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' C  

The U n i t e d  Sta tes  Department o f  Energy (DOE) i s  cons ide r ing  decontamina- 

t i o n  and decommissioning a l t e r n a t i v e s  f o r  i t s  r e t i r e d  nuc lea r  f a c i l i t i e s  i n  
o rder  t o  p r o v i d e  adequate p r o t e c t i o n  f rom r a d i o a c t i v e  and o the r  hazardous 

m a t e r i a l s  p o t e n t i a l l y  o r i g i n a t i n g  f rom such sources. Decontamination and 

decommissioning o f  these f a c i l i t i e s  may i n v o l v e  t h e  s e l e c t i v e  removal o f  

r a d i o a c t i v e  o r  o the r  m a t e r i a l s  f rom r e t i r e d  nuc lear  f a c i l i t i e s  and s e l e c t i o n  

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

eva lua ted  are r e t i r e d  r a d i o a c t i v e  waste b u r i a l  grounds a t  D O E ' S  Hanford S i t e ,  
R i  c h l  and, Washington. 

Among t h e  f a c i l i t i e s  be ing  

The " C h a r a c t e r i z a t i o n  o f  t h e  Hanford 300 Area B u r i a l  Grounds" p r o j e c t  was 
i n i t i a t e d  t o  p r o v i d e  an assessment o f  r e t i r e d  r a d i o a c t i v e  waste b u r i a l  grounds 
p r i o r  t o  s e l e c t i o n  o f  decontaminat ion and decommissioning a l t e r n a t i v e s  a t  t h e  

Hanford S i t e .  

D i v i s i o n  o f  Environmental Con t ro l  Technology and was conducted by  P a c i f i c  

Northwest Labora to ry  f rom 1975 th rough 1978. 

The p r o j e c t  was sponsored by t h e  U.S. Department o f  Energy, 

The o r i g i n a l  i n t e n t  o f  t h i s  p r o j e c t  was t o  develop technology and methods 

f o r  c h a r a c t e r i z a t i o n  o f  waste b u r i a l  s i t e s  and t o  app ly  them t o  t h e  300 Area 

B u r i a l  Grounds. Dur ing  t h e  course o f  t h e  study, t h e  scope was broadened t o  

i n c l u d e  development o f  recommendations p e r t a i n i n g  t o  b u r i e d  waste d i s p o s i t i o n  

a l t e r n a t i v e s .  

P r o j e c t  t asks  were i n i t i a t e d  t o  p r o v i d e  t h e  necessary technology and t o  

c h a r a c t e r i z e  b u r i a l  ground s i t e s .  These tasks  included: 

Task I - Geophysical E v a l u a t i o n  

Task I1 - Geochemical Ana lys i s  

Task I11 - F l u i d  Transpor t  C h a r a c t e r i z a t i o n  and Model ing 

Task IV - B i o l o g i c a l  T ranspor t  

Top ica l  r e p o r t s  f rom each o f  these tasks  have been issued under separate 

cover. 
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Two o the r  r e p o r t s  have been issued: "Decontamination and Decommission- 

i n g "  p rov ides  an overview o f  t h e  300 Area B u r i a l  Grounds, p r o j e c t  r e s u l t s  and 

recommendations. 

d e t a i l s  r e g u l a t o r y  issues t o  be considered when e v a l u a t i n g  t h e  a l t e r n a t i v e s .  

nDecontamination and Decommi s s i o n i n g  Regu la to ry  Issues" 
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SUMMARY 

An accurate d e s c r i p t i o n  o f  t h e  cha rac te r  s t i c s  o f  r a d i o a c t i v e  waste 

b u r i a l  s i t e s  i s  impor tan t  when e v a l u a t i n g  the  p o t e n t i a l  f o r  r a d i o n u c l i d e  

t r a n s p o r t  t o  t h e  b i o t a .  The B i o l o g i c a l  T ranspor t  task  developed and expanded 
methods f o r  p r o v i d i n g  an e c o l o g i c a l  d e s c r i p t i o n  o f  b u r i a l  grounds. S p e c i f i -  

c a l l y ,  t h e  study i nvo l ved  the  300 Area B u r i a l  Grounds on t h e  Department o f  
Energy's Hanford S i te ,  southeastern Washington. The p o t e n t i a l  vec to rs  o f  

t r a n s p o r t  s tud ied  were: vege ta t i on  (grasses, fo rbs ,  and shrubs) and animals 

(an ts ,  r e p t i l e s ,  mammals, and b i r d s ) .  

The o v e r a l l  r e s u l t s  showed a low p o t e n t i a l  f o r  uptake and t r a n s p o r t  o f  

r a d i o n u c l i d e s  f rom the  300 Area s i t e s .  

p h y s i c a l  and b i o l o g i c a l  mechanisms may c o n t r i b u t e  t o  the  e f f e c t i v e n e s s  o f  

waste b u r i a l  p r a c t i c e s .  F i e l d  t e s t i n g  o f  techniques i s  needed t o  determine 

the  op t ima l  measures. From the  r e s u l t s  o f  t he  B i o l o g i c a l  T ranspor t  task ,  
recommended f i e l d  s tud ies  i n c l u d e  r e d u c t i o n  o f  s o i l  e ros ion  and a d d i t i o n  o f  

b i o b a r r i e r s  t o  p l a n t s  and animals. 

However, a d d i t i o n a l  methods t o  c o n t r o l  

Vegetat ion p l a y s  a major r o l e  i n  reduc ing  s o i l  e ros ion ,  and thereby  main- 

t a i n i n g  t h e  b a c k f i l l  over t h e  b u r i a l  s i t e s .  However, rad ioana lyses  o f  p l a n t  

t i s s u e s  c o l l e c t e d  du r ing  the  study, as w e l l  as r e s u l t s  f rom p rev ious  s tud ies ,  

i n d i c a t e  t h a t  d i f f e r e n t  p l a n t s  have d i f f e r e n t  p o t e n t i a l s  f o r  r a d i o n u c l i d e  

uptake and/or t r a n s p o r t .  O f  the  severa l  species found on t h e  300 Area s i t e s ,  

cheatgrass (Bromus tectorum) appears t o  be t h e  most d e s i r a b l e  as a cover. 
Besides r e t a r d i n g  erosion, i t  has a sha l low r o o t  system (does n o t  e a s i l y  pene- 

t r a t e  b u r i e d  m a t e r i a l ) ;  i t  has a low a f f i n i t y  f o r  r a d i o n u c l i d e  uptake; and i t s  

t i s s u e s  are n o t  e a s i l y  blown away. 

c 

O f  t he  animals observed on t h e  s tudy  s i t e s ,  smal l  mammals ( s p e c i f i c a l l y ,  

mice) appear t o  have t h e  most p o t e n t i a l  f o r  r a d i o n u c l i d e  exposure and uptake. 

Small mammals were l i v e - t r a p p e d  w i t h i n  10 x 10-meter t r a p  g r i d s .  Each animal 

t rapped was s u r g i c a l l y  implanted wi th  a thermoluminescent dosimeter. 

animal was recaptured, t he  dosimeter was removed and read f o r  exposure. 

sures were r e p o r t e d  i n  m i l l i -Roen tgens .  

When t h e  

Expo- 
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The most consistently trapped small mammals were the Great Basin pocket 
mouse (Perognathus parvus) and the deer mouse (peromyscus maniculatus) . 
Results from the dosimeter readings showed that some of those animals had L 

higher than background exposures. These exposures are an indication that the 
mice had come i n  proximity to gamma-emitting radionuclides. 
biobarriers to animals could be considered as a mechanism to reduce the poten- 
tial for radionuclide transport. 

Consequently, 

*-. 
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INTRODUCTION 

-8  Plants have the a b i l i t y  to  convert solar  energy i n t o  organic material 
(photosynthesis) which serves as the bas is ' for  food chains leading t o  the con- 
sumers and decomposers. The consumer organi sms ( herbivores , omnivores , and 
carnivores) physically transport  organic and inorganic materials within and 
between ecosystems. Decomposers (pr imari ly  f u n g i  and bacter ia)  exploi t  dead 
organisms as a food source and serve t o  prevent the b u i l d u p  of organic detri- 
tus and t o  recycle essent ia l  mineral elements needed f o r  healthy plant growth. 

The  producers, consumers and decomposers are in te r re la ted  i n  a food web, 
w i t h  producers forming the basis for a l l  food chains leading to  consumers. 
Nutrients associated w i t h  the so i l  and w i t h i n  the  rooting zone are used by 
green plants and become incorporated i n t o  t h e i r  tissues. 
eaten by primary consumers, and energy and nutrients t i ed  up i n  the producer 
t i s sues  are released t o  the primary consumer i n  the  digestion process. Suc- 
cessive trophic levels  have access t o  these nutr ients  which eventually return 
t o  the so i l  by way of the decomposers. 

Plant t i s sues  are 

T h i s  simple description of mineral nutrient behavior indicates  the gen- 
eral  mechanism by which radionuclides are cycled through ecosystems. 
cer ta in  radionuclides are isotopes of elements commonly used by plants ,  they 
also become incorporated i n t o  the plant t i s sues  along w i t h  natural ly  occurring 
s t ab le  elements and are t ransferred t o  other components of the food web i f  
they are physically accessible t o  biota.  

Since 

The pract ice  o f  shallow land burial o f  radioact ive waste i n  300 Area 
Burial Grounds on the Hanford S i t e  in southeastern Washington has, for the  
most part ,  been successful in seal ing t h e  debris and the radioactive emissions 
from biota. However, detectable amounts o f  rad ioac t iv i ty  have appeared i n  a 
few samples of aboveground plant tissues, apparently through contact of plant 
roots w i t h  contaminated s o i l .  Also, a few small mammals, such as pocket mice 
and deer mice, l iv ing  on the burial grounds have received radiat ion exposures 
greater  than background levels ,  apparently by burrowing i n t o  the contaminated 
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waste or backfil l  or by entering through caveins. In doing so, they reach the 
zone of external radiation emitted by buried wastes for  extended periods of 
time. b 

This report  provides an ecological description of the waste burial s i t e s  
of the 300 Area and discusses major ecological pathways of radionuclide trans- 
port important t o  consider i n  the decontamination and decommissioning of dry- 
land waste burial s i t e s  i n  the  DOE Hanford S i te  300 Area. The Hanford environs 
are typified by an ar id  climate, low so i l  f e r t i l i t y ,  low biological productiv- 
i t y  and low species divers i ty .  These features  have generally been favorable 
for biological confinement of buried radioactive waste. T h i s  detai led charac- 
te r iza t ion  study of plant and animal populations complete w i t h  radiochemical 
analyses fur ther  i l l u s t r a t e s  the eff icacy of shallow land burial o f  radioac- 
t ive  wastes i n  the 300 Area as re la ted t o  biota tha t  use the burial s i t e  and 
i t s  v ic in i ty .  
environmental management pract ices  which may be useful in control l ing the 
transport  of rad ioac t iv i ty  from waste burial s i t e s .  

T h i s  report  a lso contains some recommendations concerning 
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CONCLUSIONS 

The conclus ions r e l e v a n t  t o  t h i s  s tudy are: 

o F i e l d  techniques and methodologies used i n  the  B i o l o g i c a l  Transpor t  task  

proved t o  be h i g h l y  successfu l  i n  p r o v i d i n g  a concise d e s c r i p t i o n  o f  t h e  
b i o t a  and the  t r a n s p o r t  mechanisms e x i s t i n g  on t h e  300 Area b u r i a l  s i t e s .  

0 The p o t e n t i a l  f o r  b i o l o g i c a l  uptake and t r a n s p o r t  o f  b u r i e d  waste i n  t h e  

300 Area waste b u r i a l  s i t e s  i s  low bu t  does e x i s t .  

0 The p r i n c i p a l  eco log i ca l  mechanisms o f  r a d i o n u c l i d e  uptake and t r a n s p o r t  

i nvo l  ve: 

1. 
2. smal l  mammal exposure t o  i o n i z i n g  r a d i a t i o n ,  i n j e s t i o n  o f  contami- 

p l a n t  r o o t  pene t ra t i on  t o  b u r i e d  waste 

nated p l a n t  m a t e r i a l ,  and d i r e c t  e x t e r n a l  contaminat ion by u t i l i z a -  

t i o n  o f  caveins f o r  s h e l t e r .  

0 Shal low waste b u r i a l  has, i n  general ,  been q u i t e  e f f e c t i v e  i n  c o n t a i n i n g  

t h e  waste b u r i e d  the re in .  Th is  e f f e c t i v e n e s s  may be enhanced through t h e  

c o n t r o l  o f  phys i ca l  and b i o l o g i c a l  mechanisms. F i e l d  t e s t i n g  o f  enhance- 

ment techniques i s  needed i n  order  t o  d e r i v e  measures which w i l l  be 

e f f e c t i v e  a t  con ta in ing  waste. 

Recommended f i e l d  s tud ies  inc lude:  

1. r e d u c t i o n  i n  wind-induced s o i l  e ros ion  through s o i l  add i t i ves ,  a l t e r -  
a t i o n  o f  sur face  tex tu re ,  and p l a n t i n g s  o f  sha l low- roo ted  p l a n t s  

2. estab l ishment  o f  b i o b a r r i e r s  t o  p l a n t s  and animals. 
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STUDY AREAS 

For the ecological studies, representative s i t e s  were chosen since 
detai led f i e l d  investigations of plants and animals require considerable 
researcher time. Table 1 l i s t s  a l l  the r e t i r ed  so l id  waste storage sites 
along w i t h  s ize ,  date of deactivation, general description of the contents and 
the dep th  t o  the water table.  A more detailed explanation can be found i n  
Paas (1955). Table 2 l i s t s  the individual investigations and indicates those 
burial grounds which served as study s i t e s .  Figure 1 provides a map of most 
of the burial s i t e s  examined, and Figures 2 through 8 provide photographs of 
the plant communities established on these burial si tes.  

RELATED STUDIES 

Ecological research has been an ongoing e f f o r t  on the Hanford S i t e  fo r  
about three decades. However, intensified f i e ld  investigations related t o  
characterization of plant and animal population has taken place only during 
the 1970s. 
the 300 Area burial s i t e  study. 
agement Areas program ( funded  by D O E )  has provided data on plants,  small mam- 
mal population dynamics, repti le and l izard  population dynamics, and s h r u b  
inhabiting invertebrates on the  Hanford S i t e  i n  general. 
are located i n  dominant habi ta t  types throughout the Hanford S i t e  w i t h  two 
study s i t e s  located near power reactor i n s t a l l a t ions .  Ecological studies have 
also provided new information on b i rds  of prey nesting near the 300 Areas. 
Other s tudies  have provided baseline ecological information on plants and 
small mammals l iv ing  near commercial power reactors  now under construction on 
the Hanford Site.  Figure 9 i s  a map of the Hanford S i t e  showing the 300 Area, 
and locations where related f i e l d  ecological research i s  b e i n g  or has been 
conducted. 

Many of these s tudies  provide ecological information relevant t o  
For example, the Radioecology of Waste Man- 

These study p lo ts  

/ 
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TABLE 1. 300 Area Storage and Disposal S i t e s  

S i z e  
S i t e  Acres D e s c r i p t i o n  

Terminated  Der?th t o  bqonitored 
S e r v i c e  Water Tab le  by Me11 

Y u m h e r i n  Year ( f t )  

( 1 )  1.1 

2 1.7+ 

3 1.3+ 

4 2.9+ 

5 1.2+ 

-- 6 

7 %16.7 

(8) %1.4 

200 ft l o n g  t renches  15 f t  w ide  by 8 f t 
deep on N-S a x i s  and some 20 f t  w ide  bv 
15 f t  deep on E-W a x i s .  
4 f t  l a y e r  o f  c l e a n  d i r t ,  and marked i n  
1961. Markers  3-61 -51 th rouqh  3-61 -90. 

Conta ins  a l l  300 Area s o l i d  r a d i o a c t i v e  
waste  genera ted  f rom 1945-1956, i n c l u d -  
i n g  uranium, p lu ton ium,  and f i s s i o n  
p roduc ts .  

P i t s  150 f t  l o n g  by 51 f t  wide  bv 15 f t  
deep. Covered w i t h  c l e a n  s o i l  and marked 
i n  1961. Markers 3-61-1 th rouqh  3-61-50. 

Conta ins  u ran ium contaminated  equipment 
and m a t e r i a l .  

An expans ion  t o  t h e  west o f  No. 2 w i t h  
s i m i l a r  c o n t e n t s  and d e a c t i v a t i o n  
procedures .  

E longated  p i t s  c o n t a i n i n g  uran ium con- 
taminated  m isce l l aneous  m a t e r i a l s  from 
300 Area manu fac tu r ing  f a c i l i t i e s .  
F i l l e d  and covered w i t h  c l e a n  d i r t .  
:larked i n  1961 wi th  markers  3-61-137 
th rough  3-61-189 

E longated  p i t s  t o  15 f t  deep c o n t a i n i n 4  
uran ium contaminated  t r a s h .  Covered, 
f i l l e d  w i t h  4 f t  o f  c l e a n  d i r t .  Marked 
i n  1962, 3-02-1 th rough  3-62-36 

!lo l o n g e r  e x i s t s .  
o t h e r  s i t e s .  Conta ined s o l i d  
u ran ium waste  f rom 6 mo i n  1944. 
F i l l e d  w i t h  c l e a n  d i r t .  

Two d r i v e - i n  t renches  and a V- 
shaped p i t ,  c o n t a i n i n g  m a t e r i a l s  
p r i m a r i l y  f rom 300 Area f u e l  
manu fac tu r ing  process contaminated  
s l  i q h t l y  w i t h  u ran ium o r  t h o r i u m  
B a c k f i l l e d  and covered w i t h  c l e a n  
d i r t .  
Long t renches  f i 11 ed w i  t h  1 ow 1 eve1 
uran ium b e a r i n g  waste f rom f u e l  manu- 
f a c t u r i n g  areas  f i l l e d  and covered 
wi th  c l e a n  d i r t  and a p a r k i n g  l o t  
( N o r t h ) .  Marked i n  1961, 3-61-91 
th rough  136. 

Covered w i t h  

blastes moved t o  

1956 41 399-1 - 2  

1961 

1961 

1961 

41 309-1-2 

41 399-1 -2 

33 -- 

1962 38 

1944 --  

1971 52 399-8-2 

P r i o r  52 
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TABLE 1. (contd)  

S i z e  
S i t e  Acres Descr i p t i on 

Terminated  9ep th  t o  Mon i to red  
S e r v i c e  I f later Tab le  by Wel l  
I n  Year ( f t )  Number 

300 0.1 
West 

(Con tam i na t ed 
Equipment 
S torage Area 

300 6.1 
N o r t h  

300 8.6 
WY E 

A l o n g  t r e n c h  f i l l e d  w i t h  drums o f  1956 55 - -  
uranium contaminated  o r g a n i c  s o l v e n t  
f rom t h e  321 B u i l d i n g  i n  1955 and 
1956. Terminated  and marked i n  
1963, 3-63-1 th rough  18. 

A l l  equipment removed. Ground 
s l i g h t l y  contaminated. 

Located  abou t  4 m i l e s  no r thwes t  of  1963 
300 Area, Terminated. Broad spec- 
t rum o f  l o w - t o  h i g h - l e v e l  s o l i d  r a d i o -  
a c t i v e  waste, p r i m a r i l y  f i s s i o n  
p roduc ts  and p lu ton ium.  Cartoned 
l o w - l e v e l  waste i n  ca issons  o r  b u r i e d  
p i p e  f a c i l i t i e s .  
A s t a i n l e s s  s t e e l  t a n k  w i t h  an open 1956 
bottom, abou t  150 f t  sou theas t  of  
t h e  300 N o r t h  b u r i a l  ground, i n t o  
wh ich  was dumped uran ium contaminated  
l i q u i d  waste f rom t h e  321 B u i l d i n g .  

Located  about  7-1/3 m i l e s  n o r t h  o f  t h e  
300 Area. R e t i r e d - - f i l l e d  and marked. 
Broad spectrum o f  l o w - t o  h i g h - l e v e l  
s o l i d  r a d i o a c t i v e  waste, pr imari1.v 
f i s s i o n  p roduc ts  and p lu ton ium.  Car- 
toned l o w - l e v e l  waste was b u r i e d  i n  
t renches ;  medium t o  h i g h - l e v e l  waste 
i n  ca i ssons  o r  b u r i e d  p i p e  f a c i l i t i e s .  

1967 

65  

65 

45 

( ) S i t e s  i n  p a r e n t h e s i s  were n o t  examined i n  t h i s  i n v e s t i g a t i o n .  

TABLE 2. 300 Area B u r i a l  S i t e s  Used f o r  Eco log i ca l  S tud ies  

P l a n t  S tud ies  

I n s e c t  ( a n t )  
S tud ies  

Rep t i  1 es and Amphi b i  an 
Stud ies  

B i r d  S tud ies  

Small Mama1 
Stud ies  

S i t e  300 300 300 
West Nor th  WYE - -  - - - -  2 3 4 5 6 7  - 

x x x x  X X X X 
- 

X 

X X 
X 

X X 

X X 
X X 
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FIGURE 1. 300 Area Waste Storage Facilities 



FIGURE 2. Waste Burial  S i tes  No. 2 and 3 .  Note well established stand of 
deep-rooted shrubs. 
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FIGURE 3 .  Waste Burial S i t e  No. 4. 
shrubs are present. 

Annua l  grasses,  annual forbs ,  and 

9 



FIGURE 4. Waste Burial S i t e  No. 5. The annual deep-rooted 
forb,  Salsola  k a l i ,  dominates the canopy cover on 
t h i s  burial  s i t e .  
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FIGURE 5. Waste Burial  S i t e  No. 7. A n n u a l  grasses and annual forbs 
are present, b u t  there i s  no invasion by shrubs. 
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FIGURE 6. 300 W B u r i a l  S i t e .  Annual grasses and shrubs dominate 
t h e  canopy cover i n  t h i s  b u r i a l  s i t e .  
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I FIGURE 7. 300 N B u r i a l  S i t e .  Shrubs are  n o t i c e a b l y  absent 
on t h i s  burial  s i t e .  

13 



FIGURE 8. 300 WYE B u r i a l  S i t e .  
dominate t h e  vege ta t i on  composit ion. 

Annual forbs,  and annual grasses 
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VEGETATION STUDIES 

Vegetative cover plays an important role on re t i red  burial  grounds. I t  
serves as a way t o  reduce so i l  erosion by wind and water, thereby helping t o  
maintain su f f i c i en t  depth of backfi l l  over buried material .  Vegetation can 
play an important role  in helping t o  prevent r a in fa l l  from percolating deeply 
into burial ground backfi l l  by returning meteoric so i l  water t o  the atmosphere 
via  leaf t ranspirat ion.  Water returned t o  the atmosphere i s  not  available t o  
percolate through buried waste with a potent ia l  to  move t o  ground water. 
Vegetative cover in addition t o  providing a pract ical  use also can be more 
aesthet ic  than a r t i f i c i a l  wind erosion covers such as asphalt o r  concrete. 

Annual grasses, annual forbs,  perennial grasses,  perennial forbs,  and 
s h r u b s  are the f ive  categories of vascular plants  growing on portions of the 
300 Area Burial Grounds (Tables 3 and 4) .  Cheatgrass, Bromus tectorum, an 
annual, is t h e  most important single contributor t o  plant canopy cover. There 
are more taxa (species)  of annual forbs than any other category and collec- 
t i ve ly  they contribute subs tan t ia l ly  t o  t o t a l  plant canopy cover. Perennial 
grasses are scarce and provide l i t t l e  canopy cover. Perennial forbs are 
represented by f ive  species b u t  provide very l i t t l e  in the way of canopy cover. 
The two s h r u b  species encountered in the study t ransects  are snowy eriogonum, 
Eriogonum niveum and rabbitbrush, Chrysothamnus nauseosus. 

Total canopy cover varied from 8 t o  76% and averaged 39% over ’a l l  burial  
grounds in 1976. In 1977 to t a l  canopy cover on Burial Grounds No. 7 ,  
300 North, and WYE varied from 42 t o  68%. Cline e t  a l .  (1977) reported canopy 
cover f o r  undisturbed so i l  a t  56% elsewhere on the Hanford S i te .  The herba- 
ceous canopy cover provided by cheatgrass and by annual forbs will  vary great ly  
from year t o  year depending upon weather; b u t  the perennial forbs and shrub 
cover would not  change great ly  from one year t o  the next. Canopy cover could 
increase dramatically over a 10- t o  20-year period if s h r u b  seedlings become 
established and grow t o  maturity on the backf i l l .  
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TABLE 3.  Canopy Cover (pe rcen t )  and Species Composit ion 
of t h e  Vegeta t ive  Cover on 300 Area B u r i a l  Grounds 

Taxa 
B u r i a l  Ground Designat ion 

West #!i #3 Nor th  #7a #7b #4 2 MYEa VYEh F i d e l i t y  

Annual Grasses 
Bromus tectorum 
Festuca sp. 

T o t a l  Ann. grasses 
x = 20% 

Annual Forbs 
Draba verna 
Holosteum umbel la tum 
Sa lso la  k a l i  
Erod i um c i  cu ta r !  um 
Cryp tan  t ha c i rcumsc i ssa 
Sisymbrium a l t i ss imum 
Amsinckia lycopsoides 
Lepidium sp. 
Lactuca sp. 
P1 antago patagoni  ca 
Ambrosia acanth icarpa 
M i c r o s t e r i s  g r a c i l i s  
Descu r a  i n i  a p i  nna t a  
Myosurus a r i s t a t u s  
C r y p  t a n  tha  p t eroca r y a  

T o t a l  Ann. fo rbs  - 
x = 13% 

Perennia l  Grasses 
Poa sandberg i i  

Perennia l  Forbs 
Psoralea l anceo la ta  
Phlox  longifolia 
A s t e r  canescens 
Rumex venosus 
Ast ragalus sp. 

K = 0.1% 

T o t a l  Pern. f o r b s  
x = 0.6% 

Shrubs 
Eriogonum niveum 
Chrysothamnus nauseosus 

T o t a l  Shrubs x = 5.5% 

29 0.8 39 4.7 9.1 9.9 20 24 
1.2 0 1.2 0.1 0.5 T T 1.0 

30.0 0.8 40.0 4.8 9.6 9.9 20 25 

2.4 0.7 2.2 5.3 2.2 2.5 3.1 3.2 
2.7 0.8 13 0.5 3.6 2.6 17 3.8 
0.1 3.8 1.4 3.5 3.8 1.8 0.2 1.7 
0.5 0 3.6 0 0 0 0 T 
0.6 0 0 T 1.2 0.3 0 0.3 
0.5 2.1 T 1.0 2.0 9.3 0.4 0 .5  
0 0  0 0 0.4 0 0 0 
0 T O  0 0 0 0 0 
0 0.5 0 0 0 0 0 0 
0 0  0.1 0 0 0 0 0 
0 9  0.1 0.7 0.4 0 0.1 0.6 
0 0  0 0.1 0.2 0 0 0 
0 0  0 0.1 0.2 0 0 0 
0 0  0 0 0.1 0 0 0 
0 0  0 (3 0.2 0 0 0.1 

6.8 7.9 20.0 11.0 14.0 16.0 21- . l @ . c )  

- - - _ _ _ _ - - _ _  

0 0  0.8 o 0 0 0 0.1 

0.7 0 0 0 0 0 0 0 
0.2 0 0.2 0.2 0.1 0.2 0.1 0 .3  
0 0  0.7 0 0 0 0 0 
0 0  0 0 0 0 0 0 
0 0  0 0 0 0 0 0 

0.9 0 1.7 0 0.1 0.2 0.1 0.4 
- - - - - - - - -  

0.1 0 0 0 0.9 0 17.9 0.2 
13.5 0 15.4 0 0 0 0.3 6.9 -------- 
14.0 0 15.0 - 0  0.9 0 18.0 7.1 

T o t a l  Canopy Cover 52 8.7 77 16 25 26 59 42 

43 13 100 
0 1.8 80 -- - 

43 13 

2.5 1.2 100 
5.0 6.7 100 
0.4 2.3 100 
0 r) 30 
1 ,5  0.6 70 
2 .5  0.5 100 
1.3 0 20 
1.3 T 30 
0 0 10 
9 r) 10 
0.1 0.2 70 
1.0 0.7 40 
0.2 0.3 40 
0 0 10 
0.1 0 3c) 
_ c -  

16.0 12.0 

0 0.1 30 

0 0 10 
Q.6 1.1 99 
0 0 10 
0 0.1 10 
0 0.8 10 

0.6 2.1 
-- 

0 0 40 
0 0 40 

0 0 
-- 

60 29 

T = Trace, #7a and #7b = two t ransects ,  WYEa and GlYEb = two i n t e r s e c t s  
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TABLE 4. 300 Burial Ground Mammal Trapping Plot 
1978 Percent Cover 

No. 7 
Line 1 Line 2 Line 3 Line 4 Mean 

Annual Grasses 
Bromus tectorum 
Festuca octof lora  

Total Ann. grasses 
x =  

Hol osteum umbel 1 atum 
Sisymbrium altissimum 
Cryptantha circumcissa 
Draba verna 
Descurai ni a pi nnata 
Cryptantha pterocarya 
Ambrosi a acanthicarpa 
Polemonium micranthum 
P1 antago patagoni ca 
Erodium cicutarium 
Mi c r  o s t er i s g r  ac i 1 i s 

Total Ann.  forbs 
x =  

I 
Perenni a1 Forbs 

Oenothera pal 1 i da 
Brodi aea dougl as i  i 

Total Pern. - forbs  
x =  

Shrubs  
Artemesi a t r i  dentata 
Eriogonum niveum 

Total - shrubs 
x =  

Total Canopy Cover 

42.7 
0.4 

43.1 

2.1 
4.1 
1.5 
0.5 
0.9 
0.2 
0 
0 
0 
0 
0 
0 

9.3 

0 
0 

0 

0 
0.5 

0.5 

53 

32.4 
0.4 

32.8 

2.4 
2.5 
2.6 
0 
0.3 
0 
0.4 
0.2 
0 
0 
0 
0 

6.4 

0 
0 

0 

0 
0.2 

0.2 

39 

13.8 
0 

13.8 

1.8 
2.2 
1.7 
1.4 
0.3 
0.1 
0.2 
1.9 
0 
0 
0 
0 

9.6 

1.6 
0.4 

2.0 

0 
0.2 

0.2 

26 

27.4 
0.4 

27.8 

2.3 
4.4 
6.6 
0 
0.7 
0.3 
0.3 
0.4 
0.1 
0.2 
4.7 
0.1 

20.1 

0 
0 

0 

0.1 
0.2 

0.3 

48 

29.1 
0.3 

29.4 

2.2 
3.3 
3.1 
0.5 
0.6 
0.2 
0.2 
0.6 
T 
0.1 
1.1 
T 

11.9 

0.4 
0.1 

0.5 

T 
0.3 

0.3 

42 
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TABLE 4. (contd) 

Annual Grasses 
Bromus tectorum 
Festuca octof lora  

Total 

Annual Forbs 
Salsol a kal i 
Holosteum umbel 1 atum 
S i s ymbr i um a1 t i  s s i m u m  
Cryptantha circumcissa 
Draba verna 
Descurai n i  a p i  nnata 
Cryptantha pterocarya 
Ambrosi a acanthi carpa 
Microsteris g r a c i l i s  

Total 

Perenni a1 Forbs 
Oenothera pal 1 i da 
Epilobium panicul atum 

Total 

Shrubs 
Eriogonum niveum 

Total Canopy cover 
x =  

22.2 
0 

22.2 

2.6 
1 .o 
0.3 
0.9 
2.2 
0.2 
0.1 
0.4 
0 

7.7 

2.3 
0 

2.3 

2.0 

34 

North 
Line 1 Line 2 Line 3 Line 4 - Mean 

8.7 
0 

8.7 

- 

2.5 
2.4 
0 
0 
2.5 
0.7 
0 
0.2 
0.2 

8.5 

- 

0.8 
0 

0.8 

0.4 

18 

69.0 
0 

69.0 

8.0 
1.1 
2.1 
0 
1.8 
0.1 
0 
0 
0.2 

13.3 

0 
0 

0 

0 

82.3 

26.5 
0.2 

26.7 

2.5 
2.9 
1.7 
0 
1.6 
0 
0 
0.1 
0.1 

8.9 

0 
0.1 

0.1 

0 

36 

31.6 
0.1 

31.7 

3.9 
1.9 
1 .o 
0.2 
2.0 
0.3 
T 
0.2 
0.1 

9.6 

- 

0.8 
T 

0.8 

0.6 

42 
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TABLE 4. (contd) 

WYE Control 
Line 1 Line 2 Line 3 Line 4 

Annual Grass 
Bromus tectorum 
Festuca octof 1 ora 

Total 

Perenni a1 Grass 
Poa sandbergi i 

Ambrosia acanthicarpa 
Sisymbrium altissimum 
Microsteris g r a c i l i s  
Draba verna 
Polemonium micranthum 
Descurainia pinnata 
Holosteum umbel 1 atum 
P1  ant ago patagoni ca 
Cryptantha pterocarya 
Cryptantha circumcissa 
Amsi ncki a lycopsoi des 
Erodium cicutarium 

Total 

Perenni a1 Forbs 
Rumex venosus 
Brodi aea dougl as i  i 
Oenothera pal 1 i da 
Phlox longi fo l ia  
Cymopterus terebinthinus 
Epi lobi um pani cul atum 
Achill ea mi 11 efol i um 

Total 

Shrubs 
Eriogonum niveum 

Total Canopy Cover 

38.7 
0.1 

38.8 

9.1 

2.6 
0.3 
6.8 
1.2 
1.5 
2.5 
0.5 
2.2 
0.1 
0 
0 
0 
0 

17.7 

0.9 
1 .o 
0.1 
0 
0 
0 
0 

2.0 

0 

67 

34.6 
0.1 

34.7 

5.2 

4.2 
0.8 
3.7 
1.7 
4.3 
6.1 
1 .o 
0.3 
1.9 
0.1 
0.1 
0 
0 

24.2 

0.2 
1.1 
0.9 
0.1 
1.3 
0 
0 

3.6 

0.1 

68 

38.7 
1.3 

40.0 

4.4 

2.5 
0.1 
7.2 
1 .o 
2.8 
0.9 
0.4 
0.1 
0 
0.1 
0.1 
0.1 
0 

15.3 

0 
1.5 
1 .o 
0 
0 
0 
0 

2.5 

0 

62 

22.4 
0.1 

22.5 

1.8 

5.9 
0.7 
6.7 
1.6 
1.3 
1 .o 
1.3 
1 .o 
0.5 
0.4 
0 
0 
4.3 

24.7 

2.1 
1.1 
0.9 
0 
0 
0.2 
1.9 

6.2 

0 

55 

Mean 

33.6 
0.4 

34.0 

5.1 

3.8 
0.5 
6.1 
1.4 
2.5 
2.6 
0.8 
0.9 
0.6 
0.1 
T 
T 
1.1 

20.4 

0.8 
1.1 
0.7 
T 
0.3 
T 
0.5 

3.4 

T 

63 
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Several plant species have a high a f f i n i t y  fo r  burial  g round  backfi l l  as 
indicated by 100% f i d e l i t y  (occurring on a l l  burial  s i t e s )  (Table 3 ) .  
are Bromus tectorum, cheatgrass; -~ Draba verna, spring draba; Holosteum 
umbellatum, jagged chuckweed; Salsola k a l i ,  Russian t h i s t l e ;  and Sisymbrium 
altissimum, tumble mustard. All of these weeds were introduced t o  North 
America f rom Eurasia. 

These 
@ 

CHEMICAL AND PHYSICAL PROPERTIES OF SURFACE SOIL 

The chemical and physical properties of the surface so i l  are of impor- 
tance t o  the establishment of plants because seeds are usually confined t o  a 
few millimeters of the surface. The seedling stage of development i s  the 
c r i t i c a l  stage of the l i f e  cycle. Seedlings are vulnerable t o  heat and d r o u g h t  
and t o  the abrasive action of sand par t ic les  during wind storms as well as 
predation by rodents and insects  t ha t  a lso reside i n  the s o i l .  

The so i l  pH i n  the 300 Area Burial Grounds i s  neutral  or s l i gh t ly  alka- 
l ine,  which indicates t h a t  so i l  i s  well witbin the range of growth tolerances 
of most plants (Table 5 ) .  The low soluble s a l t s  indicate tha t  s a l t  concentra- 
t ion i s  not  a fac tor  t o  be considered as f a r  as inhibi t ing plant g r o w t h .  
Furthermore, the sandy so i l  texture indicates a suscep t ib i l i t y  t o  wind 
erosion, low water retention capacity and poor mineral nu t r i t ion .  

RADIONUCLIDE ANALYSIS OF PLANTS GROWING ON BURIAL G R O U N D S  

Leaf and stem tissues from various species were collected, dried, and 

analyzed f o r  137Cs by gamma spectroscopy. 
and also from adjacent so i l  outside the burial  grounds.  Shrubs,  perennial 
forbs and annuals were collected and analyzed (Table 6 ) .  
g rowing  outside burial  ground exclosures had amounts of 137Cs a t  levels 

Plants were collected on backfi l l  

Three shrubby plants 

ident i f iab le  as derived from 
sions (G = 0.85 pCi/g). Of 
only two had detectable leve 
which may have been derived 

wor'ldwide f a l l o u t  or iginat ing from nuclear explo- 
the samples collected within the burial  s i t e s ,  
s. One sample of cheatgrass had 9 pCi /g  of 137Cs 
n par t  from burial  ground operations such as a 
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TABLE 5. Phys ica l  and Chemical C h a r a c t e r i s t i c s  o f  
Surface S o i l  (0-1) dm on 300 Area B u r i a l  Grounds 

WYE Nor th  West #2&3 #4 #5 #6&7 Average 

% Sand 68.5 63.5 68.5 82.5 72.7 80.7 79.5 73.7 

% S i l t  21.5 28.5 25.7 12.2 23.4 16.4 17.9 20.8 
% C lay  10.0 8.0 5.8 5.3 3.9 2.9 2.6 5.5 
S o i l  Type* SaLo SaLo SaLo LoSa LoSa LoSa LoSa --- 

PH 8.0 7.1 7.5 7.8 8.0 0.5 8.3 7.9 

mm ho s /cm 
so l .  s a l t s  0.25 0.34 0.25 0.33 0.32 0.25 0.26 0.29 

-- 

*Tex tura l  c lass  SaLo = sand,y loam, LoSa = loamy sand. 

TABLE 6. Rad ionuc l ide  Ana lys is  (gamma scan) f o r  137Cs i n  P l a n t  Tissues 
C o l l e c t e d  f rom 300 Area B u r i a l  Grounds and f rom Adjacent Land 

Taxa B u r i a l  Ground Designat ion AdSacent Land 
Nor th  2&3 4 5 687 West WYE blest ' IYE 

Shrubs 
Eriogonum niveum NS - NS - Y S  - *330 K i / o  *1.07 
Chrysothamnus nauseosus NS - NS PIS NS !IS PIS H S 

Purs h i a  t r i d e n t a  t a  - PIS - NS NS *o. 2 - 
Chrysothannus v i s c i d i f l o r o u s  - - -  - PJ S - 

A s t e r  canescens - NS NS NS Y S  NS PI S - ris 
A c h i l l e a  m i l  1 i f o l  ium NS NS - - - 

- -  Lyciurn h a l n i l i f o l i u m  - NS - -  - - 
- NS US *O. 5 - -  A r t  em i s i a t r i den t a  t a  

Perennia l  Forbs 

Annuals 
Bromus tectorum NS NS rts NS NS US *9.4 - 
Ambrosia acanthicarpa US NS - NS ris US N s - 
Sal so la  k a l  i ris NS - NS - NS NS "I 5 NS 
Sisymbrium a l t i ss imum NS NS NS "IS NS NS - - 
Amsinckia lycopsoides NS NS - NS NS NS - - 

11s = Count n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  - = no sample taken 
*pCi/g d r y  w t .  

A 
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surface so i l  contamination. 
which indicates t ha t  the p l a n t ' s  roots may have penetrated buried waste. In 
previous s tudies  elsewhere on the Hanford S i te ,  Klepper e t  a l .  (1975) observed 
tha t  rabbitbrush contacted 137Cs a t  leas t  8 f t  ( 2 . 7  m )  below the ground sur- 
face.  The a b i l i t y  o f  deep-rooted plants t o  reach buried wastes indicates t ha t  
plants w i t h  shallow-rooted systems would be advisable as vegetative cover for 
burial  s i t e s .  However, additional research i s  needed t o  determine the optimal 
cover. 

One sample of snowy buckwheat had 300 pCi/g 137Cs, 

SECONDARY PLANT SUCCESSION 

The self-reestablishment of vegetation on disturbed ground follows a more 
or less  predictable pat tern.  Early plant invaders are annuals t ha t  are copi- 
ous seed producers with e f f i c i e n t  seed dispersal  mechanisms. 
plants over time are replaced or suppressed in abundance by perennial species 
tha t  occupy the ground indefini te ly  unless they i n  t u r n  are destroyed by man, 
f i r e  or disease.  T h i s  assemblage of mostly perennial species i s  the s tab le  o r  
i'climaxi' plant community. The climax species of the 300 Area are believed t o  
be sagebrush, Artemisia t r i den ta t a ,  and bi t terbrush,  Purshia t r identa ta .  The 
time required for  these shrubs t o  reinvade disturbed ground can be very long. 
Abandoned agricul tural  f i e l d s  in the Hanford S i te  have n o t  been invaded by 
shrubs even a f t e r  35 years. I t  i s  expected tha t  sagebrush and bi t terbrush 

These annual 

wil 
ra  1 
t a  1 
bu r 

be slow t o  reinvade 300 Area Burial Ground backfi l l  because of the gene- 
absence of nearby seed sources (parent p lan ts ) .  
feature  since s h r u b s  are n o t  regarded as desirable species on shallow 
a1 grounds because of their  deep root systems. 

This i s  a desirable vege- 
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ANIMAL STUDIES 

Several species of animals were characterized in terms of bo th  burrowing 
and nonburrowing ac t iv i t i e s .  

ANTS 
I 

Burrowing a c t i v i t i e s  have long been known t o  r e s u l t  i n  the pulverization, 
granulation and t ransfer  of soil between so i l  layers (Buckman and Brady, 1979). 
Soil t ransfer  is of par t icu lar  i n t e re s t  for  the 300 Area Burial Grounds. Ants 
were studied t o  provide a preliminary assessment concerning what e f fec ts ,  i f  
any, they m i g h t  have while l iving w i t h i n  the fenced exclosures of the 300 Area 
Buri a1 Grounds. 

The ant population was characterized by searching out colonies and by 
col lect ing specimens a t t rac ted  t o  ba i t s .  Bait s ta t ions  and searches were con- 
ducted on two separate dates d u r i n g  both morning and afternoon periods fo r  the 
No. 7 Burial Ground. Species actual ly  occupying this  burial ground were 
Solenopsis molesta and Pogonomyrmex owyheei. Two additional species, Formica 
subpolita and Formica manni, were collected from areas adjacent t o  the exclo- 
sure b u t  were not found on the burial ground i t se l f .  

Solenopsis molesta is  very small (%1.3 mm) and i s  scarce on the 300 Area 
Burial Grounds. They are generally regarded t o  be th ie f  ants,  constructing 
their colonies near those of other larger species and p i l fe r ing  food from 
them. Most o f  the  foraging of Solenopsis takes place below ground. 
quently construct their nests beneath rocks or pieces of debris. 
Wheeler (1963) reported tha t  Solenopsis molesta constructs nests i n  North 
Dakota tha t  extend t o  a maximum d e p t h  of 12.7 cm. Therefore, the occurrence 
of this ant species on 300 Area Burial Grounds shou ld  not a f fec t  the isolat ion 
of the wastes. 

They fre- 
Wheeler and 

Formica manni and - F. subpolita are both approximately 4.5 mm i n  length. 
Formica manni is r e s t r i c t ed  t o  sandy or gravelly locations i n  the  semi-arid 
regions of the West. They tend t o  construct their nests beneath stones. 
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L i t t l e  i s  known about the nest construction habits of - F. subpolita or - F. 
manni, b u t  the  low density of specimens col lected near burial zones probably 
precludes any impact from t h e i r  a c t i v i t i e s  on waste s i t e s .  

8 

Pogonomyrmex owyheei, a harvester ant,  is the dominant a n t  a t  lower ele-  
These ants are  r e l a t ive ly  large (5.6 m) and t h e i r  h a b i t  vations a t  Hanford. 

of invading disturbed so i l  (Wheeler, 1963) makes t h e i r  inhabitance of the 
300 Area Burial Grounds of par t icu lar  i n t e re s t .  
obtained for Pogonomyrmex owyheei from several b u r i a l  grounds since i t  was the 

, only species found t o  be abundant w i t h i n  the  300 Areas. 
Table 7 for equivalent sized areas located within and adjacent ( con t ro l )  t o  
the burial grounds. 
nies w i t h i n  disturbed areas such as the 300 Area Burial Grounds. 

Colony dens i t ies  were 

Results are shown i n  

Clearly, harvester ants prefer t o  es tab l i sh  t h e i r  colo- 

TABLE 7. Pogonomyrmex owyheei Colony Densities i n  
Bur i a1 Grounds 

Total Number Colonies 
Location Inside Exclosure Control 

WY E 358 90 
300-Nor t h 86 38 
300- 7 244 8 
300- West 0 0 

20 
TOTAL 708 

- 300-4 15 
141 
- 

The nest construction habits of harvester ants ,  Pogonomyrmex =., are 
much be t t e r  known than f o r  other ant species. 
tunneling depths fo r  various species of the harvester ants  and shows a range 
of maximum tunneling depths extending from 2.0 t o  3 .0  m .  

Table 8 summarizes the reported 

Soi 1 Transport 

There are only a few estimates i n  the l i t e r a t u r e  concerning the amount of 
s o i l  ants can move t o  the surface.  Lyford (1963) studied the importance of 
ants i n  so i l  genesis i n  New England and estimated tha t  50 g/yd were brought 
t o  the surface each year. 

2 
2 The a n t ,  Lasius neoniger Emery, brought 86 g/m 
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TABLE 8. Harvester Ant Maximum Tunne l ing  Depths 

Harves ter  Ant Maximum 
Species Depth Loca t ion  Reference 

P. owyheei 2.4 m Cen t ra l  Oregon W i l l a r d ,  1964 
P. c a l i f o r n i c u a  2.0 m C a l i f o r n i a  Er ickson, 1972 
P. o c c i d e n t a l i s  3.0 m Kansas Headlee and 

P. o c c i d e n t a l i s  2.4 m South Dakota Sever i n , 1955 
P. o c c i d e n t a l i s  2.3 m Wyoming Lavigne, 1969 

Dean, 1908 

o f  s o i l  t o  t h e  su r face  i n  an o l d  f i e l d  i n  Michigan. A species o f  ant i n  eas t -  

e r n  A l g e r i a  was observed t o  b r i n g  295.7 g o f  s o i l  t o  t h e  su r face  i n  34 days 

(P ick les ,  1944). 

The t o t a l  amount o f  s o i l  excavated by t h e  harves ter  ant, - P. o c c i d e n t a l i s ,  
was estimated to average 3.8 kg over the life of the &&my in eastern Colorado 

(Rogers, 1972). T h i s  es t imate  was based on t h e  volume o f  s o i l  excavated f rom 
tunne ls  and chambers (2000 cm ) and b u l k  d e n s i t y  o f  t h e  s o i l  (1.4 g/cm ).  
Recent excavat ions  a t  Hanford i n d i c a t e  a s i m i l a r  volume o f  s o i l  excavated by  

P. owyheei. 

3 3 

- 

E x t r a p o l a t i n g  s o i l  volume es t imates  f rom Tab le  9 w i t h  co lony  d e n s i t i e s  

shown i n  Tab le  7 pe rm i t s  an e s t i m a t i o n  o f  t o t a l  s o i l  movement (Tab le  10). 

About 11% o f  t h i s  s o i l  i s  moved f rom depths g rea te r  than 1.5 m. T h i s  means 

t h a t  t h e  harves ter  ant  co lon ies  l o c a t e d  on t h e  WYE B u r i a l  Ground move about 

8.4 kg o f  s o i l  m a t e r i a l  each year f rom depths exceeding 1.5 m. C l e a r l y ,  har-  

ves te r  ants possess t h e  p o t e n t i a l  f o r  moving smal l  p a r t i c l e s  o f  contaminated 

m a t e r i a l  t o  the  su r face  where i t  cou ld  be f u r t h e r  d i s t r i b u t e d  by wind and by 

b i o t a .  

B u r i a l  Grounds l e s s  a t t r a c t i v e  t o  harves ter  ants, b u t  a t  t h e  present  t ime  t h e  

o n l y  means o f  p reven t ing  t h e i r  p o s s i b l e  movement o f  contaminated s o i l  p a r t i -  

c l e s  would be through chemical c o n t r o l .  Con t ro l  o f  ha rves te r  ants th rough 

p e s t i c i d e  a p p l i c a t i o n s  has n o t  been p a r t i c u l a r l y  successful  i n  t h e  past.  

B u r i a l  procedures cou ld  p robab ly  be developed t o  make t h e  300 Area 
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TABLE 9. Maximum Depths and Volumes o f  Soil Excavated by Five 
- P. owyheei Colonies 

Maximum 
Depth ( m )  3 Colony Amount (cm ) 

1 2468 2 . 7  

2.5 2 3147 
2.5 3 1518 

4 713 2.0 

1 . 7  
2.3 - + 0.2 

5 1027 
x - + S.E. 1774 - + 453 

TABLE 10. Total Soil Movement by Harvester Ants on 
300 Area Burial Grounds 

Bur i a1 Ground 

W Y E  63,509 76.2 
300 North 15,256 18.3 
300 6 and 7 42,286 51.9 
300- West 0 0 
300-4 3,548 4.3 

TOTAL 125,599 150.7 

( 1 )  Assumes. colony l i f e  span = 10 years 
( 2 )  Assumes so i l  bulk density = 1.2 g/cm 3 

REPTILES AND AMPHIBIANS 

General s tud ies  of r e p t i l e  and amphibian populations associated with the 
300 Area burial sites were conducted. 
each burial ground studied (Table 2 )  was walked during two mornings i n  each o f  

the months of March, April ,  May, June, and July,  1978, and a l l  r e p t i l e s  
observed were recorded t o  species. Table 11 l i s t s  the species encountered a t  
the four study s i t e s .  

A survey path immediately adjacent t o  
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TABLE 11. R e p t i l e s  Observed a t  300 Area B u r i a l  S i t e s  

4 Species - 
B u r i a l  S i t e  

7 300 Nor th  300 WYE - 

Western Ye1 1 ow-bel 1 i ed Racer X 
(Coluber c o n s t r i c t o r )  

Gopher Snake 
( P i t u o p h i s  melanoleucus) 

S i  de-bl  otched L i z a r d  
( U t  - a stans bur i ana) 

Sagebrush l i z a r d  
(Sceloporus grac iosus)  X 

Amphibians were never observed du r ing  

X X 

X X 

X 
X 

X X 

t h e  b u r i a l  s i t e  s tud ies .  The west- 

ern toad, Bufo boreas; Woodhouse's toad, Bufo woodhouseii; and Great Basin 
spadefoot toad, Scaphiopus intermontanus, may o c c a s i o n a l l y  use b u r i a l  s i t e s ,  

bu t  these animals are g e n e r a l l y  assoc ia ted  w i t h  mo is t  r i p a r i a n  h a b i t a t s  r a t h e r  
than d r y  s i t e s  such as t h e  b u r i a l  grounds. 

A l l  o f  t h e  b u r i a l  s i t e s  are used by r e p t i l e s  f o r  f e e d i n g  and reproduc- 

t i o n .  R e p t i l e s ,  p a r t i c u l a r l y  l i z a r d s ,  may be t h e  most impor tan t  carn ivorous  
consumer group assoc ia ted  w i t h  t h e  b u r i a l  s i t e s .  S tud ies  conducted i n  hab i -  

t a t s  on Hanford s i t e s  s i m i l a r  t o  t h e  300 Area h a b i t a t s  i n d i c a t e  t h a t  t h e  s ide-  

b lo t ched  l i z a r d ,  - U t a  stansbur iana, i s  t h e  most abundant l i z a r d  i n  t h e  b i g  

sagebrush/cheatgrass assoc ia t ion ,  w h i l e  t h e  sagebrush l i z a r d ,  Sceloporus 

grac iosus ,  i s  dominant i n  sandy areas suppor t i ng  m o s t l y  antelope b i t t e r b r u s h ,  

Pu rsh ia  t r i d e n t a t a ,  and cheatgrass. Biomass es t imates  o f  between 52.5 and 

87.5 g o f  l i z a r d  per hec tare  are r e p o r t e d  f o r  t h e  Hanford S i t e  (Rogers and 

Rickard,  1977). O f  t h e  b u r i a l  s i t e s  studied, No. 4, 7 and 300 N are l o c a t e d  

i n  sandy areas where Pursh ia  i s  t h e  dominant shrub. These b u r i a l  s i t e s  were 

t h e  l o c a t i o n s  o f  a l l  Sceloporus s i g h t i n g s .  The WYE B u r i a l  Ground s i t u a t e d  i n  
sagebrush dominated h a b i t  con ta ined no Sceloporus b u t  d i d  p r o v i d e  observa t ions  

o f  Uta. - 
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The only snakes observed a t  the 300 Area Burial Grounds were the western 
yellow-bellied racer ,  Coluber cons t r ic tor ,  and gopher snake, P i t u o p h i s  
melanoleucus, (Table 11) .  
i l a r  to  300 Area habi ta ts  indicate tha t  these two species are the most common 
snakes. Since these two snakes feed mostly on mice and l izards ,  they occupy a 
trophic level higher  than the insectivorus l izards .  

Studies conducted on the  Hanford S i t e  i n  areas sim- 

Even t h o u g h  only four species of r e p t i l e s  were observed on or adjacent t o  
the  300 Area Burial Grounds, a number of other cold-blooded vertebrates may 
occur there.  
of the Hanford S i t e  and indicates  t h e i r  r e l a t ive  abundance and habi ta t  
preferences. 

Table 12 provides a l i s t  of a l l  of the r e p t i l e s  and amphibians 

Since l izards  and snakes associated w i t h  the burial s i t e s  are carnivores, 

Unlike b i rds  and many mammals, most r e p t i l e s  are sedentary 
they may be valuable indicators of the b ioavai lab i l i ty  of radionuclides i n  
local ecosystems. 
i n  nature and seldom move more than a few kilometers i n  their l i fe t imes 
(Fi tch,  1949; Hirth et  a l . ,  1969). Any radionuclides found i n  individuals 
l iving on or adjacent t o  a burial s i t e  would therefore  provide an indication 
tha t  the source of radionuclides was the burial s i t e  i t s e l f .  For example, 
burrows or crevices formed from caveins may provide pathways t o  b u r i e d  waste 
and serve as hibernation s i t e s  for  l izards .  

Reptiles associated w i t h  burial s i t e s  can also serve as vectors of radio- 
ac t iv i ty .  
snakes. Table 13 provides a list of the reptilian and other prey species con- 

sumed by Swainson's hawks on the Hanford S i t e  (Fi tzner ,  1978). 

For example the Swainson's hawk, Buteo swainsoni, feeds heavily on 

Since burial s i t e s  are open above, hawks can f r e e l y  catch and remove rep- 
t i l e  prey from the area. 
t o  a t t r a c t  h u n t i n g  raptors by providing hunting perches and would increase the 
opportunity f o r  the top consumer hawks t o  capture prey associated w i t h  burial 
sites. 
feed young hawks. 
for evidence of radionuclide t ransport  by birds of prey. 
grounds on the Hanford S i te  are  frequented by birds of prey. 
prey are present on the burial s i t e s ,  a raptor can be expected t o  consume i t  

Tall fence posts surrounding each burial s i t e  tend 

After capturing the prey item, the raptor may take i t  t o  i t s  nest t o  
These nest si tes would therefore  be useful spots t o  monitor 

I f  contaminated 
All of the burial 
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TABLE 12. Amphibian and Reptile Species Occurring 
on the Hanford Site 

Common Name _____ 
Amphibian? 

Grea t  Bas in  Spadefoot 

Western Toad 

P a c i f i c  T r e e f r o g  

R e p t i l e s  

Sagebrush L i z a r d  

S i d e - b l o t c h e d  L i z a r d  

Pigmy Shor t -ho rned  L i z a r d  

S t r i p e d  Whipsnake 

Western Y e l l o w - b e l l i e d  Racer 

Gopher Snake 

D e s e r t  N i g h t  Snake 

N o r t h e r n  P a c i f i c  R a t t l e s n a k e  

H a b i t a t s ( b )  
S c i e n t i f i c  Name Occurrence(a)  U t i l i z e d  

Scaphiophus in te rmon tanus  U R + S + P  

Bufo boreas U R 
H y l a  r e g i l l a  R 

~ -~ 

~ 

Sceloporus g r a c i o s u s  

Uta s t a n s b u r i a n a  

Phrynosoma doug lass i  

Mast i coph i s taen  i a t u s  

Coluber  c o n s t r i c t o r  

P i t u o p h i s  melanoleucus 

Hyps ig lena  t o r g u a t a  

C r o t a l u s  v i r i d u s  

_____- 

- 

_ _ _ _ ~  

~ 

__-- _____ 

~ 

-~ ___ 

R e p t i l e s  and Amphibians which may occu r  on t h e  Hanford S i t e  

b u t  s i g h t i n g s  have n o t  y e t  o c c u r r e d  
Long- toed  Salamander Ambystoma macrodacty lum 

T i g e r  Salamander Ambystoma t i g r i n u m  

Woodhouse's Toad 

Leopard F rog  __ Rana p i p i e n s  

Bufo woodhousei 
~ ___.- 

Rana ca tesbe iana  B u l l f r o g  __  
P a i n t e d  T u r t l e  Chrysemys p i c t a  

Western Fence L i z a r d  Sceloporus o c c i d e n t a l i s  

Western Skunk 

Common G a r t e r  Snake Thamnophis s i r t a l i s  

Western T e r r e s t r i a l  Gar te r  

Eumeces sk i 1 t o n i  a n u i  __- 

Th amn op h i s e 1 c l p 7 s  - __ - - __ Snake 

( a )  U = Uncommon, C = Common, R = Rate 

(I)) R = R i p a r i a n ,  B = B a s a l t  ou tc ropp ings ,  S = SdgebrUSh dominated areas, 
P = P u r s h i a  dominated areas.  

P 

S 

P + S  

P + S  

P + S  

P + S  

B 

R + B + S  
+ P  

. 

and distribute the radionuclides contained in the prey organism away from the 
burial site. This vector for radionuclide removal can be eliminated by ensur- 
ing that prey organisms do not come in contact with buried waste. 
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TABLE 13. Food Habits of Swainson's Hawks on the Hanford S i t e  
(Prey Fed t o  Young Hawks by Parent Birds) - 1973-76 

Species N urn ber % Frequency 

Mammals 
Black-tailed Hare (Lepus cal i fornicus)  11  
Nu t t a l l ' s  Cottontail (Sylvilagus n u t t a l l i i )  8 

Townsend's Ground Squirrel (Spermophi lus  townsendi i ) 8 
Pocket Gopher (Thomomys ta lpoides)  3 
Pocket Mouse (Perognathus parvus) 5 
Unidentified small mammal 2 

Birds 
Magpie (Pica pica) 
Mal 1 ard (Anas pl atyrhynchos) 
Meadow1 ark (Sturnel l a  neglecta) 
Pheasant (Phasianus colchicus) 
Sage Sparrow (Amphispiza b e l l i )  
Ring-billed Gull (Larus delawarensis) 
Long- b i 1 1 ed Cur 1 ew (Numen i us amer i canus ) 
Star l ing  (Sturnus vulgaris)  

Reptiles and Amphibians 
Western Ye1 1 ow-bell i ed Racer 
(Coluber cons t r ic tor )  
Gopher Snake (Pi tuophi s me1 anoleucus) 
Wh.ipsnake (Masti cophi s taeni a tus)  
Western Toad (Bufo boreas) 

21.8 
6.5 
4.7 
4.7 
1.8 
2.9 
1 . 2  

14.6 
2.4 
2 .4  
2.9 
1 . 2  
1 . 2  
3.5 
0.5 
0.5 

86 
18 

2 
2 

N = 170 

50.6 
10.6 

1 . 2  
1.2 

31 



Q SMALL MAMMALS 

The purpose of the mammal study was t o  characterize the small mammal pop- 
ulations inhabiting three of the 300 Area Burial Grounds. 
directed a t  determining gamma exposure r a t e s ,  i f . any ,  t o  the mice l iving i n  
these areas. 
An animal having an exposure above normal background level could be assumed t o  
have come w i t h i n  close proximity t o  a gamma radiation source; i n  th i s  case 
buried wastes. 

The study was also 

This was accomplished u s i n g  dosimeter implantation techniques. 

Tissue samples were also taken from representative small mammal species 
and analyzed for 137Cs t o  provide an indication of the potent ia l  t ransfer  
from burial grounds t o  small mammals. The determination of the presence or 
absence of radionuclides is important when considering t h e i r  t ransfer  t o  
higher trophic levels  ( E R D A ,  1975). 

Four study s i t e s  were selected including three re t i red  burial  grounds and 
one control s i t e  located i n  a similar habi ta t .  The burial  g r o u n d s  studied 
were WYE Burial Ground, 300 North,  and 300 Area Burial Ground No. 7. The con- 
t r o l  s i t e  was established approximately 1/2 
i n  an area previously burned by f i r e .  The 
very similar t o  the burial  grounds .  

On each of the study s i t e s  a t rap grid 
was established. The t raps  were spaced a t  

mile west o f  the WYE Burial Ground 
egetation and s o i l  depth there are 

containing 100 Sherman l ive t raps  
0 - m  intervals  i n  a 10 x 10 g r i d  

pattern.  Each t rap  was placed inside a sheet metal can s l  
the t rap and covered w i t h  a sheet metal t en t  (Figure 10). 
t o  help protect against overheating while the animals were 
was placed i n  each t rap fo r  nesting material and the traps 
entrance of each t rap .  Each trapping session was normally 

ghtly larger than 
T h i s  covering was 
con f i ned . Bat t i n g  
were baited a t  the 
3 consecutive days. 

32 



c
 

v
) rD n
 

rt
 

0
 



When an animal was captured for the f i r s t  time, i t  was given an individ- 0 
ual ident i f ica t ion  number using a se r i e s  of toe amputations. T h e  data col- 
lected included the t rap  location, species,  sex, ident i f ica t ion  number, repro- 

duct ive condit ion, r e l a t i v e  age, and weight. I n  addi t ion,  each animal was 
surg ica l ly  implanted w i t h  a dosimeter packet, 7 mm x 10 mm, containing 2 L i F  
dosimeters. The animals were anesthetized while the packet was inserted under 
the loose dorsal neck s k i n  (Figure 11). The incis ion was sutured t o  he lp  pre- 
vent infection and promote healing. 
TL D- 700 s @ ( a )  (thermoluminescent dosimeters) and were sealed i n  p l a s t i c  t o  
prevent foul ing by the animal's body f lu ids .  Following the operation the ani- 
mals were returned to  t h e i r  capture location and released. When an animal was 
recaptured, the old dosimeter packet was removed and replaced w i t h  a new one. 
All returned dosimeters were read f o r  exposure and reported i n  milli-Roentgens. 

Dosimeters used i n  this study were Harshaw 

I 

Occasionally an animal would d ie  d u r i n g  the dosimeter implant operation 
from an overdose of anesthesia. 
would l a t e r  be used f o r  radiochemical analysis.  
for this analysis.  The h i d e  including the fur, f e e t ,  and t a i l  made up one 
sample representing an ex ter ior  t i s s u e  and the remaining carcass represented 
an in t e r io r  t i s sue  sample. These t i s sues  were dried i n  an oven a t  75°C f o r  a t  
l ea s t  48 hr and then analyzed by gamma spectrometry. 
trapped f o r  this  analysis from each s i t e  i n  an e f f o r t  t o  represent the species 
present a t  each area (Appendix A ) .  

Results 

These animals provided t i s sue  samples t h a t  
Two t i s s u e  types were used 

Additional animals were 

Two species of mice were consis tent ly  trapped on a l l  four study s i t e s .  
These were the Great Basin pocket mouse, Perognathus parvus, and the deer 
mouse, Peromyscus maniculatus. Two other species were occasionally captured 
during this study b u t  did not provide a population t h a t  could be useful 

( a )  The manufacturer's name is g i v e n  fo r  the convenience of the reader; 
however, use of this name does not imply PNL endorsement. 
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8 f o r  study purposes. 
townsendi i ,  and the western ha rves t  mouse, Reithrodontomys megalot is,  

(Table 14). 

d i s p e r s a l  movements s ince no recaptures  were recorded f o r  e i t h e r  species. 

These were the townsend ground s q u i r r e l  , Spermophilus 

The presence o f  these two species was i n t e r p r e t e d  as rep resen t ing  

TABLE 14. Small Mammal Species Captured on the Four Study S i t e s  

Spec i es Con t ro l  WYE #7 Nor th  

Pocket Mouse X x x  X 
Deer Mouse X x x  X 
Ground Squ i r r e  1 X x x  
Harvest Mou se X 

Pocket mice were the most f r e q u e n t l y  t rapped smal l  mammal on the c o n t r o l  

p l o t ,  WYE B u r i a l  Ground, and 300 Nor th  B u r i a l  Ground w h i l e  deer mice were t h e  
most o f t e n  t rapped smal l  mammal on B u r i a l  Ground No. 7 (Appendix A). The WYE 

B u r i a l  Ground was i n i t i a l l y  t rapped i n  February 1975 and dosimeters were f i r s t  

implanted i n  A p r i l  1976. A t  t h i s  t ime the c o n t r o l  p o t  was e s t a b l i s h e d  t o  

g i v e  corresponding TLD exposure data. 

te rmina ted  i n  June 1977 w i t h  a t o t a l  o f  22 t r a p p i n g  sessions, 8 o f  which 

i nc luded  TLD imp lan ta t i on .  The c o n t r o l  p l o t  t r a p p i n g  was main ta ined t o  match 

the t r a p p i n g  e f f o r t s  on 300 Nor th  and No. 7 B u r i a l  Grounds. These two areas 

were trapped f rom September 1976 t o  June 1978 y i e l d i n g  7 t r a p p i n g  sessions. 

The c o n t r o l  p l o t  ended w i t h  11 t r a p p i n g  sessions. 

Trapping on t h e  WYE B u r i a l  Ground was 

The two species, pocket mice and deer mice, were the o n l y  ones t o  y i e l d  

dosimeter r e t u r n s  f rom t h e  o v e r a l l  e f f o r t .  A l l  areas except WYE B u r i a l  Ground 

had r e t u r n s  f rom both species and o n l y  pocket mice were represented there.  

O v e r a l l  recovery  success o f  implanted TLDs ranged f rom 29.2% on WYE B u r i a l  

Ground t o  49.1% on 300 Nor th  (Table 15). 

and pocket mice c o n t a i n i n g  TLDs were recaptured, pocket mice had the  b e s t  

On the th ree  p l o t s  where deer mice 

recove ry  percentage. Th is  i s  a t t r i b u t e d  t o  the success fu l  r e t r a p a b i l i t y  of 

pocket mice ( O ' F a r r e l l  e t  a l . ,  1975). 
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TABLE 15. Recovery Success o f  Implanted Dosimeter Packets 

-~ ~ 

Location 

WYE Burial  Ground 
Pocket Mouse 
Dee r Mo u s e 
Ground Squ i r r e l  
Harvest  Mouse 

Total  

300 North B . G .  
Pocket Mouse 
Deer Mouse 

Tota l  

300 No. 7 
Pocket Mouse 
Deer Mouse 
Ground Squ i r r e l  

Total  

Control S i t e  
Pocket Mouse 
Deer Mouse 
Ground Squ i r r e l  

Total  

% ( a  1 TLD Packets  TLD Packets 
Implanted Recovered Recovery 

61 21 34.4 
5 0 
3 0 
3 0 

72 21 
- - 

68 
42 

110 
- 

72 
147 

4 

223 
- 

85 
9 
2 

96 
- 

40 
14 

54 
- 

29.2 

58.8 
33.3 

49.1 

30 41.7 
57 38.8 

0 
- - 
87 39.0 

34 40.0 
3 33.3 
0 
- - 
37 38.5 

(a) The. TLD's  implanted during the l a s t  t r app ing  se s s ion  o f  a 
p l o t  were not  included i n  the c a l c u l a t i o n  o f  X recovery 
because there was no follow-up t rapping s e s s i o n  t o  c o l -  
lect  implanted TLD's .  . 
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8 Gama exposures measured by TLDs remained q u i t e  low f o r  pocket mice. 

T h e i r  average exposure f o r  a l l  areas i n c l u d i n g  the  c o n t r o l  p l o t  was l ess  than 

2 mR/wk (Table 16). 

8.7 mR/wk on 300 North B u r i a l  Ground. Th is  exposure i s  s l i g h t l y  h ighe r  than 

the h ighes t  pocket mouse exposure on the c o n t r o l  p l o t ,  4.0 mR/wk. Deer mice 

trapped on 300 Nor th  and No. 7, however, had average exposures s i g n i f i c a n t l y  

h ighe r  than the c o n t r o l s  w i t h  28.5 mR/wk and 38.1 mR/wk, r e s p e c t i v e l y .  The 
deer mouse exposures on the  c o n t r o l  p l o t  matched the  pocket mouse exposures 

w i t h  l ess  than 2 mR/wk. I n  a s i m i l a r  study on the Hanford S i t e ,  13 deer mice 

l i v i n g  i n  an uncontaminated area had mean exposures o f  1.3 mR/wk (Gano, 1978). 

The h i g h e s t  exposure rece ived  by a pocket mouse was 

These values were assumed t o  be normal background exposures. 

The h i g h e s t  exposure r a t e  t o  a deer mouse came f rom B u r i a l  Ground No. 7 

w i t h  476 mR/wk. 

300 North was 112 mR/wk. There were 28 deer mice on No. 7 and 5 on 300 North 
B u r i a l  Ground w i t h  exposure r a t e s  g r e a t e r  than 19.2 mR/wk o r  1 R/yr (Table 17 

and Appendix B ) .  
100 mrem/wk o r  5 rem/yr. 

The h i g h e s t  exposure r a t e  rece ived  by a deer mouse on 

The maximum p e r m i s s i b l e  dose t o  r a d i a t i o n  workers i s  

R a d i o l o g i c a l  ana lys i s  o f  smal l  mammal t i s s u e s  y i e l d e d  ve ry  smal l  concen- 

t r a t i o n s  o f  137Cs. 

i n t e r n a l  t i s s u e  concen t ra t i ons  o f  137Cs. 

de tec to r  was used f o r  t he  ana lys is .  A l l  values f o r  e x t e r n a l  t i s s u e s  ( s k i n ,  
f u r ,  f e e t ,  and t a i l )  were below d e t e c t i o n  l i m i t s ,  w h i l e  i n  f o u r  o f  the i n t e r -  

n a l  samples ( remain ing  carcass) concen t ra t i ons  ranged f rom 2.3 t o  9.8 pCi 

137Cs/g d r y  weight.  Three o f  these i n t e r n a l  samples were pocket mice and 

one was a deer mouse. 

T h i r t y - e i g h t  animals were analyzed f o r  e x t e r n a l  and 

A sodium i o d i d e  s c i n t i l l a t i o n  

D iscuss ion  

Pocket mice are the most abundant mammal l i v i n g  on the Hanford S i t e .  ~ 

They are e s p e c i a l l y  w e l l  adapted t o  the  d r y  environment o f  t h i s  area. Habi- 

t a t s  c o n t a i n i n g  deep sandy s o i l  f ree  from rocks  g e n e r a l l y  produce the h i g h e s t  

d e n s i t i e s  o f  t h i s  smal l  mammal (Hedlund e t  a l . ,  1975). T h e i r  d i e t  c o n s i s t s  

mos t l y  o f  d r y  seeds; however, t hey  do e a t  some green vege ta t i on  d u r i n g  w i n t e r  
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6 '  

TABLE 16. Mean Gama Exposure Rates t o  Mice Captured on 300 Area 
Burial Grounds (mR per week) 

Study S i t e  
Pocket Mouse Deer Mouse 

n x f  S.E. Range n x k S.E.  Range 

WYE Burial  Ground 21 1.11 ? 0.10 0.42 t o  1 .75 
14 28.5 2 11.1 1.21 t o  112.0 300 North B . G .  ( a )  40 1.96 i 0.18 1.23 t o  8.66 

300 #7 B . G . ( a )  30 1.89 f 0.07 1.47 t o  3.00 57 38.1 t 9.31 1.30 t o  476.0 
i o n t r o l  P l o t  34 1.57 ? 0.11 0.63 t o  4.04 3 1.96 2 0.09 1.81 t o  2.12 

~ 

( a )  Burial  Ground 

TABLE 17. Exposure Rates Grea ter  than 19.2 mR/wk f o r  Deer Mice 
Captured on 300 Area Burial Grounds North and No. 7 

Number 7 North 
Burial  Ground Burial  Ground 

19.3 35.0 
19.7 35.0 
20.0 35.0 
22.0 38.3 
22.1 38.6 
22.3 42.0 
24.1 46.5 
24.3 49.7 
24.6 51.6 
28.5 54.8 

58.1 30.0 
74.6 42.0 
79.0 95.5 

100.7 96.5 
101.6 112.0 
117.2 
236.6 
476.0 



1 

I 

and spring when available (Schmidt-Nielson e t  a l . ,  1948). E. B. Kritzman 
(1970) reported finding a moderate amount of green vegetation and a large 
amount of insect material in pocket mouse stomachs during May 1969. Later in 
the summer she found t h e i r  d i e t  sh i f t i ng  to  seeds and a small amount of green 

' plant matter. 

Deer mice accounted for  a high percentage of the captures on 300 North 
and No. 7 Burial Grounds. Their numbers on these plots  great ly  exceeded those 
trapped on other plots in undisturbed vegetation on the Hanford S i te  (Hedlund 
and Rogers, 1976). This animal i s  extremely adaptive and can subsis t  in 
nearly a l l  local habi ta ts .  

the s ize  of a deer mouse population i s  the ava i l ab i l i t y  of a water source. 
Free water i s  not  necessary for  t h i s  species providing there i s  an ample sup- 
ply of green vegetation and arthropods. These two food items make up a large 
part  of the deer mouse d i e t ,  especial ly  during the growing season (Flake, 
1973; Johnson, 1975). 

One factor  on the Hanford Si te  which may influence > 

Deep-rooted plants growing on a burial  ground could provide a pathway fo r  

Animals relying on green plant material for  a major par t  of t h e i r  d i e t  
radionuclides t o  deer mice i f  the roots grow deep enough t o  reach the buried 
waste. 
would be the f i r s t  link i n  a food web transporting radionuclides away from a 
burial  s i t e .  The r e su l t s  of t h i s  study indicate tha t  deer mice are the most 
abundant rodent l ikely t o  i n i t i a t e  t h i s  t ransport .  Ground squi r re l s  are 
almost en t i r e ly  dependent on plant material for  t he i r  d i e t  and also should be 
considered here. 
r e l s  on the burial  g rounds ,  b u t  the poss ib i l i t y  of immigration onto  them does 
e x i s t  since the exclosure fence provides no obstacle.  

A t  present there are no res ident  colonies of ground squir-  

Other primary consumers t o  consider on burial  grounds include the black- 
t a i l ed  hare, Lepus ca l i forn icus ,  and the Nuttal co t ton ta i l ,  Sylvilagus 
n u t t a l l i i .  A young co t tonta i l  was found in a mouse t rap  on one occasion on 
Burial Ground No. 7 .  These two Lagomorph species are en t i r e ly  herbivorous and 
although not  examined in t h i s  investigation could be a vector for  radionuclide 

n 
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t ransport  (O'Farrell  e t  a l . ,  1973). The presence of fecal  p e l l e t s  on the 
burial  grounds i s  evidence t h a t  co t ton ta i l s  and jackrabbi ts  are u t i l i z i n g  
these areas. 

The badger, Taxidea taxus ,  and coyote, Canis l a t r ans ,  are the two common 
mammalian predators which occur in the 300 Area. These two species are prof i -  
c ien t  burrowers and can burrow into the ground o f  waste burial  s i t e s ,  thereby 
exposing bur ied  waste t o  the surface (O'Farrel l  e t  a l . ,  1973). Exposed waste 
could then be available t o  plants and animals, and could possibly be t rans-  
ported by wind erosion. 
digging animals from the waste management s i t e s  would prevent t ransfer  of 

In t h i s  s i t ua t ion ,  elimination o f  subterranean or  

radioactive waste t o  biota or t r anspor t  o f f s i t e .  
bar r ie r  material would be e f fec t ive  for interim periods of time. 

Placement of su i tab le  bio- 

BIRDS 

Bird survey paths located adjacent t o  four burial  s i t e s  were walked twice 
each m o n t h  during the months of March, April,  May, June, and July 1978. Birds 
observed within or immediately adjacent t o  the fenced burial  ground were iden- 
t i f i e d  t o  the species level and records were kept on the numbers observed. 

Table 18 provides a l i s t  of bird species observed on the 300 Area Burial 
Grounds. Four of the species ,  the sage sparrow, common night hawk ,  long- 
b i l led  curlew and mourning dove were found nesting on e i the r  the WYE or No. 7 
Burial Grounds. The dependence of the sage sparrow on sagebrush shrubs 
(Rotenberry, 1978) for nesting s i t e s  l imits  i t s  nesting t o  these burial  
grounds which have a remnant o f  sagebrush cover t h a t  was not  removed during 
the burial  operation. The other three species often se l ec t  nest s i t e s  i n  

areas with l i t t l e  or no s h r u b s  present (F i tzner ,  J. N . ,  1978; Rotenberry, 
1978). All other species l i s t ed  in Table 19 probably use the burial  s i t e s  for  
feeding . 
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TABLE 18. Breeding Bird Survey of the 300 Area Burial Grounds (a> 

L o c a t i o n  

Species 300 N o r t h  --- No. 4 No. 7 " Y "  

Western Meadow L a r k ( b )  

Horned L a r k ( b )  

( S t u r n e l  l a  n e g l e c t a )  C c c  C 

(Eremophi l a  a l p e s t r i s )  C C c c  
Sage Sparrow(b) 

(Amphi s p i  za b e l  1 i ) U U U U 

Long-bi  11 ed Cur lew(b)  

R i  ng- b i  11 ed G u l l  

C a l i f o r n i a  Q u a i l  

(Numenius americanus) U U U U 

(Larus  de lawarens is )  C C C C 

(Lophor tyx  c a l i f o r n i c u s )  U U c u  
B1 ack- b i  11 ed Magpi e 

( P i c a  P i c a )  C C C C 

American K e s t r e l  
(Fa 1 co spar ver  i us ) U U U U 

(Lan ius  l u d o v i c i a n u s )  U U U U 

(Zena idura  macroura) C C C C 

(Passer domest icus) U U U U 

(Charadr i us v o c i f  e rus )  U U U U 

(Buteo  swa inson i )  U U U U 

(Tyrannus v e r t i c a l  i s )  U C C C 

( Speoty to  cun i cu 1 a r  i a)  U U c .  u 

(Carpodacus mexicanus) U C U U 

Loggerhead S h r i k e  

Mourning Dove(b) 

House Sparrow 

K i l l d e e r ( b )  

Swai nson 's  Hawk 

Western K i n g b i r d  

Bur rowing  Owl 

House F i n c h  

l a )  Four  surveys were conducted a t  each b u r i a l  s i t e .  A l l  

( b )  Species found o r  b e l i e v e d  t o  be n e s t i n g  on t h e  b u r i a l  

C = Observed on a t  l e a s t  t h r e e  surveys. 
U = Observed on a t  l e a s t  one survey. 

surveys  conducted d u r i n g  e a r l y  morn ing  hours on t h e  
f o l l o w i n g  days - - -Ap r i l  17, May 5, June 2, J u l y  5. 

grounds. 
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Birds other than those l i s t ed  in Table 18 probably use the 300 Area 
burial  s i t e s  seasonally. A l i s t  o f  bird species associated with the 
200 Area waste ponds and adjacent shrub steppe areas can be found in 
Fitzner and Rickard (1975). However, many o f  the species in t h i s  publica- 
t ion are associated with aquatic or r ipar ian habi ta ts .  If moisture 
increased in any of the burial  s i t e s ,  the introduction o f  r ipar ian vegeta- 
t ion and animal species associated with i t  could be expected. 

Q 
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CONSIDERATIONS AND RECOMMENDATIONS FOR 
MANAGEMENT OF 300 AREA WASTE BURIAL S ITES 

To e f f e c t i v e l y  min imize  r a d i o n u c l i d e  t r a n s p o r t  th rough b i o t a ,  t h e  charac- 
t e r i s t i c s  o f  t h e  p l a n t s  and animals must be taken i n t o  account. Th i s  s e c t i o n  

prov ides  some recommendations on d e s i r a b l e  vege ta t i on  and b a r r i e r s ,  and an 

i n t e g r a t e d  approach t o  management of b u r i a l  s i t e s .  To show how t h e  recommen- 

da t i ons  were der ived, some o f  t h e  major p o i n t s  o f  t h e  prev ious  t e x t  are 

emp has i zed . 

VEGETATION 

The 300 Area B u r i a l  Grounds are l o c a t e d  i n  t h e  b i t t e rb rush -chea tg rass  

vege ta t i on  t y p e  which occupies about 78,000 acres i n  t h e  southeastern p a r t  o f  

t h e  Hanford S i t e  (F igu re  12). Undisturbed vege ta t i on  i s  dominated by deser t  
shrubs, sagebrush and b i t t e r b r u s h  u s u a l l y  i n  m ix tu res  o f  about equal amounts. 

The unders to ry  t o  t h e  shrubs i s  dominated by cheatgrass an annual grass t h a t  

r e e s t a b l i s h e s  i t s e l f  f r om seeds each year. 

f a l l  w i t h  t h e  onset o f  autumn r a i n  and t h e  p l a n t s  reach m a t u r i t y  i n  e a r l y  

May. 
months and r e t a r d s  s o i l  e ros ion  by wind. 

Seeds u s u a l l y  germinate i n  t h e  

Standing dead cheatgrass prov ides  ground cover th roughout  t h e  summer 

B i t t e rb rush -chea tg rass  vege ta t i on  i s  s u s c e p t i b l e  t o  f i r e ,  and w i l d f i r e  i n  

1961 and 1970 burned over an es t imated  17,000 acres on t h e  Hanford S i t e .  

Burn ing  a l s o  k i l l s  t h e  shrubs. Cheatgrass re invades t h e  burned area f rom 

seeds t h a t  s u r v i v e  bu rn ing  and f rom seeds imported f rom adjacent unburned 

areas. 

Russian t h i s t l e  can dominate t h e  p l a n t  cover f o r  severa l  years  u n t i l  cheat- 

grass can r e e s t a b l i s h  i t s e l f .  

Shrubs are slow t o  re invade burned areas. 

H e a v i l y  burned areas are o f ten  i n i t i a l l y  invaded by Russian t h i s t l e .  

Russian t h i s t l e  p e r s i s t s  b u t  i n  reduced amounts. 

B u r i a l  o f  s o l i d  wastes des t roys  a l l  t h e  e x i s t i n g  vege ta t i on  i n  t h e  b u r i a l  

zones. Russian t h i s t l e  and cheatgrass are t h e  e a r l y  invaders o f  b u r i a l  ground 

b a c k f i l l  and t h e  b a c k f i l l  o f  300 Area B u r i a l  Grounds i s  occupied i n  a few years 

by a sparse cover o f  che,atgrass and Russian t h i s t l e .  ‘ I n  most cases shrubs are 
slow t o  e s t a b l i s h  themselves on b a c k f i l l .  
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FIGURE 12. B i t te rbrush-Cheat  rass  Vegetat ion i n  
t h e  Hanford S i t e  9 Shaded Area) 
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Plants as TransDorters of Radionuclides from 300 Area Burial Grounds 

One of the aims of waste burial  i s  t o  eliminate the contact of plant 
roots w i t h  radioactive material .  Plants have the a b i l i t y  t o  assimilate rad 
nuclides incorporated i n t o  so i l  if the roots are i n  d i r ec t  contact w i t h  the 
buried material .  As a general ru le  shrubs have deeper penetrating roo t  sys 

Q 
0- 

tems than herbaceous species,  par t ly  because shrubs l ive much longer than her- 
baceous species. Perennial herbs generally have deeper roots than annual 
herbs. 
t o  reach buried waste, shallow-rooted annual plants are the most desirable 
species. Chea-tgrass and Russian this t le  are both annuals, b u t  Russian t h i s t l e  
has a deeper root  system than cheatgrass which makes i t  less  desirable from 
the p o i n t  of view of deep so i l  penetration. Also, Russian t h i s t l e  has a 
greater  a f f i n i t y  for incorporating radionuclides i n t o  i t s  t i s sues  than cheat- 
grass as indicated by laboratory s tudies  of the two species grown i n  contami- 
n a t e d  s o i l s .  F u r t h e r m o r e ,  R u s s i a n  t h i s t l e  h a s  t h e  u n d e s i r a b l e  feature  o f  t h e  

en t i r e  plant breaking off a t  ground level a t  maturity and being moved from 
burial  grounds by the wind, sometimes as f a r  as several miles. 

are shown below: 

In order t o  eliminate the potential  for plants w i t h  deep r o o t  systems 

' 

Some of the more desirable  features  of plants growing on burial  grounds 

Burial Ground Species 
Desirable Features Cheatgrass Russian This t le  Shrubs  

Shallow root  system ( 6 f t  deep) Yes no no 
Low radionuclide uptake from soil  ( a )  yes no Unknown 
Low potent ia l  for  wind  transport  Yes 
of t i s sues  

no Yes 

Retards soil erosion Yes yes ( u n t i l  plant yes 
blows away) 

( a )  Refers to selected transuranic elements (Pr ice ,  1973) 

Most natural  plant communities are mixtures of plant species. 
s t ra teg ies  can usually be devised t o  obtain the desired species. 
th is  study indicate tha t  very few individual plants growing on the 300 Area 

Management 
Results o f  
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Burial Grounds have been able t o  contact buried wastes and b r i n g  waste mate- 
r i a l s  i n t o  aboveground t i ssues .  However, if shrubs become established and 
grow for many years incidents of uptake may increase. 

Deeper burial  and long-lasting bar r ie rs  t o  pre 
rowing mammals and ants from penetrating the bu r i a l  
t i ve ly  i so la te  shallow buried waste from the b i o t a .  
cover on backfi l l  t h r o u g h  so i l  and plant species se 
to  prevent establishment of Russian t h i s t l e  would a 

ent  plant roo t s  and b u r -  
waste could more e f fec-  

Management of vegetative 
ection and devising ways 
so be useful i n  l imiting 

radionuclide uptake by plants on ex is t ing  b u r i a l  grounds. 

ANIMALS 

There are usua l ly  more b i r d s ,  mammals, insec ts ,  and r e p t i l e s  associated 
w i t h  the kinds of vegetation dominated by shrubs t h a n  vegetation dominated by 
cheatgrass and Russian t h i s t l e  alone. Nevertheless, backfi l l  covered by a 
sparse s t a n d  of cheatgrass and Russian t h i s t l e  i s  s t i l l  acceptable as h a b i t a t  
for pocket mice, deer mice, jackrabbi ts ,  horned larks ,  meadow la rks ,  long-  
bi l led curlew, l izards ,  and many k i n d s  of  insects  i n c l u d i n g  the harvester a n t .  

Food Chains Associated w i t h  300 Area Burial  Grounds 

Food chain t ransfers  from 300 Area Burial Grounds are i l l u s t r a t e d  below. 
In the absence of g r a z i n g  l ivestock, food chains do n o t  lead t o  man. 
deer are a potent ia l  source of food t o  man b u t  are excluded from b u r i a l  
grounds by wire fences. 

Mule 

SWAINSON'S HAWK 
/ I  

GOPHER SNAKC BURIAL GROUND PLANT SPECIES 
TGRASS AND R U S S I A N  THISTLE 

IT  

r /  
3 C C U 3  

NSECTS -+ COYOTE 
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ANIMALS AS VECTORS OF RADIONUCLIDES FROM 300 AREA BURIAL GROUNDS 

Mammal s (Burrowers) 

The mammals o f  most concern f o r  r a d i o n u c l i d e  t r a n s p o r t  f rom b u r i a l  grounds 

are those species t h a t  are ab le  t o  burrow deep i n t o  t h e  b a c k f i l l  and b r i n g  
r a d i o a c t i v e  debr is  t o  t h e  s o i l  surface. 

c i e n t  burrower i s  t h e  badger. Badgers can d i g  severa l  f e e t  below t h e  surface, 

c r e a t i n g  holes 15 cm o r  more i n  diameter and p i l e s  o f  e a r t h  0.3 m i n  diameter 

and 0.3 m o r  more t h i c k .  A l though badgers are r e s i d e n t s  o f  t h e  Hanford S i t e ,  

t hey  occur i n  low numbers. They have n o t  been observed t o  d i g  i n t o  t h e  back- 

f i l l  o f  t h e  300 Area B u r i a l  Grounds. However, un less b a r r i e r s  are purpose- 

f u l l y  p laced i n  b u r i a l  grounds t o  prevent  deep burrowing, 3 m o r  more, t h e  

p o s s i b i l i t y  e x i s t s  f o r  badgers t o  exhume waste debr is .  Badgers d i g  f o r  two 

purposes: 

The mammal t h a t  i s  t h e  most p r o f i -  

1)  as den s i t e s  f o r  r e a r i n g  young and 2 )  t o  capture  smal l  mammals 
’ as food, e.g., pocket mice and ground s q u i r r e l s .  

Pocket mice and ground s q u i r r e l s  are burrowing animals t h a t  spend much o f  
t h e i r  l i f e t i m e s  below ground. Ground s q u i r r e l s  occur i n  l o c a l i z e d  co lon ies  
throughout  t h e  Hanford S i t e  and have been observed on t h e  300 Area B u r i a l  

Grounds a l though i n  ve ry  smal l  numbers. Pocket mice are found everywhere 

i n c l u d i n g  the  300 Area B u r i a l  Grounds. 

Mammals (Nonburrowers) 

Some mammals do no t  burrow and may have access t o  p l a n t s  growing on back- 

f i l l  as forage.  Such animals are mule deer, Odocoi leus hemionus, and jackrab-  

b i t s .  Mule deer are present  i n  t h e  b i t terbrush.-cheatgrass vege ta t i on  type  and 

are excluded f rom e n t r y  i n t o  most o f  t h e  300 Area B u r i a l  Grounds by a 3-m-high 

w i r e  mesh fence. 

Discuss ions w i t h  M. G .  White (R ich land DOE) revea led  t h a t  mule deer have 

entered severa l  o f  t h e  300 Area B u r i a l  Grounds through l a r g e  holes i n  t h e  

f e n c i n g  and/or by jumping over t h e  fenc ing.  
t i o n s  f o r  ho les would p robab ly  e l i m i n a t e  most deer f rom t h e  b u r i a l  s i t e s .  

Longhurst  e t  a l .  (1962) i n d i c a t e  t h a t  some mule deer are capable o f  jumping 

P e r i o d i c  checking o f  fence condi -  
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fences h igher  than 3 m y  p a r t i c u l a r l y  i f  the  fence i s  l oca ted  on s l o p i n g  

ground. 

e f f  e c t i  v e l y  exclude deer. 

I n  these s i t u a t i o n s ,  t h e  f e n c i n g  may need t o  be 4 m h igh  i n  order  t o  
Q 

Jack rabb i t s  ( b l a c k t a i l e d  hares) are a lso  present  i n  t h e  b i t t e r b r u s h -  

The w i r e  mesh f e n c i n g  i s  n o t  so e f f e c t i v e  a t  

Jack rabb i t s  are o f  concern i n  t h e  300 Area B u r i a l  

cheatgrass vegeta t ion  type. 

exc lud ing  j a c k r a b b i t s  because they  can s l i p  beneath t h e  fence a t  va r ious  

p laces a long i t s  per imeter .  

Grounds o n l y  if they consume p l a n t s  contaminated w i t h  b u r i a l  ground de r i ved  
r a d i o n u c l i d e s  o r  if they  i n t e r f e r e  w i t h  revege ta t i on  e f f o r t s  t o  s t a b i l i z e  
backf i 11 w i t h  se lec ted  p l  ant  cover. 

Deer mice are found throughout  t h e  Hanford S i t e  b u t  t hey  are n o t  n e a r l y  

as abundant as pocket  mice. 

Grounds. Fences are no t  a b a r r i e r  t o  the  movement of deer mice. 

Deer mice commonly r e s i d e  on 300 Area B u r i a l  

B IRDS -- 
There are o n l y  a few b i r d s  t h a t  accept t he  revegetated b a c k f i l l  o f  t h e  

300 Area B u r i a l  Grounds as nest  s i t e s .  I t  i s  expected t h a t  t h e  western mea- 

dowlark, horned l a r k ,  mourning dove, western n i g h t  hawk and l o n g - b i l l e d  cur lew 

would f i n d  t h e  300 Area B u r i a l  Grounds acceptable. Nests o f  a l l  b u t  t h e  mea- 

dowlark and cur lew were found. These b i r d s  a re  o f  concern o n l y  i f  they  o b t a i n  

r a d i o n u c l i d e s  of b u r i a l  ground o r i g i n  f rom p l a n t  seeds, g r i t ,  o r  i n s e c t s  t h a t  

c o n s t i t u t e  d i e t a r y  i tems o f  a d u l t  and n e s t i n g  b i r d s .  

B i r d s  o f  p rey  occur on t h e  Hanford S i t e  over a l l  seasons o f  t h e  year. 

The most abundant b i r d s  o f  p rey  assoc ia ted  Some nes t  on t h e  Hanford S i t e .  

w i t h  t h e  b i t t e rb rush -chea tg rass  vegeta t ion- type are  t h e  Swainson's hawk; red-  

t a i l e d  hawk, Buteo jamaicensis;  marsh hawk, C i r cus  cyaneus; sparrow hawk; 

golden eagle, A g u i l a  chrysaetos; burrowing owl; g rea t  horned owl, - Bubo 

v i r g i n i a n u s ;  and long-eared owl, -- Asio otus.  These are o f  concern o n l y  i f  they  

49 



ea t  jackrabbits,  mice, l i zards ,  snakes, small birds and insects  t ha t  have 
derived body burdens of rad ioac t iv i ty  from buried waste. Some birds, 
magpies and ravens, Corvus corax, eat  dead animals t ha t  are k i l led  by 
automobi 1 es. 

Although birds are highly conspicuous animals, they provide r e l a t  
l i t t l e  biomass per u n i t  area as compared t o  other k i n d s  of animals and 

.e.,  

vely. 
are of 

r e l a t ive ly  l i t t l e  concern i n  300 Area Burial Ground t ransfers  of radionu- 
c l ides .  The migratory habits of cer ta in  species l i ke  the long-billed curlew 
and Swainson's hawk do, however, place these species i n  a posit ion t o  spread 
radiocontaminants several thousand miles i n  a time frame of only a few weeks. 
Since neither of these species is  frequently eaten by man l i t t l e  chance ex i s t s  
for  d i r ec t  radionuclide t ransfer  t o  man. However, the  transported radioactiv- 
i t y  goes somewhere into the environment and may become a problem t h r o u g h  
another pathway. 
300 Area b u r i a l  s i t e s  (Cal i fornia  quai l  and mourning dove) do provide an ave- 
nue for  radioactive t ransport  o f f s i t e  t o  man b u t  only i f  t h e i r  food sources 
and g r i t  are contaminated. Cal i fornia  quail and doves are primarily seed 
ea te rs  (Crispens e t  a l . ,  1960; Davis e t  a l . ,  1971), and probably feed on Rus- 
sian th i s t le  and cheatgrass seeds on the 300 Area burial si tes.  

Upland 'and migratory b i r d  species associated w i t h  the  

INTEGRATED APPROACH TO THE MANAGEMENT OF WASTE BURIAL SITES 

The control of movement and resuspension of pa r t i c l e s  carrying radioac- 
t i v i t y  in to  an environment is  an important b u t  d i f f i c u l t  waste management 
responsibi l i ty .  The l i t e r a t u r e  is  widely documented showing the relat ionships  
of ab io t ic  fac tors  t h a t  a f f ec t  the r a t e  which radionuclides are t ransferred by 
wind  and plants and animals when studied as separate vectors. Additional 
studies are needed t o  in tegra te  the ab io t ic  and b io t i c  fac tors  t o  es tab l i sh  
environmental management pract ices  fo r  optimal control of possible removal of 
rad ioac t iv i ty  from t e r r e s t r i a l  storage centers. 

One management scheme would be t o  determine the optimal vegetation cover 
and density t h a t  is needed t o  s t a b i l i z e  the sandy so i l  of the Hanford 300 Area 
waste s i t e s  from wind and other ab io t ic  fac tors  t ha t  cause resuspension of 
soil par t ic les .  Chepil  (1945) r e l a t e s  the  velocity of wind required t o  move 

8 
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s o i l  p a r t i c l e s  w i t h  p h y s i c a l  s i z e  and sur face  c h a r a c t e r i s t i c s .  Table 19 shows 

t h e  wind v e l o c i t y  i n  cm/sec t h a t  w i l l  cause movement o f  t h e  f i n e  sandy loam 

s o i l  of t h i s  study area when the  v e g e t a t i v e  cover has been removed. Chepi l  

(1946) shows t h a t  wind v e l o c i t i e s  can be reduced g r e a t l y  a t  t h e  s o i l  sur face  

by some p l a n t  cover t h a t  w i l l  reduce wind v e l o c i t i e s  a t  v a r i o u s  h e i g h t s  above 
the so i l  sur face  t o  prevent  s o i l  movement. 

TABLE 19. Maximal F l u i d  Threshold V e l o c i t i e s  f rom Dry Quar tz  
P a r t i c l e s  ( f rom Chepi l ,  1945) 

Threshold V e l o c i t i e s  
O f f  a Level  Laver O f f  Smooth Glass 

Size o f  
P a r t i c l e ,  mm 

0.005 - 0.01 

0.01 - 0.02 

0.02 - 0.05 
0.05 - 0.10 

0.10 - 0.15 
0.15 - 0.25 

o f  Loose P a r t i c l e ,  Sur f  ace, 
S p e c i f i c  G r a v i t y  cm/sec crn/sec 

2.65 1,655 1,655 

2.65 

2.65 
2.65 

2.65 

2.65 

1,060 

645 
412 

38 1 
497 

1,655 

985 
390 

3 58 
452 

D'Aquino (1974) and B a r t l e t t  e t  a l .  (1974) u s i n g  l i n e a r  programming tech-  

n iques developed a model t o  e s t a b l i s h  management p lans  f o r  l i v e s t o c k  g r a z i n g  

on v a r i o u s  pastures.  Th is  technique can be m o d i f i e d  t o  e s t a b l i s h  t h e  dmount 

of v e g e t a t i v e  cover r e q u i r e d  t o  m a i n t a i n  a s t a b l e  s o i l  sur face  d u r i n g  h i g h  
wind v e l o c i t i e s .  A f t e r  op t ima l  p l a n t  cover  i s  determined, t h i s  technique can 
be used as a guide f o r  r e v e g e t a t i n g  s torage s i t e s .  

r e l a t e d  w i t h  t h e  amount of r a i n f a l l  and s o i l  n u t r i e n t s  t h a t  a re  a v a i l a b l e ,  and 

determine the  amount o f  water needed f o r  op t ima l  growth t h a t  can be added by 

c o n t r o l l e d  i r r i g a t i o n .  

These g u i d e l i n e s  may be 

An unknown f a c t o r  i s  t h e  amount o f  t ime (years )  r e q u i r e d  t o  e s t a b l i s h  
adequate p l a n t  cover of a d i s t u r b e d  s o i l  sur face.  F i g u r e  13 shows t h e  amount 

o f  r a i n f a l l  of t h e  successive b i o l o g i c a l  years  s ince  1950. These records  

5 1  
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i n d i c a t e  t h a t  t he  p r e c i p i t a t i o n  f o r  severa l  years was too  low t o  produce p l a n t  

growth. According t o  W. T. Hinds and J. M. Thorp o f  PNL, r a i n f a l l  over t h e  

years was r e l a t e d  t o  growth o f  sagebrush. They c o r r e l a t e d  t h e  w id th  o f  annual 

growth r i n g s  w i t h  t h e  amount o f  p r e c i p i t a t i o n  o c c u r r i n g  du r ing  t h e  b i o l o g i c a l  

year. B i o l o g i c a l  year i s  de f ined as the  pe r iod  f rom t h e  t ime growth f i r s t  

occurred i n  t h e  f a l l  u n t i l  i t  stopped i n  l a t e  spr ing .  

U t i l i z i n g  the  r a i n f a l l  data i t  can be est imated t h a t  30 t o  40 years would 

be requ i red  t o  e s t a b l i s h  a stand s i m i l a r  t o  a na tu ra l  ecosystem. Cline and 
Ricka rd  (1973) showed t h a t  1 cm o f  a v a i l a b l e  s o i l  water produced approx imate ly  

20 g o f  cheatgrass per rn . 
t h e  Hanford S i t e  t h a t  a re  s i m i l a r  t o  t h e  300 Area waste b u r i a l  s i t e s  had 

y i e l d s  averaging 50 g o f  d r y  ma t te r  per m2 d u r i n g  1971 and 1972. However, 
2 i n  1973, a ve ry  d r y  year, o n l y  10 g/m was produced. These data show t h a t  

i t  would be n e a r l y  impossib le  t o  revegeta te  a d i s tu rbed  area du r ing  a succes- 

s i o n  of  d r y  years w i thou t  some type o f  i r r i g a t i o n .  

2 Study p l o t s  on t h e  A r i d  Lands Ecology Reserve on 

Wi th  the  above f a c t s  i n  mind, research should at tempt  t o  e s t a b l i s h  t h e  
op t ima l  amount o f  cover and d e n s i t y  o f  p l a n t s  t h a t  would p revent  resuspension 

and movement o f  r a d i o a c t i v i t y  p a r t i c l e s  and s o i l  by wind i n  t h e  area. 
t i o n a l  work i s  needed t o  accomplish t h i s  task.  

Addi-  

F i n a l l y ,  decommissioning o f  Hanford f a c i l i t i e s  needs t o  consider  t h e  

amount o f  l and  r e q u i r e d  f o r  shal low land  b u r i a l ,  and whether o r  no t  t h e  l and  

w i l l  be r e s t o r e d  t o  b i o l o g i c  p r o d u c t i v i t y  equal t o  o r  b e t t e r  than i t s  e x i s t i n g  
s ta te .  It i s  p a r t i c u l a r l y  impor tan t  t o  decide whether o r  no t  t h e  l a n d  w i l l  be 

l e f t  w i l d  ( n a t u r a l )  o r  conver ted t o  a g r i c u l t u r a l  use a t  some f u t u r e  date.  
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APPENDIX A 

NUMBER OF SMALL MAMMAL CAPTURES AND AVERAGE I N D I V I D U A L  

WEIGHTS FOR EACH MONTH ON 300 AREA B U R I A L  GROUNDS 
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Number of Captures and Average Weights f o r  Each Month 
on WYE B u r i a l  Ground, P l o t  #41 (con td )  

J u n  77 - Apr 77 - Mar 77 - Oct 76 - Aug 76 - Species  n x w t ? S . E .  n x w t 2 S . E .  n x w t ? S . E .  n x w t f S . E .  n x w t f S . E .  

Pocket Mouse 
Male 
Female 

Total  

Deer Mouse 
Mal e 
Fema 1 e 

Total  

Ground Squ i r r e l  
Male ' 

Fema 1 e 
To t a  1 

7 
W 

Harvest Mouse 

Mal e 
Female 

Total  

4 14.6 ? 2.0 4 16 .8  2 0.6 8 19.1 f 0 .3  3 19.3 ? 0.9  5 14 .8  2 1 . 8  
0 0 0 3 19.2 2 1 . 3  2 15 .8  f 0.0 
4 14.6 ? 2.0 4 16 .8  t 0.6 8 19.1 f 0 . 3  6 19.3 f 0.7 7 15.1 2 1 .3  

1 10.0 f 0.0 
1 14.5 f 0.0 
2 12 .3  2 0.0 

1 22.0 ? 0.0 1 11.5 f 0.0 
0 0 
1 22.0 i 0.0 1 11 .5  f. 0.0 

1 160.0 f. 0.0 
0 
1 160.0 t 0.0 

0 
1 7 .5  ? 0.0  
1 7 .5  f 0.0 



? 
P 

Number o f  Captures and Average Weights f o r  Each Month 
on 300 Area B u r i a l  Ground No. 7 ,  P l o t  #45 

Sep 76 Mar - 77 Jun - 77 Mar 78 Apr 78 
Species n xwt f S.E. n x w t  f S.E. n x w t  i S.E. n K w t  f S.E. n K w t  f S.E. 

Pocket Mouse 

6 17.2 f 1.6 9 17.6 f 1.1 Male 6 12.8 f 1.1 15 17.9 f 0.6 10 18.3 i 1.0 
Fema 1 e 4 12.9 f 0.8 4 13.6 f 1.1 10 15.7 t 0.9 0 f 8 14.5 f a.8 

T o t a l  ' 1 0  12.9 2 0.7 19 17.0 +_ 0.6 20 17.0 f 0.7 6 17.2 f 1.6 17 16.1 f 0.8 

Deer Mouse 

Male 4 15.6 f 1.1 12 16.6 f 1.6 7 . 17.9 f 0.5 20 17.7 f 0.9 20 17.4 f 0.8 
Fema 1 e 1 16.5 f 0.0 13 19.4 t 1.4 5 19.9 f 2.5 16  21.1 +_ 1.4 23 19.3 f 1.1 

T o t a l  5 15.8 t 0.9 25 18.1 2 1.1 12 18.8 f 1.1 36 19.2 f 0.8 43 18.5 f 0.7 

Ground S q u i r r e l  

, Male 0 
Female 1 158.0 f 0.1) 

1 158.0 f 0.0 T o t a l  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Jun 78 - May 78 - 
n x w t  f S.E. n x w t  f S . E .  

P oc ke t Mouse 

Ma 1 e 4 18.5 f 1.3 5 16.6 f 1.6 
Fema 1 e 6 17.3 f 1.2 4 13.8 f 1.7 

T o t a l  10 17.8 f 0.9 9 15.3 f 1.2 

Deer Mouse 
Ma 1 e 11 18.5 f 0.7 7 19.1 f 0.7 

20 19.6 2 1.1 7 18.3 +_ 1.7 Fema 1 e 
T o t a l  31 19.2 f 0.7 14 18.7 f 0.9 

Ground S q u i r r e l  
Ma 1 e 2 117.5 t 0.0 1 no w t .  
Fema 1 e 1 107.0 f 0.0 0 

T o t a l  3 114.0 t10.7 1 no wt.  
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? cn 

Number of Captures and Average Weights for Each Month 
on Control Site, P l o t  #43 

Species  
Oct 76 - Aug 76 - Jul 16 

n x w t  f S.E. n x w t  f S.E. n x w t  f S . E .  n x w t  f S . E .  n x w t  f S.E. - May 76 - Apr 76 - 

Pocket Mouse 
Male 4 16.8 f 1 . 0  9 16.6 f 1.2  5 16 .0  f 1.3  5 15.6 f 1.7 4 16 .8  c 1.1 
Fmal  e 4 13.9 2 0.7 5 15 .5  f 0.7 2 16 .5  f 0.0 4 12.9 f 1 .0  1 14.0 c 0.0 

Total  8 15 .3  c 0 .8  14 16.2 f 0.8 7 16.1 f 1 .2  9 14.4 f 1.1  5 16.2 f 1.0  

Deer Mouse 
Mal e 
Fema 1 e 

Tota l  

Ground Squ i r r e l  I 

Mal e 2 128.0 f 0.0 
Fema 1 e 0 

Total  2 128.0 c 0.0 
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APPENDIX B 

GAMMA EXPOSURE RATES TO M I C E  L I V I N G  

ON 300 AREA B U R I A L  GROUNDS 



W 
I 
--.1 

Gamma Exposure Rates t o  Mice L i v i n g  on WYE 
Burial Ground ( P l o t  #41) 

Animal 
Species I.D. # Sex ( a )  Loca t ion  mR/wk R/ v r  

Perognathus parvus 
Perognathus parvus 
Pemgnathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perog na t hu s parvu s 
Perognathus parvus 
Perogna thus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 

0044 
0045 
0 1  05 
0110 
0114 
01 20 
01 25 
01 32 
01 34 
01 35 
0 1  34 
021 3 
0 1  05 
01 05 
021 3 
0235 
0235 
01 05 
0300 
0253 
0301 

F 
F 
M 
F 
M 
M 
M 
F 
1.1 
M 
!I 
M 
11 
r4 
!4 
M 
M 
M 
M 
M 
1.1 

6-2 
J-1 
A - 4  
8-2 
c-7 
B-4 
A - 5  
G - 3  
c - l o  
c-3 
A-10 
A - 1  
B-4 
D-5 
8-1 
A-  5 
A-  3 
D- 9 
c -10  
D-8 
K-10 

1.05 
0.77 
0.77 
1.05 
0.77 
0.77 
0.77 
0.91 
1.05 
0.77 
0.42 
0.49 
0.55 
1.75 
1.75 
1.05 
1.61 
1.75 
1.68 
1.75 
1.75 

0.055 
0.049 
0.040 
0.055 
0.040 
!I. 040 
0.040 
0.047 
0.055 
9.040 
0.022 
0.026 
0.029 
0.091 
0.091 
0.055 
0.084 
0.091 
0.088 
0.091 
0.091 

(a) F = female, M = male 



Gamma Exposure Rates t o  Mice L i v i n g  on 300 Area 
B u r i a l  Ground Number 7 ( P l o t  #45) 

Animal Trap 
Species I . D .  # Sex ( a )  Locat ion  mR/wk Rlyr 

Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 

. Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvits 
Perog na t hus pa rvus 
Perog na t hus parvus 
Perogna thus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perogna thus parvus 
Perognathus parvus 
Perogna t hu s parvus 
Perogna thus parvus 
Perogna t hu s parvu s 
Perognathus parvus 

Peromyscus manicu latus 
Peromyscus mani cu la tus  
Peromyscus manicu latus 
Peromyscus manicu latus 
Peromyscus manicu latus 

- Peromyscus manicu latus 
Peromyscus manicu latus 
Peromyscus manicu latus 
Peromyscus manicu latus 
Peromyscus mani cu 1 a t u  s 
Peromyscus manicu latus 
Peromyscus mani c u l  a t u s  

0003 
0035 
0043 
0042 
0023 
0045 
0041 
0050 
0044 
0035 
0022 
0035 
0041 
01 24 
01 40 
01 51 
0245 
0022 
0035 
0200 
0201 
0204 
0245 
0091 
01 51 
0022 
003 5 
01 51 
0204 
0245 

0020 
001 5 
0042 
0032 
0025 
0021 
01 04 
0112 
0114 
0115 
01 20 
01 21 

F 
H 
M 
F 
M 
F 
M 
bl 
M 
M 
M 
M 
M 
F 
11 
M 
F 
M 
M 
F 
F 
M 
F 
F 
r.1 
M 
M 
M 
M 
F 

F 
F 
F 
M 
F 
F1 
!*I 
M 
M 
F 
M 
rd 

A - 7  
A-8 
c-  1 
c-2 
c-3 
D-3 
D- 6 
5-3 
B- 1 
A-9 
A- 1 
A-3 
E - 7  
H- 1 
J-10 
K- 3 
F- 3 
D- 1 
A-8 
c-1 
A-2 
G- 1 
F- 1 
K- 5 
F-1 
c-2 
c-10 
D-2 
F- 1 
E-2 

A-9 
c-9 
D-10 
G- 5 
K-7 
K-10 
F-6 
F- 9 
F-7 
5-6 
c-10 
B-10 

1.82 
1.82 
1.82 
1.89 
2.59 
1.68 
1.68 
1.47 
1.61 
1.63 
1.99 
1.87 
1.82 
2.71 
1.92 
1.76 
2.33 
1.8 
1.5 
2.0 
1.8 
1.8 
1.5 
1.7 
1.5 
2.75 
3.00 
1.56 
1.75 
1.75 

236.6 
100.7 

117.2 
21.98 

9.17 
74.62 
10.9 
8.21 

17.4 
38.6 

P.85 
2.07 

0.095 
0.095 
0.095 
0.099 
0.135 
0.088 
0.088 
0.077 
0.084 
0.085 
0.104 
0.097 
0.095 
0.141 
0.100 
0.092 
0.121 
0.091 
0.078 
0.105 
0.091 
0.091 
0.078 
0.088 
0.076 
0.143 
0.156 
0.081 
0.091 
0.091 

12.34 
5.25 
1.15 
6.11 
0.478 
3.89 
0.568 
0.428 
0.906 
7.014 
0.514 
0.108 

(a) F = female, M = male 
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A 

Gamma Exposure Rates t o  Mice L i v i n g  on 300 Area 
B u r i a l  Ground Number 7 (P lo t  #45) (contd)  

Animal Trap 
Species I.D. # Sex (a) Location mR/wk Rlyr 

Peromyscus maniculatus 
Peromyscus maniculatus 
Peromyscus maniculatus 
Peromyscus maniculatus 
Peromyscus maniculatus 
Peromyscu s man i cul a tus 
Peromyscus manicula tus 
Peromyscus mani cul a tus 
Peromyscus man i cu 1 a tu s 
Peromyscus maniculatus 
Peromyscus maniculatus 
Peromyscus maniculatus 
Peromjscus 
Peromyscus 
Peromyscus 
Peromyscus 
Peromyscus 
Pe romy sc u s 
Peromyscus 
Peromvscus 

manicu 
man i cu 
manicu 
manicu 
manicu 
manicu 
manicu 
manicu 

a tus 
atus 
atus 
atus 
atus 
atus 
atus 
atus 

P e romj scu s man i c u 1 a tu s 
Peromyscus man i cul a tus 
Peromyscus maniculatus 
Peromyscus maniculatus 
Peromyscus maniculatus 
Peromyscus manicul a tus 
Peromyscus maniculatus 
Peromyscus maniculatus 
Peromyscus maniculatus 
Peromyscus maniculatus 
Peromyscus man i cul a tus 
Peromyscus maniculatus 
Peromyscus maniculatus 
Peromyscus maniculatus 
Peromyscus maniculatus 
Peromyscus maniculatus 
Peromyscus manicul a tus 
Peromyscus maniculatus 
Peromyscus maniculatus 
Peromyscus maniculatus 
Peromyscus maniculatus 
Peromyscu s man i cu 1 a tu s 
Peromyscus maniculatus 
Peromyscus maniculatus 
Peromyscus maniculatus 

01 23 
01 24 
01 25 
01 30 
01 31 
01 50 
01 52 
01 53 
0200 
0205 
0212 
021 3 
021 4 
0114 
0115 
01 25 
01 30 
021 4 
0224 
0225 
0232 
0234 
01 04 
01 21 
01 32 
0202 
0205 
0235 
0243 
0302 
0304 
01 31 
0303 
01 04 
01 30 
01 31 
0205 
0234 
0323 
0325 
021 2 
0224 
0243 
0302 
0235 

F 
M 
F 
M 
M 
F 
F 
M 
M 
M 
fl 
F 
F 
M 
F 
F 
M 
F 
M 
M 
F 
F 
M 
M 
M 
F 
M 
F 
F 
F 
F 
M 
F 
M 
M 
M 
M 
F 
F 
F 
M 
M 
F 
F 
F 

K- 1 
J -7 
6-4 
J -8 
H-4 
A-7 
H-1 
G- 5 
J-9 
c-3 
F-10 
E-9 
5-2 
D-10 
F-4 
6-4 
J-9 
K- 1 
E- 9 
0-7 
C-2 
c- 3 
6-7 
A-8 
E- 1 
K-10 
F- 5 
F-5 
c-7 
E-6 
G-10 
J-9 
B-10 
E-7 
J-9 
G- 7 
c-3 
c-4 
A-10 
6-2 
K- 2 
c-9 
0-7 
H-6 
F- 5 

1.84 
24.6 
58.1 
35.0 
12.8 
11.3 

28.5 
22.1 
5.6 
17.2 
11 .o 
13.3 
24.3 
46.5 
7.5 
1.3 
13.8 
8.5 
79.0 
22.3 
101.6 

9.33 

1.76 

1.93 
4.13 
20.0 
3.5 
24.1 
54.8 

12.7 
35.0 
1 1  .o 
16.3 
10.0 
15.4 
12.2 
19.3 
42.0 
51.6 
35.5 
13.5 
476.0 
38.3 
49.7 

.19.7 

0.096 
1.284 
3.028 
1.825 
0.665 
0.590 
0.487 
1.488 
1.151 
0.292 
0.898 
0.576 
0.092 
0.691 
1.264 
2.425 
0.391 
0.065 
0.717 
0.443 
4.119 
1.160 
5.299 
0.101 
0.215 
1.042 
0.1'83 
1.259 
2.855 
1.027 
0.662 
1.825 
0.574 
0.852 
0.521 
0.800 
0.635 
1.004 
2.190 
2.690 
1.851 
0.705 
24.820 
1.994 
2.593 

(a) F = female, M = male. 
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Gamma Exposure Rates t o  Mice L i v i n g  
on 300 North Burial Ground ( P l o t  #46) 

Animal Trap 
Species I . D .  # Sex ( a )  Loca t ion  mR/wk R/yr 

Perognathus parvus 
Perog na t hus pa rvus  
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perogna thus pa rvus  
Perognathus parvus 
Perognathus parvus 
Perogna t hus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perogna thus  parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perogna t hu s pa r v u  s 
Perognathus parvus 
Perognathus parvus 
Peromyscus manicu latus 
Pe romy scu s man i c u 1 a t u  s 
Peromyscus manicu latus 
Peromyscus manicu latus 
Peromyscus manicu latus 
Peromyscus manicu latus 

0055 
01 00 
01 04 
0054 
0031 
0029 
01 01 
0031 
01 32 
0429 
0113 
0031 
0032 
01 00 
01 32 
0141 
0142 
01 53 
0429 
1141 
0021 
0031 
0032 
01 00 
0113 
01 41 
01 42 
01 53 
0429 
1141 
001 3 
001 3 
0021 
0032 
01 00 
0132 
0141 
0429 
0031 
0113 

0035 
0035 
01 40 
01 43 
0222 
0223 

M 
F 
M 
M 
M 
M 
M 

M 
M 
M 
M 
F 
F 
M 
M 
M 
M 
M 
M 
F 
M 
F 
F 
M 
M 
M 
M 
M 
M 
F 
F 
F 
F 
F 
M 
M 
M 
M 
M 

M 
M 
F 
M 
F 
F 

r.1 

B-1 
B-5 
D- 1 
D- 2 
F- 3 
H-9 
F- 7 
B- 5 
A-2 
D-4 
K- 4 
A-2 
5-3 
c-  5 
8-2 
F-10 
6-8 
E-1 
c-1 
6-4 
F- 3 
A-9 
5-4 
D-7 
K-4 
E-1 
F-2 
H-1 
c-2 
K-3 
H-4 
H-5 
G- 2 
K- 2 
B- 7 
B- 1 
6-3 
H- 3 
A-2 
K- 1 

5-4 
D- 7 
H- 5 
6-3 
E-10 
B-3 

2.03 
2.17 
1.82 
1.82 
1.68 
1.47 
1.68 
8.66 
1.23 
1.41 
1.62 
1.85 
1.60 
1.89 
1.98 
2.60 
1.83 
2.34 
2.13 
1.60 
1.75 
1.75 
1.50 
1.75 
1.30 
1.75 
1.50 
1.50 
1.50 
1.25 
1.61 
1.81 
1.50 
1.75 
1.75 
2.29 
2.00 
3.50 
1.45 
1.45 

1.40 
1.61 

2.80 
3.34 
2.69 

95.5 

0.106 
0.113 
0.095 
0.095 
0.088 
0.077 
0.088 
0.453 
0.064 
0.073 
0.084 
0.096 
0.084 
0.099 
0.103 
0.136 
0.095 
0.122 
0.107 
0.083 
0.091 
0.091 
0.078 
0.091 
0.068 
0.091 
0.078 
0.078 
0.078 
0.065 
0.084 
0.095 
0.078 
0.091 
0.091 
0.119 
0.104 
0.183 
0.076 
0.076 

0.073 
0.083 
4.980 
0.146 
0.174 
0.141 

(a) F = female, M = male 
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Gamma Exposure Rates t o  Mice L i v i n g  on 300 
North B u r i a l  Ground ( P l o t  #46) (contd)  

A n i  ma 1 Trap 
Species I.D. # Sex ( a )  Loca t ion  mR/wk R/yr 

W 
I 
ul Peromyscus maniculatus 

Peromyscus maniculatus 
Peromyscus maniculatus 
Peromyscus maniculatus 
Peromyscus maniculatus 
Peromyscus maniculatus 
Peromyscus maniculatus 
Peromyscus maniculatus 

01 35 
01 40 
031 0 
031 4 
01 43 
01 40 
0332 
031 0 

E-2  
J-10 
E-9 
c-7 
B-3 
J-10 
E-9 
D- 7 

1.75 0.091 
96.5 5.032 

1.30 0.068 
112.0 5.840 

42.0 2.190 
30.0 1.564 

1.21 0.063 

7.24 0.378 

(a) F = female, M = male 



Gamma Exposure Rates t o  Mice L i v i n g  on a 
Noncontaminated Area (Contro l  P l o t  #43) 

Q 

Animal Trap 
Species I . D .  # Sex ( a )  Loca t ion  mR/wk R I v  

Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perogna t hus parvus 
Perogna thus parvus 
Perognathus parvus 
Perogna thu  s parvus 
Perogna thus parvus 
Perognathus parvus  
Perognathus parvus 
Perognathus parvus 
Perogna thus parvus 
Perognathus parvus 
Perogna thus parvus 
Perognathus parvus 
Perognathus parvus 
Perognathus parvus 
Perogna thus parvus 
Perogna thus parvus 
Perognathus parvus 
Perogna thus parvus 
Peroqnathus parvus 
Peroqnathus parvus 
Perogna thus parvus 
Perognathus parvus 
Perogna thus parvus 
Perognathus parvus 
Peroqnathus parvus 
Peroqnathus parvus 
Perogna thus  parvus 

Peromyscus man icu la tus  
Peromyscus man icu la tus  
Peromyscus maniculatus 

01 55 
0202 
0203 
0205 
01 55 
0202 
0222 
0203 
0222 
0242 
0245 
0240 
0251 
0303 
0242 
0304 
0330 
0331 
0324 
0330 
0331 
0332 
0325 
0334 
0342 
0345 
0350 
0324 
0331 
0332 
0334 
0351 
0400 
001 9 

0030 
0032 
0032 

M 
M 
M 
M 

!I 
F 
M 
F 
F 
M 
F 
F 
M 
F 
M 
N 
M 
M 
M 
M 
M 
M 
F 
M 
F 
M 
M 
F4 . 
M 
F 
M 
F 
F 

F 
M 
M 

r i  

5-2 
H-8 
K-10 
K- 1 
J-9 
F-10 
D-7 
K-8 
E-1 0 
D- 2 
D-2 
A-1 0 

B-9 
D-2 
5-2 
F-9 
K- 1 
6-9 
E-1 0 
F- 3 
D- 2 
6-1 
A-6 
K-9 
D-7 
K-10 
E-5 
5-3 
c - 2  
A- 6 
A-3 
K- 9 
B- 1 

F-8 
F-8 
K-7 

A-9 

0.77 
0.91 
0.91 
0.70 
0.63 
0.63 
0.63 
0.63 
1.68 
1.33 
1.68 
1.54 
1.40 
2.03 
1.54 
2.24 
2.00 
2.17 
2.05 
1.05 
1.75 
1.75 
4.04 
2.00 
1.62 
1.62 
1.88 
1.69 
1.50 
1.50 
1.75 
1.81 
1.81 
1.93 

1.96 
2.12 
1.81 

0.040 
0.047 
0.047 
0.037 
0.033 
0.033 
0.033 
0.033 
0.088 
0.069 
0.088 
0.080 
0.073 
0.106 
0.080 
0.117 
0.105 
0.113 
0.107 
0.055 
0,091 
0.091 
0.212 
0.106 
0.084 
0.084 
0.098 
0.088 
3.078 
0.078 
0.091 
0.095 
0.095 
0.101 

0.102 
0.111 
0.095 

(a) F = female, M = male 
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