry  p l a n t ,  where p r o t e c t i v e  c l o t h i n g  i s  laundered, p rov ides  
3 about 1.4 m /min (0.8 cfs,  14% of t o t a l )  by way of t h e  U-14 t r ench  

(F ig .  3 ) .  Th i s  source of water  prov ides a l a r g e  supply  o f  a l g a l  n u t r i e n t s  

t o  t h e  pond. The t h i r d  source comes f rom a Pu r e f i n i n g  p l a n t  and i s  c a r r i e d  
3 

t o  t h e  pond v i a  Z-19 t r e n c h  (F ig .  3 ) .  Th i s  source supp l i es  about 0.6 m /min 

(0.4 cfs, 6% o f  t o t a l ) .  It i s  t h i s  source t h a t  had h i s t o r i c a l l y  re leased 

8.1 kg o f  Pu t o  t h e  pond v i a  severa l  t r ench  systems, t h e  most r e c e n t  o f  

which i s  t h e  Z-19 t rench.  These o l d  t renches once l a y  c l ose  and p a r a l l e l  

t o  t he  c u r r e n t  Z-19 t rench,  b u t  a r e  now covered by b a c k f i l l i n g .  There i s  
a l s o  a smal l  i n p u t  of water i n t o  t he  Z-19 t r ench  f rom 231-2 p l a n t ,  b u t  i t  

does n o t  p l a y  a s i g n i f i c a n t  r o l e  i n  t he  pond's water,  Pu, o r  n u t r i e n t  

budget. 

Since t h e r e  a r e  no sur face  ou t f l ows  f rom the  pond, water e x i t s  from 

t h e  pond a lmost  e n t i r e l y  by p e r c o l a t i o n  ( >  95%) w i t h  some evapora t i ve  l o s s  
3 6 (< 5%). The pond volume i s  p r e s e n t l y  h e l d  a t  22,700 m (6  x  10  ga l . ,  

18 ac. f t )  w i t h  an exchange r a t e  o f  about 40 hours.  Th i s  r a p i d  exchange 

r a t e  a p p l i e s  o n l y  t o  t h e  p resen t  pond l e v e l ,  which i s  now h igher  than l e v e l s  

o f  r e c e n t  years.  The r a t e  o f  water  l o s s  i n  t h e  pond d im in ishes  as t h e  pond 

l e v e l  i s  lowered. Since t h e  c e n t r a l  b a s i n  o f  t h e  pond appears t o  be l e s s  

permeable than t h e  o u t e r  per imeter ,  i t  i s  l i k e l y  t h a t  a  l a r g e  p o r t i o n  o f  
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3 
t he  10 m /min l oss  o f  water from the  pond occurs near t h e  per imeter .  There 

a r e  no data t o  i l l u s t r a t e  t h i s  b u t  i n f requen t  i n t e r r u p t i o n s  o f  sur face 

i n f l ow  have prov ided oppo r tun i t i es  t o  observe t h e  subsequent reduc t ions  i n  

pond e leva t i on .  I n t e r r u p t i o n s  i n  t h i s  i n f l o w  have shown t h a t  the  pond does 

n o t  l o s e  h a l f  o f  i t s  volume w i t h i n  48 hours. S u f f i c i e n t  data a r e  n o t  yet 

a v a i l a b l e  t o  c a l c u l a t e  d i f f e r e n t i a l s  i n  p e r c o l a t i o n  across t h e  pond bottom. 
- 

The pond's maximum depth i s  about 1.6 m (5.4 f t ) ,  loca ted  i n  g r i d  

V I I  (F ig .  5 ) .  The th ickness o f  sediments l y i n g  over the  dese r t  s o i l  base 

i s  est imated t o  be about 10 cm. However, these sediments are nonuni formly 

d i s t r i b u t e d  and range i n  depth across t h e  pond bottom f rom about 0  t o  40 cm. 

Wind a c t i o n  p lays  a  major r o l e  i n  the  pond's c i r c u l a t i o n  and sediment d i s t r i -  

bu t ion ,  which gene ra l l y  leaves sediments deposited i n  pond bottom depressions 

and on leeward shore l ines.  Because the  pond's benth ic  r e g i o n  has n o t  been 

s t a b l e  there  has been no s u i t a b l e  h a b i t a t  f o r  submergent macrophytes. The 

cons t ruc t i on  o f  walkways i n  January 1974 has a r res ted  t h e  s h i f t i n q  o f  some 

o f  t he  benth ic  reg ion  on leeward s ide  o f  t h e  wal kways t o  the  ex ten t  t h a t  

subs tan t i a l  populat ions o f  submergent macrophytes a re  now ab le  t o  devei O D .  

This  has prov ided a  good i n d i c a t i o n  t h a t  i n  t h e  pas t  there  has be, on exten- 

s i v e  and cont inuous movement o f  sediments w i t h i n  the  pond caused by wind 

ac t i on .  Some p r o t e c t i o n  f rom winds i s  a f f o rded  by w i l l ows  and cottonwoods 

which grow a long quads A, B, and C, and on t h e  i s l a n d  (F ig .  5 ) .  

Water en te r i ng  t h e  pond v i a  t he  laundry  t rench i s  nea r l y  always warmer 

than the  pond. Most o f  t h i s  supply (>  80%) has passed throuah the  cool  i nq  

system of t he  Pu recovery p l a n t  (F ig .  3 ) .  A1 though t h i s  heat  i n p u t  mod i f i es  

the  atomospheric i n f l u e n c e  on t h e  pond's heat budget, these h igher  t m p e r a -  

t u res  a re  o f t e n  conf ined t o  quad C due t o  a  p r e v a i l i n g  wes te r l y  w igd  

(F ig .  11 ) .  Thus, t he  nonuniform thermal d i s t r i b u t i o n  across the  pond i s  a 

combined e f fec t  o f  p r e v a i l i n g  wind d i r e c t i o n  and t h e  l o c a t i o n  o f  where th3  

heated i n f l o w  en ters  t h e  pond. The pond's annual range i n  temperature i s  

f rom t h e  summer maximum o f  32°C (Ju ly ,  augmented by the  heated laundry t r e n c h  

e f f l u e n t )  t o  t he  w i n t e r  minimum o f  0°C when the re  i s  i c e  cover on the  pond's 

NW end ( ~ a n u a r y ) .  With t h e  except ion o f  t h e  ice-covered pe r i od  i~ January, 

no thermal s t r a t i f i c a t i o n  e x i s t s  i n  t h e  pond. 





C hemi c a l  
U Pond e x h i b i t s  moderate hardness (39 mg/e as CaC03), a1 ka l  i n i  t y  

(92 mg/a as CaC03), and conduc t i v i t y  (1000 t o  2500 micromhos/cm a t  25OC), 

and i s  h i g h l y  enr iched w i t h  a lga l  n u t r i e n t s  from the  laundry p lan t .  The t o t a l  

phosphorus income t o  the  pond i s  est imated a t  about 10 kg/day [spr ing  mean 

(n=5) 1974, Table I]. This  susta ins a mean pond concentrat ion ( sp r ing )  o f  

0.28 mg/a (n=5). Inorganic n i t rogen  income t o  t h e  pond i s  about 4 kg/day 

[Table I (n=5)], which i s ,  from the  standpoint  of enrichment, n o t  as 

excessive as phosphorus. Th is  supply r a t e  susta ins a mean pond concentrat  i o n  

o f  0.2 mg inorgan ic  N/a [Table I, (n=20)]. S i l i c a t e - s i l i c o n  income i s  a l s o  

h igh  [21 kg/day, (n=5) Table I], susta in ing  a pond mean o f  1.4 mg/e (n=20). 

Th is  n u t r i e n t  p lays  a r e l a t i v e l y  minor r o l e  i n  a l g a l  product ion because 

diatoms a r e  no t  a predominant a lga l  form i n  t h e  pond. 

This eutrophic n u t r i e n t  supply r a t e  supports a h igh  l e v e l  o f  pr imary 

product ion (discussed l a t e r )  which i s  r e f l e c t e d  i n  the  pond's pH and d i s -  

solved oxygen l e v e l s .  During t h e  w a m r  months - (May-October-) the sunr ise  

pH l e v e l s  a re  around 7.0, r e f l e c t i n g  nocturnal  r e s p i r a t i o n .  These l e v e l s  

o f t e n  exceed 9.5 by mid-afternoon (F ig.  11 ),  i n d i c a t i n g  the h igh  l e v e l  

o f  photosynthet ic  a c t i v i t y .  Dissolved oxygen 1 evel s  a1 so r e f 1  e c t  t h i s  h igh  

l e v e l  o f  pr imary product ion  by concentrat ions o f  9 t o  13 mg/R ( i . e . ,  satura- 

t i o n  1 evel s  f o r  the  respect ive  temperatures) (F ig .  11 ) . 
B i o l o g i c a l :  

This  pond can be broadly c l a s s i f i e d  as a eutrophic system w i t h  a simple 

food web. Since the  pond i s  very  shallow, there  i s  subs tan t i a l  l i g h t  pene- 

t r a t i o n  t o  the  bottom, and thus the  e n t i r e  pond i s  considered trophogenic. 

The food base f o r  t h i s  system i s  p r i n c i p a l l y  autochthonous, and p r i m a r i l y  

dependent upon n u t r i e n t s  suppl ied by the  laundry.  The pond fauna appear t o  

feed p r i n c i p a l l y  on organic d e t r i t u s  deposited on the bottom, and secondar i ly  

on l i v i n g  pr imary producers. There i s  a small degree o f  predator-prey a c t i v -  

i t y  w i t h i n  the  pond, however waterfowl and o ther  b i r d s  prov ide  a d d i t i o n a l  

p redat ion  pressure from above. The p r i n c i p a l  a c t i v e  predators i n  the  pond 

a re  i nsec ts  o f  which the  major ones a r e  dragonf ly  larvae,  ( ~ e s c h n a  and 
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TABLE I. summary o f  n u t r i e n t  concentrat ions and 
supply ra tes  f o r  spr ing  months i n  1974. 

Estimated 
Pond Conc. Laundry Trench Supply r a t e  t o  Pond 

Date N u t r i e n t  (mg/R) Conc. (mg/R) ( k g / d a ~  

Spring 
Mean 
(Feb. - 
A P ~  

Tota l  P 
inorg .  N 
Si02 - S i  

To ta l  P 
inorg .  N 
Si02 - S i  

To ta l  P 
inorg .  N 
Si02 - S i  

To ta l  P 
inorg .  N 
Si02 - S i  

To ta l  P 
inorg.  N 
Si02 - S i  

To ta l  P 
inorg .  N 
Si02 - s j  



~ i b e Z Z u Z a )  and t o  a  l e s s e r  degree predaceous d i v i n g  bee t l es  ( D y t i s c i d a e )  

and water  scorp ions (Nepidae).  A concep tua l i zed  and qua1 i t a t i v e  food  web 

has been developed f o r  t h e  pond based on ex tens i ve  c o l l e c t i o n  and observa- 

t i o n  of b i o t a  ( F i g .  12 ) .  As i n d i c a t e d  by  t h i s  diagram, t h e  p r i n c i p a l  a q u a t i c  

animals a r e  nonpredaceous ben th i c  i n v e r t e b r a t e s  and go1 d f  i s h  ( ~ a r a s s i u s )  , 
b u t  w i t h  an a c t i v e  p o p u l a t i o n  o f  predaceous d r a g o n f l y  l a r v a e .  Beyond t h i s ,  

predaceous d i v i n g  bee t l es ,  water scorp ions,  and a v a r i a n  forms e n t e r  t h e  

food web i n  a  r e1  a t i v e l y  m inor  capac i t y .  A1 so t h e r e  has been some evidence 

of muskrats ( ~ n d a t r a )  l i v i n g  i n  o r  near  t h e  pond and presumably f eed ing  on 

c a t t a i  1  r o o t s  ( ~ p h a ) .  

Because o f  t h e  h i gh  r a t e  o f  n u t r i e n t  supply,  t h i s  pond suppor ts  l u x u r -  

i a n t  growths o f  a l gae  and macrophytes. P r i o r  t o  December 1973 t he  pond was 

h a b i t a t - l i m i t e d  w i t h  r espec t  t o  r o o t e d  submergent macrophytes. However, 

sediment s t a b i l i t y ,  ma in l y  i n  quads C and D, has been s i g n i f i c a n t l y  increased 

by the  i n s t a l l a t i o n  o f  docks (F igs .  5 and 6 ) ,  and a  l a r g e  p o p u l a t i o n  o f  

Potmnogeton ( r o o t e d  macrophyte) has developed. I n  a d d i t i o n  t o ,  and assoc i -  

a ted  w i t h ,  t h i s  a re  r e c e n t  ex tens i ve  growths o f  Cladophora ( f i l amentous  

green a lgae)  and Te t raspora  ( c o l o n i a l  green a l gae ) .  Th i s  change i n  h a b i t a t  

appears t o  have a1 t e r e d  t h e  r e l a t i v e  r o l e s  o f  p r imary  p roduc t i on  by t h e  

p l a n k t o n i c  and s e s s i l e  p l a n t  forms. I t  now appears t h a t  massive a l g a l  mats 

and r o o t e d  submergent macrophytes assume t h e  major  r o l e  o f  p r ima ry  produc- 

t i o n .  P r i o r  t o  t h i s  development t he  ma jo r  r o l e  o f  p r imary  p roduc t i on  seemed 

t o  be c a r r i e d  o u t  by suspended ( i  .e., p l a n k t o n i c )  a lgae .  

The a l g a l  p o p u l a t i o n  i n  t h e  pond i s ,  as a l r eady  mentioned, dominated 

by s e s s i l e  o r  b e n t h i c  forms ( ~ Z a d o ~ h o r a  and ~ e b a s ~ o r a )  (Table  11) .  I n  

terms o f  a l g a l  biomass these two forms c o n s t i t u t e  g r e a t e r  than 95% o f  t he  

e n t i r e  popu la t i on .  Characiwn, s e s s i l e  on CZadophora, i s  ve r y  numerous b u t  

does n o t  i n v o l v e  much biomass. The green f i l amentous  Hydrod ie tyon  i s  a l s o  

abundant i n  t h e  pond. The p l a n k t o n i c  p o p u l a t i o n  o f  a lgae  i s  comprised 

m a i n l y  o f  P e d i a s b w n  and an assor tment  o f  d iatoms, many o f  which o f t e n  

appear t o  be sed iment -o r ien ted .  Popula t ions o f  p l a n k t o n i c  a lgae  a r e  o f t e n  

ephemeral and have no t y p i c a l  o r  c o n s i s t e n t  s t r u c t u r e .  Due t o  dock cons t ruc -  

t i o n  i t  now appears t h a t  s e s s i l e  forms have taken t h e  c o m p e t i t i v e  advantage. 
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F i gu re  12. A conceptual ized and qua1 i t a t i v e  food web f o r  U Pond showing r e l a t i v e l y  major  and minor  w 
Z 
E pathways of carbon ( i  .e., energy t r a n s f e r ) .  Heavy l i n e s  i n d i c a t e  major  rou tes ,  t h i n  l i n e s  r; 

i n d i c a t e  moderate rou tes ,  and broken 1  ines  i n d i c a t e  minor  r ou tes  o f  t r a n s f e r .  -I 
03 
m 
V 
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Table 11. Algae o c c u r r i n g  i n  U Pond and t h e i r  est imated r e l a t i v e  abundance. 

Popu la t ion  D i v i s i o n  Genus 

P lank ton i  c  Chlorophyta Scenedesmus 
(green a1 gae) Co srnari wn 

P e d i a s t m  
Se Z e n a s t m  
Sphaerocy s t i s  

Benth ic  

(diatoms ChrysOphr ta 

Euglenophyta 

Pyrrophyta 

Cyanophyta 

Unce r ta i n  

Cyanophyta 
(b l ue  green a lgae)  

Chlorophyta 
(green a lgae)  

FragiZaria 
Synedra 
Nitzschia 
NavicuZa 
E i p  t hernia 
Stauroneis 
Cocconeis 
Campy Zodiscus 
Gomp honerna 
Cyrnbe ZZa 
Me Zosira 
CycZoteZZa 
Ropha Zodia 

Eug Zena 

Chroococcus 
Ana baena 
Aphunizornenon 

Cryptomonadal es 

OsciZZatoria 
Spirogyra 

C Zadophora 
Hydrodicty on 
Spirogyra 
Tetraspora 
Characiwn 
Mougeo t i a  
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Potamogeton i s  the oi ly  submergent vascular plant found in U Pond. I t  

i s  concentrated in quads C and D, b u t  found in a l l  sections of the pond 

(Table 111). Cat tai ls   ha) ha) and bulrushes ( ~ c i r p u s )  grow pro1 i f i ca l ly  on 

the pond's perimeter in quads C and D, with lesser concentrations along the 

remaining shoreline. There a re  several stands of bulrushes in the pond's 

inter ior .  Willow and cottonwood trees and popuZus) grow along the 

ent i re  perimeter and on the island in the pond, b u t  denser growths occur 

along quads A, B, and C (Table 111). The northwest end of the pond i s  rela- 

t ively free of t rees .  There a re  ephemeral growths of watercress ( ~ o r i ~ ~ a ) ,  

occurring in l a t e  winter, and duckweed (~emna),  occurring from May to October, 

in quads C and D .  Some plants associated with the pond occur mainly in the 

inflow trenches which are  wild le t tuce ( ~ a c t u c a )  , smartweed ( ~ o Z ~ ~ o n i m ) ,  

and horsetail ( ~ ~ u i s i t w n )  (Table 111) (Price and Rickard 1973). 

The primary productivity of the pond appears to be strongly dominated 

by the sess i le  algae CZadophora and Tetraspora and the rooted submergent 

macrophyte Potamogeton. Spring and smmer planktontc Chl a concentrations 

ranged from 0.5 to 2.0 pg/R, which i s  very low f o r  a eutrophic system such 

as th is .  I t  i s  obvious that  benthic forms daninate the pond production by 

a large degree. Estimates of benthic and planktonic productivity for June 

and July 1974 show the pond i s  fixing between 220 to  260 kg C (net)  per day. 
3 These rates  are from 9.8 to  11.3 g C (net)/m per day or 3.9 to  4.5 g C 

2 (net)/m per day. These rates of primary production are  high b u t  not unrea- 

sonable when compared to other eutrophic systems. Assuming the daily pro- 

duction estimates to  be correct,  the pond system i s  fixing about 38 lbs of 
C per acre per day. This estimated carbon fixation ra te  approaches that  

of a corn f i e ld  which fixes about 56 lbs of C per acre per day (Robbins 
e t  a l .  1957). 

Standing crop estimates fo r  the major macrophytes (~o tamo~e ton  and 

Lemna minor) and algae (~Zadophora and Hydrodictyqn) r e f l ec t  the high level 

of primary production. These estimates were made in l a t e  July a t  a time 

when plant biomass appeared to  have reached a seasonal maximum. The highest 

standing crops were observed for  Potmiogeton (8756 kg or 19,300 1 bs pond-wide, 

expressed as dry weight) and Cladophora (2388 kg or 5266 Ibs pond-wide). 



Table 111. Vascular p l a n t s  d i r e c t l y  assoc ia ted  w i t h  t he  
U Pond ecosystem ( P r i c e  and R ickard  1973). 

Common name 

Duckweed 

Watercress 

Wi ld  l e t t u c e  

Bul rush  

Bul rush 

Three-square 
Bul rush  

Hards tern 
Bul rush 

C a t t a i  1 

Pondweed 

Smartweed 

Peach1 e a f  
Wi l low 

Cottonwood 

Horse ta i  1 

R e l a t i v e  abundance 
S c i e n t i  f i  c name Loca t i  on Medi urn High 

Lemnu minor 

Rorippa nasturtiwn- Quad D & 
aquaticwn t renches 

Luctuca serrio Za 
i 

Z-19 t r ench  X 

X 

Scirpus mri timus Quads C&D 
& t renches 

Scirpus va Zidus Quads C&D 
& t renches 

Scirpus americanus Quads C&D 
& t renches 

Scirpus acutus Quads C&D 
& t renches 

Tgpha ZatifoZia Quads AyB9C,&D 
& t renches 

Potumogeton Quads A,B,C,&D 
fiziformis & trenches 

X 

I 
i 
X 

I 
X 

E 
X 

PoZygonwn persicaria. Quad D X 
& t renches 

SaZix amygdaZoides Quads A ,B ,C ,& 8 X 

PopuZus de Ztoides Quads A ,B ,C ,& X 

Equisetwn t renches X 
Zaevigatwn 
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Considerably 1 ower estimates were obtained f o r  the f loat ing vascular plant  

Lemna minor (26 kg or  57 l b s )  and f o r  the  filamentous alga Hydrodietyon 

(49 kg o r  108 Ib s ) .  

I t  i s  within reason t o  assume t h a t  half of the  dry weight of the plant  

biomass i s  carbon. Based on this assmpt ion the t o t a l  standing crop f o r  the  

major primary producers in 1 a t e  July is  5609 kg o r  12,369 Ibs of C .  The 

growing period f o r  t h i s  standing crop was estimated t o  be about 150 days 

(from mid-March t o  the  f i r s t  of August). T h u s ,  without considering losses 

of standing crop due t o  grazing and decomposition a production r a t e  f o r  these 

plants i s  estimated t o  be 37 kg or 82 Ibs C/day. Expressed per u n i t  area 
these  production r a t e s  a r e  2.6 kg (5.8 l b s )  C/acre per day [or 0.65 kg 

2 (1.44 1bs)Im per day]. 
Using these two d i f f e r en t  methods of estimating primary production i t  

i s  evident t ha t  the  pond i s  highly productive; from approximately 0.7 t o  
2 3.9 g C (net)/m per day o r  from 5.8 t o  38 lbs  C(net)/acre per day. I t  i s  a l so  

obvious t ha t  the pond i s  not accumulating biomass a t  a r a t e  s imi lar  t o  t h a t  
of a corn f i e l d ,  but from an observational standing point one can view many 

mats of f loa t ing  CZadophora and large  beds of Potamogeton d u r i n g  the summer 

months (Fig. 13) .  

Animals i n  t h i s  pond system a r e  predominately benthic. The main com- 

ponents a r e  insect  larvae which include dipterans (midges, Chironomus and 
~ r i c o t o ~ u s )  and odonates (dragonf 1 i e s ,  Aeschm, LibeZZuZa, and ~ s c h n u r a )  , 
and the adu l t  hemipterans i n  the fami 1 i e s  Notonectidae (Backswimmers) and 

Corixidae (Waterboatmen) (Table IV). Other predominate forms include the 

scud HyaZeZZa and the  sna i l s  Lynnaea and Physa. The water f l e a  Daphnia 

appears i n  heavy concentrations from March t o  June. The dragonfly larvae 

provide the only substant ia l  predaceous a c t i v i t y  in the pond. Water scor- 

pions (Nepidae) , gian t  water bugs (Belostomatidae) and predaceous diving 
beetles (Dytiscidae) a re  a l so  ac t ive  predators, b u t  t o  a much l e s s e r  degree 
(Table IV and Fig. 12) .  The remaining benthic organisms provide species 

variat ion i n  t h i s  community, but not substant ia l  biomass, and feed princi-  

pally on organic d e t r i t u s .  



i g u r e  13. F loa t i ng  mats o f  CZadophora ( t op  2 photos) 
and beds o f  Potumogeton (bottom photo) occur- 
r i n g  dur ing  the  spr ing  and summer months o f  1974. 
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Table I V .  Fauna assoc ia ted  w i t h  U Pond. 

Re1 a t i v e  Abundance 
Popu la t ion  Ccmon Name Taxonomic Group L M H 

Neckton Go ld f i sh  Carassius auratus 

X 

X 

X 

X 
X 

Benth ic  
I nve r teb ra tes  Flatworm Dugesia X 

Segmented worm 01 igochaeta X 
Leech Rhynchobdel 1 i d a  X 
Seed shrimp 0s tracoda X 
Scud HyaZeZ Za azteca 
Water m i t e  Hydracar i  na 
Dragonf l y  adul  t s  Aeschna 

A m  
l x  
X 

X 

LibeZZuZa 
Damea 
Ery themis 

Dragonf l y  l a r v a  Aeschna 
LibeZZuZa 

X 
X 

X 

Damea 
Erythemis 

Damsel f l y  adul  t s  ArchiZestes 
Ischnura 

Damsel f ly  l a r v a  Ischnura 
Mayf 1 y Baet idae 
Water s t r i d e r  Gerr i dae  
Bac ksw immer Notonect idae 
Creeping wate r  bug Naucoridae 

X 

X 

X 

X 
X 

X 
Water scorp ion  Nepidae X 

Caddi s f  l y  T r i cop te ra  
Water Scavenger 

X 

X 
X 

X 

Gian t  wa te r  bug Belostomatidae 
Water boatmen Co r i x i dae  

X 

X 

Phy sa 

Plank ton ic  
I n v e r t e b r a t e  Water F lea Daphnia 

Bee t l e  Hydrophi 1 i dae  X 
Predaceous D i  v i  ng 

Beet1 e D y t i  sc idae 
I 
X 

Beet1 e No t e r  i dae 
Beet1 e Amphizoidae 
Beet1 e He1 odidae 
Midge Chironomus 

Chrico topus 
Snai 1 Lyrnnaea 

X 

X 
X 

X 
X 

X 

X 
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(Table I V  con td )  

Re1 a t i v e  Abundance 
Popu la t ion  Common Name Taxonomic Group L M H m 

B i rds  

Waterfowl Ma l l a rd  duck Anas pZatyrhynchos 
American coo t  FU Zica mericana 
Ruddy duck Oxyura jamaicensis 
Cinnamon t e a l  Anas cyanoptera 
Lesser scaup duck FuZix a f f i n i s  

X 
X 
X 

Mamma 1 Muskrat Ondatra 

Ringnecked duck Hythya coZZaris X 
P ied b i l l e d  grebe PoZiZymbus podiceps X 

I 

X 

Common nighthawk ChordeiZes minor 
K i  1  l d e e r  

I x 
Charadrius roci ferus  X 

Great  b l u e  heron Ardea herodias X 
Morning dove Zenaidura macroura 
Ash th roa ted  f l y -  Myiarchus cinerascens 

ca tcher  
x 

Eastern k i n g  b i  r d  Tyrannus tyrannus 
Barn swallow Hirundo cry throgas t e r  
American mag p i e  Pica pica 
Redwi nged b lack -  

b i r d  Agehius  phoeniceus 
Common crow Corvus c o r m  
American g o l d f i n c h  spinus t r i s t i s  
Chipping sparrow SpizeZZa passerina 
Savanna sparrow PassercuZus sand- 

wichensis 
Song sparrow MeZospiza meZodea 
White crowned Zonotricha Zeucophry s 

sparrow 
Oregon junco Junco oreyantls 
Great horned owl Bubo virginianus 

X 

X 

X 
X 

X 
x 
X 

X 

X 
X 

X 
X 
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The pond has a p r o l i f i c  popu la t ion  o f  g o l d f i s h  which i s  t h e  on l y  f i s h  

form present.  The o r i g i n  and h i s t o r y  o f  these f i s h  a re  no t  known b u t  i t  i s  

assunied t h a t  they were p lan ted  i n  the  pond by Hanford workers. Other ponds 

on the  Hanford Reservat ion have populat ions o f  g o l d f i s h  which a l so  make 

i n t r o d u c t i o n  by b i r d s  and waterfowl poss ib le.  These g o l d f i s h  feed p r i m a r i l y  

on organic  deb r i s  i n  the sediments and 1 i v i n g  p l a n t  and algae ma te r i a l  . The 

l a rvae  o f  t h e  g o l d f i s h  a re  presumably f ed  upon by dragonf ly  l a r vae  ( n o t  

a c t u a l l y  observed) and t h e  a d u l t s  by Great Blue Heron and coyotes. The 

heron do n o t  appear t o  p rov ide  much predat ion  pressure and t h e  g o l d f i s h  

popu la t ion  seems t o  be p r i m a r i l y  c o n t r o l l e d  by a d i e - o f f  pe r i od  i n  l a t e  

w in te r .  Coyotes have been observed feeding on t h e  dead g o l d f i s h  which accumu 

l a t e  along the  shore1 ine.  

Ma l l a rd  ducks and coots a re  found on the  pond i n  moderate numbers and 

feed main ly  on organic  deb r i s  and a lgae (Table I V ) .  Shorebirds, i n c l u d i n g  

sandpipers and k i l l d e e r  feed f requen t l y  a t  t h e  per imeter  o f  the  pond. Great 

Blue Heron have been observed t a k i n g  g o l d f i s h  from U Pond, a l though t h i s  has 

n o t  appeared t o  be a f requent  a c t i v i t y .  

A1 though they do no t  have s i g n i f i c a n t  r o l e s  i n  the  pond's ecosystem, 

there  are a number of mammals t h a t  use the  pond as a water source. Deer, 

coyote, raccoon, r a b b i t s ,  and rodents have been observed i n  the  pond area, 

and some evidence o f  muskrat a c t i v i t y  e x i s t s  around the  c a t t a i l s  i n  quad D. 

DISTRIBUTION OF Pu AND Am 

Physical  environs: 

The p r i n c i p a l  r e p o s i t o r y  f o r  Pu and Am i n  t h e  pond i s  t h e  sediments. 

The mean sediment concent ra t ion  f o r  Pu i s  390 pCi/g (n=60). This  inc ludes 

t h e  isotopes 2 3 8 ~ ~ ,  2 3 9 ~ ~ ,  and 2 4 0 P ~  ( i  .e. cPu). Levels o f  Pu i n  t he  sedi -  

ments 10 cm deep range f rom 7 t o  2200 pCi/g. These values a re  f o r  v e r t i c a l l y  

mixed 10 cm sediment plugs. One sediment sur face sample (1 t o  3 cm deep) 

had a Pu concent ra t ion  o f  4463 pCi/g. For t h i s  system t h e ' o v e r a l l  r a t i o  o f  

2 3 8  PU t o  2 3 9 y 2 4 0 ~ ~  i s  1 : l .  The range o f  2 3 8 ~ ~  sediment concentrat ions i s  



from 2.6 t o  1144 pCi /g  w i t h  a  mean o f  194 pCi/g. For 2 3 9 ' 2 4 0 ~ ~  t h e  range i s  

from 4  t o  1072 pCi/g w i t h  a  mean o f  195 pCi/g. The mean concen t ra t i on  o f  

241Am i n  t h e  sediment i s  53.9 pCi/g (n=32) w i t h  a  range o f  f rom 4.9 t o  

273 pCi/g.  S e l e c t i v e  surface sampling (1  t o  3  cm) has shown 241Am l e v e l s  t o  

be as h i gh  as 338 pCi/g.  The o v e r a l l  r a t i o  o f  "+lAm t o  CPu i s  0 .23 : l .  

These r e s u l t s  a r e  r e p o r t e d  f o r  a  sampling s e r i e s  which covers a  f o u r -  

month p e r i o d  i n v o l v i n g  15 samples each month (one 10 cm p lug  f rom each g r i d ,  

F i g .  5 ) .  These data were s t a t i s t i c a l l y  analyzed t o  determine i f  a  p a t t e r n  

o f  e i t h e r  s p a t i a l  o r  temporal d i s t r i b u t i o n  e x i s t e d  i n  t h e  pond. Ana lys is  

o f  va r iance  r e s u l t s  i n d i c a t e  t h a t  Pu i s  randomly d i s t r i b u t e d  i n  t he  pond 

sediments bo th  s p a t i a l l y  and tempora l l y ,  and no d i s p r o p o r t i o n a l l y  h i gh  con- 

c e n t r a t i o n s  c o n s i s t e n t l y  e x i s t  ad jacen t  t o  t h e  mouth o f  Z-19 t r ench  which 

c a r r i e s  Pu p rocess ing  wastes t o  t he  pond, o r  anywhere e l s e  i n  t h e  pond. 

The chemical forms of Pu and Am i n  t h e  sediments may n o t  be d i s t i n g u i s h -  

ab le ,  b u t  i t  i s  poss ib l e  t o  separate t he  forms o f  these a c t i n i d e s  i n  terms 

o f  t h e i r  removal by a  sequent ia l  e x t r a c t i o n  process (descr ibed  i n  MATERIALS 

AND METHODS). The e x t r a c t i o n  procedure renders i n f o r m a t i o n  about  t he  r e l a -  

t i v e  b i n d i n g  s t r e n g t h  t h a t  e x i s t s  between these t r ansu ran i cs  and t h e  sed i -  

ment p a r t i c l e s .  ( I t  i s  a n t i c i p a t e d  t h a t  t h e r e  i s  an i nve rse  c o r r e l a t i o n  

between t h i s  b i n d i n g  s t r e n g t h  and t h e  b i o l o g i c a l  a v a i l a b i l i t y  o f  t he  t r ans -  

u r a n i c s ) .  Those forms removed i n  t h e  NaCl e x t r a c t i o n  a r e  cons idered l o o s e l y  

bound, w h i l e  those removed o n l y  by EDTA e x t r a c t i o n  a r e  ve ry  t i g h t l y  bound. 

The o x a l a t e  e x t r a c t i o n  removes those forms he ld  by a  somewhat i n te rmed ia te  

b i n d i n g  s t r e n g t h .  The f r a c t i o n  n o t  removed by t h e  e x t r a c t i o n  processes a re  

cons idered compara t i ve ly  r e f r a c t o r y  and n o t  l i k e l y  removable i n  t he  pond's 

ecosystem by processes o c c u r r i n g  over ext remely  long  t ime i n t e r v a l s .  Most 

o f  t h e  Pu forms passed through t he  e x t r a c t i o n  procedure w i t h o u t  be ing  removed 

(73 t o  93%, Table V ) .  E x t r a c t i o n  by EDTA removed f rom 20 t o  22% o f  t h e  sub- 

surface sediment Pu b u t  o n l y  2  t o  5% f rom sediment p a r t i c l e s  c o l l e c t e d  near  

t h e  sur face .  The o x a l a t e  e x t r a c t i o n  process s o l u b i l i z e d  f rom 3 t o  5% o f  t h e  

Pu i n  two o f  t h e  sediment samples and 11 t o  14% i n  t he  t h i r d  sample. (The 

reasons f o r  . the  e x t r a c t i o n  o f  t h i s  g r e a t e r  p r o p o r t i o n  o f  Pu i n  t he  t h i r d  



samples i s  unknown). Less than 1 t o  3% o f  Pu was found t o  be l oose ly  bound 

(NaC1 ex t rac tab le )  and they were propor t iona l  t o  those l eve l  s i n  the  i n t e r -  

s t i t i a l  water. Americium was a l so  found t o  be s t r o n g l y  bound t o  surface 

sediment p a r t i c l e s  (90 t o  96%) and l ess  t i g h t l y  bound t o  subsurface ma te r ia l  

(Table V). There was more than 50% removal o f  Am by the oxa la te  and EDTA 

ex t rac t i ons  fo r  subsurface sediment, and about 30% o f  the  Am appeared t o  be 

so lub le  i n  t h e  i n t e r s t i t i a l  water. I t  would appear t h a t  Am associated w i t h  

the sur face sediments i s  t i g h t l y  bound and - < 1% could be a v a i l a b l e  t o  the  

food web i n  a so lub le  form. 

Levels o f  Pu i n  the  i n t e r s t i t i a l  water range from 0.6 t o  12.6 pCi/g 

(n=3, Table VI ) .  Pu species o f  i n t e r s t i t i a l  water from subsurface sediments 

were predominately "nonionic",  w h i l e  those taken from the  sur face were pre- 

dominately c a t i o n i c  ( s i m i l a r  t o  t he  ove r l y i ng  water, discussed l a t e r ) .  Am 

l e v e l s  i n  i n t e r s t i t i a l  water ranged f rom 0.6 t o  2.8 pCi/g (n=3) and were 

predominately c a t i o n i c  i n  na ture  (Table V I )  . I n  those samples conta in ing  

sur face sediments, t he re  were h igher  l e v e l s  o f  an ion i c  241Am (43 t o  45%) 

than those c o l l e c t e d  below the  surface. 

I n  t h e  pond water, on ly  t r a c e  concentrat ions o f  Pu and Am were detected 

(Table V I I ) .  Approximately 0.007 pCi o f  2 3 8 ~ ~ / ~  and 0.002 pCi o f  2 3 9 ' 2 4 0  Pu/2 

were found i n  th ree  samples processed by a l a r g e  volume water sampler. 

Higher l e v e l s  o f  241Am, about 1.1 pCi/R, were measured i n  the water. Approxi- 

mately 50 t o  60% o f  the  Pu and 10% o f  t he  Am were i n  a so lub le  form i n  the  

pond water (Table V I I ) .  From 60 t o  80% o f  the  so lub le  Pu and about 30% o f  

the so lub le  Am species were c a t i o n i c .  The an ion ic  f r a c t i o n  o f  so lub le  Am 

was about 70%, whereas f o r  Pu i t  was about 5%. A r e l a t i v e l y  l a r g e  "nonionic"  

f r a c t i o n  37%, ex is ted  f o r  so lub le  Pu. 

It i s  c l e a r  from the  work p rev ious l y  described t h a t  a t  l e a s t  95% o f  the  

Pu i n  the  pond i s  he ld  i n  t h e  sediments. I f  a mean Pu concent ra t ion  o f  

390 pCi/g (n=60) f o r  t h e  sediments i s  used t o  c a l c u l a t e  the  t o t a l  amount o f  

Pu contained by the  sediments down t o  10 cm, t h i s  l e v e l  can be compared t o  

the h i s t o r i c a l  re lease o f  Pu i n t o  the  pond f o r  inventory  purposes. The 

t o t a l  l e v e l  of Pu i n  t he  pond sediments (down t o  10 cm) i s  est imated t o  be 

1.54 C i  of 2 3 8 ~ ~  and 1.55 C i  o f  2 3 9 ' 2 4 0 ~ ~  . For s p e c i f i c  a c t i v i t y  determi- 

nat ion,  i t  i s  assumed t h a t  of t h e  1.55 C i  o f  2 3 9 ' 2 4 0 ~ ~ ,  92.4% i s  2 3 9 ~ u  and 
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7.6% i s  2 4 0 ~ u  (weapons grade Pu). The e n t i r e  14 acre  pond bottom ( t o  a depth 

o f  10 cm) i s  thus est imated t o  con ta in  0.09 g o f  2 3 8 ~ ~  and 21.0 g o f  239Pu 

o r  a t o t a l  Pu conten t  o f  about 21 g. This  i s  l e s s  than 0.5% o f  t he  h i s t o r i c  

re lease f i g u r e  o f  8.1 kg. There may be subs tan t i a l  amounts of Pu l y i n g  

beneath t h e  10 cm l e v e l  i n  t h e  pond sediments o r  under ly ing  dese r t  s o i l ,  o r  

l a r g e  q u a n t i t i e s  o f  Pu may have been deposited i n  t h e  Z-trenches and never 

reached t h e  pond. Because there  a re  s u f f i c i e n t  u n c e r t a i n t i e s  about the  

h i s t o r i c  Pu re lease f i g u r e  o f  8.1 kg and about t h e  na ture  o f  Pu depos i t i on  

i n  t h e  Z-trenches and t h e  pond's bottom, attempts t o  balance the  i nven to ry  

i n  t he  pond system w i l l  n o t  be made a t  t h i s  t ime. 

B i o l o g i c a l  env i rons:  

Data from b i o l o g i c a l  samples taken f rom the  pond a r e  incomplete, b u t  

i t  i s  poss ib le  t o  o b t a i n  a p r e l i m i n a r y  view o f  t h e  d i s t r i b u t i o n  of Pu and 

Am i n  t he  pond's b i o t a .  Many o f  t he  sample s izes  f o r  each taxon are smal l ,  

and a d d i t i o n a l  work over t he  coming months should improve the  accuracy o f  

these est imates. Because the  sediments a r e  the  p r i n c i p a l  r e p o s i t o r y  f o r  

Pu and Am i n  t h i s  system, a l l  b i o t i c  concentrat ions a re  compared t o  those 

l e v e l s  i n  t h e  sediments as a means f o r  making comparisons w i t h  what may be 

considered as a subs t ra te  concent ra t ion .  

P l a n t  m a t e r i a l  appears t o  be an a c t i v e  concent ra to r  o f  bo th  Pu and Am 

i n  t h i s  pond. Decomposing a lgae seem t o  concentrate Pu and Am cons iderab ly  

more than those l e v e l s  present  i n  the  sediments (F igs.  14 and 15). This 

a l g a l  f l o c  ma te r i a l  i s  a  very  l i g h t l y  compacted accumulation o f  decomposing 

a lgae which supports an a c t i v e  b a c t e r i a l  growth. The s p e c i f i c  o r i g i n  o f  

t h i s  pa le  green f l u f f  i s  n o t  known, b u t  i t  i s  assumed t o  be generated f rom 

t h e  massive populat ions o f  f i lamentous,  c o l o n i a l ,  and un i ce l  l u l a r  a lgae 

which p r o l i f e r a t e  i n  the  pond. During q u i e t  per iods t h i s  a l g a l  f l o c  l i e s  

l o o s e l y  compacted over  much o f  t h e  pond's bottom. However, as winds develop, 

a p o r t i o n  o f  t h i s  f l o c  i s  moved t o  t he  per imeter  o f  the  pond where i t  accu- 

mulates i n  t h i c k e r  masses and d r i e s  along t h e  shore l ines .  

Ten a l g a l  f l o c  samples, each c o l l e c t e d  a t  a  d i f f e r e n t  t ime, have been 

analyzed f o r  Pu. Pu concentrat ions are  remarkably cons i s ten t  i n  these 
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saniples showing a  mean o f  1.9 nCi /g  w i t h  a  range o f  1  t o  4  nCi /g  (F ig .  14) .  

Because o f  t h e  way t h i s  m a t e r i a l  accumulates i n  t h e  sha l low s h o r e l i n e  areas 

of t h e  pond, i t  prov ides  an e a s i l y  ob ta i nab le  food source f o r  wa te r fow l .  

Ma l l a rd  ducks, p r i m a r i l y ,  have been observed feed ing  on t h i s  m a t e r i a l .  One 

o f  these ducks was sampled and l a r g e  p o r t i o n s  o f  t h e  con ten ts  o f  i t s  a l i -  

mentary canal appeared t o  be a l g a l  f l o c .  S u r p r i s i n g l y ,  however, t h e  a l i -  

mentary canal con ten ts  conta ined o n l y  9.8 pCi o f  CPu/g. Levels  o f  CPu i n  

the  duck ranged f rom 0.5 pCi/g i n  t h e  a l imen ta ry  canal t i s s u e  t o  0.01 pCi/g 

i n  t h e  adipose and neck t i s s u e  (F ig .  16) .  I t i s  n o t  known how l ong  t h i s  

duck was feed ing  i n  U Pond be fo re  i t  was sampled. It may have f i l l e d  p a r t  

o f  i t s  a l imen ta ry  canal w i t h  p l a n t  m a t e r i a l  f rom o t h e r  ponds. 

Depending upon t h e  sources of Pu and Am and the  e x t e n t  t o  which these 

i so topes  a r e  a v a i l a b l e ,  decomposing a l g a l  m a t e r i a l  appears t o  have concentra- 

t i o n  f a c t o r s  rang ing  f rom 58 t o  400,000,000 f o r  CPu (Table v I I I )  and 48 t o  

3,000,000 f o r  241Am (Table I X ) .  [The r a t i o n a l e  i n  develop ing CF's g e n e r a l l y  

r e q u i r e s  t h a t  some l e v e l  o f  a v a i l a b i l i t y  be s e t  which i s  then  determined t o  

be some m u l t i p l e  ok f r a c t i o n  o f  an equ i va len t  concen t ra t i on  i n  t h e  organism. 

Since t he  means by  which these organisms accumulate Pu and An1 i s  n o t  y e t  

understood, and t he  d i v e r s i t y  o f  t ime  and exposure these organisms have t o  

t he  t r ansu ran i c  sources i s  n o t  known o r  considered, t h e  de te rm ina t i on  o f  an 

accura te  and r e l i a b l e  CF i s  n o t  poss ib l e .  Without some knowledge o f  t he  

dynamics i n v o l v e d  i n  r a d i o n u c l i d e  accumulat ion by s p e c i f i c  organisms, t h e  

exe rc i se  o f  ass ign ing  CF's may be f u t i l e .  I t i s  obvious f rom v iew ing  

Tables V I I I  and I X  t h a t  CF va lues va ry  g r e a t l y  depending upon t h e  l e v e l  

des ignated as " a v a i l a b l e . "  Perhaps t h e  need t o  be t r a d i t i o n a l  p rov ides  some 

reason t o  be concerned w i t h  CF's, b u t  beyond t h i s  t he re  seems t o  be l i x t l e  

reason f o r  s e l e c t i n g  a  f i n i t e  va lue  f rom such an enormous range o f  op t i ons ,  

each hav ing few m e r i t s  and many l i m i t a t i o n s .  However, f o r  reasons o f  com- 

pa r i son  t h e  CF va lues assumed t o  be most accura te  w i l l  be those based on 

i n t e r s t i t i a l  water  i n  Tables V I I  and I X . ]  It would appear then t h a t  decom- 

p ~ s i n g  a l g a l  m a t e r i a l  concentrates bo th  Pu and Am by a  f a c t o r  o f  about  200. 

O f  t he  l i m i t e d  l i t e r a t u r e  on t h i s  mat te r ,  t he re  does n o t  seem t o  be 

general  agreement w i t h  any o f  these es t imated  concen t ra t i on  f a c t o r s  f o r  
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algae.  Davis  e t  a1 . (1968) and Welander (1969) r e p o r t  Pu concen t ra t i on  

f a c t o r s  f o r  P a c i f i c  coas t  mar ine a lgae t o  range f rom 260 t o  3500, w h i l e  

Wong e t  a l .  (1970) est imates concen t ra t i on  f a c t o r s  t o  range f rom 100 t o  

1600 f o r  A t l a n t i c  coas t  marine a lgae.  Johnson e t  a l .  (1972), i n  a  f r esh -  

water s tudy a t  Rocky F l a t s  est imates concen t ra t i on  f a c t o r s  on t he  o rder  o f  
4  

10 . The exe rc i se  of develop ing a r e l i a b l e  and accura te  concen t ra t i on  

f a c t o r  c l e a r l y  becomes a ma t te r  o f  assess ing t h e  l e v e l  o f  Pu which i s  

a v a i l a b l e  t o  t h e  organism. 

The a l g a l  f l o c  i s  cons idered impo r tan t  i n  t h i s  system because i t  i s  

abundant, p rov ides  a l a r g e  o rgan ic  d e t r i t u s  food base, and i s  t h e  p r i n c i p a l  

concen t ra to r  o f  Pu and Am i n  t h e  pond. However, t h i s  m a t e r i a l  i s  undergoing 

decomposit ion, and t h e r e  a r e  s u b s t a n t i a l  popu la t i ons  o f  microorganisms 
7 w i t h i n  it. A l g a l  f l o c  con ta ins  f rom 2 t o  7  x  10 b a c t e r i a  (aerob ic  and 

anaerobic)  pe r  gram o f  d r y  f l o c  ( o r  about 1  t o  4  x  g  o f  b a c t e r i a  per  

gram o f  d r y  f l o c ) ,  o f  which t he  most numerous a re  Pseudomonas, BaciZZus, 

and Aerobacter,  comnon t o  ponds l i k e  t h i s  one. Actinomycetes i n  t he  a l g a l  
7  f l o c  ranged f r om 1 t o  7  x 10 organisms pe r  gram d r y  weight ,  and f u n g i  were 

6 presen t  a t  l e v e l s  o f  1  t o  4  x 10 organisms p e r  gram ( o r  about  3  t o  24 x  g 
o f  act inomycetes and 2 t o  8  x g  o f  f u n g i  pe r  gram o f  d r y  f l o c ) .  Al though 

t he  c o l l e c t i v e  weights  o f  t h e  microorganisms a re  l e s s  than 1% o f  t h a t  o f  t h e  

f l o c  i t  i s  l i k e l y  t h a t  microorganismic a c t i v i t y  p l ays  an impo r tan t  r o l e  i n  

the  accumulat ion o f  Pu and Am by t h i s  decomposing a l g a l  m a t e r i a l .  Johnson 

e t  a l .  (1972) found reasons t o  conclude t h a t  b a c t e r i a  have a s i g n i f i c a n t  

r o l e  i n  t h e  uptake o f  Pu i n  f reshwater .  

The second most a c t i v e  concent ra to r  o f  Pu and Am i d e n t i f i e d  i n  t h e  pond 

i s  watercress ( ~ o r i p p a  nas tu r t iwn-aquat inun)  . Watercress grew o n l y  du r i ng  

February and March w i t h i n  the  pond system. Th is  r oo ted  aqua t i c  p l a n t  grew 

i n  t h e  shal low reg ions  (< - 30 cm), b u t  was o f t e n  found f r e e - f l o a t i n g  near t h e  

shore l ine ,  and those p l a n t s  which were sampled were n o t  a t tached  t o  t h e  

sediment. O f  t he  two samples taken (each sample i nvo l ves  many p l a n t s ) ,  

watercress had 532.4 pCi o f  Pu/g and 124.8 pCi of Am/g (F igs .  14 and 15) .  

These l e v e l s  a r e  w i t h i n  a  f a c t o r  o f  t h r e e  o f  those concent ra t ions  p resen t  i n  



the  sediments, and a CF o f  60 f o r  cPu and 83 f o r  241Am i s  i nd i ca ted  us ing 

i n t e r s t i t i a l  water l e v e l s  as an expression o f  a v a i l a b i l i t y  (Tables V I I I  

and I X ) .  

With regards t o  Pu l eve l s ,  a l l  o ther  organisms analyzed so f a r  have 

had mean concentrat ions below those o f  t he  sediment (Fig. 14). However, 

d ragonf ly  l a rvae  (n=5) and s n a i l s  (n= l )  had Am concentrat ions greater  than 

those of t he  sediments (98.6 and 92.3 pCi/g, respect ive ly ,  Fig. 15). ( I t  
i s  worth p o i n t i n g  ou t  here t h a t  b i o l o g i c a l  samples i n v o l v e  many organisms 

per  sample un i t . )  

I t  i s  i n t e r e s t i n g  t o  see t h a t  one o f  the  pond's most a c t i v e  predators, 

the  dragonf ly  l a rvae  LibeZZuZa, had r e l a t i v e l y  h igh  mean concentrat ions 

o f  both Pu and Am (154.3 and 98.6 pCi/g, respect ive ly ,  Figs. 14 and 15). 

The organisms upon which they feed appear t o  have much lower Pu and Am 

l e v e l s  (Figs. 14 and 15). Here e x i s t s  the  p o s s i b i l i t y  o f  t ransuranics being 

concentrated by food chain t rans fe r ,  bu t  t he  pond's food web i s  n o t  complex 

and the  p o t e n t i a l  f o r  t h i s  mode o f  concentrat ion does n o t  appear t o  be 

great. The reverse o f  such a concentrat ion process has been observed i n  

Lake Michigan by Yaguchi e t  a l .  ( i n  press) and Wal ler  e t  a l .  ( i n  press)  

where a much more dynamic food web i s  involved. Aeschna, another predaceous 

dragonf ly  larvae, had much lower l e v e l s  o f  both Pu and Am (32.7 and 

23.3 pCi/g, respect ive ly ,  Figs. 14 and 15). This  organism genera l l y  f i n d s  

i t s  n iche more o f t e n  under the  bark o f  submerged t r e e  l imbs o r  on o the r  

ob jec ts  which r e s t  above the  sediments. LibeZZuZa, conversely, may be found 

p a r t i a l l y  burrowed i n t o  the  sediments o r  i n  some o ther  l o c a t i o n  where sediments 

are proximal.  I t  may be the  d i f f e r e n c e  i n  niches which accounts f o r  t he  h igher  

Pu and Am content  o f  LibeZZuZa r a t h e r  than a process o f  concentrat ion by 

predat ion. However, there  were eleven occasions, i n  the  months November, 

December, and A p r i l ,  where c o l l e c t i o n s  o f  LibeZZuZa and Aeschna were made from 

the  same subst ra te  (Clemens nets, p. 17). Each c o l l e c t i o n  usua l l y  invo lved 

10 t o  30 i n d i v i d u a l s  w i t h  a minimum o f  6 f o r  Aeschna and 4 f o r  LibeZZuZa. I n  

every c o l l e c t i o n  LibeZZuZa showed s u b s t a n t i a l l y  h igher  cPu content  than Aeschna 

w i t h  a mean r a t i o  o f  cPu i n  LibeZZuZa t o  cPu i n  Aeschna of 6 . 3 ~ 1  (Fig.17). The 



Q-A Q-C Q-C Q-C Q - B  Q-C Q - C  Q-C Q-B Q-A Q-C -- + + 
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1973 1974 

F igure  17. A comparison o f  CPu l e v e l s  i n  d r a g o n f l y  l a r v a e  LibeZZuZa (L)  
and Aeschna ( A ) .  Designat ions o f  quad l o c a t i o n  (see F i g .  4)  
and da te  o f  sampling a r e  shown below t h e  c o l  umns. 



consis tency w i t h  which t h i s  occurred was remarkable, and i n d i c a t e s  t h a t  t h e  

phys io l og i ca l  and/or behav io ra l  d i f f e r e n c e s  o f  these organisms a f f e c t  t h e i r  

a b , i l i t y  t o  accumulate Pu. There a l s o  e x i s t s  t h e  p o s s i b i l i t y  t h a t  s e s s i l e  

algae, which o f t e n  grow on t he  e x t e r i o r  o f  LibeZZuZa b u t  n o t  Aeschna, a r e  

. concen t ra t i ng  Pu independent o f  LibeZZuZa. These s e s s i l e  a lgae  a r e  n o t  

e a s i l y  removed i n  t h e  sample p repa ra t i on  s teps and may have h i g h  burdens o f  

Pu, b u t  t h e  r e l a t i v e l y  smal l  we igh t  o f  a t tached  a lgae  t o  t h a t  o f  the l a r v a  

would r e q u i r e  t h a t  t h e  a lgae have ve ry  h i g h  concent ra t ions  o f  Pu t o  account 

f o r  t he  h i g h  l e v e l s  i n  LibeZZuZa. Th i s  ma t te r  remains an i n t e r e s t i n g  puzz le .  

Other pond b i o t a  f o r  which Pu and Am values a r e  a v a i l a b l e  show r e l a t i v e l y  

lower  concen t ra t ions .  Sna i l  eggs show a  ZPu con ten t  o f  76.5 pCi/g w i t h  a  
CF o f  9  (no va lues a r e  y e t  a v a i l a b l e  f o r  241Am). C a t t a i l   ha) ha) r o o t s  and 

submerged stems show CPU l e v e l s  o f  about 59 pCi/g (CF = 7 )  and 241Am l e v e l s  

o f  51 pCi/g (CF = 34); however, emergent p o r t i o n s  o f  these macrophytes had 

cons iderab ly  lower  l e v e l s  o f  CPu (6.9 pCi/g, CF = 0.1 ) and 2 4 1 ~ m  (3.8 pCi/g, 

CF = 0.2) (F igs.  14 and 15, Tables V I I I  and I X ) .  Thus, t h e r e  i s  about  an 

o rder  o f  magnitude d i f f e r e n c e  i n  t r ansu ranc i c  con ten t  between t h e  submerged 

and emergent p o r t i o n s  o f  these p l a n t s .  I n  c o n t r a s t  t o  t h i s ,  samples o f  t h e  

bu l rush  scirpus conta ined o n l y  about 1  pCi/g o f  ZPu (CF = 0.1 ) and 0.3 pCi/g 

o f  241Am (CF = 0.2),  and CPu i n  submerged and emergent p o r t i o n s  o f  t h i s  p l a n t  

were about  equal (241Am values n o t  y e t  a v a i l a b l e )  (F igs .  14 and 15, and 

Tables V I I I  and I X ) .  

There a r e  a  number o f  o t h e r  pond b i o t a  which show CPu concent ra t ions  

rang ing  f rom about 10 t o  60 pCi /g  (CF's rang ing  f r om 0.1 t o  7 )  (F i g .  14 and 

Table V I I I ) .  These i n c l u d e  d i p t e r a n  l a r v a e  and a d u l t s ,  d ragon f l y  and damsel- 

f l y  la rvae ,  hemipterans, s n a i l s ,  amphipods, c ladocerans, macrophytes and 

vege ta t i ve  algae. For approx imate ly  t h e  same group o f  organisms t h e  241Am 

* l e v e l s  ranged f rom about  5  t o  90 pCi/g (CF's rang ing  f rom about  3  t o  60) 

(F ig .  15 and Table IX ) .  A lso i n  t h e  group a r e  "na t i ve "  g o l d f i s h  ( ~ a r a s s i u s ,  

w i t h o u t  g u t  con ten ts )  showing r e l a t i v e l y  low l e v e l s  o f  CPu o f  18.9 pCi/g 

(CF = 2 )  and 2 4 1 ~ m  o f  10.8 pCi/g (CF = 7 ) .  Because o f  t h e i r  b a s i c a l l y  

d e t r i t i v o r o u s  f eed ing  hab i t s ,  i t  was expected t h a t  these f i s h  would accumu- 

l a t e  h i gh  burdens o f  these a c t i n i d e s  i n  t h e i r  body t i s s u e .  The g o l d f i s h  



which comprised these samples were a t  l e a s t  two years o l d ,  and had spent  

t h e i r  l i v e s  f o r a g i n g  f o r  food  i n  t h e  pond's sediments and assoc ia ted  p l a n t  

m a t e r i a l .  These low l e v e l s  o f  Pu and Am concent ra t ions  i n  t h e  g o l d f i s h  

t i s s u e  suggest t h a t  even years  o f  a c t i v e  feed ing  on a subs t ra te  o f  r e l a t i v e l y  

h i g h  Pu and Am con ten t  w i l l  n o t  cause much t r a n s f e r  o f  these a c t i n i d e s  across .. 
t he  g u t  w a l l  and i n t o  the  var ious  body t i s sues .  I f  t h i s  process was a c t i v e l y  

o c c u r r i n g  i n  pond b i o t a ,  i t  should be most e v i d e n t  i n  g o l d f i s h  because o f  

t he  extended t ime a v a i l a b l e  t o  them f o r  such an uptake process. However, 

p r e l  im ina ry  data f r om a f i e l d  exper iment (d iscussed 1 a t e r )  i n d i c a t e  t h a t  

g u t  t r a n s f e r  o f  Pu i n t o  body t i s s u e  occurs a t  a low l e v e l  over a l ong  p e r i o d  

o f  t ime. 

Ra t i os  o f  ' 3 8 ~ ~  t o  2 3 9 y 2 4 0 ~ u  i n  t h e  pond b i o t a  a r e  g e n e r a l l y  h i ghe r  

than  those o f  t h e  sediments (F ig .  18) .  Only " n a t i v e "  g o l d f i s h  muscle t i s s u e  

had a r a t i o  which appeared t o  f a v o r  2 3 9 y 2 4 0 ~ ~  . (Note t h a t  t h e  o v e r a l l  r a t i o  

o f  2 3 8 ~ ~  t o  2 3 9 y 2 4 0 ~ ~  i n  t h e  sediments was 1 : I ) .  Samples o f  hemipterans 

(Co r i x i dae  and Notonect idae) ,  amphipods (H~UZ~ZZU) ,  and g o l d f i s h  ( ~ a r a s s i u s ,  

w i t h o u t  g u t  con ten t s )  showed 2 3 8 F ~  t o  2 3 9 y 2 4 0 ~ ~  r a t i o s  which were about  

equal t o  those o f  t h e  sediments (F ig .  18) .  It appears t h a t  most  o f  t he  pond 

organisms, f l o r a  and fauna a l i k e ,  a r e  s e l e c t i n g  2 3 e ~ u  s l i g h t l y  over  2 3 9 ' 2 4 0 ~ ~  

(F i g .  18 ) .  The h i g h e s t  r a t i o  was found i n  newly emerged midges (1.8) which 

had r e l a t i v e l y  low accumulat ions o f  EPu (F ig .  14) .  P l a n t  m a t e r i a l  which 

showed the  h i g h e s t  accumulat ion o f  Pu had r a t i o s  o f  2 3 8 ~ ~  t o  2 3 9 y 2 4 0 ~ ~  

r ang ing  f r om 1.3 t o  1.6 ( ~ i g .  18 ) .  The r a t i o  o f  2 3 8 ~ ~  t o  2 3 9 y 2 4 0 ~ ~  i n  t h e  

pond water  i s  3.5, which may be r e f l e c t e d  i n  t he  r e l a t i v e l y  h i g h  r a t i o s  o f  

b i o t a  ( r e l a t i v e  t o  sediments).  

Ra t i os  of 2 4 1 ~ m  t o  CPu i n  t h e  pond b i o t a  were g e n e r a l l y  h i ghe r  than 

those o f  t h e  sediments, w i t h  t h e  excep t ion  o f  watercress,  a l g a l  f l o c ,  and 

emergent a d u l t  d i p t e r a n s  (F ig .  19) .  Watercress ( ~ o r i p p a )  had a r a t i o  which 

was equal t o  t h a t  o f  t he  sediments (0.23:1), w h i l e  a l g a l  f l o c  and a d u l t  

d i p t e r a n s  had a much lower  r a t i o  of 0.13:1 ( F i g .  19).  Many o f  t he  b i o t i c  

samples showed r a t i o s  above 0.5:1, and one sample con ta in i ng  a s u b s t a n t i a l  

number o f  s n a i l s  (~yrnnaea) had a r a t i o  o f  a lmos t  2 : l .  I n  t h e  pond water  

t he  r a t i o  o f  2 4 1 ~ m  t o  CPU was 120:1, which may h e l p  t o  e x p l a i n  why pond b i o t a  

r a t i o s  a r e  g e n e r a l l y  h igher  than those o f  t h e  sediments. 



RATIO OF 
23gPu1239, 24OPu 
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HEMIPTERAN, Corixidae (n= 3)  

I AMPHI  POD, Hyalel la (n- 7)  

I NATIVE GOLDFI SH, (MUSCLE) (n- 2) 





WTAKE EXPERIMENTS 

A simple i n  s i t u  experiment was performed w i t h  g o l d f i s h  t o  measure 

t h e i r  r a t e  o f  accumulation and e q u i l i b r i u m  l e v e l  f o r  the  t rans fer  of Pu 

and Am f rom the  sediments. Goldf ish,  subsampled s ince November 1973, were 

analyzed f o r  Pu and Am under two cond i t ions ,  w i t h  and w i thou t  g u t  contents 

removed. Pu and Am l e v e l s  i n  e n t i r e  go ld f i sh ,  i nc lud ing  g u t  contents, serve 

as a t r o p h i c  basel ine index f o r  what i s  a v a i l a b l e  t o  the  next  t r o p h i c  l e v e l  

( i . e .  heron), wh i l e  those w i t h  gu t  contents removed i n d i c a t e  l e v e l s  of Pu 

and Am which were l i k e l y  accumulated phys io log i ca l l y .  Only Pu data f o r  

g o l d f i s h  analyzed w i t h  gu t  contents pnesent a r e  c u r r e n t l y  ava i lab le ,  and 

these r e s u l t s  are n o t  y e t  complete. 

For a w in te r  per iod  o f  about 110 days, which r a n  from November t o  

February, t he  l e v e l  o f  CPu i n  the  g o l d f i s h  never exceeded 20 pCi/g (Fig. 20). 

The s i x  mean values ( w i t h  ranges) shown i n  Fig. 20 do n o t  prov ide a means 

f o r  accura te ly  determining r a t e  o f  uptake, however a hypothet ica l  uptake 

curve, placed v i s u a l l y  among the  data means, serves a conceptual purpose 

(Note t h a t  t he  v i s u a l l y  f i t t e d  l i n e  f a l l s  w i t h i n  the  data ranges i n  a l l  

cases.) Thus, o n l y  an approximate s a t u r a t i o n  l e v e l  can be obta ined from 

these incomplete data. Go ld f ish  which a r e  n a t i v e  t o  the pond contained 

about 20 pCi of CPu/g w i t h  g u t  contents removed (Fig.  14).  This prov ides 

a degree o f  conf i rmat ion  t h a t  20 pCi o f  CPu/g may be a reasonable equi 1 i b r i u m  

l e v e l  f o r  Pu uptake by go ld f i sh .  

Adams and Fowler (1974) found about 8 pCi/g (wet weight)  o f  *=*Pu i n  

the f l e s h  o f  g o l d f i s h  exposed t o  2 3 8 ~ u 0 2  microspheres f o r  181 days. Thei r  

experimental design prov ided about 140 pCi/R o f  2 3 8 ~ ~  i n  the  aquarium water, 

however, t he  l e v e l  o f  2 3 8 ~ ~  i n  the  feeding subs t ra te  was no t  designated. 

These l e v e l s  o f  Pu accumulation a re  reasonably c lose  t o  those determined by 

sampling and experimentat ion i n  U Pond; however, t h e i r  experiments were 

o r i en ted  around ambient Pu concent ra t ion  i n  t h e  water r a t h e r  than Pu concen- 

t r a t i o n s  i n  the  food source. Concentrations o f  Pu i n  t he  -water o f  t h e i r  

experimental setup were about l o 4  greater  than those o f  U Pond. 

. ._ . A study, s i m i l a r  t o  t h a t  performed w i t h  g o l d f i s h  i n  U Pond, i s  being 

c a r r i e d  ou t  w i t h  ma l l a rd  ducks. A discussion o f  t h i s  study w i l l  be presented 

when data a r e  s u f f i c i e n t  t o  draw pre l im inary  conclusions. 
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CONCLUSIONS 

A t  t h i s  p o i n t  i n  our study a  number o f  conclusions, which a re  pre l im- 

i n a r y  i n  nature, may be drawn from the  i n fo rma t ion  accrued over the past  

12 months. It i s  l i k e l y  t h a t  as f u r t h e r  knowledge i s  developed about the  

ecosystem, and the  behavior o f  t ransuranics i n  it, there  w i l l  be modi f i -  

ca t i ons  o f  hypotheses discussed i n  the  t e x t  and conclusions l i s t e d  below. 

Nevertheless, i t  i s  a  worthwhi le exerc ise t o  summarize s i g n i f i c a n t  f i n d i n g s  

f o r  purposes o f  descr ib ing  the progress o f  t h i s  study and s e t t i n g  d i r e c t i o n s  

f o r  f u t u r e  work. 

1. Although the  o f f i c i a l  f i g u r e  f o r  the h i s t o r i c  re lease o f  Pu 

i n t o  Z-trenches ( lead ing  t o  U Pond) i s  8.1 kg, on l y  a  small 

f r a c t i o n  o f  t h i s  amount (21 g)  has been found i n  the  pond 

sediments t o  a  depth o f  10 cni. Fur ther  e f f o r t s  w i l l  be made 

t o  assess t h i s  d i f f e r e n c e  which w i l l  i nvo l ve  sediment co r i ng  

and assessments o f  Pu removal v i a  physical  and b i o l o g i c a l  

mechanisms. 

2. The pond's water budget invo lves  an i n f l o w  r a t e  o f  about 
3 10 m /min. More than 95% o f  t h i s  i n f l o w  leaves the  pond 

v i a  p e r c o l a t i o n  as there  a r e  no sur face out f lows.  Evapo- 

r a t i o n  o f f  o f  t h e  pond i s  n e g l i g i b l e .  Perco la t ion  ra tes  

vary across the  pond bottom w i t h  the  ou ter  edges being more 

permea b l  e  than the  cen t ra l  bas i n. 

3.  The c i r c u l a t i o n  o f  water i n  t he  pond i s  g r e a t l y  in f luenced by 

wind w i t h  a d d i t i o n a l  e f f e c t s  caused by heated water enter-  

i n g  f rom the  U-14 trench. Because the  pond i s  shallow, wind 

a c t i o n  p lays  an important  r o l e  i n  resuspending and d i s t r i b u t -  

i ng  sediments. 

4. I n s t a l l a t i o n s  o f  walkways over t he  pond sur face have s i g -  

n i f i c a n t l y  a l t e r e d  the  pond's h a b i t a t  by increas ing  sediment 

s t a b i l i t y  on t h e  leeward s ide  o f  t h e  docks. Because o f  t h i s  

a  l a r g e  popu la t ion  o f  the  benth ic  macrophyte Potamogeton has 



r oo ted  i n  t h i s  s t a b l e  r e g i o n  and p rov ides  an a d d i t i o n a l  

subs t ra te  f o r  t he  a lgae  CZadophora and Tetraspora. These 

f l o r a  now dominate t he  subniergent p r imary  producers i n  t he  

pond. 

5. Th is  pond i s  an u l t r a - e u t r o p h i c  system w i t h  most o f  t h e  

p l a n t  n u t r i e n t s  be ing supp l i ed  by the  laundry .  Enrichment 

f rom t h i s  source suppor ts  massive popu la t ions  o f  macrophytes 

and a lgae (mentioned i n  conc lus ion  4 ) .  

6. The pond's food  web may be descr ibed  as simple,  w i t h  

algae, macrophytes, and, t o  a  l a r g e  ex ten t ,  d e t r i t u s  

supp ly ing  t h e  autochthonous carbon base. Preda t ion  i s  

r e l a t i v e l y  minor  i n  t h i s  system w i t h  d ragon f l y  l a r v a e  be ing  

t h e  ma jo r  aqua t i c  p reda to r .  Nonpredaceous i n v e r t e b r a t e s  

and g o l d f i s h  a re  major  omnivorous components, feed ing  

ma in l y  on d e t r i t u s  and l i v e  p l a n t  and a lgae  t i s s u e .  

Waterfowl and o t h e r  b i r d s  p rov ide  some food web i n t e r -  

a c t i o n  and may serve as b i o l o g i c a l  vec to rs  f o r  removal o f  

Pu and Am f rom the  pond ecosystem. 

7. I n  t he  phys i ca l  env i rons  Pu and Am a r e  concentrated a lmost  

e n t i r e l y  i n  t h e  sediments. These i so topes  appear t o  be 

randomly d i s t r i b u t e d  across the  pond bottom. The mean 

concen t ra t i on  o f  2 3 8 ~ ~  i s  194 pCi/g and f o r  2 3 9 ' 2 4 0 ~ ~  t h e  

mean i s  195 pCi/g. Concentrat ions o f  241Am averaged 83 pCi /g  

i n  t h e  sediments. The r a t i o  o f  238Pu t o  2 3 9 , 2 4 0 P ~  i n  t h e  

sediments i s  1:1, w h i l e  t h e  r a t i o  o f  241Am t o  CPu i s  0.23: l .  

8. Only about 9% o f  t he  CPu and 7% o f  241Am i n  t he  sediments 

(poss ib l y  1  ess f o r  bo th  rad ionuc l  i d e s )  appear t o  be ava i  1  - 
ab le  f o r  food  web concent ra t ion .  The remain ing f r a c t i o n s  

o f  Pu and Am appear t i g h t l y  bound t o  sediment p a r t i c l e s  

and cou ld  o n l y  be t r anspo r ted  e c o l o g i c a l l y  i n  p a r t i c u l a t e  form.  
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9. Levels o f  CPu and 241Am i n  i n t e r s t i t i a l  water were 

low (between 0.5 and 13 pCi/g, expressed per  gram d r y  

weight  o f  sediment) and appeared t o  e x i s t  ma in ly  i n  e i t h e r  

c a t i o n i c  o r  nonionic  forms. Surface sediment ma te r i a l  

seemed t o  have l a r g e r  f r a c t i o n s  o f  an ion i c  forms than 

sediments sampled from below 5 cm. 

10. Concentrat ions o f  CPu i n  pond water were very  low (about 

0.01 pCi/!L) and ex i s ted  main ly  i n  a p a r t i c u l a t e  form. 

Levels o f  2 S 1 ~ m  i n  t h e  water were about 1.1 pCi/R, which 

was almost e n t i r e l y  p a r t i c u l a t e .  Rat ios o f  23ePu t o  

2 3 9 ' 2 4 0 ~ ~  i n  the water were about 3.5:1, w h i l e  t he  r a t i o  

o f  241Am t o  CPU was about 120: 1. 

11. A lgal  f l o c  (decomposing a l g a l  c e l l s )  i s  t h e  major con- 

cen t ra to r  o f  Pu and Am i n  t he  pond (about 2 nCi o f  CPu/g 

and 258 pCi of lAm/g). Estimated concent ra t ion  f a c t o r s  

f o r  a l g a l  f l o c  ranged f rom 200 t o  lo8, depending upon 

how a v a i l a b i l i t y  i s  def ined.  

12. A lga l  f l o c  and emerging chironomids were t h e  o n l y  b i o l o g i c a l  

components which had 241Am t o  CPu r a t i o s  lower than t h a t  

o f  t h e  sediments (0.13: l ) .  Watercress had a 241Am t o  CPu 

r a t i o  equal t o  t h a t  o f  t h e  sediments (0.23:1), w h i l e  t he  

remaining b i o t a  sampled had 2 4 1 ~ m  t o  CPu r a t i o s  ranging from 

about 0.4 t o  2.0:1. 

13. Watercress had r e l a t i v e l y  h igh  concentrat ions o f  CPu 

and 2 4 1 ~ m  (532 and 125 pCi/g, r e s p e c t i v e l y ) ;  rank ing  

second t o  a l g a l  f l o c ,  and considerably  h igher  than any 

o f  t h e  o the r  b i o t a .  However, watercress i s  n o t  a major 

component i n  t h i s  ecosystem and occurs o n l y  seasonal ly  f o r  

a s h o r t  pe r i od  i n  t he  pond. 

14. Dragonf ly larvae,  t he  pond's major aquat ic  predator,  had 

h igher  concentrat ions o f  Pu and Am than any o f  t h e i r  prey. 



These l e v e l s  were 38 t o  160 pCi o f  CPu/g and 17 t o  

94 pCi o f  241Am/g. Because o f  t h e i r  c l o s e  a s s o c i a t i o n  

w i t h  a lgae  and sediments i t  i s  n o t  y e t  reasonable t o  

conclude t h a t  these h ighe r  l e v e l s  o f  Pu and Am con- 

s t i t u t e  a process o f  food  cha in  concen t ra t ion .  

15. The b i o l o g i c a l  a v a i l a b i l i t y  o f  2 3 8 ~ ~  appeared t o  be g rea te r  

than t h a t  o f  3 9  ' 2 4 0 P ~  s ince  most o f  the  pond organisms 

sampled accumulated more 2 3 8 P ~  than 2 3 9 ' 2 4 0 P ~  on an a c t i v i t y  

bas is  ( i . e .  most 2 3 8 P ~  t o  2 3 9 y 2 4 0 ~ ~  r a t i o s  exceeded 1 : l ) .  

Th is  may be somewhat o f  a r e f l e c t i o n  o f  t h e  2 3 8 ~ ~  t o  

2 3 9 ' 2 4 0 ~ ~  r a t i o s  found i n  t he  pond water,  which were about 3 

16. A l though g o l d f i s h  remain i n  the  pond longer  than any o f  

t h e  o the r  fauna, and feed most h e a v i l y  on p l a n t ,  a lgae, 

and o rgan ic  d e b r i s ,  they  concent ra te  r e l a t i v e l y  smal l  

amounts o f  CPu and 241Am (about 20 and 12 pCi/g, respec- 

t i v e l y ) .  I n  s i t u  experimenLs i n d i c a t e  t h a t  many g o l d f i s h  

reach an e q u i l i b r i u m  l e v e l  o f  CPu o f  about  20 pCi/g 

w i t h i n  a few days a f t e r  which they may remain a c t i v e  i n  

t he  pond, p o s s i b l y  f o r  many months, w i t h o u t  f u r t h e r  accumulat ion. 
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App. Table I .  A comp i l a t i on  o f  a l l  U Pond m a t e r i a l  analyzed f o r  Pu and Am 
by LFE Environmental Labora to r ies ,  Richmond, C a l i f o r n i a .  

pCi/g ( d r y  w t  . )  
+ percentage e r r o r  - 

Mate r i  a1 Date Col l e c t e d  Loca t ion  38Pu 239+40pu 2 4  lAm 

Sediment Oct. 17, 1973 G r i d  1 163.5+3% 177.5+3% 90.9+1% 
Sediment Oct.  17, 1973 G r i d 2  44.6T3% 48.2+3% 24.8+2% 
Sediment Oct. 17, 1973 G r i d  3 806.374% 666.7T4% 70.3T3% 
Sediment Oct. 17, 1973 G r i d 4  617.1T4% 486.5T4% 12.8T5% 
Sediment Oct. 17, 1973 G r i d 5  16.774% 63.1T3% 12.8T5% - 
Sediment Oct. 17, 1973 G r i d  6 196.4T3% 1 59.573% 
Sediment Oct. 17, 1973 G r i d  7 1 59.9+4% 196.4r4% 
Sediment Oct. 17, 1973 G r i d  8 119.4T4% 197.774% 52.7+2% - 
Sediment Oct. 17, 1973 G r i d  9 204.5T6% 199.1T6% 
Sediment Oct.  17, 1973 G r i d  10 183.8%% 195.9+5% 176.6+3% 
Sediment Oct.  17, 1973 ~ r i h  11 210.8+7% 172.1r7% 133.373% 
Sediment Oct.  17, 1973 G r i d  12 337.8T7% 212.6T7% 170.7T4% 
Sediment Oct.  17, 1973 G r i d  13 133.8+4% 197.3T4% 78.4T2% 
Sediment Oct. 17, 1973 G r i d  14 1144.174% \ 1072.1T4% 51.8+5% 
Sediment Oct. 17, 1973 G r i d  15 477.5+4% - ,, 648.6+4% - 620.7T4% - 

Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 

Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 

Nov. 01, 1973 
Nov. 01, 1973 
Nov. 01, 1973 
Nov. 01, 1973 
Nov. 01, 1973 
Nov. 01, 1973 
Nov. 01, 1973 
Wov. 01, 1973 
Nov. 01, 1973 

S t a t i o n  16 0.9+55% 
S t a t i o n  19 0.7-+18% 
S t a t i o n  20 0.09+83% 
S t a t i o n  21 0.33T29% 
S t a t i o n  22 0.33+42% 
S t a t i o n  25 87.8374% 
S t a t i o n  26 2 . 7 9 9 %  
S t a t i o n  28 0.21T25% 
S t a t i o n  30 16.21T10% - 

Nov. 28, 1973 G r i d  1A 
Nov. 28, 1973 G r i d 1 B  
Nov. 28, 1973 G r i d  2A 
Nov. 28, 1973 G r i d 2 B  
N 0 v . 2 8 ~ 1 9 7 3  G r i d 3  
Nov. 28, 1973 G r i d  4 
Nov. 28, 1973 G r i d  5A 
Nov. 28, 1973 G r i d  5B 
Nov. 28, 1973 G r i d 6  
Nov. 28, 1973 G r i d  7 
Nov. 28, 1973 G r i d  8A 
Nov. 28, 1973 G r i d  8B 
Nov. 28, 1973 G r i d  9 
Wov. 28, 1973 G r i d  10 
Nov. 28, 1973 G r i d  11A 
Nov. 28, 1973 G r i d  11B 
Nov. 28, 1973 G r i d  12 
Nov. 28, 1973 G r i d  13 



App. Table I. (contd) 

Mater i  a1 

Sediment 
Sediment 
Sediment 

Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 

Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 

Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 

pCi/g (dry  w t . )  + percentage e r r o r  

Date Col lected Location 38Pu 

Nov. 28, 1973 Gr id  14 33.3+4% 
Nov. 28, 1973 Gr id  15A 2.5<2% 
Nov. 28, 1973 G r i d 1 5 8  2.6T2% - 

Dee. 28, 1973 Gr id  1 
Dec. 28, 1973 Gr id  2 
Dec. 28, 1973 Gr id  3 
Dec. 28, 1973 G r i d 4  
Dec. 28, 1973 G r i d 5  
Dec. 28, 1973 Gr id  6 
Dec. 28, 1973 Gr id  7 
Dec. 28, 1973 Gr id  8 
Dec. 28, 1973 Gr id  9 
Dec. 28, 1973 Gr id  10 
Dec. 28, 1973 Gr id  11 
Dec. 28, 1973 Gr id  12 
Dec. 28, 1973 Gr id  13 
Dec. 28, 1973 Gr id  14 
Dec. 28, 1973 Gr id  15 

Jan. 22, 1974 Gr id  1 
Jan. 22, 1974 Gr id  2 
Jan. 22, 1974 Gr id  3 
Jan. 22, 1974 G r i d  4 
Jan. 22, 1974 Gr id  5 
Jan. 22, 1974 G r i d 6  
Jan. 22, 1974 Gr id  7 
Jan. 22, 1974 G r i d 8  
Jan. 22, 1974 Gr id  9 
Jan. 22, 1974 Gr id  10 
Jan. 22, 1974 G r i d 1 1  
Jan. 22, 1974 G r i d 1 2  
Jan. 22, 1974 Gr id  13 
Jan. 22, 1974 Gr id  14 
Jan. 22, 1974 G r i d 1 5  

Feb. 21, 1974 Gr id  1 38.7+3% 
Feb. 21, 1974 G r i d  2 36.574% 
Feb. 21, 1974 G r i d 3  241.9713% 
Feb. 21, 1974 Gr id  4 307.2T3% 
Feb. 21, 1974 Gr id  5 161.3713% 
Feb. 21, 1974 G r i d 6  337.8713% 
Feb. 21, 1974 G r i d  7 146.4T3% 
Feb. 22, 1974 Gr id  8 1 46.3a% 
Feb. 21, 1974 Gr id  9 1 34.2T4% 
Feb. 22, 1974 G r i d 1 0  137.875% 
Feb. 21, 1974 G r i d 1 1  80.6T3% 
Feb. 22, 1974 Gr id  12 9.7T4% 
Feb. 22, 1974 Gr id  13 1 06.3T4% 
Feb.21,1974 G r i d 1 4  85.173% 
Feb. 21, 1974 Gr id  15 93.673% - 

65 



App. Table I. (contd )  

Ma te r i  a1 

Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 

Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 

~ ~ a i e l  l a  
H y a l e l l a  
Hyal e l  1 a 

Hya le l  l a  
Hya le l  l a  
Hya le l  l a  

C a t t a i  V roc 

azteca 
azteca 
azteca 
azteca 
azteca 
azteca 
az t eca  
azteca 
azteca 

3ts T v ~ h a  _. 
C a t t a i l  emerg. stem - 

Typha 
C a t t a i l  submerg. stem 

C a t t a i  T emerg. stem 
Typha 

C a t t a i l  emerg. stem 
Typ ha 

Watercress 
Watercress 
Bul rush stem Sci rpus 

Date Co l l ec ted  

Mar. 21, 1974 
Mar. 21 , 1974 
Mar. 21, 1974 
Mar. 21, 1974 
Mar. 21, 1974 
Mar. 21, 1974 
Mar. 21, 1974 
Mar. 21, 1974 
Mar. 21, 1974 
Mar. 21, 1974 
Mar. 21, 1974 
Mar. 21, 1974 
Mar. 21, 1974 
Mar. 21, 1974 
Mar. 21, 1974 

Apr. 17, 1974 
Apr. 17, 1974 
Apr. 17, 1974 
Apr. 17, 1974 
Apr. 17, 1974 
Apr. 17, 1974 
Apr. 17, 1974 

L o c a t i  on 

G r i d  1 
G r i d  2 
G r i d  3 
G r i d  4 
G r i d  5 
G r i d  6 
G r i d  7 
G r i d  8 
G r i d  9 
G r i d  10 
G r i d  11 
G r i d  12 
G r i d  13 
G r i d  14 
G r i d  15 

G r i d  6 
G r i d  7 
G r i d  8 
G r i d  11 
G r i d  12 
G r i d  13 
G r i d  15 

Nov. 21, 1973 Quad B 
Nov. 21 , 1973 Quad C 
Nov. 21, 1973 Quad C 
Nov. 21, 1973 Quad D 
Nov. 21, 1973 Quad D 
Dec. 13, 1973 Quad B 
Apr. 11, 1974 Quad B 
Apr. 11 , 1974 Quad C 
Apr. 11, 1974 Quad D 
Dec. 14, 1973 Quad D 

pCi/g ( d r y  wt.)  
2 percentage e r r o r  

2 3 8 P ~  2 3 9 + 2 4 o P U  2 4 1 ~  

19.2+7% 67.1+5% 
6.2T8% 27.678% 
4 . 4 q 7 %  10.37111% 

57.2+6% 63.9+6% 
170.2T3% 137.8T3X 
236.0T4% 181 .9T4% 

47 .33% 103.l?j% 
33.5T6% 45.5F6% 

472.1+5% 425.2+5% 
92.3T6% 131.9?5% 

499.5T73 41 3.5?8% 
1.8T29% 1 .2T42% 
3 . 2 q 5 %  1 2.378% 

108.5T8% 172.5+7% 
1 2.9T8% - 58.1z5% 

27.4+4% 27.3+4% 
238.2T3% 198.673% 

40.573% 53. 
122.5T5% 144.1T5% 

16.5T4% 26.8T4% 
326.5T6% 269.3T6% 
159.973% - 31 9.3T3% - 

5.4+10% - 25.6+17% - 3.9+13% 
3.0T31% 

14.4T27% 
9.5+24% - 8.7+29% 6.3+29% 

Not derec. 9.5729% 
5.7+14% 3.3+21% 5.lT24% - 
4 . 5 q  0% 2.5T13% 
8.6%% 4.4T8% 
4 . 1 6 %  2.7T6% 

23.4T6% - 21 .6T6% - 39 -854% 

Dec. 14, 1973 Quad D 5.5+4% - 4.8+4% - 7.7+3% - 

Dec. 14, 1973 Quad D 41.9+5% - 31 .5+5% - 63.1+3% - 

Jan. 23, 1974 Quad D 1.3+5% - 3.9+4% - 

Mar. 29, 1974 Quad C 2.3+4% 1 .6+5% 
Dec. 14, 1973 Quad C 9 9 . 1 q %  78.474% 124.8~3% 
Jan. 31, 1974 Quad D 549.5710% 337.8q0% 
Dec. 12, 1973 Quad D 0.93+4% - 0.53t5% - 0.67+3% - 



App. Table 1. (con td )  

M a t e r i a l  Date Co l l ec ted  Loca t i on  

Bul rush stem & r o o t s  
Sc i  rpus 

Bul rush stem S c i r ~ u s  - Bulrush r o o t s  SCI rpus 

Odonates 
Aeschna 
Aeschna 
Aeschna 
Aeschna 
L i b e l  l u l a  
L i b e l  l u l a  

Aeschna 
Aeschna 
L i b e l l u l a  

Aeschna 
Aeschna 
L i b e l  1 u l a  
Aeschna 
Aeschna 
L i b e l l u l a  
Aeschna 
Aeschna 
L i b e l l u l a  
Aeschna 
Aeschna 
Aeschna 

Aeschna 
Aeschna 
L i b e l  l u l a  
Aeschna 
Aeschna 
Aeschna 
Aeschna 
L i b e l  l u l a  
Aeschna 
L i b e l l u l a  
Aeschna 
Aeschna 
L i b e l l u l a  
Aeschna 
Aeschna 
Aeschna 
Aeschna 

Jan. 23, 1974 
Mar. 29, 1974 
Mar. 29, 1974 

Oct. 25, 1973 
Oct.  25, 1973 
Oct. 25, 1973 
Oct. 25, 1973 
Oct.  25, 1973 
Oct.  25, 1973 

Nov. 7, 1973 
Nov. 7, 1973 
Nov. 7, 1973 
Nov. 7, 1973 
Nov. 7, 1973 
Nov. 7, 1973 
Nov. 7, 1973 
Nov. 7, 1973 
Nov. 7, 1973 
Nov. 7, 1973 
Nov. 7, 1973 
Nov. 7, 1973 
Plov. 7, 1973 
Nov. 7, 1973 
Nov. 7, 1973 
Nov. 7, 1973 
Nov. 7, 1973 
Nov. 7, 1973 

Quad D 
Quad C 
Quad C 

Quad A 
Quad B 
Quad C 
Quad D 
Quad A 
Quad C 

G r i d  1 
G r i d  2 
G r i d  2 
G r i d  3 
G r i d  4 
G r i d  5 
G r i d  6 
G r i d  7 
G r i d  8 
G r i d  8 
G r i d  9 
G r i d  9 
G r i d  11 
G r i d  12 
G r i d  12 
G r i d  13 
G r i d  14 
G r i d  15 

Nov. 21, 1973 G r i d  1 
Nov. 21, 1973 G r i d  2 
Nov. 21, 1973 G r i d  3 
Nov. 21, 1973 G r i d  4 
Nov. 21, 1973 G r i d  4 
Nov. 21, 1973 G r i d  5 
Nov. 21, 1973 G r i  d 6 
Nov. 21, 1973 G r i d  8 
Nov. 21, 1973 G r i d  9 
Nov. 21, 1973 G r i d  9 
Nov. 21, 1973 G r i d  9 
Nov. 21, 1973 G r i d  9 
Nov. 21, 1973 G r i d  10 
Nov. 21, 1973 G r i d  11 
Nov. 21, 1973 G r i d  12 
Nov. 21, 1973 G r i d  12 
Nov. 21, 1973 G r i d  13 
Nov. 21, 1973 G r i d  14 
Nov. 21, 1973 G r i d  15 

BNWL-1867 
pCi/g ( d r y  wt. ) 

+ percentage e r r o r  - 



App. Table I. (contd )  

Ma te r i  a1 Date Co l l ec ted  

Odonates 
Aeschna Dec. 13, 1973 
Aeschna Dec. 13, 1973 
L i b e l l u l a  Dec. 13, 1973 

L i b e l  l u l a  Apr. 11, 1974 
Aeschna Apr. 11, 1974 
Aeschna Apr. 11, 1974 
Aeschna Apr. 11, 1974 
L i b e l l u l a  Apr. 11, 1974 
Aeschna Apr. 11, 1974 

Odonate l a r v a  
Ischnura 
Ischnura 
Ischnura 

Hempi te rans  
Cor i  x i  dae 
C o r i x i  dae 
C o r i x i  dae 
Notonec t i  dae 

Natu ra l  Go1 d f  i sh 
Muscle t i s s u e  
Muscle t i s s u e  
Gut + v i s c e r a  
Muscle 
Sk in l sca les  
Skeleton/carcass 
Eggs 
G i l l s  
L i v e r  & h e a r t  
Adipose t i s s u e  
Muscle t i s s u e  
Carcass 
Sk i  n /sca les 
L i  ve r / g i  11s 
Tes ti c l  es 
Eggs 
Eggs 
Testes 
Muscle 
Eggs 

A lga l  f l o c  
A lga l  f l o c  
A lga l  f l o c  
A lga l  f l o c  

Apr. 11, 1974 
Apr. 11, 1974 
Apr. 11, 1974 

Apr. 11, 1974 
Apr. 11, 1974 
Apr. 11, 1974 
Mar. 25, 1974 

Oct. 25, 1973 
Nov. 28, 1973 
Nov. 28, 1973 
Nov. 28, 1973 
Nov. 28, 1973 
Nov. 28, 1973 
Nov. 28, 1973 
Nov. 28, 1973 
Nov. 28, 1973 
Dec. 21, 1973 
Dec. 28, 1973 
Dec. 28, 1973 
Dec. 28, 1973 
Dec. 28, 1973 
Dec. 28, 1973 
Dec. 28, 1973 
Jan. 22, 1974 
Jan. 23, 1974 
Apr. 11, 1974 
Apr. 11, 1974 

Aug. 20, 1973 
Aug. 20, 1973 
Aug. 20, 1973 
Aug. 20, 1973 

pCi/g ( d r y  wt .  ) 
+ percentage e r r o r  - 

Loca t i on  3 e P ~  239+24oPu 41Am 

G r i d  3 25.2+10% 14.0+14% 12.6+11% 
G r i d  7 89.6T4% 59.5+4% 68.073% 
G r i d  7 231.174% - 130.175% - 1 69.873% - 

Quad A 32.4+5% 21.3+5% 
Quad A 4.9T6% 3.278% 
Quad B 10.0T4% 6.2T4% 
Quad C 7.6T3% 4.374% 
Quad C 20.774% 14.075% 
Quad D 5.0+11% 3.6+10% - 

Quad A 14.3+10% 9.14+10% 
Quad C 8.0T4% 5.0+3% 
Quad D 13.1T4% - 8.8T5% - 

Quad A 10.13+6% 7.1 1+7% 
Quad B 4.32T15% 7. 20T1 0% 
Quad D 2.11722% 1 .53T23% 
Quad D 0.47T15% - 0.50+13% - 

Pond 
Pond 
Pond 
Pond 
Pond 
Pond 
Pond 
Pond 
Pond 
Pond 
Pond 
Pond 
Pond 
Pond 
Pond 
Pond 
Pond 
Pond 
Pond 
Pond 

G r i d  1 11 00* 740 
G r i d  15 2490+6% 1470+6% 
Pond 1 250- 780- 
Pond 1090 660 

*Percent e r r o r  n o t  r e p o r t e d  i f  < 5%. 



App. Table I. (contd)  

M a t e r i a l  Date Co l lec ted  Locat ion  

A l g a l  f l o c  
A lga l  f l o c  
A lga l  f l o c  
A lga l  f l o c  
A lga l  f l o c  
A lga l  f l o c  

Dec. 14, 1973 Quad B 
Jan. 31, 1974 Quad D 
Feb. 28, 1974 Pond 
Mar. 6, 1974 G r i d  1 
Mar. 6, 1974 Gr id  7 
Mar. 6, 1974 G r i d 1 4  

Filamentous algae 
Cladophora A p r i l  2,1974 Gr id  5 

Cladocerans Daphnia Mar. 15, 1974 Quad D 
Col eopterans Nov. 21 , 1973 Quad D 

Dipterans 
Midge a d u l t s  

(Chi ronomidae) 
Midge a d u l t s  

(Chi ronomidae) 
Midge a d u l t s  

(Chi ronomi dae) 
Midge l a rvae  

(Chironomidae) 
Gastropods 

Physa 
Lymnaea 
Lymn aea 
Physa 
Lymnaea 
TTi-Gi- + 
n g  

Sna i l  eggs 
Sna i l  eggs 
Sna i l  eggs 

Ozark Go ld f i sh  
Ozark Go ld f i sh  
Ozark Go ld f i sh  
Ozark Go ld f i sh  
Ozark Go ld f i sh  
Ozark Go1 d f i s h  
Ozark Go ld f i sh  
Ozark Go ld f i sh  
Ozark Go ld f i sh  
Ozark Go ld f i sh  
Ozark Go1 d f i  s h 

Mar. 1, 1974 

Mar. 6, 1974 

Apr. 11, 1974 

Apr. 11, 1974 

Oct. 12, 1373 
iiov. 7, 1973 
Nov. 21 , 1973 
Mar. 11, 1974 
Mar. 11, 1974 
Apr. 11, 1974 
Apr. 11, 1974 
Apr. 11, 1974 
Apr. 11, 1974 
Apr. 11, 1974 

Quad D 

Quad B 

Quad D 

Quad D 

Quad D 
Quad C 
Quad D 
Quad C 
Quad C 
Quad A 
Quad B 
Quad C 
Quad C 
Quad D 

Apr. 11, 1974 Quad A 
Apr. 11 , 1974 Quad B 
Apr. 11, 1974 Quad C 

Nov. 28, 1973 Pen A 
Nov. 28, 1973 Pen B 
Nov. 28, 1973 Pen C 
Nov. 28, 1973 Pen D 
Dec. 13, 1973 Pen B 
Dec. 13, 1973 Pen C 
Dec. 13, 1973 PenD 
Dec. 28, 1973 Pen A 
Dec. 28, 1973 Pen B 
Dec. 28, 1973 Pen C 
Dec. 28, 1973 Pen D 

pCi/g ( d r y  wt.) + percentage e r r o r  



App. Table I. (contd )  

M a t e r i a l  Date Co l l ec ted  

Ozark Go ld f i sh  Jan. 23, 1974 
Ozark G o l d f i s h  Jan. 23, 1974 
Ozark Go ld f i sh  Jan. 23, 1974 
Ozark Go ld f i sh  Jan. 23, 1974 
Ozark G o l d f i s h  bkg.std. Jan. 24, 1974 
Ozark Go ld f i sh  Feb. 08, 1974 
Ozark Go1 d f  i s h Feb. 08, 1974 
Ozark G o l d f i s h  Feb. 08, 1974 
Ozark G o l d f i s h  Feb. 08, 1974 
Ozark Go1 d f i  sh Mar. 06, 1974 
Ozark G o l d f i s h  Mar. 06, 1974 
Ozark G o l d f i s h  Mar. 06, 1974 
Ozark G o l d f i s h  Mar. 06, 1974 
Ozark G o l d f i s h  s tds .  Mar. 13, 1974 
Ozark Go ld f i sh  Mar. 25, 1974 
Ozark Go1 d f i  sh Mar. 25, 1974 
Ozark Go1 d f  i sh Mar. 25, 1974 
Ozark Go1 d f  i s h Mar. 25, 1974 

Loca t i  on 

Pen A 
Pen B 
Pen C 
Pen D 
--- 
Pen A 
Pen B 
Pen C 
Pen D 
Pen A 
Pen B 
Pen C 
Pen D 

Pen A 
Pen B 
Pen C 
Pen D 

M a l l a r d  Duck Mar. 27, 1974 Pond 
Head & beak Mar. 27, 1974 Pond 
Bone Mar. 27, 1974 Pond 
Sk in  Mar. 27, 1974 Pond 
Muscle Mar. 27, 1974 Pond 
Neck (bone & t i s s u e )  Mar. 27, 1974 Pond 
Feet Mar. 27, 1974 Pond 
Kidney Mar. 27, 1974 Pond 
L i v e r  Mar. 27, 1974 Pond 
Testes Mar. 27, 1974 Pond 
Hear t  Mar. 27, 1974 Pond 
Adipose Mar. 27, 1974 Pond 
Lungs Mar. 27, 1974 Pond 
A1 imentary  canal Mar. 27, 1974 Pond 
Al iment.  canal r e s i .  Mar. 27, 1974 Pond 

pCi/g ( d r y  wt.)  + percentage e r r o r  

2 3 8 P ~  2 39+24opu 2 4 1 h  

2.44+5% 1 .58+6% 1.00+8% 
0.7277% 0.4879% 1 .57+4% 
9.2373% 5.7274% 6.8074% 
3.3374% 2.5675% 2.9773% 
0.3076% 0.20Ti% 0.16711% 

12.3474% 7.07T4% 14.4173% 
7.1174% 4.5075% 6.5773% 

18.5672% 1 1 .4473% 1 4.59T4% 
5.4973% 3.2473% 4.50r4% 
9.6873% 5.5474% 4.8273% 
3.91T3% 2.3473% 2.7572% 
8.5674% 4.7774% 5.1472% 
7.4773% 4.77T5% 5.9472% 

<O. 054  0.037+40% 0.08i+25% - 
2.58+2% 1 .52+pL 
1.33T3% 0.86T3% 
5.7673% 3.3173% 
0.8275% - 0.7275% - 



App. Table 11. Additional. radionucl ide content* o f  U Pond water analyzed by 
Ba t te l  l e  Northwest, Radiological Sciences Department. 

FRACTI ON PRESENT I N  EACH PHYS ICAL-CHEMICAL FORM -- TOTAL ACTIVITY 
ISOTOPE 1M ANIONIC CATIONIC "NONI ON I C" PARTICULATE pcil l i ter 

- 

*AVERAGE VALUES OF THREE SAMPLES. PLUTONIUM AND AMERICI UM DATA ARE PRESENTEI IN THE TMT OF 
TH l S REPORT. 



App. Tab1 e I 1  I. Addi t i o n a l  r ad ionuc l  i d e  con ten t *  o f  U Pond sediments analyzed 
by B a t t e l  l e  Northwest, Radio1 o g i c a l  Sciences Department. 

I so tope 

5 4 ~ n  

Sediment Sampl e Number 

*Expressed as pCi/g d r y  weight,  p lu ton ium and americium da ta  a re  
presented i n  t he  t e x t  o f  t h i s  repor t ,  



App. Table IV. Addi t iona l  radionucl  i d e  contents* o f  Odonate and sediment 
samples analyzed by LFE (reported as pCi/g d ry  weight w i t h  
e r r o r  i n  percent. N.D. = no t  detected). 

Odonate ~eschna 

Radionucl i d e  Quad A Quad B Quad C Quad D 
- - 

6 0 ~ o  4.95 - + 19 N.D. 7.65 - + 26 N.D. 

5 7 ~ v  N.D. N.D. N.D. N.D. 

Sediment Samples 

6 0 ~ o  49.47 - + 4 t o  19 25.22 - + 4 t o  19 10.92 - + 4 t o  19 

90sr 

3 7 ~ s  1.09 l o 4  - + 3 1.45 l o 4  - + 3 9.49 l o 3  - + 3 

1 5 5 ~ ~  9.98 - + 14 t o  23 11.93 - + 19 N.D. 

*Expressed as pCi/g d r y  weight, plutonium and americium data 
presented i n  the t e x t  o f  t h i s  repo r t .  
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