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EXECUTIVE SUMMARY 

The 216-A-24 C r i b  was b u - i l t  i n  1957 and was used from 1958 t o  1966 t o  
rece ive  condensate f rom the  241-A and 24.1-AX Tank Farms. As o f  December 
1974, t h e  c r i b  s t i l l  r e t a i n e d  an est imated 385 C i  of  137Cs and 27 C i  of 
9 0 S r .  I n  1975, r a b b i t b r u s h  p l a n t s  (Chrysothamnus nauseosus) growing on 
t h e  c r i b  were found t o .  c o n t a i n  r a d i o a c t i v e  m a t e r i a l s .  

H ighes t  l e v e l s  o f  a c t i v i t y  and densest stands o f  r a b b i t b r u s h  p l a n t s  
were i n  t h e  cen te r  o f  t h e  second s e c t i o n  o f  t h e  c r i b  where a  Geiger-MU1 l e r  
count r a t e  meter showed surface exposure r a t e s  o f  c e r t a i n  p l a n t s  t o  be as 
h i g h  as 125 t imes background. O f  t h e  519 shrubs en t h e  second sec t i on ,  
364 were a t  background, 62 were up t o  10 t imes background, and 93 were 
over  10 t imes background. Contaminated shrubs were r e s t r i c t e d  t o  t h e  cen te r  
o f  t he  c r i b .  A l l  shrubs more than 6  meters away from the  c e n t e r l i n e  were 
a t  background l e v e l s .  The shrubs were, on t he  average, 9.4 years o l d  
(range 6-1 2  yea rs ) .  

The rad ionuc l  i d e  i n v o l v e d  was p r i m a r i l y  l3 7 ~ s .  Other f i s s i o n  products  
were observed, b u t  l e v e l s  were a t  o r  near  d e t e c t i o n  l i m i t s .  S o i l  excava- 
t i o n s  showed t h a t  r abb i  t b rush  p l a n t s  were s u f f i c i e n t l y  deep-rooted t o  reach 
t h e  g rave l  d r a i n f i e l d  which i s  a t  t h e  8  f o o t  depth i n  t h e  sha l low end of  
t h i s  c r i b  sec t i on .  The shrubs appeared t o  absorb '37Cs and t r a c e  amounts 
of  o t h e r  f i s s i o n  products  f rom w i t h i n  o r  below the  g rave l  l a y e r s .  The g rave l  
appeared t o  r e t a i n  s i g n i f i c a n t  amounts of 1 3 7 ~ s .  S o i l  above t he  g rave l  
l a y e r s  was n o t  contaminated a1 though t h e r e  were d e t e c t a b l e  l e v e l s  of ' 3 7 ~ s  
i n  t h e  r a b b i  t b rush  r o o t s  which grew through t h a t  s o i  1  . Cesi um-1 37 was 
de tec tab le  i n  t h e  upper cm o f  s o i l  and i n  t he  l i t t e r ,  e s p e c i a l l y  beneath 
canopies o f  p l a n t s  w i t h  h i g h  l e v e l s  o f  1 3 7 ~ s  i n  t h e i r  leaves.  However, a t  
t h e  15 cm depth, ' 3'7Cs was n o t  de tec tab le  i n  t he  s o i  1. Consequently, deep 
excava t ion  w i l l  n o t  be r e q u i r e d  f o r  decontaminat ion. 

Some animal samples c o l l e c t e d  on t h e  c r i b  con ta ined  1 3 7 ~ s .  Those 
i n s e c t  species assoc ia ted  w i t h  a  r a b b i t b r u s h  shrub c o n t a i n i n g  ' 3 7 ~ s  and i t s  
1  i t t e r  showed h ighe r  l e v e l s  o f  ' 7 ~ s  than  o t h e r  wider-rang- ing species 
caught i n  p i t f a l l  t r a p s  and b  hand. Two o u t  o f  seven pocket  mice con- 
t a i n e d  de tec tab le  amounts o f  '"Cs w i t h  70% o f  t h e  t o t a l  body burden i n  t h e  
muscl e  and ske le ton .  

Recommendations f o r  r e s t o r a t i o n  o f  t h e  c r i b  sur face ,  i f  appropr ia te ,  
7 i n c l u d e  e r a d i c a t i o n  o f  r a b b i t b r u s h  p lan t s ,  removal o f  t he  su r f ace  cen t imete r  

.C - o f  s o i l  on t h e  c e n t r a l  12 meters o f  t h e  c r i b ,  removal o f  t he  cobble l a y e r  
f rom t h e  sur face,  i n s t a l l a t i o n  o f  a  one- foo t  l a y e r  o f  c lean  s o i l  and reveg- 
e t a t i o n  o f  t h e  su r f ace  w i t h  cheatgrass. An e f f o r t  should be made t o  keep 

'er - road t r a f f i c  o f f  t h e  new sur face  so t h a t  p l a n t s  can ma in ta i n  cont inuous cover .  
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RADIOACTIVITY ASSOCIATED WITH BIOTA 
AND SOILS OF THE 216-A-24 CRIB 

1. INTRODUCTION 

The 216-A-24 C r i b  i s  l o c a t e d  e a s t  o f  t he  200 East area ou t s i de  t he  
e x c l u s i o n  fence. It i s  approx imate ly  0.9 m i l es  f rom the  main road  connect- 
i n g  t he  Wye Bar r i cade  and t he  200 East  area main gate. The approximate 
coord ina tes  a re  N 42206, W 46854 t o  N 42494, W 45328. 

The c r i b  was cons t ruc ted  i n  l a t e  1957. Between May, 1958, and 
January, 1966, i t  rece i ved  condensates f rom t h e  b o i l i n g  waste s to rage  tanks 
i n  t h e  241-A and 241-AX Tank Farms (Lundgren, 1970). Table 1 .I shows the  
r a d i o a c t i v i t y  d e l i v e r e d  t o  t he  c r i b  and t h a t  remain ing a f t e r  decay as o f  
Decerrber 1, 1974. Cesium-1 37 i s  t h e  predominant r ad ionuc l i de  be ing  14 
t imes as concentrated as 9 0 ~ r  on a c u r i e  bas is .  Other  nuc l i des ,  such as 
l o 6 ~ u  and 6 0 ~ o ,  a re  p resen t  i n  sma l l  amounts. These rad ionuc l  ides  are 
presumably d i s t r i b u t e d  throughout  t he  l e n g t h  o f  t he  c r i b .  

TABLE 1.1. R a d i o a c t i v i t y  Remaining i n  t he  216-A-24 
C r i b  as o f  December 31, 1974. Data a re  
f rom Anderson, 1975. 

Remaining 
Dec. 31 , 1974 

( c u r i e s )  

Beta 795 

'Osr 27 .O 

l o 6 ~ u  0.069 

1 3 7 ~ s  38 5 

The s t r u c t u r e  o f  t h e  c r i b  i s  shown i n  F igure  1.1. I t  cons i s t s  o f  
four sec t ions ,  each 350 f e e t  long. Condensates f rom t h e  tank f a rm  were 
d e l i v e r e d  t o  t he  head o f  t he  c r i b  and d ra ined  i n t o  a  g rave l  d r a i n f i e l d  
through perforati.ons i n  a  15- inch-diameter p ipe.  Depth o f  t h i s  p e r f o r a t e d  
p ipe  f rom f i n i s h e d  grade v a r i e s  f r om about 15 f e e t  a t  t he  upper end of each 
c r i b  s e c t i o n  t o  about 8  f e e t  a t  t he  lower  end o f  each sec t i on .  The p ipe  
i s  covered w i t h  g rave l  ove r  which a po lye thy lene  sheet was i n s t a l  l e d  t o  
p reven t  sand f r om t h e  o v e r l y i n g  b a c k f i l l  m a t e r i a l  f ron i  s i f t i n g  i n t o  t h e  
g r a v e l  bed. Th is  sheet,  w h i l e  s t i l l  i n t a c t ,  would a l s o  discourage pene- 
t r a t i o n  o f  p l a n t  r o o t s  i n t o  t he  d r a i n f i e l d .  
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I n  t h e  sp r ing  o f  1975, p lan ts  grow-ing on t h i s  c r i b  were found t o  emi t  
s u f f i c i e n t  r a d i o a c t i v i t y  t o  r e g i s t e r  s i g n i f i c a n t l y  above background i n  
r o u t i n e  r a d i a t i o n  moni tor ing.  Presumably, roo ts  o f  these p lan ts  were 
absorbing rad ioac t i ve  ma te r ia l s  from deep i n  the s o i l  p r o f i l e  o r  d i r e c t l y  
from t h e  grave l  bed. However, shrubs adjacent t o  one another were found 
t o  conta in  l e v e l s  o f  r a d i o a c t i v d t y  d i f f e r e n t  by orders o f  magnitude, i n d i -  
c a t i n g  t h a t  r o o t i n g  depth o r  extent ,  species s p e c i f i c  uptake c h a r a c t e r i s t i c s ,  
o r  bush s i z e  o r  v i g o r  might  be imp l ica ted .  

Work repor ted  i n  t h i s  document was done t o  i nves t i ga te  the sur face 
s o i l s ,  p lan ts ,  and animals on the  c r i b  w i t h  the  f o l l o w i n g  ob jec t i ves  i n  
mind. 

Document l oca t i on ,  approximate age, and l e v e l  o f  r a d i o a c t i v i t y  i n  
shrubs on t h e  p a r t  o f  t h e  216-A-24 Cr ib  shown as Sect ion I1 i n  
Figure 1  .I and determine the major nuc l ides  invo lved.  

Determine from the observed d i s t r i b u t i o n  p a t t e r n  o f  contaminated 
p lan ts  the  probable source o f  contaminat ion and the  reason f o r  t he  
apparent ly  e r r a t i c  s p a t i a l  d i s t r i b u t i o n  o f  contaminated shrubs on t h e  
c r i b ,  i n c l u d i n g  r o o t  system excavat ion s tud ies  i f  permiss ib le.  

Document any spread o f  r a d i o a c t i v i t y  from contaminated f o l i a g e  of  t he  
bushes t o  o t h e r  p l a n t  and animal species on t h e  c r i b .  

Suggest methods which might be used t o  r e s t o r e  t h e  sur face t o  s tab le ,  
non-radioact i  ve cond i t i on  and t o  prevent f u t u r e  occurrences o f  s imi  1  a r  
problems. 



2. SOILS A N D  PLANT A N D  ANIMAL SPECIES ON THE CRIB 

The 216-A-24 C r i b  i s  covered w i t h  b a c k f i l l  m a t e r i a l  which cons i s t s  
mos t l y  o f  t h e  sandy s o i l s  n a t i v e  t o  the  area. However, cobble l a y e r s  occur  
about 2-3 meters below the  sur face  i n  t h e  n a t i v e  p r o f i l e  and some rocks 
from these cobble l a y e r s  a re  mixed w i t h  s o i l  i n  t h e  b a c k f i l l  m a t e r i a l .  
When the  c r i b  was cons t ruc ted ,  l a r g e  cobbles were spread t o  s t a b i l i z e  t h e  
su r f ace  aga ins t  wind e ros ion  (K.  R. P r i ce ,  personal communication). 

P l a n t  cover i s  dominated by two spec ies:  r a b b i t b r u s h  (Chr sothamnus 
nauseosus) , a perenn ia l  shrub, and cheatgrass (Bromus tectorum F an annual 
grass. There are s c a t t e r e d  sagebrush (A r tem is i a  t r i d e n t a t a )  among the  
rabb i t b rush .  Occasional herbs o t h e r  than  cheatgrass were found i n  a 
survey i n  e a r l y  May. 'These i nc l uded  s u b s t a n t i a l  amounts o f  Holosteum 
umbellatum, Descura in ia  p i nna ta ,  and Festuca o c t o f l o r a ;  moderate amounts o f  
Cryptantha c i rcumscissa,  S isymbr i  um a1 t iss i~ i iun i ,  Sa lso la  k a l  i , and h b r o s i a  
acan th icarpa  ; and smal l  amounts o f  Lomati um macrocarpus, M i  c r o s t e r i  s 
g r a c i l i s ,  - Poa secunda, and a species o f  Oenothera. 

Cheatgrass stands a r e  sparse i n  areas where cobbles cover t he  s o i l  
su r f ace  and a r e  more l u x u r i a n t  beneath shrubs and i n  areas where the  
su r f ace  m a t e r i a l  i s  s o i  1 . Cheatgrass shoots beneath shrub canopies a re  
1 i g h t e r  green, 1 a rge r  and more succu len t  than  those between bushes. Th is  
cou ld  be impo r tan t  i f  the  more succu len t  p l a n t s  a r e  more p a l a t a b l e  t o  a n i -  
mals because cheatgrass growing beneath contaminated shrubs was found t o  
c o n t a i n  radiocesium. (See Sec t ion  5, Table 5.2.) 

The second s e c t i o n  o f  t h e  c r i b  was chosen as an i n t e n s i v e  s tudy  a rea  
(F igu re  2.1, Photograph 1 ) .  The upper (western)  end o f  t h e  s e c t i o n  i s  
spa rse l y  populated w i t h  bushes, b u t  a dense s tand occurs i n  t h e  lower  end; 
and, as w - i l l  be discussed i n  t he  n e x t  chapter ,  most o f  t h e  shrubs con ta in -  
i ng rad ionuc l i des  occur  i n  t h e  lower  ha1 f o f  the  sec t i on .  Therefore,  t h e  
c r i b  s e c t i o n  was d i v i d e d  i n t o  t h ree  p a r t s :  an upper s e c t i o n  ex tend ing  
5 3  m from t h e  1 arge, green vent ;  a m idd le  s e c t i o n  44 m i n  l eng th ,  t h e  
cen te r  o f  which was mapped i n  d e t a i l  (Photographs 2 and 3 ) ;  and a lower  
s e c t i o n  26 m long  ex tend ing  f rom t h e  lower  mon i t o r i ng  we1 1 t o  the lower  

9 reen vent. The c r i b  r a d i a t i o n  zone i s  37 m wide. Bush d e n s i t i e s  
numbers p e r  500 m2) on these t h r e e  sec t i ons  a r e  g i ven  i n  Table 2.1. 

Compared t o  two o t h e r  areas nearby, the 216-A-24 C r i b  has more rabb i  tb rush  
and l e s s  sagebrush, b u t  a t o t a l  dens i t y  o f  bushes p e r  u n i t  area comparable 
t o  an area near  t h e  REDOX p l a n t .  

A t r a n s e c t  was l a i d  down the  cen te r  o f  t h e  c r i b  i n  t h e  area marked i n  
F i g u r e  2.1 as "mapped area" (Photograph 4 ) .  A l l  shrubs over lapp ing  t h i s  
t r a n s e c t  were sampled t o  determine approximate age from growth r i n g s  i n  
t r ansve rse  stem sec t ions .  Stems were c u t  near  t h e  ground su r f ace  f o r  
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TAB.LE 2.1. Comparison o f  Shrub Densi ty  (nurrber pe r  500 m2) on 
the  Second Sec t ion  o f  t h e  216-A-24 C r i b  w i t h  Values 
f o r  t h e  B-C C r i b  Contro l  Area and t h e  REDOX Area 
(Con.1 a r i s o n  Data f rom C1-ine, Uresk, and Rickard, 
1975y 

Dens i ty  (number p e r  500 m2) 
21 6-A-24 

P l a n t  Upper M i  dd l  e  Lower T o t a l  B- C - REDOX 

Sagebrush 2  0.3 2.1 1  1  86 4  2  

Rabbi t b rush  16.6 9  5  68 - 56 2  - 13 - 
T o t a l  18.6 95.3 70.1 5  7  188 5  5  

examinat ion. An assumption was made t h a t  t he  f i r s t  r i n g  v i s i b l e  i n  t h e  
cen te r  o f  t he  stem s e c t i o n  was from t h e  end o f  t h e  t h i r d  y e a r  s i nce  germina- 
t i o n .  A  f u r t h e r  assumption was made t h a t  one growth r i n g  i n d i c a t e s  one 
y e a r ' s  growth. Th is  assumption was p robab ly  v a l i d  s i nce  r a b b i t b r u s h  l oses  
i t s  leaves each year ,  thus g i v i n g  a  d e f i n i t i v e  end t o  t h e  growth pe r i od .  
Furthermore, t he  c l  i m a t i c  p a t t e r n  (wet w i n t e r ,  d r y  summer) shoul d  accen- 
t u a t e  t h e  annual growth r i n g  p a t t e r n .  Data g i ven  i n  Appendix I show t h a t  
p l a n t s  i n  t h e  cen te r  of t h e  c r i b  a r e  6  t o  12 years  o l d  w i t h  an average 
age o f  9.4 years.  'They range i n  h e i g h t  f rom 40 cm t o  88 cm and average 
64 cm. 

Ver tebra te  animals which would be expected t o  l i v e  on o r  near t he  c r i b  
o r  t o  pass over  t h e  c r i b  i n c l u d e  snakes, l i z a r d s  such as t h e  s i de -b lo t ched  
l i z a r d  (U ta  - stansbu r i  ana) , numerous b i r d  spec ies,  occas ional  mule deer 
(Odocoi leus  hemionus), b l a c k - t a i  l e d  hares (Lepus c a l i f o r n i c u s )  , and a  
number o f  s m ~ m a l s ,  e s p e c i a l l y  the  Great Bas in  pocket mouse 

parvus  1 , deer mouse (Peromyscus mani c u l  a t u s )  , and grasshopper 
1  eucogas t e r )  . 

On May 1  and 2, twen ty - f i ve  smal l  mammal,. t r a p s  were s e t  on t he  second 
s .ect ion of t h e  A-24 Cr ib .  On May 1, these y i e l d e d  f o u r  Great Basin pocket  
mice ( 2  males, 2  females) and on May 2, t h r e e  o f  t h e  same spec ies ( 1  male, 
2  females).  Four l a r g e  mammal t r a p s  s e t  on these two n i g h t s  were unsuccess- 
f u l .  These t r a p p i n g  r e s u l t s  i n d i c a t e  t h a t  popu la t ions  o f  mannnals on t h e  
c r i b  were r e l a t i v e l y  sparse. 

I n v e r t e b r a t e s  on t h e  c r i b  sur face  i n  e a r l y  May i n c l u d e d  a  nurrber o f  
species o f  bee t l es ,  leafhoppers,  bugs, f l i e s ,  t h r i p s ,  lep idop te rans ,  m i tes ,  
hymenopterans, and ants.  The most n o t i c e a b l e  popu la t ions  t o  t h e  casual 
observer  were ha rves te r  ants ,  which had a  t o t a l  o f  104 nes ts  on t h e  c r i b  , 

su r f ace  (Table 2.2; Photograph 7),  and those i n s e c t s  assoc ia ted  w i t h  shrub 



TABLE 2.2. Harves te r  An t  (Pogonomyrmex owyheei ) 
Colony Dens i ty  (numbers p e r  c r i b  s e c t i o n )  
w i t h i n  C r i  b  21 6-A-24 

S e c t i  on L i  ve - Dead - Tota l  

1  20 3  2  3  

2 2  5  6  3  1  

3  22 4  26 

4  2  3  - 1 - 24 - 
To t a  1  9 0  14 104 

canopies (Table 2.3). Twenty p i t f a l l  t r aps ,  p laced on Sec t ion  I 1  o f  the  
c r i b  on Mav 1  and l e f t  i n    lace f o r  15 davs, v i e l d e d  15 Tenebrionidae " - "  
(Eleodes h;spi 1  a b r i s )  and i 0  Curcul  i on idae  (Ophryastes sp. ) , b o t h  comon 
ground-dwell i n g  bee t l es  on t h e  200 Area p la teau .  

Q u a n t i t a t i v e  in fo rmat ion  on a  s i n g l e  n e s t  o f  t h e  ha rves te r  a n t  
(Pogonomyrmex owyheei) was ob ta ined  on May 13  f o r  a  n e s t  ad jacen t  t o  the  
c r i b .  The numbers of  ants ,  chambers i n  t h e  nes t ,  and es t imates  o f  t he  
volume o f  s o i l  excavated a t  severa l  depths are g iven  i n  Table 2.4. Th is  
p a r t i c u l a r  n e s t  extended t o  a  depth o f  n e a r l y  8  f e e t  ( 7 ' 8 " ) .  Ca l cu la t i ons  
i n  Table 2.4 show t h a t  ove r  40 c u b i c  inches o f  s o i l  were p robab ly  moved t o  
t h e  s o i l  su r f ace  b y  t h i s  co lony and about 20 percen t  o f  t h i s  s o i l  was 
b rought  up from depths g r e a t e r  than  6  f e e t .  Assuming t h a t  t h e  excavated 
n e s t  was " t y p i c a l "  o r  "average" f o r  t h e  104 nes ts  on t h e  216-A-24 C r i b ,  as 
much as 2.5 f t3 o f  subsurface s o i l s  c o u l d  have been b rought  t o  t he  sur face  
by t h i s  species o f  i n s e c t .  

I n  sumnary, p l a n t  and animal popu la t ions  on t h e  216-A-24 C r i b  are 
t y p i c a l  f o r  d i s t u r b e d  s i t e s  on t h e  200 Area p la teau .  The s o i  1  i s  sandy 
and has been covered w i t h  cobbles t o  reduce wind e ros ion .  Stoniness o f  t h e  
s o i l  su r f ace  p robab ly  has reduced t h e  e f f e c t i v e n e s s  o f  cover  of cheatgrass 
(see Photograph 2, 3, and 4 ) ,  r e s t r i c t e d  t h e  abundance o f  ground-dwel l ing 
sma l l  mammal spec ies,  and encouraged deep pene t ra t i on  and conserva t ion  o f  
t h e  sparse annual p r e c i p i t a t i o n  i n  t h e  area. Th is  deep mo is tu re  may have 
c o n t r i b u t e d  t o  t h e  success o f  deep-rooted rabb i t b rush  shrubs on t h e  c r i b .  



TABLE 2.3. Taxonomic Composit ion, Densi ty ,  and 
Biomass o f  I nve r teb ra tes  ass 
w i t h  Chrysothamnus nauseosus 

Dens i ty  Biomass 
Taxa (Number) (mg) 

Coleoptera ( b e e t l e s )  

Curcul  i o n i  dae 7 86.98 

Homoptera ( lea fhoppers ,  aphids)  

C i  cadel 1 i dae 10 11.98 

Aphididae 2 0.39 

Psyl  1 i dae 12 4.65 

Hemi p t e r a  ( t r u e  bugs) 

Reduvi i dae 

D i p t e r a  ( f l  i e s )  

Sc i  a r i  dae 

Chi ronomi dae 1 0.04 

Thysanoptera ( t h r i  ps )  5 3.58 

Lepi  doptera (moths, b u t t e r f l  i e s )  

Noctuidae ( l a r v a e )  8 5.48 

Acar i  na (mi t e s  ) 

Cal i gone1 1 i dae 

Unrecognized Prost igmata 

Te t ranych i  dae 1134 9.34 

Hymenoptera (wasps, an ts ,  bees) 

Chal c i  d o i  dea 

TOTAL 

a. Values were ob ta ined  f r o m  a s i n g l e  p l a n t  (bush 438) and t h e  
l i t t e r  beneath i t ,  c o l l e c t e d  on May 1,  1975, and sub jec ted  
t o  Ber lese e x t r a c t i o n .  



TABLE 2.4. Harvester  Ant (Pogonomyrmex owyheei ) Nest 
C h a r a c t e r i s t i c s  

Ant Chamber Soi 1 Vol ume Excavated (b 

Depth Numbers Numbers Per Nest ( i n 3 )  E n t i r e  c r i b ( c ) ( i n 3 )  

Mo un d 81 4 - - ( a )  - - - - 
Top 1 f t  35 0 - - ( a  1 - - - - 

4-6 f t  225 10 5.4 

6-8 f t 1835 - 9 9.1 - 
TOTAL 4.1 75 68 42.3 

a. The mound and upper f o o t  o f  the  nes t  was comprised o f  numerous i n t e r -  
connect ing chambers and were n o t  counted. 

b. Volume o f  s o i  1 excavated was c a l c u l a t e d  by summation o f  volume ca lcu-  
l a t i o n s  f o r  chambers and tunne ls .  Nest excavat ion conducted on May 15, 
1975 near 216-A-24 Cr ib .  

c. S o i l  volume excavated f o r  t h e  e n t i r e  c r i b  area was c a l c u l a t e d  by 
m u l t i p l y i n g  s o i l  volume excavated p e r  nes t  t imes 104 nests  i n  t he  
s tudy area. 



3. DISTRIBUTION OF BETA-GAMMA-EMITTING RADIONUCI-IDES 
ON THE CRIB SURFACE- FIELD STUDY 

A Geiger-Mt i l le r  survey ins t rument  was used t o  mon i t o r  t h e  area i n  l a t e  
A p r i  1 1975. Measurable amounts o f  r a d i o a c t i v e  m a t e r i a l s  appeared t o  be 
r e s t r i c t e d  t o  r a b b i t b r u s h  p l a n t s  and, i n  some cases, t o  t he  l i t t e r  beneath 

t them. Surface s o i  1 s , insec t s ,  mice, r a b b i t  f e c a l  p e l  1 e t s  , a n t  h i  11 s , 
cheatgrass, and sagebrush p l a n t s  were found t o  be f r e e  o f  contaminat ion 
r e a d i l y  measurable w i t h  a f i e l d  ins t rument .  

A d e t a i l e d  survey o f  shrubs on t h e  second s e c t i o n  o f  t he  c r i b  was con- 
ducted by numbering a l l  shrubs beg inn ing  a t  t h e  western (upper)  end o f  t h e  

. - c r i b  and survey ing  each shrub separa te ly .  Since leaves, tw igs,  and branch 
t i p s  had t h e  h i ghes t  l e v e l s  o f  contaminat ion, t h e  measurements were taken 
by p ress ing  t h e  probe aga ins t  10-20 young tw igs  and leaves on each p l a n t .  . Resul ts  o f  t h i s  f i e l d  survey a re  g i ven  i n  Appendix 11. 

The upper s e c t i o n  o f  Sec t ion  I 1  (see F igure  2.1) con ta ined  73 shrubs 
(65 rabb i t b rush  and 8 sagebrush), none o f  which had r a d i o a c t i v i t y  above 
background measurable w i t h  f i e l d  survey inst ruments.  The c e n t r a l  sec t i on ,  
i n c l u d i n g  t h e  mapped area and t h e  l a n d  on e i t h e r  s i de ,  had 311 shrubs 
(310 rabb i  t b rush  and 1 sagebrush). O f  these, 198 were a t  b a ~ k g r o u n d  l e v e l  
(<ZOO cprn), 47 up t o  10 t imes background (>ZOO cpm, (2000 cprn), and 66 were 
2000 cpm o r  over  (maximum 25,000 cpm) . The lower  s e c t i o n  i s  26 m 1 ong and 
con ta ined  135 shrubs (131 r a b b i t b r u s h  and 4 sagebrush). O f  these, 93 were 
a t  background l e v e l s ,  15 up t o  10 t imes background, and 27 were over  2000 cpm 
(maximum 10,000 cprn). None o f  sagebrush p l a n t s  con ta ined  contaminat ion de tec t -  
a b l e  i n  t h e  f i e l d  survey. The most contaminated shrubs on t h e  s e c t i o n  were 
numbers 139 and 221 which were about  125 t imes background (25,000 cpm) . On 
t h e  e n t i r e  s e c t i o n  15 bushes con ta ined  10,000 cprn o r  over .  O f  these, 12 
bushes a re  i nc l uded  i n  t h e  mapped area shown i n  F igure  3. la .  C i r c l e s  rep re -  
sen t  i n d i v i d u a l  bushes w i t h  t h e  s i z e  o f  t h e  c i r c l e  va ry i ng  w i t h  canopy s i z e .  
Numbers i n  t h e  c i r c l e s  i n  F igure  3 . l a  r e f e r  t o  t h e  number o f  t h e  bush. 
F igure  3.1 b shows t h e  same map w i t h  t h e  number i n  t h e  cen te r  o f  t he  c i r c l e  
be ing  t h e  l e v e l  o f  r a d i o a c t i v i t y  i n  t he  shrub (see Appendix 11) i n  thousands 
o f  counts per  minute.  P lan t s  hav ing  no more than background 1 eve ls  a re  
i n d i c a t e d  as b lank c i r c l e s  o r  a re  shown w i t h  a "8 " .  General ly ,  p l a n t s  w i t h  
h i g h  1 evel  s were surrounded by p l a n t s  w i t h  i n te rmed ia te  1 eve l  s, b u t  t h e r e  
were ins tances  where ad jacen t  shrubs d i f f e r e d  by o rders  o f  magnitude 
(Photographs 5 and 6 ) .  



O l t 5 4 5 b l 8 9 ~ l l U  
0 1 8 J 4 5 b l 8 9 1 0 1 l U  

IRE 3.1. Loca t i on  and Levels  o f  R a d i o a c t i v i t y  i n  Shrubs on t h e  Study 
Area. The map on t h e  l e f t  shows t h e  l o c a t i o n ,  canopy s ize ,  
and number assigned t o  t h e  bushes. The map on t h e  r i g h t  
shows t h e  r a d i o a c t i v i t y  assoc ia ted  w i t h  t h e  canopy o f  each 
shrub i n  t h e  thousands o f  counts pe r  minute.  Shrubs a t  bac 
ground l e v e l s  ( ~ 2 0 0  cpln) a r e  shown as b l ank  except i n  a few 
cases where they  a re  des ignated w i t h  a "B" .  Scale r~urr~bers 
a r e  d is tances  i n  meters. 



4. RADIONUCLIDES BELOW THE SURFACE - 
EXCAVATION RESULTS 

Three backhoe excavat ions were made i n t o  t h e  c r i b .  These w i l l  be 
r e f e r r e d  t o  as A, B, and C. Excavat ions A  and B  were i n  t h e  lower  end o f  
Sect ions I and 11, r e s p e c t i v e l y ,  about 10 feet  west o f  t h e  green r i s e r s  
which mark ends o f  c r i b  sec t ions .  Both A and B  extended down t o  t he  g rave l  
l a y e r .  They were dug t o  determine whether s o i l s  above t he  g rave l  l a y e r  
con ta ined  r a d i o a c t i v e  m a t e r i a l s  and t o  observe t h e  c o n d i t i o n  o f  t he  p o l y -  
e thy lene  sheet (see F igure  1.1 ) a f t e r  17 years o f  b u r i a l  i n  t he  c r i b .  
Excavat ion C was made about 18  f e e t  west o f  t h e  green r i s e r  a t  t he  l cwe r  
end o f  Sec t ion  I 1  i n  o r d e r  t o  o b t a i n  two rabb i t b rush  r o o t  systems f o r  
rad iochemica l  ana l ys i s .  

None of th ree  excavat ions showed t h a t  s o i l s  conta ined amounts o f  
r a d i o a c t i  v i  t y  de tec tab le  w i t h  a  f i e l d  ins t rument .  Rabbi tb rush  r o o t s  d i d  
o c c a s i o n a l l y  show some a c t i v i t y .  Table 4.1 shows t he  137Cs l e v e l s  i n  
samples o f  s o i l s  and r o o t s  c o l l e c t e d  a t  va r ious  depths from excavat ions B 
and C. 

A1 though s o i l s  above t he  g rave l  l a y e r s  con ta ined  no de tec tab le  con- 
tamina t ion ,  t h e  g rave l  1  ayers themselves d i d  have cons iderab le  amounts. 
I n  bo th  Sec t ion  I and Sec t ion  11, g rave ls  f rom above t h e  d ra inp ipe  (see 
F igure  1  . l )  r e g i s t e r e d  about 7500 cpm on t h e  f i e l d  mon i t o r i ng  ins t rument .  
Gravel i n  Sec t ion  I was damp and was covered w i t h  sandy s o i l ;  t h a t  i n  
Sec t ion  I I appeared dry ,  b u t  conta ined obvious rabb i  t b rush  r o o t s .  Remnants 
o f  a  po lye thy lene  sheet  were found mixed w i t h  t h e  s o i l  i n  Sec t ion  I; t h e r e  
was no evidence o f  any po lye thy lene  sheet i n  Sec t ion  11. D i s i n t e g r a t i o n  
o f  t h e  po lye thy lene  sheet i n  Sec t ion  I was probably  brought  about f rom the  
gamna r a d i a t i o n  f rom m a t e r i a l s  i n  t h e  g rave l  below the  sheet,  b u t  o t h e r  
weather ing  and ag ing agents are n o t  n e c e s s a r i l y  r u l e d  out .  

A  sample o f  t h e  s o i l - g r a v e l  m i x tu re  was removed f r om Sec t ion  I and 
analyzed f o r  137Cs. Resul ts  a re  presented i n  Table 4.2. Pieces o f  g rave l  
which had been washed and wiped conta ined about 10 t imes t h e  137Cs on a  
d r y  weight  bas is  as d i d  s o i l  from the  same sample. Th is  was somewhat 
unexpected and i m p l i e s  t h a t  cesium m ig ra ted  i n t o  t h e  m a t r i x  o f  t h e  g rave l .  
However, i t  i s  p o s s i b l e  t h a t  t he  a c t i v i t y  cou ld  have been removed i f  t h e  
su r f ace  o f  t he  g rave l  had been p o l i s h e d  o r  a c i d  washed. A sample o f  t h i s  
s o i l  was submi t ted  f o r  gamna energy a n a l y s i s  and 9 0 ~ r  ana l ys i s  t o  U.S. 
Test ing.  'The gamma scan showed 5.21 nCi 137Cs/gDW which agrees f a v o r a b l y  
w i t h  the. va lue  o f  3.0 nCi/gDb/ r e p o r t e d  i n  Table 4-2 and ob ta ined  on a  
p a r a l l e l  sample by coun t i ng  on a  s i u g l e  channel ana lyzer .  The scan a l s o  
showed a  t r a c e  of  134Cs and 40K b u t  no s i g n i f i c a n t  60Co. The s o i l  a l s o  
had 0.0259 nCi 9 0 ~ r / g ~ ~ .  

Root systems o f  two r a b b i t b r u s h  p l a n t s  were excavated. One of these 
(Table 4.3) had 320 nCi 1 3 7 ~ s / g ~ ~  o f  leaves and t h e  second (Tab le  4.4) had 
2.3 nCi l3 Cs/gDW leaves.  Table 4.3 shows t h a t  t h e r e  i s  an inc rease  i n  
rad ioces ium concen t ra t i on  i n  bo th  wood and bark f o r  t h e  t ap roo t s  and l a t e r a l  



TABLE 4.1 . Radiocesi um i n  Soi  1s and Rabbi t b rush  Roots a t  
Var ious Depths i n  t he  216-A-24 Cr ib .  S o i l  
va lues are an average f rom two samples c o l l e c t e d  
about one meter  a p a r t  f rom t h e  face o f  t h e  exca- 
v a t i o n .  Roots, c o l l e c t e d  f rom along t he  face,  
were pooled i n t o  a s i n g l e  sample f o r  each depth. 

3 7 C ~  (nCi /gDW) 

Soi 1 - Roots 
- ------- --- -------- Excavat i  on B ---- --- ------ ------ ---- 

50 BDL* 2 1 

B DL 

B DL 

BDL 

B DL 

BDL 

*BDL = BeIaw De tec t i on  L i m i t s ,  0.1 nCi/sample. 

TABLE 4.2. Cesium-137 i n  Gravel and S o i l  Co l l ec ted  from 
the  Bottom o f  Sec t ion  I o f  t he  216-A-24 C r i b .  
Gravel  pieces were r i n s e d  w i t h  d i s t i l l e d  
wa te r  and wiped t o  remove p a r t i c l e s  o f  sand 
and s i l t  adher ing t o  t he  sur face .  

37Cs (nCi /qDW) 

Washed Gravel Soi  1 

32.9 

83.5 

35 (Average ) 3.0 



r o o t s  w i t h  depth. Th i s  t rend i s  a l s o  apparent i n  data f o r  t h e  tap roo t  i n  
Table 4.4, b u t  n o t  f o r  l a t e r a l  r oo ts .  Nevertheless, the  data show t h a t  t h e  
source o f  a c t i v i t y  i s  deep i n  t he  p r o f i l e .  Cesium i s  probably  r e a d i l y  exchanged 
between bark and wood j u s t  as potassium i s .  The g rad ien t  o f  cesium-137 i n  t h e  
bark w i t h  depth i n  Table 4.3 i n d i c a t e s  t h a t  i t  i s  being exchanged w i t h  t h e  wood. 
The o the r  poss ib le  source would be contaminated leaves which migh t  expor t  
cesium along w i t h  photosynthates t rans loca ted  t o  t h e  roo ts .  

TABLE 4.3. Cesium-137 i n  the  Wood and Bark o f  t he  Taproot and 
L a t e r a l  Roots o f  a Rabbitbrush Root System Co l lec ted  
from Excavation i n  Sec t ion  I 1  o f  t h e  216-A-24 Cr ib .  
Leaves o f  t h i s  p l a n t  (434) showed 5000 cpm i n  t he  
f i e l d  survey and 320 nCi 1 3 7 ~ s  per  gDl$d. 

Depth 
( cnl) 

Taproot 
Wood - Bark 

Depth 
0 

L a t e r a l  Roots 
Wood Bark 

TABLE 4.4. Cesium-137 i n  t h e  Wood and Bark o f  t h e  Taproot 
and La te ra l  Roots o f  a  Rabbitbrush Root System 
Co l lec ted  from Excavation i n  Sec t ion  I 1  o f  t he  
216-A-24 Crib.  Leaves o f  t h i s  p l a n t  (446) showed 
<ZOO cpm (background) i n  t he  f i e l d  survey and 
2.3 nCi 137Cs/gDW. 

Depth 
(cm> 
50-60 

75-87 

Taproot L a t e r a l  Roots 
Wood - Bark - Wood Bark 

0.59 1.6 7 5 2.0 5.8 



5. RADIONUCLIDES IN SELECTED SOIL, 
PLANT, AND ANIMAL SAMPLES 

A number o f  b i o l o g i c a l ,  l i t t e r ,  and s o i l  samples were taken f rom 
Sect ion I 1  o f  the  Cr ib  f o r  t h e  f o l l o w i n g  purposes: 

t o  measure rad ionuc l ides  i n  rabb i tb rush  leaves a long the  center  o f  
the Cr ib  t o  determine whether t he  same nuc l ides  a re  i nvo l ved  over  t he  
leng t t i  o f  the  Crib;  

t o  determine the l o c a t i o n  w i t h i n  the  p l a n t  o f  the  g rea tes t  concentra- 
t i o n  o f  r a d i o a c t i v i t y ;  

t o  determine the  p o t e n t i a l  f o r  contaminat ion o f  sur face s o i l s  through 
annual 1  i t t e r f  a1 1  beneath rabb i  tb rus  h  p l a n t s  ; and 

t o  determine whether an-inials on t h e  C r i b  con ta in  measurable q u a n t i t i e s  
of rad ionuc l ides  from consumption o f  contaminated leaves o r  o t h e r  
mater i  a1 s. 

To accomplish the  f i r s t  o f  these ob jec t i ves ,  leaves from 32 p l a n t s  i n  
the center o f  the mapped area o f  t he  Cr ib  were c o l l e c t e d  a long a  t ransec t  
chosen t o  be d i r e c t l y  over the b u r i e d  dra inpipe.  These leaves were sub- 
m i t t e d  f o r  gamma energy analyses and f o r  90Sr  analyses. Results are g iven 
i n  Appendix 111. 

'This t a b l e  shows t h a t  the  p r i n c i p a l  r ad ionuc l i de  i nvo l ved  i s  1 3 7 ~ s  
which has an average value o f  145 nCi/gDW f o r  t he  32 samples a long the  
t ransec t .  Actual values range f rom " n o t  de tec tab le"  t o  891 nCi/gDW. 
Throughout t he  l e n g t h  o f  the  t ransec t  t he re  were samples which showed 
de tec tab le  amounts o f  144Ce, lo6Ru, 9 5 Z r ,  and 54Mn, b u t  concentrat ions were 
so low when compared t o  l e v e l s  o f  137Cs t h a t  p rec i se  measurement w i t h  t he  
count ing and spectrum s t r i p p i n g  techniques used was imprac t i ca l .  

Levels o f  90Sr  were n e a r l y  t h ree  orders o f  magnitude l ess  than those 
f o r  1 3 7 ~ s .  The average value over the  t ransec t  was 0.316 nCi gOSr/qD!.l. 
Genera l ly  speaking, samples w i t h  h igh l e v e l s  o f  1 3 7 ~ s  have h igh  l e v e l s  o f  
9,0~r. The average value f o r  the  r a t i o  o f  cesium t o  s t ron t i um concent ra t ion  
i s  1500. The same rad ionuc l ides  occur a long the l eng th  of t h e  t ransec t .  

To accomplish the  second ob jec t i ve ,  a  s i n g l e  shrub (nuther  191, which 
showed 20,000 cpm i n  the  f i e l d  survey) was removed t o  the l abo ra to ry  and 
d i ssec ted  i n t o  shoot p a r t s  ( leaves, twigs,  bark, wood) and r o o t s  (bark and 
wood). Results a re  given i n  Table 5.1 f o r  radiocesium concentrat ions i n  
these p l a n t  pa r t s .  Shoots show h i g h e r  concentrat ions than r o o t s  and the  
h ighes t  concentrat ions a re  i n  t he  1  eaves. 



TABLE 5.1. Radiocesium i n  Par ts  of a Contaminated 
Rabbi t b rush  P l a n t  f rom t h e  216-A-24 
Cr ib .  

Branch 1 Branch 2 

Leaves 

Twigs 

Bark 

Shoots 

220 2 80 

Wood (upper) 17 19 

Wood ( l owe r )  25 33 

Bark 

Wood 

Roots 

6.5 1.6 

39 8.5 

To accompl i s h  t h e  t h i r d  o b j e c t i v e ,  s i x  r abb i  t b rush  p l a n t s  showing 
d i f f e r e n t  l e v e l s  o f  a c t i v i t y  were se lec ted .  For these s i x  shrubs, samples 
were taken o f  1 eaves, cheatgrass growing beneath t h e  canopy, 1 i t t e r  
beneath t h e  canopy, t he  upper cm o f  m inera l  s o i l  beneath t he  l i t t e r ,  s o i l  
a t  t h e  15 cm depth, and rabb i t b rush  r o o t s  a t  t he  15 cm depth. A lso  samples 
o f  cheatgrass and u n d e r l y i n g  sur face  s o i l s  as w e l l  as bare  s o i l s  between 
r a b b i t b r u s h  p l a n t s  were co l l ec ted .  These samples were counted f o r  137Cs 
content .  Resul ts  are shown i n  Table 5.2. 

I n  genera l ,  p l a n t s  w i t h  h i ghes t  l e v e l s  o f  1 3 7 ~ s  i n  t h i s  y e a r ' s  leaves 
had t h e  h i g h e s t  l e v e l s  o f  1 3 7 ~ s  i n  l i t t e r ,  cheatgrass, su r f ace  s o i l s ,  and 
r a b b i t b r u s h  r o o t s  a t  t he  15 cm depth. I n  no case was t h e r e  s i g n i f i c a n t  
a c t i v i t y  i n  s o i l  samples taken a t  t he  15 cm depth. 

Cheatgrass sampl es taken f r om between shrubs were almost i n v a r i a b l y  
l e s s  contaminated than were s i m i l a r  samples taken f rom beneath shrub 
can0 i e s .  Samples o f  t h e  upper cm o f  s o i l  taken i n  unvegetated areas (bare  ! s o i  1 and under uncontaminated r a b b i t b r u s h  canopies were n o t  contaminated. - 
However, de tec tab le  l e v e l s  were found i n  su r f ace  s o i l s  taken f rom beneath - . '  

t 

t he  cheatgrass swards sampled between shrubs even though t h e  newly grown 
cheatgrass leaves were n o t  n o t a b l y  contaminated. Apparent ly ,  cheatgrass 
swards have captured some wind-borne ma te r i  a1 s f rom nearby contaminated . -4 
p l a n t s  and f rom wor ldwide f a l l o u t  caus ing some 137Cs t o  a c c ~ m u l a t e  i n  t he  
upper cm o f  s o i  1. 



TABLE 5.2. Cesium-137 i n  P l a n t  and S o i l  Samples 

Shrub Rabbi t b rush  S u r f  ace S o i l  a t  
Number Leaves L i  t t e r  Cheatgrass Soi 1 15 cm 

Beneath Canopies 

94 0.01 3 0.294 0.833 0.0625 BDL 

344 0.036 2.46 0.485 0.0232 B DL 

143 14 3.24 0.240 0.231 B DL 

148 6 2 30.9 2.38 0.793 B DL 

34 2 89 0 3.69 B DL* 0.392 B DL 
d 221 520 47.7 3.62 2.24 B DL 

Between Canopies 

Cheatgrass (between shrubs ) 0.11 7 1.06 BDL 

Cheatgrass (between shrubs) B DL 0.350 BDL 

Bare s o i l  (between shrubs) 0.0793 

Bare s o i l  (between shrubs) 0.0833 

Rabbi t b r u s  h 
Roots a t  15 cm 

- -- 

*BDL = Below d e t e c t i o n  l i m i t s ,  $0.1 nCi/sample. 



To accompl ish t h e  f o u r t h  o b j e c t i v e ,  a nwnber o f  animal samples were 
c o l l  ected. These i n c l u d e d  i n v e r t e b r a t e s  assoc ia ted w i t h  r a b b i  t b r u s h  p l a n t s  
and those caught i n  p i t f a l l  t r a p s  and by hand, seven pocket  mice, and a l l  
of t he  r a b b i t  f e c a l  p e l l e t s  f rom the  west h a l f  o f  t h e  mapped a rea  (12 x 
22 meters) .  The f e c a l  p e l l e t s  were ground and coniposited i n t o  a s i n g l e  
l a r g e  sample which was subsequent ly subsampl ed f o r  rad iochemica l  ana l ys i s .  

Radiocesium concent ra t ions  f o r  i n s e c t s  assoc ia ted  w i t h  r a b b i t b r u s h  
p l a n t s  were h i g h e r  than  those c o l l e c t e d  e i t h e r  by hand o r  f rom p i t f a l l  
t r a p s  (Table 5.3). The average va lue  f o r  t h e  e i g h t  shrub-assoc ia ted 
species was 16.3 nCi/gDW, rang ing  from 1.9 t o  71.5 nCi/gDW. 

O f  t h e  seven mice analyzed, two had 1 3 7 ~ s  l e v e l s  s i g n i f i c a n t l y  above 
background (Table 5.4). These two mice were d i ssec ted  i n t o  h ide ,  muscle and 
ske le ton ,  and g u t  and these components analyzed sepa ra te l y .  Resu l ts  i n  
Table 5.5 i n d i c a t e  t h a t  12.3% o f  t h e  1 3 7 ~ s  was i n  t h e  h ide,  69.5% i n  t h e  
muscle and bone, and 18.2% i n  t h e  gut .  

Rabb i t  p e l l e t s  had an average va lue o f  0.21 nCi 137Cs/gDW. Since 
r a b b i t s  have r a t h e r  l a r g e  ranges, t he  source o f  t h e  cesium i n  these 
p e l l e t s  i s  uncer ta in .  






























































