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ABSTRACT 

The 216-S-1 and 2 c r ib  i s  an underground structure that was used 

for the disposal of radioactively contaminated liquid waste a t  the 

 anf ford S i te .  The cr ib  received acidic, intermediate level,  mixed . 

fission-product waste solutions from 1952 to  1956. !The 1980 status of 

radioactive contaminants i n  the sediment beneath the cr ib  was inves t i -  

gated. The resul t s  indicate that the radionuclide distributions are 

stable, with no evidence of significant translocations found since the 

la te  1960's. 
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EXECUTIVE SUMMARY 

d The 216-S-1 and 2 waste disposal c r ib ,  located on the Hanford S i t e ,  

was studied in terms of present radionuclide dis t r ibut ions and environ- 
8 mental safety;  This cr ib  received %1.6 x 10 l i t e r s  of waste containing 

* 
5 %7.5 x 10 curies of mixed f iss ion products from 1952 to  1956. Borehole 

sc in t i l l a t ion  and gamma spectroscopic profiles of monitoring wells in 

and around the c r ib  were obtained during th i s  study. Data from previous 
I 

studies were examined and conclusions, which are  based.on the comparison 

of resul ts  from present and past studies,  are reported. 

The resu l t s  of the study generally confirm the findings of previous 

studies with respect to  the location and s t a b i l i t y  of radionuclides in 

the c r ib  sediments. Most of the 137Cs ac t iv i ty  i s  generally restr ic ted 

to  a 10-meter zone beneath the c r ib  bottom ( i  . e . ,  10 to 20 meters from 

the surface).  Cesium-1 37 migrated deepest beneath the S-2 portion 

of the cr ib .  Historically,  90Sr was widespread beneath the c r ib ,  b u t  

i t s  d i s t r ibut ion ' in  the unsaturated sediments was not determined in th i s  

study because in s i tu  measurement of 90Sr i s  not possible. However, the 

presence of 90Sr and total  beta ac t iv i ty  in the saturated sediments 

beneath the c r ib  was determined by analyzing sediment samples collected 

when monitoring wells were deepened. 

Strontium-90 was detected below the water table in two localized 

areas beneath the cr ib .  One of these areas i s  associated with a zone of 

contamination caused by the casing f a i lu re  of a ground-water monitoring 

well within the c r ib  in 1955. A similar cause i s  suspected, b u t  could 

not be confirmed, for  the other area. These areas appear to  be stable 

and highly localized. 
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INTRODUCTION 

The U.S. Department o f  Energy 's  (DOE.) Hanford S i t e  i s  l o c a t e d  i n  

sou th -cen t ra l  Washington S t a t e  ( F i g u r e  1  ) . The s i t e  has served pr ima- 

r i l y  as a  p lu ton ium p roduc t i on  f a c i l i t y  s i nce  i t s  i n c e p t i o n  i n  1943. 

The chemical separa t ion  f a c i l i t i e s  a t  Hanford a r e  l o c a t e d  i n  t h e  

c e n t r a l  p o r t i o n  o f  t h e  s i t e  i n  two exc lus ion  areas known as t h e  200 East 

and 200 West Separat ions Areas (see F igu re  1 ) .  

Some l ow- l eve l ,  l i q u i d  r a d i o a c t i v e  wastes f rom chemical p rocess ing  
, , 

ope ra t i ons  a r e  d ischarged t o  t h e  ground v i a  subsur face s t r u c t u r e s  o f  

va r i ous  types.  One t ype  o f  subsur face d isposa l  s t r u c t u r e ,  known as a  

c r i b ,  i s  used f o r  t h e  underground d i s p e r s a l  and p e r c o l a t i o n  o f  l i q u i d  

waste i n t o  t h e  sediments. 

The 216-S-1 and 2  c r i b  s i t e  i s  l o c a t e d  i n  t h e  200 West Separat ions 

Area (see F igu re  1 ) .  The c r i b  r ece i ved  l a r g e  volumes o f  a c i d i c ,  mixed 

f i s s i o n - p r o d u c t  waste s o l u t i o n s  f rom t h e  Redox b u i l d i n g  (F igu res  1  and 2 ) .  

The ' s t a t u s  o f  r ad ionuc l  i d e  ' d i s t r i b u t i o n s  beneath t h e  21 6-5-1 and 

2  c r i b  was determined i n  t h i s  s tudy i n  suppor t  o f  t h e  Contaminated S o i l s  

and Sediments Program. b he s tudy  p rov ides  i n f o r m a t i o n  and da ta  f rom 

which o p t i o n s  f o r  t h e  permanent d i s p o s i t i o n  o f  t h i s  s i t e  and s i m i l a r  

s i t e s  may be devel  oped. 





r CRIB NO. 1 . 
3m HIGH x 4m SO. r SURVEILLANCE WELLS 
OPEN BOTTOM 
WOOD BOXES 

CONDUCTOR REEL7 I rCRlB NO. 2 1 

FIGURE 2. B lock  Diagram o f  the  216-S-1 and' 2 C r i b  and Loca t i on  
R e l a t i v e  t o  Redox P lan t .  
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SITE HISTORY 

The 216-S-1 and 2  c r i b  was cons t ruc ted  i n  1950 and 1951, Design o f  

the  c r i b  i s  presented i n  F igures 2  and 3. The c r i b  i s  l oca ted  ~ 4 3 0  meters 

nor thwest  o f  t he  Redox bu i l d i ng .  The bottom o f  the  excavat ion i s  ~ 1 0  meters 

below grade w i t h  bottom dimensions o f  12.2 by 27.4 meters and 45-degree 

s ide  slopes (see F igure  3).  The bottom 3  meters were f i 1 l e d  w i t h  screened, 

crushed stone g rea te r  than 1.3 cent imeters diameter. Two open-bottomed, 

square, wooden c r i b  boxes, 3.7 meters on a  s i d e  and 2.9 meters high, 

were p laced 1.8 meters i n t o  t h e  grave l  layer .  The c r i b  boxes were 

cons t ruc ted  w i t h  15- by 20-cent imeter t imbers and cross braces, as shown 

i n  F igure  3. The two c r i b  boxes are  connected i n  s e r i e s  w i t h  over f low 

from t h e  S-1 box f l o w i n g  i n t o  t h e  S-2 box v i a  a  pipe. 

Before t h e  f a c i l i t y  was p u t  i n t o  serv ice ,  t h ree  vadose zone (un- 

sa tu ra ted)  mon i to r i ng  we l l s ,  299-W22-1, -2, and -3, were d r i l l e d  t o  a  

depth o f  45 meters (Haney and L inderoth,  1959). 

The 216-S-1 and 2 f a c i l i t y  rece ived waste from the  c e l l  drainage 

c o l l e c t i o n  tank, D-1, and t h e  condensate r e c e i v e r  tank, D-2, l oca ted  i n  

t he  Redox b u i l d i n g .  Table 1  presents t he  rad ionuc l i de  i nven to ry  f o r  the  

waste streams discharged t o  t h e  216-S-1 and 2  c r i b  (Hanson e t  a l . ,  

1973). Monthly waste stream rad ionuc l i de  i n v e n t o r i e s  f rom the  D-1 

and D-2 tanks, respec t i ve l y ,  a re  g iven  i n  Ruppert and Heid, 1954; Paas 

dr~d Heid, 1955; and I le id ,  1956. 

The average pH o f  D-1 and D-2 wastes was 2.1 (Rhodes, 1956). Waste 

was discharged t o  t h e  c r i b  i n  batches o f  about 19,000 l i t e r s  a t  an 

average r a t e  o f  10 batches per  day (Haney and L inderoth,  1959). The 

c r i b  was i n  se rv i ce  f rom January, 1952 t o  January, 1956. 



ELEV. FINISH 

SLOPE 2% s I 
LONGITUDINAL SECTION 

FIGURE 3. Construction Detail o f  216-S-1 and 2 Crib. 



TABLE 1. Rad ionuc l ide  I n v e n t o r y  o f  Waste Discharged t o  t he  216-S-1 and 2 C r i b . *  
. . 

Sum I 1. SOE+8 1 7.50E+5 

Decay 1 .50E+8 <6.03E+4 
(1181 ) 

* 
Fram Hanson e t  a1 . , 1973 



We1 1 299-W22-3, one o f  t he  t h r e e  o r i g i n a l  mon i to r i ng  we1 1 s, was 

deepened f rom 45 t o  93 meters and p e r f o r a t e d  f rom 63 t o  93 meters i n  

January 1955. Th i s  was done t o  p rov ide  a ground-water mon i to r i ng  w e l l  

f o r  t he  c r i b .  I n  June 1955, the  we l l  was found t o  con ta in  l i q u i d  waste 

w i t h i n  15 meters f rom t h e  ground sur face.  Waste had flowed t o  the  

bottom of t he  w e l l  and i n t o  the  sa tu ra ted  sediments through p e r f o r a t i o n s  

i n  t he  casing. T h i s  i n d i c a t e d  t h a t  t h e  w e l l  cas ing had f a i l . e d  near the  

bottom o f  t h e  c r i b .  ?he l e a k  occurred i n  t he  p a r t  o f  t he  we1 1 t h a t  

con ta ined new casing, and s ince  t h e  old. cas ing had n o t  f a i l e d  i n  t h e  

prev ious  3-year p e r i o d  be fo re  the  we1 1 was deepened, t he  cas ing f a i l u r e  

was probably  n o t  due t o  t h e  a c i d i c  waste co r rod ing  the  casing. Another 

source o f  a  cas ing  f a i l u r e  i s  a weld i n  t h e  casing; An examinat ion o f  

d r i l l e r ' s  l ogs  f o r  t h i s  we1 1 shows t h a t  two welds i n  t h e  cas ing a re  

l o c a t e d  w i t h i n  1 meter f rom t h e  bottom o f  t h e  c r i b .  E i t h e r ' w e l d  cou ld  

have prov ided an e n t r y  p o i n t  f o r  w a s t e s t o  f l o w  into,the w e l l .  Studies 

o f  t he  l i q u i d  con ta ined i n  t h e  we l l  were,conducted and w i l l  be presented 

i n  t h e  "Prev ious Stud ies"  sec t i on  o f  t h i s  r e p o r t .  E a r l y  i n  August 1955, 

h e l l  299-W22-3 was f i l l e d  w i t h  sand, and w i t h i n  6 months, t h e  c r i b  was 

removed f rom s e r v i c e .  

D r i  11 i n g  o f  groutid-water- r ~ ~ o n i t o r  i r ~ y  we1 1 s I n s i d e  t h e  c r i b  d i d  n o t  

resume u n t i l  a f t e r  t h e  c r i b  was removed f rom servi.ce. Therefore, no 

mon i to r i ng  d a t a ' r e g a r d i n g  s o i l  o r  ground-water r a d i o n u c l i d e  concen- 

t r a t i o n s  were obta ined '  f o r  t h i s  f a c i l  i t y  u n t i i .  t h e  deep-well d r i l l  i n g  

program o f  1955. 

Ground-water m o n i t o r i n g  data f rom 1956 t o  1964 and concerning t h e  

216-S-1 and 2 c r i b  deal  w i t h  analyses o f  90Sr concentrat ions. i n  ground- 

water sarnples c o l l  c c t c d  f rom we1 1 299-W22-2, which motii tor% lilt! c r i b .  

Reported 90Sr concent ra t ions  i n  t h i s  we1 1 exceeded the  Table 1 ( c o n t r o l l e d  

a rea)  1 i m i t  presented i n  ERDA Manual Chapter (MC) 0524 (ERDA, 1975) 

. . u n t i l  1961. Work hy Raymond and McGhan (1967) i n d i c a t e d  t h a t  9 0 ~ r  

concent ra t ions  under t h e  c r i b  i n  1966 a l s o  exceeded the  Table I 1 i m i  t. 



Mon i to r i ng  w e l l s  near t he  21 6-S-1 and 2 c r i b  have been s tud ied  

us ing  a gamma s c i n t i l l a t i o n  probe. S c i n t i l l a t i o n  p r o f i l e s  have been 

prepared a t  var ious  t imes from 1958 t o  t he  present  f o r  se lec ted  w e l l s  

around waste d isposal  s i t e s .  These p r o f i l e s  a re  presented i n  Fecht e t  a l . ,  

1977, and i n  Addi ton e t  a l . ,  1978. 
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ENV.1 RONMENTAL CHARACTERISTICS 

The environmental  c h a r a c t e r i s t i c s  cons idered i n  t h i s  s tudy  a r e  

c l ima te ,  b i o l ogy ,  geology, and hydro logy. '  Thes,e c h a r a c t e r i s t i c s  have 

the  p o t e n t i a l  t o  a f f e c t  r a d i o n u c l i d e  d i s t r i b u t i o n s  around t he  216-S-1 

and 2 c r i b  and w i l l  be d iscussed b r i e f l y .  General c h a r a c t e r i s t i c s . f o r  

t h e  Hanford S i t e  a re  d iscussed i n  t h e  environmental  impact statement 

(ERDA, 1975). 

CLIMATE 

The t h r e e  c l  i m a t i c  f a c t o r s  t h a t  i n f l u e n c e  t he  rad ionuc l  i.de d i  s t r i -  

bu t i ons  a t  t h e  216-S-1 and 2 c r i b  s i t e  a r e  p r e c i p i t a t i o n ,  temperature,  

and wind. The c l i m a t e  a t  Hanford i s  d r y  and m i l d  w i t h  occas ional  h igh-  

v e l o c i t y  winds. The d r y  c l i m a t e  f a v o r s  t h e  deep-rooted p l a n t  spec ies 

growing on t h e  s i t e  and f a c i l i t a t e s  t he  upward movement o f  near -sur face  

wate r  by c a p i l l a r y  a c t i o n  caused by evapora t ion  o f  water  a t  t h e  ground 

sur face .  Bo th  f a c t o r s  p rov ide  p o t e n t i a l  paths f o r  t h e  upward t r a n s -  

l o c a t i o n  o f  r a d i o n u c l i d e s  near  t h e  ground' sur face.  The occas ional  h igh-  

v e l o c i t y  winds can erode t h e  su r f ace  sediments as evidenced by t h e  many 

a c t i v e  sand dunes on t h e  Hanford S i t e .  Any r a d i o n u c l i d e s  reach ing  t h e  

ground su r f ace  c o u l d  be t r anspo r ted  f rom t h e  216-S-1 and 2 c r i b  s i t e  by 

t h e  winds. A more d e t a i l e d  d e s c r i p t i o n  o f  t he  Hanford c l i m a t e  i s  

presented i n  t h e  Hanford S i t e  env i ronmenta l  impact statement (ERDA, 

BIOLOGY 

The Hanford S i t e  i s  c l a s s i f i e d  e c o l o g i c a l l y  as a shrub-steppe 

grass land.  The dominant v e g e t a t i v e  t ype  w i t h i n  t h e  200 Areas a t  

Hanford, t h e  sagebrush/cheatgrass community, surrounds t h e  216-S-1 

and 2 c r i b  s i t e . .  The s i t e  has been c l e a r e d  o f  l i v i n g  v e g e t a t i o n  and i s  

kep t  f r e e  o f  vege ta t i on  through annual h e r b i c i d e  appl  i c a t  ions,  i n  o r d e r  

t o  i n h i b i t  m i g r a t i o n  o f  near -sur face  con tamina t ion  t o  t h e  ground s u r f a c e  

by deep- roo t ing  p l a n t s .  T h i s  has been done r o u t i n e l y  s i nce  1978. 

Be fo re  t h e  h e r b i c i d e  a p p l i c a t i o n s ,  t h e r e  was some growth o f  tumbleweed 



(saZsoZa k a l i ) ,  cheatgrass ( ~ r o m s  t e c t o m ) ,  and gray rabbitbrush 

(~hrysothamus nauseosus) on the c r ib  s i t e .  Currently, there are only a 
few small tumbleweeds and bursage (Ambrosia acanthicarpa) growing on the 

s i t e .  The area i s  surrounded by large rabbitbrush plants, tumbleweeds, 

bursage, cheatgrass, hoary a s t e r  (~achaeranthera canescens), tumblemustard 
(sisymbrium altissimwn) , goat' s beard (~agopogon  sp. ) and a few bunch ' 

grasses,  such as  Indian r icegrass  (Uryzopsis hymenoides) . 
Mammals traverse the cr ib  s i t e ,  b u t  the lack of vegetative cover 

reduces the des i r ab i l i t y  of the s i t e  as a habitat for  small mammals. 

The tracks of black-tail ed jackrabbit (,cepus culifornicus) , Nuttall ' s 

cot tonts i 1 ( s ~  ZviZayuo nuttaZZii) , coyotc ( ~ a n i o  Zat2~ans), and C ~ e a  t 

Basin pocket mouse ( ~ e r o ~ n a t h u s  pamus) have been seen on and .near the 

. c r ib  s i t e .  Burrowing rodents represent potential dispersal agents for  

the near-surface radioactive materials a t  the c r ib  s i t e .  These burrowing 
animals a re  a1 so prey for  coyotes and other carnivores tha t '  inhabit the 

Hanford Si te .  

Another.potentia1 biological transport mechanism for  radionuclides 

from the cr ib  s i t e  i s  represented by the harvester ant (~ogonom~rmex 

owyheei) colonies found inside the devegetated area. Harvester ants, are 
a known food source of the side-blotched lizard ( ~ t a  stansburiana), which 

Inhabits the Hanford Si te .  Pn addition, these insects have the potential \ 

to transport small amounts of radionuclides to  the surface as a resu l t  

of the i r  tunnel ing a c t i v i t i e s ,  which can reach depths of 3 to  4 meters 

(Kl epper e t  a1 ., '1 979). 

GEOLOGY 

Disposal of radioactive wastes t o  t he  ground i s  possible because 
waste-sediment interactions provide the necessary retention of radio- 

nuclides on the sediment column. The sediment column influences waste 

retention by chemical interactions with the radionuclides and by physical 
.-. interactions w i t h  the liqu.id, resulting in la teral  spreading of the - 

waste. Knowledge of the geology beneath a c r ib  i s  required to  understand . 
radionuclide dis t r ibut ions.  



The Separat ions Area l i e s  on a  broad b a r  o f  sand and g rave l  de- 

p o s i t e d  by f l o o d  waters  f r om c a t a s t r o p h i c  P le i s tocene  f l oods .  Th i s  

f l o o d  ba r  i s  commonly known as t h e  200 Areas Plateau,  and i t s  su r f ace  

and near -sur face  unconso l ida ted  sands and g r a v e l s  comprise t h e  Hanford 

f o rma t i on  ( F i g u r e  4 ) .  A t  t h e  216-S-1 and 2  c r i b  s i t e ,  the  Hanford 

f o rma t i on  sediments were u n d e r l a i n  by t h e  p rev ious  su r f ace  s o i l ,  known 

as e a r l y  Palouse s o i l .  T h i s  s o i l  appa ren t l y  was weathered, wind-blown 

sedimentary m a t e r i a l  f r om t h e  u n d e r l y i n g  R ingo ld  Format ion. 

S t r a t i g r a p h i c  c ross  sec t i ons  through t h e  216-S-1 and 2  c r i b  a r e  

presented i n  F igures  5 and 6. A  p l a n  view map showing t he  c ross  sec- 

t ion 's  and l o c a t i o n  o f  w e l l s  used t o  draw t h e  geo log i c  c ross  sec t i ons  i s  

presented i n  F i g u r e  7. The f o l l o w i n g  d e s c r i p t i o n  of  f o rma t i ons  i s  

adapted f rom Tal lman e t  a l .  (1979).  

Hanford Format ion 

The Hanford f o rma t i on  i n  t h e  v i c i n i t y  o f  t h e  216-5-1 and 2 c r i b  

s i t e  i s  g e n e r a l l y  about  40 meters deep. Because t h e  Hanford f o rma t i on  

r e s u l t e d  f rom mu1 t i p l e  P le i s tocene  f loods ,  t h e  sedimentary depos i t s  

found w i t h i n  t h i s  f o rma t i on  are. complex. There i s  a  genera.1 decrease i n  

coarseness downward, suggest ing t h a t  t he  main, h i ghe r - ve l  o c i  t y  c u r r e n t  

o f  t h e  l a t e r  f l o o d s  may have been c l o s e r  t o  t h e  200 Areas P la teau  than 

t h e  main c u r r e n t  o f  t h e  e a r l i e r  f l o o d s .  Receding waters  d u r i n g  waning 

f l o o d  stages c rea ted  channels i n  some areas, which were f i l l e d  by suc- 

ceedi  ng f 1  oods, 1  eav i  ng anomalous g rave l  l y  and ve ry  coarse sand l a y e r s  

deeper i n .  t h e  Hanford fo rmat ion .  Per iods o f  low f l o w  d u r i n g  these 

f l o o d s  a l lowed t h e  d e p o s i t i o n  o f  s i l t  s t r i n g e r s  th,at  occur  throughout  

t h e  Hanford forn ia t ion.  

E a r l y  Palouse S o i l  

The f i n e  sand and s i l t  t h a t  u n d e r l i e  t he  Hanford f o rma t i on  appears 

t o  be a  wind-blown d e p o s i t  s i m i l a r  t o  t h e  l oess  s o i l  i n  areas o f  eas te rn  

Washington known as t h e  Palouse. T h i s  e a r l y  Palouse s o i l  i s  approx imate ly  

5 t o  8 meters  t h i c k  i n  t h e  216-S-1 and 2  c r i b  area and i s  thought  t o  be 

wind-reworked and - redepos i ted  f i n e - g r a i n e d  sand and s i l t  o f  t he  under- 

l y i n g  R ingo ld  Format ion sediments. 
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FIGU.?E 7. Plari View o f  t h e  2i6-S-1 and 2 Crib and Associa;~d Monitoring Well s. 



Upper R i  ngol  d  

The sediments of  t h e  upper R ingo ld  u n i t  a r e  about 5 meters t h i c k  

beneath t h e  ,216-S-1 and 2  c r i b  s i t e .  The su r f ace  o f  t h e  upper R ingo ld  

has a  wel l -developed c a l i c h e  hor i zon .  The upper R ingo ld  sediments a r e  
r 

medium-to- f ine sands w i t h  s i l t  and c l a y  lenses.  There a r e  some areas 

w i t h  v e r y  coarse sand, pebbles, and cobbles but ,  gene ra l l y ,  t h e  f i neness  

o f  t h e  sedimentary m a t e r i a l  and t h e  sharpness o f  t h e  t e x t u r a l  boundaries' 

suggest a  low-energy d e p o s i t i o n a l  environment. 

M idd le  R inao ld  

A t  approx imate ly  5  meters above t h e  p resen t  water  t a b l e  ( ~ 5 5 - m e t e r  

depth) ,  t h e  1  i tho logy  changes f rom t h e  f i n e  sediments o f  t h e  upper 

R ingo ld  u n i t  t o  t h e  coarse sediments o f  t h e  m idd le  R ingo ld  u n i t .  Beneath 

t h e  216-S-1 and 2  cri.b, the  m idd le  R ingo ld  i s  g e n e r a l l y  a  s i l t y ,  sandy 

g rave l .  The m idd le  R ingo ld  extends from s l i g h t l y  above t h e  water  t a b l e  

(60 .meters  below ground sur face)  t o  a lmost  140 meters  below ground 

su r f ace  i n  t h e  216-S-1 and 2  c r i b  area. S ince t h e  deepest c r ib -mon i -  

t o r i n g  w e l l s  do n o t  extend deeper than  94 me te rs , f r om t h e  sur face,  t h e  

m idd le  R ingo ld  u n i t  i s  t h e  l owes t  s t r a t i g r a p h i c  u n i t  o f  i n t e r e s t  t o  t h i s  

c h a r a c t e r i z a t i o n  s tudy.  

The m idd le  R ingo ld  u n i t  c o n s i s t s  of wel l - rounded pebbles and smal l  

cobbles w i t h  coa rse - to - f i ne  sand and s i l t .  Sand and s i l t  l enses  rang ing  

f rom 2.5 cen t ime te rs  t o  4.5 meters i n  t h i ckness  have been found. The 

l a r g e  p a r t i c l e  s i z e s  and t h e  p a r t i c l e  roundness o f  t h e  m a t e r i a l s  i n  t h i s  

sedimentary u n i t  suggest a  h igh-energy d e p o s i t i o n a l  environment.  

HYDROLOGY 

The hydro logy  o f  t h e  216-S-1 and 2  c r i b  s i t e  can be d i v i d e d  i n t o  

t h e  su r f ace  zone, t h e  unsa tu ra ted  .zone (vadose zone), and t h e  sa tu ra ted  

zone below t h e  water  t a b l e .  Only  t h e  vadose and sa tu ra ted  zones a f f e c t  

r a d i o n u c l i d e  d i s t r i b u t i o n s  around. t h e  216-S-1 and 2  c r i b  s i g n i f i c a n t l y .  

H igh  mo i s tu re  . i n f i l t r a t i o n  r a t e s  and d r y  c l i m a t e  reduce t h e  importance 

o f  su r f ace  hydro logy  ( s u r f a c e  r u n o f f )  t o  a n e g l i g i b l e  l e v e l .  The waste 

19 



d ischarged  t o  t h e  c r i b  i n f i l t r a t e d  i n t o  and f lowed th rough ~ 5 0  meters o f  

t h e  vadose zone t o  t h e  wate r  t a b l e .  Approx imate ly  10 column volumes 

(volume beneath t h e  bot tom o f  t h e  c r i b  t o  t h e  water  t a b l e )  o f  waste were 

d ischarged  t o  t h e  c r i b ,  a l l o w i n g  t h e  waste t o  p e r c o l a t e  t o  t h e  wate r  

t a b l e .  The two h y d r o l o g i c  zones w i l l  be d iscussed separa te ly .  

Vadose Zone Hydr-ology 

The r a p i d  i n f i l t r a t i o n  o f  p r e c i p i t a t i o n  and subsequent w e t t i n g  o f  

t h e  vadose zone c r e a t e  t h e  p o t e n t i a l  f o r  water  t o  reach  wastes l o c a t e d  

i n  Hanfo rd  f o r m a t i o n  sediments. Uepth o f  wa te r  p e n e t r a t i o n  i s  a f u r i c t j 6 n  

o f  p r e c i p i t a t i o n  du ra t i on ,  i n t e n s i t y ,  and f requency.  A  long- te rm lysi 'meter 

s tudy has been conducted a t . H a n f o r d  t o  assess l i k e l y  p r e c i p i t a t i o n  

p e n e t r a t i o n  depths under nea r -na tu ra l  c o n d i t i o n s  (Jones, 1978; Brown and 

Isaacson, 1977). The mo i s tu re  con ten t  o f  sediments i n  t he  upper 12 meters  

o f  t h e  ,.ysimeters. changed i n  response t o  f l u c t u a t i o n s  i n  p r e c i p i t a t i o n  

and s o l a r  r a d i a t i o n  a t  t h e  ground su r f ace  (Jones, 1978).  Therefore,  t h e  

m i g r a t i o n  o f  r a d i o n u c l i d e s  l o c a t e d  i n  t h e  upper 12 meters o f  t he  sediment 

p r o f i l e  can be a f f e c t e d  by seasonal changes i n . m o i s t u r e  con ten t  i n  t h a t  

p o r t i o n  o f  t h e  p r o f i l e ,  Nea r l y  a l l  o f  t h e  p r e c i p i t a t i o n  e n t e r i n g  t h e  

sediment p r o f i l e  i s  t r a n s p o r t e d  back t o  t h e  atmosphere by evapo t ransp i ra t i on .  

T h i s  upward movement o f  mo i s tu re  has t h e  p o t e n t i a l  f o r  t r a n s p o r t i n g  any 

rad. ionucl , ides i n  s o l u t i o n  toward t h e  s o i  1  sur face .  

Mo i s tu re  f l o w  th rough t he  vadose zone i s  a f f e c t e d  by l a y e r i n g  o f  

d i f f e r i n q  sediment t.ypes i n  t h e  sediment column. Mo i s tu re  f l o w  i s  

impeded a t  i n t e r f a c e s  between sediment types because o f  reduced pore 

s i z e  (1  ower c o n d u c t i v i t y )  and inc reased  1  i q u i d - s u r f a c e  area i n t e r a c t i o n .  

The r e s u l t  of  reduced f l o w  a t  t he  i n t e r f a c e  i s  l a t e r a l  spreading o f  t h e  

l i q u i d .  Such l a t e r a l  spreading i s  d e s i r a b l e  because t h e  greate,r  t h e  

volume o f  sediment t h rough  which t h e  wastes must pass, t h e  g r e a t e r  t h e  

s o r p t i v e  c a p a c i t y  of  t h e  c r i b  system. 
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Saturated Zone Hydrology 

The hydro logy  of  t h e  unconf ined and con f i ned  ground-water aqu i f e r s  

has been and con t i nues  t o  be impor tan t .  Contaminat ion o f  t h e  uncon f ined  

a q u i f e r  under t h e  Separa t ion  Areas has been s t u d i e d  (ERDA, 1975; 

Graham e t  a1 . , 1981 ) .  

A r t i f i c i a l  recharge areas such as c r i b s ,  d i t ches ,  and ponds have a 

s i g n i f i c a n t  l o c a l  e f f e c t  on ground-water d i r e c t i o n s  and rates. .  Genera l ly ,  

however, t h e  o v e r a l l  f l o w  p a t t e r n  f rom west t o  eas t  ,to t h e  Col'umbia and 

Yakima R i ve rs  . s t i l l  p r e v a i l s  (Newcomb e t  a1 .; 1972; Graham e t  al..  , 1981). 

Waste wate r  d ischarged t o  t h e  216-U-10 Pond, near t h e  southwestern 

corner  o f  t h e  200 West Area, has produced a ground-water mound t h a t  has a 

dominant i n f l u e n c e  on t h e  unconf ined ground-water f l o w  ( F i g u r e  8 ) ,  The 

decommissioning o f  U-Pond, p r e s e n t l y  under st.udy, w i l l  r e s u l t  i n .  a d rop  

i n  water  t a b l e  e l e v a t i o n s  over  a l a r g e  e x t e n t  o f  t h e  200 West Area, 

i n c l u d i n g  t h e  216-S-1 and 2 c r i b  s i t e .  The o v e r a l l  e f f e c t  o f  t h i s  

decommissioning would be t he  l owe r i ng  o f  t h e  h y d r a u l i c  g rad ien t ,  and 

hence, t h e  s low ing  o f  ground-water t r a n s p o r t  r a t e s  f rom 200 West Area 

and t h e  216-S-1 and 2 c r i b  s i t e .  



FIGURE 8. Ground-Water E leva t i ons  (Feet )  Beneath the  
Hanford S i t e  (1 979). 
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PREVIOUS STUDIES 

Two. major  s tud ies  and severa l  m inor  s t u d i e s  o f  t h e  216-S-1 and 

2  c r i b  have been conducted. The two ma jo r  s t u d i e s  invo l 'ved t h e  d r i l l i n g  

o f  w e l l s  t o  determine t h e  d i s t r i b u t i o n  o f  r a d i o n u c l i d e s  i n  sediments 

beneath t h e  c r i b .  The minor  s t u d i e s  i n v o l v e d  l a b o r a t o r y  s o r p t i o n  work 

u s i n g  ac tua l  wastes d ischarged t o  t h e  c r i b .  

The f i r s t  major  study, conducted by Haney and L i n d e r o t h  (1959), 

began i n  1956 a f t e r  t h e  c r i b  had been removed f rom se rv i ce .  The purpose 

o f  t h e  s tudy  was t o  determine t h e  s p a t i a l  d i s t r i b u t i o n  o f  r a d i o n u c l i d e s  

i n  t h e  sediments beneath t h e  c r i b .  The s tudy  used 10 m o n i t o r i n g  w e l l s ,  

o f  which 2  w e l l s ,  299-W22-1 and -2, were d r i l l e d  t o  45 meters  be fo re  

t h e  c r i b  was p u t  i n t o  se rv i ce .  Wel ls  299-W22-4 and -5 were d r i l l e d  t o  

t he  water  tab1 e  i n  August 1955. We1 1  s  299-W22-1 and -2 were deepened t o  

j u s t  more than  90 meters  i n  June 1956. The remain ing s i x  w e l l s ,  299-W22-10, 

-11, -15, -16, -17, and -18, were d r i l l e d  between May and August 1956. 

A1 toge ther ,  10 w e l l s  pene t ra ted  t h e  water  t a b l e .  T h e i r  p o s i t i o n s  a r e  

shown i n  F igu re  7. Hard- too l  d r i l l i n g  techniques were used t o  d r i l l  

w e l l s  f o r  t h i s  s tudy.  

Sediment samples were c o l l e c t e d  every 0.7 meters i n  w e l l s  d r i l l e d  

a f t e r  t h e  c r i b  was removed f rom s e r v i c e  and i n  t h e  deepened p o r t i o n s  o f  

w e l l s  299-W22-1 and -2. Analyses of sediment samples were conducted 

over  a  3-year per iod .  A1 1  samples were analyzed f o r  9 0 S r ,  137Cs, and 

t o t a l  beta a c t i v i t y .  

Haney and L i n d e r o t h  (1  959) r e p o r t e d  9 0 S r ,  137Cs, t o t a l  be ta  ac -  

t i v i t y ,  and gamma s c i n t i l l a t i o n  probe data. f o r  t h e  11 w e l l s .  They a l s o  

presented t o t a l  beta d i s t r i . b u t i o n s  on two geo log i c  c ross  sec t i ons  through 

t h e  c r i b s .  Conclusions drawn from t h i s  s tudy  deal  w i t h  9 0 S r  and 1 3 7 ~ s  

d i s t r i b u t i o n s  beneath t h e  c r i b s .  They conclude t h a t  137Cs i s  " con f i ned  

t o  t h e  upper s t r a t a  immediate ly  under the  c r i b  s i t e "  w h i l e  " 9 0 S r  r each ing  

t h e  ground-water encompassed an area of about  10,000 ft2, " which i s  one- 

e i g h t h  of  t h e  area t o  whi.ch t h e  waste had spread be fo re  reach ing  t he  

water  t a b l e .  



I n  1966, another  f i e l d  study o f  t h e  216-S-1 and 2  c r i b  was con- 

ducted as p a r t  o f  a  research  program by P a c i f i c  Northwest Laboratory 

(PNL).  The s t u d y ' s  purpose was t o  eva lua te  t h e  impact o f  t he  proposed 

Ben F r a n k l i n  Dam on rad ionuc l i des  s to red  i n  the vadose zone and on 

Hanford waste management techniques p r a c t i c e d  a t  t h a t  t ime (Raymond and 

McGhan, 1967). F i v e  a d d i t i o n a l  we1 1  s, 299-W22-29, -30, -31, -36, 

and -67, were d r i l l e d  a t  t h e  216-S-1 and 2  s i t e .  Four o f  these w e l l s  
' 

( a l l  except  w e l l  299-W22-67) were l oca ted  i n  t h e  c r i b  f a c i l i t y  and 

penet ra ted  t h e  water t a b l e .  Radi,onuclide d i s t r i b u t i o n s  determined i n  
. t h i s  s tudy  and i n  t h e  1956 study a r e  presented i n  F igure  9  (adapted f rom 

Browv~, 1967). 

I n  t he  1966 study, i t  was i n d i c a t e d  t h a t  some sediments near t h e  
3  water  t a b l e  conta ined up t o  1.2 x  10 pCi 90Sr/g o f  sediment. The aver-  

age 90Sr  concen t ra t i on  i n  t h e  ground water beneath the  c r i b s  i n  1966 was 

5 x  pCi/me. Th i s  l e v e l  was f i v e  t imes g r e a t e r  than the  maximum 

pe rm iss ib le  concen t ra t i on  o f  1  x  pCi/ma a1 lowed i n  ERDA MC 0524. 

Th i s  l e v e l  o f  contaminat ion was l o c a l i z e d  i n  areas near t h e  216-S-1 

and 2  c r i b  and a t  no t ime was t h e  9 0 S r  l i m i t  i n  t h e  ground water ex- 

ceeded beyond t h e  200 West Area c o n t r o l  zone boundary. 

The 1966 study concluded t h a t  "most o f  t h e  l o n g - l i v e d  iso topes  a r e  

con f i ned  w i t h i n  100 f e e t  o f  the  ground sur face."  Raymond and McGhan 

(1967) assumed t h a t  an average 9 0 ~ r  concen t ra t i on  o f  2  x  l o a 3  uCi/g i n  

t h e  6-meter - th ick  sediment layer ,  which i s  l oca ted  immediately above t h e  

water  t ab le ,  would represent  a  t o t a l  o f  4 c u r i e s  o f  90Sr. They con- 

c luded t h a t  t h e  "ground water w i l l  n o t  change g r e a t l y  f rom t h e  p r e s e n t l y  

observed values"  w i t h  a  6-meter r i s e  i n  t h e  water t a b l e .  

Sediment samples f o r  t he  1966 study were analyzed by d i r e c t  s c i n t i l -  

l a t i o n  count ing  I n  a w e l l  c r y s t a l  w i t h . a  4UO-channel spectrum analyzer' 

f o r  t h e  gamma-emitting isotopes.  Stront ium-90 analyses were made by 

s o i l  fus ion ,  chemical separat ion,  and be ta  count ing  (Raymond and McGhan, 

1967).. -. 

Brown (1967) reviewed the  1956 and 1966 s tud ies  'and gamma s c i n t i l -  

1  a t i o n  data t o  determine t h e  m i g r a t i o n  c h a r a c t e r i s t i c s  o f  r a d i o n u c l  ides  

th rough sediments. 
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FIGURE 9. Resu l t s  o f  t h e  1956 and 1966 216-S-1 and 2 C r i b  
F i e l d  Eva lua t ions .  



A l l  minor  s t u d i e s  connected w i t h  t h e  216-S-1 and 2  c r i b  were 

l a b o r a t o r y  s t u d i e s  conducted i n  t h e  1950 's .  I n  1951, U. W. Rhodes beg,an - 
t o  s tudy  sediments f r om t h e  200 Separa t ions  Area t o  determine s o r p t i o n  

c h a r a c t e r i s t i c s  o f  sediments under v a r i o u s  c o n d i t i o n s .  One we1 1  (299-W22-63) 

se l .ected was l o c a t e d  approx. imately 100 meters  eas t  o f  t h e  Redox bu ' i l d ing .  - 

Rhodes conducted d e t a i  1  ed rad ionuc l  i d e  s o r p t i o n  work us ing  sediments 

f r om t h i s  we1 1. 

Ian August 1955, t h e  cas ing  f a i l u r e  o f  w e l l  299-W22-3 (see S i t e  

~ i s t o r y )  prompted a  s tudy  t o  determine r a d i o n u c l i d e  s o r p t i o n  f rom water  

samples c o l l e c t e d  from t h l  s we1 1. l'tre 137C3 and "Sr cur . i~e t i t r -a t i sns  i n  

t h e  wa te r  samples, c o l l e c t e d  on October 20, 1955 f rom t h e  w e l l ,  were 

0.113 pCi/ma and 0.223 uCi/ma, r e s p e c t j v e l y .  Rliodes passed a water  

sample c o l l e c t e d  f r o m  t h e  we1 1  th rough a  sediment column t o  determine 
y. 

t h e  s o r p t i o n  c h a r a c t e r i s t i c s  o f  t h e  r a d i d n u c l i d e s  con ta ined  i n  t h e  

wate r .  Th i s  work i n d i c a t e d  t h a t  t h e  1 3 7 ~ s  breakthrough r e s u l t e d  i n  a  

C / C o  ( i  npu t - t o -ou tpu t  s o l u t i o n  concen t ra t i on  r a t i o )  o f  1  ess than  

2.6 x  a f t e r  seven co1,umn volumes, w h i l e  t h e  50% 9 0 S r  breakthrough 

occu r red  a t  two column volumes. T h i s  s tudy  prompted a d d i t i o n a l  s t u d i e s  

o f  t h e  waste be ing  d ischarged  t o  t h e  216-S-1 and 2 c r i b .  

Rhodes (1956) conducted work concern ing r a d i o n u c l i d e  s o r p t i o n  f r om 

wos tc  d ischarged  t o  t h e  716-S-1 and 2 c r i b .  The r e s u l t s  i n d i c a t e d  t h a t  

g r e a t e r  than  90% o f  t h e  137Cs was adsorbed by t h e  s o i l  w h i l e  l e s s  than  

10% o f  t h e  90Sr  was adsorbed. Rhodes determined t h a t  t h i s  poor  s o r p t i o n  

was due t o  t h e  low pH (2.1)  o f  t h e  waste s o l u t i o n  and t h e  h i g h  s a l t  

concentrations o f  t h e  D-1 tank  waste. To o b t a i n  g r e a t e r  than  90% 

removal o f  t h e  90Sr  f rom t h e  D-2 tank  waste, i t  was necessary t o  r a i s e  

t h e  s o l u t i o r ~  pH above 0. A d d i t i o n  o f  a phosphate salt. a s  w e l l  as a. pH 

i nc rease  was r e q u i r e d  be fo re  a 90% removal o f  g O S r  was ob ta ined  f rom t h e  

D-1 t ank  waste. T h i s  s tudy  r e s u l t e d  i n  t h e  f o l l o w i n g  m o d i f i c a t i o n s  i n  

t h e  waste d i sposa l  procedure: t h e  D-1 waste was r o u t e d  t o  t h e  waste 

evapora to r ,  t h e  pH o f  D -2  waste was r a i s e d  t o  a h o ~ r t  8 before d isposa l ,  

and t h e  waste was d ischarged  t o  a  new c r i b  (216-S-7). These mod i f i ca -  

t i o n s  r e s u l t e d  i n  no change t o  137Cs s o r p t i o n  and inc reased  9 0 S r  sorp-  

t i o n  t o  g r e a t e r  than  90%. 



'The p rev ious  s tud ies  d i d  n o t  address t h e  garnma-emitting r a d i o -  

n u c l i d e  concen t ra t i ons  i n  t h e  sa tu ra ted  sediments below t h e  wate r  t a b l e .  

E a r l i e r  gamma p r o f i l e s  were d i f f i c u l t  t o  i n t e r p r e t  because t h e  non- 

sorb ing  loGRu 'gamma e m i t t e r  was p resen t  where t h e  waste s o l u t i o n  m i -  

g ra ted .  .As t ime  progressed, however, l 06Ru- lo6Rh decayed and t h e  long-  

l i v e d  gamma e m i t t e r s  remained. More r e c e n t  gamma p r o f i l e s  showed t h e  

presence o f  l o n g - l i v e d  gamma-emitting r a d i o n u c l i d e s  j u s t  above t h e  wate r  

t a b l e !  The s p e c i a t i o n  and concen t ra t i on  o f  t h i s  a c t i v i t y  i s  d iscussed 

i n  t h i s  r e p o r t .  

I n  t h e  1967 s tudy  by Raymond and McGhan, e l eva ted  gOSr . l e v e l s  i n  

t h e  ground water  beneath t h e  c r i b  wer.e discussed. St ront ium-90 l e v e l s  

have f l uc tua ted ,  b u t  accord ing  t o  ground-water m o n i t o r i n g  data,  have 

decreased s i nce  t h e  1967 study. Th i s  s u b j e c t  i n  addressed i n  t h e  

' p resen t  s tudy.  
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CURRENT STUDY 

INTRODUCTION 

The o b j e c t i v e  of t h e  c u r r e n t  s tudy  was t o  d e f i n e  t h e  r a d i o n u c l i d e  

d i s t r i b u t i o n s  beneath t h e  216-S-1 and 2 c r i b  s i t e  and t o  determine t h e  

source o f  e leva ted  90Sr concent ra t ion  i n  the  ground water beneath the  

s i t e .  Since prev ious s tud ies  have de f i ned  g o S r .  and 1 3 7 ~ s  concent ra t ions  

between t h e  c r i b  bottom and t h e  water t ab le ,  p a r t i c u l a r  a t t e n t i o n  was 

d i r e c t e d  toward d e f i n i n g  rad ionuc l  i d e  d i s t r i b u t i o n s  immediately above, 

a t ,  and below t h e  water t ab le .  Th is  emphasis was e s p e c i a l l y  app rop r i a te  

i n  1 i g h t  o f  t h e  cont inued e leva ted  gOSr ;oncentrations repo r ted  i n  t h e  

ground water.  

The study i nvo l ved  the  c lean ing  and/or deepening o f  se lec ted  moni- 

t o r i n g  w e l l s  i n  and around t h e  216-S-1 and 2 c r i b  s i t e ,  and o b t a i n i n g  

downhole s c i n t i l l a t i o n  and gamma energy a n a l y s i s  p r o f i l e s .  Ground-water 

sampl ed and analyzed f o r  se l  ected rad ionuc l  ides .  

MATERIALS AND METHODS 

A p l a n  view o f  t h e  216-S-1 and 2 c r i b  s i t e ,  showing t h e  l o c a t i o n  

o f  t he  mon i to r i ng  we l l s ,  i s  g iven i n  F igu re  7. The experimental  des ign.  

o f  t h e  c u r r e n t  s tudy inc luded the 'use  o f  these e x i s t i n g  w e l l s  t o  inves-  

t i g a t e  t h e  r a d i o n u c l i d e  d i s t r i b u t i o n s  i n  sediments beneath t h e  c r i b .  

I n  o rde r  t o  o b t a i n  a b e t t e r  understanding o f  saturated-zone radionwcl  i d e  

d i s t r i b u t i o n s ,  i t  was decided t o  deepen w e l l s  299-W22-29 and 299-W22-30. 

Well 299-W22-29 cou ld  not  be deepened because t h e  cas ing was bent, so 

w e l l  299-W22-31 was s u b s t i t u t e d  and deepened 14 meters. Well 299-W22-30 

was deepened approx imate ly  7 meters. 

Dur ing t h e  196U's, sediment s i f t e d  i n t o  w e l l s  299:W22-5 and -18 

through pe r fo ra t i ons  i n  t he  casing. These w e l l s  were cleaned t o  t h e i r  

o r i g i n a l  d r i l l  depths o f  more than 90 meters i n  May and June o f  1980. 

The w e l l s  were logged us ing  borehole s c i n t i l l a t i o n  count ing  and 

gamma-ray spectrometer systems. Wel ls 299-W22-30 and -31 were re logged 



after deepening. The two wells that were cleaned were relogged with t'he 
I 

scinti 1 lation counting equipment only because no field-detectable activity .. 

was encountered. 

Scintillation Logging 

Scintillation logging of monitoring well's on the Hanford Site has 

bee'n conducted since 1954. The 'equipment used for the present study was 

a Gearheart-Owen Industries Model 3200* logging system operated by PNL. 
This equipment uses a thallium-activated, sodium-iodide phoiphor crystal 

detector. Equipment used for previous work was not the same as the 

equipment used in this study, but the end resuli was that all generations 

of equipment used detected gamma radiation with approximately the same 

sensitivity. Therefore, a1 1 gamma prof i 1 es presented. are comparable. 

. .  The resulting gamma profiles represent the radiation intensity of 

. 'gamma-emitting radionuclides. Since this intensity is a function of the 

energy of the gamma radiation emitted as well as the total amount of 
gamma radiation, the method is qualitative. Comparisons of successive 

loggings were made to determine changes in vertical radionuclide distri- 
butions, and changes in rad.iation intensity due to natural radioactive 

decay and/or redistributions of radionucl ides in the sediment column 

(Addi ton et a1 . , 19.78) .. 

Borehole Gamma Spectrometer 

The borehole gamma spectrometry system consists of two different 

intrinsic germanium gamma-ray spectrometers with matched live time 

corrector/pulse pileup rejector systems, which feed into a pulse height 

analyzer. Results are recorded on cassette magnetic tape (Kay, 1980). 

The entire unit is contained in a specially designed 2 112-ton, 

four-wheel drive, well-logging truck. A 230-meter cable is controlled 
by a hoist unit powered by the truck engine. Electrical instruments are 
powered from generating units on the truck. 



The two de tec to rs  a re  Models 548 and 190 by Pr ince ton  Gamma-Tech 

Inc.* Each has a 12-hour c a p a b i l i t y  on one charge o f  l i q u i d  n i t r ogen .  

The s e n s i t i v i t y  o f  t h e  two de tec to rs  d i f f e r s  g r e a t l y  and, i n  a d d i t i o n ,  

two l ead  sh ie lds  may be added t o  each probe, g i v i n g  f o u r  poss ib le  

measuring c o n f i g u r a t i o n s .  The de tec to rs  a r e  c a l i b r a t e d  i n  a borehole 

ca1.i b r a t i o n  f a c i l  i t y  t h a t  c o n s i s t s  o f  w e l l  cas ing surrounded by w e l l -  

mixed sediments o f  known rad ionuc l  i d e  contaminat ion (Kay, 1980). 

The probes a r e  b u i l t  t o  w i ths tand water pressures up t o  a 30-meter 

depth w i t h  proper ven t ing  o f  t h e  c r y o s t a t .  P l a s t i c  bags, 90 meters 
.3 

l o n g  and sealed a t  t he  bottom, were used t o  cover t h e  probes and cab le  

w h i l e  logg ing  t h e  w e l l s  below t h e  water t a b l e  t o  ensure t h a t  t h e  probes 

would n o t  become contaminated. 

RESULTS 

S c i n t i l l a t i o n  P r o f i l e s  

. The s c i n t i l l a t i o n  p r o f i l e s  f o r  t h e  s i x  w e l l s  d r i l l e d  through t h e  

216-S-1 and 2 c r i b  s i t e  (299-W22-1, -2, -29, -30, -31, and -36) a re  

g i ven  i n  F igures 10 through 15. P r o f i l e s  f o r  t h e  pe r i phe ra l  w e l l s  

(299-W22-5, -10, -15, -17, -18, and -67) appear i n  F igures 16 through 21. 

The s c i n t i l l a t i o n  p r o f i l e s  f o r  w e l l s  299-W22-5 and -18 a re  o n l y  g iven  

f o r  t h e  deeper p r o f i l e s  obta ined a f t e r  c lean ing ,  s ince  t h e  p r o f i l e s  f rom 

t h e  sur face  t o  t he  water t a b l e  were unchanged f rom J u l y  9, 1979 t o  

June 9, 1980. For t he  two w e l l s  t h a t  were deepened (299-W22-30 and -31 ) ,  

t h e  s c i n t i l l a t i o n  p r o f i l e s  a r e  s.hown i n  F igures 22 and 23. 

S a t u r a t i o n  o f  t he  d e t e c t i o n  system occurs a t  a  count  r a t e  o f  approx i -  
6  mate ly  2.4 x  10 counts/min. The ac tua l  p r o f i l e  shape i n  areas where 

t h e  capac i t y  was exceeded cannot be i n f e r r e d  f rom these p l o t s ,  s ince  

v e r t i c a l l y  ad jacent  p o i n t s  cou ld  represent  count  r a t e s  d i f f e r i n g  by 

o rders  o f  magnitude. 

* 
Registered t rade  name. 
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FIGURE 10. S c i n t i l ' l a t i o n  P r o f i l e  f o r  Well 299-h22-1. 
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FIGURE 11 .  scintillation Profile for We1 1 299-W22-2. 
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FIGURE 13. Scintillation Profile for Well 299-W22-30. 
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FIGURE 14. Scintillation Profile for We1 l 299-M22-.3l. 
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FIGURE 15. Scintillation Profile for We1 l -  299-W22-36, 
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FIGURE 16. ~ c c n t i  l l a t i o n  'Prof i le  f o r  We1 1 299-W22-5. 



FIGURE 17. Scintillation Profile fo'r' Well 299-W22-10. 



FIGURE 18. Sc in t i  11 3 t ion  P r o f i l e  f o r  We1 1 299-W22-15. 
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FIGURE 19. Scintillation Profile for Well 299-W22-17. 
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FIGURE 20. Scintillation Profile for Wel- 295-W22-18. 
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FIGURE 21. Scintillation Profile for We1 1 299-W22-67. 



COUNTS PI -3  M I  NLJTE 
i m 5  

FIGURE 2,;. Scintillation Profile for Well 299-W22-36) After Deepening. 
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FIGURE 23. Scintillation Profile for Well 299-W22-31 ~ f t e r  Deepening. 
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Gamma Spectrometer R e s u l t s  

The gamma spect rometer  da ta  a r e  g i ven  i n  Appendix A. The equipment 

used t o  o b t a i n  these  da ta  was c a l i b r a t e d  i n  u n i t s  o f  m i c rocu r i es  p e r  

1  i t e r  (pC i /a )  o f  sediment. To conve r t  these concentrat , ions f rom a  volume 
3  

b a s i s  t o  a  we igh t  bas is ,  a  mean d e n s i t y  o f  Hanford sediments, 1.7 g/cm , 
was used (Routson and Fecht, 1979).  

We l l s  were g e n e r a l l y  logged a t  2-meter i n t e r v a l s .  Where no gamma 

a c t i v i t y  was de tec tab le ,  4-meter i n t e r v a l  s  were used. Cesium-137 'con- 

c e n t r a t i o n s  g r e a t e r  than  10  nCi 37Cs/g were de tec ted  i n  we1 1  s  299-W22-1, 

-2, -29, -30, -31, and -36 (F igu res  24 th rough 29) .  The g r e a t e s t  con- 

c e n t r a t i o n s  were l o c a t e d  a t  t h e  c r i b  bot tom and r a p i d l y  decreased below 

t h a t  zone. The d i f f e r e n c e  between t he  shapes o f  t he  peaks i n  t h i s  

r e g i o n  f o r  t h e  gamma spec t roscop ic  p l o t s  and t h e  corresponding s c i n t i l -  

l a t i o n  p r o f i l e s  i s  a t t r i b u t a b l e  t o  a t  l e a s t  f o u r  r e l a t e d  f a c t o r s :  

e D i f f e r e n c e s  i n  s e n s i t i v i t y  between t h e  two d e t e c t o r  systems 

D i f f e r e n c e s  i n  t h e  e f f e c t i v e  sampl ing volume "seen" by t h e  two 

d e t e c t o r  systems 

D i f f e r e n c e  i n  i n t e n s i t y  due t o  a  s e l e c t i v e  energy versus a  

compiehensi ve, a1 1  -energy gamma Scan 

e The d i f f e r e n t  sample spacings. 

The e f f e c t  of  sample spac ing d i f f e rences  was i n v e s t i g a t e d  by 

remeasuring t h e  a c t i v i t y  peaks assoc ia ted  w i t h  t h e  c r i b  bottom a t  

c l o s e r  sampl ing i n t e r v a l s  f o r  w e l l s  299-W22-30 and -36 ( t h e  w e l l  w i t h  

t h e  deepest e x t e n t  o f  h i g h e r  137Cs concent ra t ions ,  and t h e  w e l l  w i t h  t h e  

h i g h e s t  " c r i  b-bottom" 1 3 7 ~ s  peak, r e s p e c t i v e l y ) .  

The r e s u l t s ,  i l l u s t r a t e d  i n  F igu res  30 and 31, show t h a t  i n  w e l l  

299-W22-30 t h e  a c t u a l  peak was missed w i t h  t h e  2-meter i n t e r v a l  ( i t  was 

a1 so unmeasurable), w h i l e  i n  w e l l  299-W22-36 t h e  peak was a c c u r a t e l y  

d e s c r i  bed. 



FIGJRE 24. Cesium-137 Profile for Well 299-W22-1. 
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FESUE 25. Cesium-837 Prof i l e  f o r  We1 1 299-W22-2. 



FIGURE 26. Cesium-137 Profile for Well 299-W22-29. 
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FIGURE 27. Cesium-137 Profile for Me11 299-W22-30. 



FIGURE 28. Cesium-1 37 Pr-ofil e f o r  We1 1 299-W22-31. 
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FIGURE 29. Cesium-137 Profile for Wlell 299-W22-56. 



NANOCURIES PER GRAM 

FIGURE 30. Crib Bottom Detail, Well 299-W22-30, for lVCs and 154Eu. 
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NANOCURIES PER GRAM 

FIGURE 31. Cri b Bottom Deta i  1 , We1 1 299-W22-36, for  .13;Cs 2nd 154Eu. 
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Europium-154 concent ra t ion  p r o f i l e s  f o l l o w  t h e  bas ic  shape o f  t h e  

137Cs p r o f i l e s  (see F igu re  31 ).  F igure  30 shows t h e  d e t e c t o r  i s  unable 

t o  measure o t h e r  energies, w h i l e  t he  counter  i s  swamped a t  one energy. 

Th is  e f f e c t  a l s o  increases t h e  th resho ld  l e v e l  f o r  t he  d e t e c t i o n  of 

s i g n i f i c a n t  counts a t  o t h e r  energy l e v e l s  w h i l e  one energy l e v e l  i s  

r e c e i v i n g  h i g h  count  inpu ts .  High 137Cs concent ra t ions  w i l l  mask low 

concent ra t ions  o f  o t h e r  rad ionuc l i des  or ,  if high  enough, 1 3 7 ~ s  l e v e l s  

make the  d e t e c t i o n  o f  o t h e r  rad ionuc l i des  impossib le.  4 

To determine approximate s e n s i t i v i t y  d i f f e r e n c e s  between t h e  two 

' l o g g i n g  methods, s c i n t i l l a t i o n  and gamma,spectroscopic l o g s  f rom 

we1 1 299-~22-36 were compared. The data i n d i c a t e d  t h a t  t h e r e  was approxi ,-  

mate ly  a thousandfo ld d i f f e r e n c e  i , n  t h e  s e n s i t i v i t i e s  o f  t h e  two methods. 

I n  F igu re  32, l"Cs concent ra t ions  (determined by gamma spectroscopy) 

a re  p l o t t e d  versus t o t a l  gamma a c t i v i t y  (determined by gamma s c i n t i  1  - 
l a t i o n )  f o r  w e l l  299-W22-36. I t  i s  apparent f rom t h i s  f i g u r e  t h a t  

t h e  s c . i n t i l l a t i o n  probe becomes overloaded a t  approx imate ly  10 nC i /g  
6 137Cs. This  over load occurs a t  - >2.4 x  10 counts/min; above t h i s  

1 evel', the  probe shows no a d d i t i o n a l  response t o  increased gamma a c t i v i t y .  

S c i n t i l l a t i o n  p r o f i l e s  d e t a i l  contaminat ion l e v e l s ' f r o m  n a t u r a l  

background t o  s i g n i f i c a n t  l e v e l s ,  w h i l e  gamma spect,roscopic p r o f i l e s  

.a l low g r e a t e r  d e t a i l  a t  highe,r contaminat ion l e v e l s .  Therefore, t h e  two 

methods a r e  complementary i n  d e f i n i n g  t h e  e x t e n t  o f  gamma-emi t t i n g  

rad ionuc l  i d e  contaminat ion. The gamma spectroscopic  method, i n  a d d i t i o n ,  

a l l ows  the  d e t a i l i n g  of contaminat ion plumes i n  terms o f  i n d i v i d u a l  

rad ionuc l  i d e  concentrat ions.  
.. . 

Ground-Water Sampl i ng 

Ground-water samples.were c o l l e c t e d  i n  January and June o f  1980. 

The f i r s t  sampling i nvo l ved  w e l l  299-W22-30 s h o r t l y  a f t e r .  i t  .was deepened. 

The second sampling i nvo l ved  w e l l s  299-W22-1, -2, -5, -10, -18 and -31 

(see F igu re  7 f o r  we1 1 l o c a t i o n s ) .  Sampl es were c o l l  ected us ing  weighted 

po lye thy lene b o t t l e s ,  which.were. lowe~red i n t o  t h e  w e l l .  These two 

samplings were conducted as a survey o f  t h e  ground-water q u a l i t y  i n  and 

near  t h e  216-S-1 and 2 c r i b  s i t e .  Resul ts  appear i n  Table 2. 



CESIUM-137 CONCENTRATION (nCiig) - . 

FIGURE 32. Cesium-137 Activitj ( IlG: Versus Total Gamma Activity (Scintil latton) 
f o r  We-; 1 299-U22-36. 



TABLE 2. Cu r ren t  Study 216-S-1 and 2 C r i b  S i t e  
Ground-Water Rad ionuc l ide  Contaminat ion 

Leve l s  ( i n  p C i l a ) .  

I I I * 
Standard d e v i a t i o n  f o r  3 sample r e s u l t s .  
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DISCUSSION 

SCINTILLATION PROFILES 

The s c i n t i l l a t i o n  p r o f i l e  r e s u l t s  ob ta i ned  i n  t h i s  s tudy  a r e  d i -  

r e c t l y  comparable w i t h  t h e  corresponding p r o f i l e s  ob ta i ned  p r e v i o u s l y .  

The d i f f e r e n c e s  i n  t h e  p r o f i l e s  may be a t t r i b u t e d  t o  lo6Ru- lo6Rh decay, 

d i f f e rences  i n  s c i n t i l l a t i o n  d e t e c t o r  s e n s i t i v i t i e s ,  and smal l  e r r o r s  i n  
I 

depth measurement. The r e s u l t s  of  r a d i o a c t i v e  decay a r e  t h e  most 

obv ious as ill u s t r a t e d  i n  p r o f i l e s  f rom we1 1 299-W22-2 'presented i n  

F igu re  33 (Add i t on  e t  a l . ,  1978). 

The 1958 p r o f i l e ,  shown i n  F i g u r e  33, appears t o  have sa tu ra ted  t h e  

probe f r o 3  t h e  10- t o  30-meter depth, and perhaps a l s o  a t  t h e  42- t o  

43- and 52- t o  55-meter depths. The s t r i k i n g  d i f f e r e n c e  between t h e  

1963 p r o f i l e  ,and t h e  two e a r l  i e r  p r o f i l e s  r e f l e c t s  t h e  r e s u l t  o f  lo6Ru 

decay. 

S c i n t i l l a t i o n  p r o f i l e s  f o r  we1 1 299-W22-2 (p resen ted  i n  F igures  11, 

33, and 34) i l l u s t r a t e  a phenomenon t h a t  i s  e s p e c i a l l y  e v i d e n t  i n  t h e  

l a t e r  p r o f i l e s  rep resen t i ng  t he  l o n g e r - l i v e d  gamma-emitting r a d i o n u c l i d e s .  

A c t i v i t y  decreases r a p i d l y  below the  zone immediate ly  beneath t h e  c r i b  

s t r u c t u r e ,  b u t  inc reases  aga in  a t  about  47 meters, 53 meters, and 56 t o  

60 meters .  The peaks nearer  60 meters, which appear t o  be s t r ong  enough 

t o  have sa tu ra ted  t h e  s c i n t i l l a t i o n  probe, a r e  a t  t h e  wate r  t a b l e .  The 

a c t i v i t y  a t  90 meters, when t h e  s a t u r a t e d  zone d i r e c t l y  above i s  a t  

n a t u r a l  background 1 eve1 s, p resen ts  ano ther  i n t e r p r e t i v e  problem. ' These 

evidences o f  gamma con tamina t ion  i n  t h e  sa tu ra ted  sediments below t h e  

wate r  t a b l e  a r e  a l s o  r e f l e c t e d  i n  t h e  s c i n t i l l a t i o n  p r o f i l e  f o r  w e l l  299-W22-1 

(see F igu re  8 ) ,  b u t  n o t  i n  t h e  p r o f i l e s  f o r  w e l l s  299-W22-29, -30, -31, 

and -36 (see F i g u r e s  12 th rough 15) .  

H igh  con tamina t ion  l e v e l s  were encountered below t h e  water  t a b l e  i n  

w e l l  299-W22-30. F i e l d  i ns t rumen t  read ings  o f  20,000 t o  40,000 counts/min 

o f  beta-gamma a c t i v i t y  were encountered s l i g h t l y  below t h e  water  t a b l e  

and con t inued  t o  be p resen t  7 meters deeper t o  t h e  p o i n t  where d r i l l i n g  

was abandoned. S ince  w e l l  299-W22-30 i s  l o c a t e d  o n l y  a few meters f rom 
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FIGURE 3'3. Well 299-W22-2 Scintillation Profiles for ttie Years 1958, 1959, and 1963. 
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w e l l  299-W22-3, which leaked waste d i r e c t l y  f rom the  c r i b  i n t o  t he  

ground water (see " S i t e  H i s t o r y " ) ,  . . t he  source o f  t h i s  a c t i v i t y  was 

i d e n t i f i e d  as t h e  299-W22-3 w e l l  leak .  Fu r the r  work on w e l l  299-W22-30 

would n o t  have added any i n s i g h t  i n t o  t h e  problem i d e n t i f i e d  i n  t h e  

299-W22-1 and -2 s c i n t i l l a t i o n  p r o f i l e s  and, there fo re ,  d r i l l i n g  was 

d iscont inued.  

' Analy'ses o f  sediment samples f rom we1 1 299-W22-31 revealed t h a t  

ex t remely  low l e v e l s  o f  137Cs contaminat ion e x i s t e d  a t  o r  below the  

water t a b l e .  Sediment samples c o l l e c t e d  a t  1.5-lneter. i n  ler ival  s f rom 

62.5 .tn 76 rnet.ers were colrnferl w i t h  a qamma rpestrometer, ' The r-cc111t.s 

are presented i n  t ab le  3. 
8 

TABLE 3. Concentrat ions o f  
137Cs on Sediments. i n  

We1 1 299-W22- 31 . , 

'64. 0.0019. ; 

The deepened we1 1 s were r e 1  ogged w i t h  t h e  s c i n t i  11 a t i o n  probe. 

F igu re  35 compares the 299-W22-31 p r o f i l e s  before and a f t e r  t h e  w e l l  was 

deepened 14 meters. The e n t i r e  lower p o r t i o n  o f  ' t h e  contaminat ion 

p r o f i l e  has moved down w i t h  t h e  casing. A peak remains a t  t h e  bottom o f  

t h e  c r i b  near . the  10-meter depth, i n d i c a t i n g  t h a t  t he  sediments a t  t he  

bottom o f .  the  c r i b  c o n t a i n  h igh  l e v e l  s o f  contaminat ion. The zone o f  

h igh  contaminat ion, from about 19 t o  30 meters on the  postdeepening 

p r o f i l e ,  l a r g e l y  represents  ac tua l  sediment contaminat ion. I f  the  



TOTAL GAMMA ACTIVITY (COUNTSIMINUTE) 

FIGURE 35. Comparison (Overlay) of the We1 1 299-W22-31 Scint i l la t ion Profiles 
Obtained Before and After the Well was Deepened Fourteen Meters. 



9-meter a c t i v i t y  peak a l s o  ex i ' s ts  on t h e  cas ing,  i t  i s  n o t  separable 

f r om the"surroundinc j  sediment con tamina t ion  a t  22 t o  23 raeters. 

The former  2-meter a c t i v i t y  peak, which represen ts  t h e  sha l low 

b u r i a l  o f  contaminated d r i l l  i n g  samples f rom t h e  1956 we1 1 - d r i l l  ing,  

p robab l y  became s p l i t  between t h e  rema in ing  peak r e p r e s e n t i n g  contami- 

na ted  sediment and t h e  inc reased  a c t i v i t y  a t  about 16 meters  below 

ground sur face .  

Below .. . 40 meters,  these  p r o f i l e s  a r e  0 f f s e . t  14 meters,  which 'sug-  

qes t s  t h a t  much o f  t h e  'measurable gamma con tamina t ion  i n  t h i s  r e g i o n  i s  

l o c a t e d  o'n t h e  w e l l  cas ing .  S i m i l a r  comparisons may be made f o r  t h e  

cor respond ing  w e l l  299yW22-30 p r o f i l e s  hefore and a f t e r  deepening. 

We l l s  299-W22-1 and -2 were i n  p l ace  d u r i n g  t h e  e n t i r e  l i f e  o f  t h e  

c r i b ,  which a l l o w e d  cas ing  c o n t a c t  w i t h  t he  a c i d i c  waste. I n  1956, j u s t  

b e f o r e  t h e  c r i b  was removed f rom se rv i ce ,  w e l l s  299-W22-1 and -2 were 

deepened f rom app rox ima te l y  45 t o  90 meters.  Therefore,  t h e  areas o f  

- c a s i n g  i n  c o n t a c t  w i t h  waste may be expected t o  show zones o f  h i g h  

a c t i v i t y  a t  t h e i r  new depths. The gamma p r o f i l e s  f o r  w e l l s  299-W22-1 

and -2 (see F igu res  1 0  and 11) from t h e  su r f ace  t o  45 111eters rep resen t  

a c t u a l  sediment a c t i v i t y  s i nce  new, c l ean  cas ing  was d r i v e n  t o  t h i s  

dep th .  The inc reased  a c t i v i t y  assoc ia ted  w i t h  t h e  10-meter depth be fo re  

t h e  we1 1 was deepened should, thttr-efur-e, Le l o ~ d t e d  itt about 55 meters 

f o l l o w i n g  deepening o f  t h e  w e l l .  Wel ls  299-W22-1 and -2  e x h i b i t  j u s t  

such a c t i v i t y  peaks near  55 and 60 meters.  

t x a m i n a t i o n  07 the  d r i l l e r ' s  l o g s  f o r  w c l l s  299-W22-1 d r ~ d  -2 pro-  

v i d e s  f u r t h e r  ev idence o f  t he  hypo thes is  t h a t  t h e  55- t o  60-meter gamna 

s c i n t i l l a t i o n  a c t i v i t y  i s  l o c a t e d  on t h e  w e l l  casings. When w e l l  299-W22-1 

was deepened, l o w - l e v e l  . con tamina t ion  was de tec ted  a t  t h e  46-meter 

depth.  Th i s  l ow  l e v e l  of con tamina t ion  decreased t o  a t  o r  near  back- 

ground l e v e l s  (200 t o  500 c o u n t s / t o t a l  beta-gamma) as d r i l l i n g  proceeded 

t o  t h e  water  t a b l e .  I n  t h e  w e l l  299-W22-2 deepening, no me.ntion was. 

made o f  con tamina t ion  u n t i l  t h e  80-meter depth was approached. Sumnaries -. 
o f  these  two d r i l l e r '  s l o g s  have been prepared and a r e  g i ven  i n  Ap- 

pend ix  B. Labo ra to r y  r a d i o l o g i c a l  analyses, performed as p a r t  o f  t h e  



RaymondandMcGhan (1967) study, showed t h a t  i n  t h e 5 5 -  t o 6 0 - m e t e r  

zone, no 1 3 7 ~ s  l e v e l  s exceeded 0.1 nCi /g  f o r  any of t h e  o t h e r  we1 1  s  t h a t  

were d r i l l e d  through t h e  c r i b  (see  F igu re  7 ) .  

RADIONUCLIDE DISTRIBUTIONS 

Resu l ts  f rom t h e  gamma spec t roscop ic  l o g g i n g  were used t o  map 

r a d i o n u c l i d e  d i s t r i b u t ' i o r i s  beneath t h e  c r i b .  The 137Cs d i s t r i b u t i o n s ,  

drawn on geo log i c  c ross  sec t i ons  A-A' and B-B' (see F i g u r e  7),  a r e  

presented i n  F igu res  36 and 37. Europium-154, t h e  o n l y  o t h e r  gamma- 

e m i t t i n g  r a d i o n u c l i d e  de tec ted  i n  s i g n i f i c a n t  q u a n t i t i e s ,  was de tec ted  

j u s t  below t h e  bottom o f  t h e  c r i b  a t  concen t ra t i ons  l e s s  than  10 nCi/g.  

Both c ross  sec t i ons  i n d i c a t e d  t h a t  37Cs concen t ra t i ons  a r e  h i ghes t  

a t  and j u s t  below t h e  bottom o f  t h e  c r i b  and g r a d u a l l y  decrease w i t h  

de'pth. The plumes showed t h a t  t h e  r a d i o a c t i v e  waste has m ig ra ted  t h e  

deepest beneath the  S-2  p o r t i o n  o f  t h e  c r i b .  Th i s  may be because t h i s  

was t h e  lowes t  p o i n t  i n  t h e  c r i b .  Well 299-W22-3 was p resen t  when t h e  

c r i b ' w a s  i n  o p e r a t i o n  and waste c o u l d  have f lowed down t h e  annulus 

between t h e  borehole and t h e  cas ing.  Bo th  s i t u a t i o n s  cou ld  be a  f a c t o r  

i n  t h e  137Cs d i s t r i b u t i o n  shown. The smal l  zones o f  con tamina t ion  

between 1  and 10 nCi /g  a t  58 t o  60 meters i n  w e l l s  299-W22-1 and -2  a re  

t h e  r e s u l t  o f  w e l l  deepening d iscussed i n  t h e  "Resu l ts "  sec t i on .  These 

con tamina t ion  zones a r e  suspected t o . b e  assoc ia ted  w i t h  t h e  cas ing  and 

n o t  t h e  sediments. 

The presence o f  60Co, 1 5 4 E ~ ,  and 12%b i n  w e l l  299-W22-1 a t  t h e  

57- t o  60-meter depth, w h i l e  unde tec tab le  d i r e c t l y  above and below t h i s  

zone, sugges ts 'a  t r a n s p o r t  mechanism o t h e r  than  waste l i q u i d  f low.  As . 

descr ibed  p rev ious l y ,  sediment i n t e r a c t i o n s  w i t h  t he .was te  should r e s u l t  

i n  genera l  decreases i n  r a d i o n u c l i d e  concen t ra t i ons  w i t h  depth.  Zones 

o f  h i g h e r  r a d i o n u c l i d e  concent ra t ion ,  coyresponding t o  s i l t  s t r i n g e r s  o r  

o t h e r  zones o f  f i n e r  p a r t i c u l a t e  m a t e r i a l s  a r e  l i k e l y .  Moreover, t h e  

e f f e c t  of t h e  presence o f  t h e  water  t a b l e  as a  n e u t r a l  i z i n g  and reduc ing  

b a r r i e r  i s  unknown as f a r  as t h e  s o l u b i l i t y  o f  60Co, 1 5 4 ~ ~ ,  o r  12%b i s  

concerned. I t  i s  n o t  known why these  t h r e e  r a d i o n u c l i d e s  a r e  p resen t  

near t h e  water  t a b l e  i n  w e l l  299-W23-1 o r  why d e t e c t a b l e  amounts o f  
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FIGURE 37. Cesium-137 D i s t r i b u t i o n  ( n ~ i / g )  Beneath the  216-S-1 and 2 Cr ib ,  
B t o  B ' .  



these same nucl  ides  a r e  absent near t h e  water t a b l e  i n  t h e  o the r  t h r e e  

w e l l s  logged t o  t h i s  depth, i n c l u d i n g  w e l l  299-W22-2. Each o f  these 

th ree  radionucl ' ides may remain so1 ub1 e, hence water t r anspo r tab le ,  over  

a  range of a c i d i t y  and ox ida t i on - reduc t i on  cond i t i ons .  Antimony, 

however, r e a d i l y  bonds t o  i r o n  ,o r -  s t e e l  co r rod ing  i n  an a c i d  s o l u t i o n  

(Pourbaix, 1966). 

Antimony was n o t  de tec ted  elsewhere i n  t he  c r i b  because o f  coun t i ng  

i n t e r f e r e n c e  f rom increased concent ra t ions  o f  37Cs and because o f  i t s  

absence (due t o  decay o r  sediment i n t e r a c t  i ons )  where concent ra t ions  o f  

l"Cs were low.  The data o f  Raymond and McGhan (1967) showed antimony 

l e v e l s  as h igh  as 2,500 nCi /g a t  t h e  bottom o f  t h e  c r i b  ( w e l l  299-W22-29) 

f a l l i n g  o f f  t o  l e v e l s  o f  l e s s  than 1  nCi/g 5  meters f u r t h e r  down i n  t h e  

sediments. Ihe presence o f  l Z 5 S b  d t  t h i s  p a r t i c u l a r  l o c a t i o n  i n  

we l l  299-W22-1 i s ,  there fo re ,  suggest ive o f  antimony p l a t i n g  on t h e  we1 1 

casiny where acid-waste co r ros ion  was the  most in tense.  

I n  w e l l s  299-~22-1  and -2, t h e  spectra observed f o r  t he  1 3 7 ~ s  

peaks near the  water t a b l e  were clean, e x h i b i t i n g  a l l  t h e  f e a t u r e s  

.expected from' a  sing1 e  source near t he  de tec to r .  Th is  observa t ion  i s  

cons i s ten t -  w i t h  t h e  idea t h a t  t he  1 3 7 ~ s  contaminat ion observed a t  t h i s  

depth i s  on t h e  w e l l  cas ing on ly .  

Gamma contaminat ion retaj-ned on t h e  sa tu ra ted  sediments be1 ow t h e  

water t a b l e  i n  we1 1  299-W22-30 i s  a r e s u l t  o f  t h e  299-W22-3 we1 1 l e a k  

(see " S i t e  H i s t o r y " )  i n  1955. The ex ten t  o f  t h a t  Teak i s  unknown and, 

there fo re ,  was dr-awl1 us i1.19 dashed 1  ines.  Thc s o r p t i o n   characteristic.^ 

of  rad ionuc l  ides  a re  s i m i l a r  i n  t h e  sa tu ra ted  and vadose zones; i t  i s  

unl  i k e l y  t h a t  t h e  zone contaminated a t  g r e a t e r  than  10 nCi/g p r e s e n t l y  

extends more than 20 meters from w e l l  299-W22-3. I n  t h e  sa tu ra ted  zone, 

the  maximum 137Cs contaminat ion l e v e l  measured on t h e  sediment was 

34 nCi/g.  The waste s o l u t i o n  e n t e r i n g  t h e  sa tu ra ted  sediments l e s s  than 

3 meters f rom we l l  299-W22-30 conta ined 113 nCi 137Cslma. Vadose zone 

r e s u l t s  f o r  w e l l  299-W22-30 showed tha t ,  a t  t h e  c r i b l sed imen t  i n t e r f a c e ,  

a t  l e a s t  a f i f t y f o l d  concen t ra t i on  o f  t he  incoming s o l u t i o n  occur red  

( f r om 113 t o  g rea te r  than 6,000 nCilma) ove r  t he  4-year a c t i v e  1  i f e  o f  

t h e  c r i b .  I n  w e l l  299-W22-29, t h i s  concen t ra t i on  f a c t o r  appears t o  have 



been about 10. It i s  n o t  l i k e l y  t h a t  t h i s  concent ra t ion  f a c t o r  . . was . 

exceeded du r i ng  the  ,short  t ime (as much as 7 months) $hat w e l l  2.99-W22-3 

leaked. An est imated maximum 1 3 7 ~ s  concent ra t ion  w i t h i n  t he  plume 

surrounding w e l l  299-W22-3 would, there fo re ,  be on the  order  of 1,000 nCi/ma 

o r  aLout 600 nC(/g o f  sediment. F ind ing  137Cs c o n c e n t r a t i ~ n  . . reduced by 

one order  o f  magnitude w i t h i n  3  meters from the  contaminant source i s  

cons i s ten t  w i t h  vadose zone r e s u l t s .  

I n  w e l l  299-W22-30,. 137Cs concent ra t ions  ranged from l e s s  than 1  

t o  n e a r l y  7 nCi/g between .30 and 46 meters. From 46 mctcrs t o  t h e  . 

water tab le ,  137Cs concen'trat ions p e r s i s t e d  near 1  nCi/g.  Th is  i n d i -  

cates t h a t  137Cs d i d  migra te  t o  t h e  water t a b l e  a t  t h i s  s i t e .  

Cesium-1 37 was found t o  be t h e  predominant gamma-emi t t i n g  rad io -  

n u c l i d e  i n  t he  216-S-1 and 2 c r i b  s i t e  sediments. Amounts o f  15'+Eu and 

60Co found were gene ra l l y  a t  a c t i v i t i e s  four t o  f i v e  o rders  of -magni tude 
. . 

l e s s  than t h e  137Cs values. . . 

The d i s t r i b u t i o n  c o e f f i c i e n t  (Kd) f o r  137Cs i n  sediments b e l d w t h e  

water  t a b l e  a t  the  216-S-1 and 2  c r i b  s i t e  i s  appr0xima:tely 300 i . '  A t  a  

s o i  1  contaminant concen t ra t i on  o f  10 nCi 37Cs/g and,'under sa tura ted  

cond i t i ons ,  assuming t h a t  t he  water has access t o  a l l  o f  the.'~cesium, t h e  

concen t ra t i on  o f  1 3 7 ~ s  i n  t h e  ground water cou ld  be as h igh  as 0 i 0 3  ,nCi/ma. 

This  i s  l e s s  than t h e  ERDA MC 0524 l i m i t  o f  0.4 nCi/ma f o r  so lub le  

.137Cs concent ra t ion  i n  waters disposed i n  a  . c o n t r o l  l e d  area. From. :. 

these very  rough c a l c u l a t i o n s ,  i t  may be seen t h a t  a  10-nCi/g 1 3 . 7 ~ s  s o i l  

contaminat ion l e v e l  i n  c o n t r o l l e d  area sediments .presents.no threat : . to  

p e r c o l a t i n g  waters o r  t o  sa tura ted  zone ground water, should t h e  s i t e -  

become inundated. , In '  a d d i t i o n ,  as 137Cs-contaminated water pass'es 

.th,rough . . t h e  uncontaminated sediments' ou,ts ide the  c o n t r o l  1  ed area, i t  may 

be expected t h a t  t he  137Cs w i l l  be r e t a i n e d  by these sediments through 

adso rp t i ve  ( c a t i o n  exchange) processes. 

I n  t h e  prev ious sect ion,  an approximate r e l a t i o n s h i p  between t h e  

i n t e n s i t y  of t h e  s c i n t i . l l a t i o n  p r o f i l e  peaks and the  137Cs concent ra t ion  

o f  t h e  sediments was developed t h a t  suggested t h a t  zones o f  increased 

(,greater than 10 nCi 37Cs/g) contaminat ion were r e s t r i c t e d  t o  areas 



d i r e c t l y  below t h e  c r i b .  The gamma s p e c t r o m e t e r . p r o f i l e s ,  shown i.n 

F igu res  1 q  th rough 23, c o n f i r m  t h i s  v iew o f  t h e  v e r t i c a l  e x t e n t  ~f t h e  
. . 

7Cs contaminat ion.  

GROUND-WATER CONTAMINATION 

The wa te r - t ab le  e l e v a t i o n  under t h e  216-S-1 and 2  c r i b  s i t e  i s  , 
present1 y i n f l  uenced by 1  i q u i d  d ischarges  t o  U-Pond ( F i g u r e  38). S ince 

ground-water f l o w  paths a r e  pe rpend i cu la r  t o  water.,- tab1 e contour?, 

F i g u r e  38 suggests a  genera l  southeast  d i r e c t i o n  o f  ground-water ' f l o w  

f rom t h e  216-S-1 and 2  c r i b  s i t e .  

To i n t c r p r c t  t h c  mcaning o f  t h c  t o t a l  be ta  and 9 % ~  l e v e l s  r ,epor ted  

, i n  t h e  pas t  and t h e  wate r  analyses conducted i n  t h e  c u r r e n t  study, 

' con tam ina t i on  h i s t o r i e s  f o r  . w e l l s  near  t he  c r i b  s i t e  and west o f  t h e  

c r i b  s i t e  were i n v e s t i g a t e d .  I n  a d d i t i o n ,  analyses o f  wa te r  samples 

f rom w e l l s  down-gradient f rom t h e  216-S-1 and 2  c r i b  s i t e  were compared 

w i t h  samples from we1 1  s  a t  s i m i l a r  d i s t ances  b u t  n o t  down-gradient f rom 

U-Pond. The l o c a t i o n s  o f  w e l l s  f o r  which wate r  q u a l i t y  h i s t o r i e s  e x i s t  

a re  shown i n  F igu re  39. A  summary o f  water  q u a l i t y  da ta  f rom w e l l s  

mon i , to r ing  t he  216-S-1 and 2  c r i b  a r e  presented . i n  Tables ,4, 5, 6, 

and .7. 

I n l t l a l l y ,  ground-water samples f rom wet 1 299-W22-2 (see Tab le  6 )  

appeared t o  ha.ve h i ghe r  beta and ."Sr concen t ra t i ons  than  ground-water 

samples f rom w e l l  299-W22-1 (.see Tab1 e  4 ) .  A c t i v i t i e s  i n  we1 1  299-W22-2 

seem t o  have . s t a b i l i z e d ,  w i t h  a  gradual  a c t i v i t y  decrease be fo re  1970, 

and have been i n  a  n e a r l y  s teady s t a t e  s i nce  t h a t  t ime.  T h e , l i m i t  

(ERDA MC 0524) f o r  s o l u b l e  9 0 S r  d ischarges t o  c o n t r o l l e d  areas i s  

10 pCi/ma. S ince 1960, we1 1  299-W22-2 ground wate r  .has been b.el ow t h i s  

1  i m i t .  



FIGURE 38. Water-Table Elevation (Meters) in the 276-S-1 and 2 Crib vicini ty .  



FIGURE 39. Water Wel ls  i.n t h e  216-S-1 and 2 C r i b  v i c i n i t y  f o r  Which 
Contamination. H i  s t o r i e s  a re  Ava i l ab le . .  
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TABLE 4 .  We1 1 299-W22-1 Ground-Water Monitoring, 1961 t o  1977. 

b~aximum o f  t h e  monthly values f o r  t h e  ind ica t ed  months. 
C Apparent da t a  discrepancy,  more 9 0 ~ r  than Total 6. 

. . 

. Time Period 

.. ~ u l  - ~ e c , ' l 9 6 1 .  

. J a n - J u n , 1 9 6 2  

Jan - Jun, 1963 

Jan - Dec, 1963 

Jan - Dec, 1964 

Jul  - Dec, 1966 

. , Aug - Sep, 1970 

Oct - Dec, 1970 

J a n  - Mar, 1971 

.Apr - June, 1971 

Jul  - Sep, 1971 

Oct - Dec, 1971 

Jan - Mar, 1974 

Apr - June,  1974 

Jul  - Aug, 1974 

Oct - Dec, 1974 

Jan - Mar, 1975 
. . 

Apr - Jun, 1975 

' ~ u l  - Sep,' 1975 

Oct - Dec, '1975 

 an - Mar, 1976 
' 3  

Apr - June, 1976 

Aug - Sep, 1976 

Nov ' -  Dec, 1976 

Jan - Feb, 1977 

a Average of  t h e  

d ~ o  average computed s i n c e  1 of  3 values was <0.08 f o r  Total 6 - 
probably an e r r o r .  

. . 

.. . 3 ~  

a < 

1400 

1000 

4QO 

. . 

, , 

concent ra t ions  
. . 

i n  p ~ i / m a  . .. 

Total 

Averages 
0.24 

, '0.28 

2.4 

4.0 

90.0 

350.0 

47.0 

30.0 

52.0 

55.0 

41 . O  

38.0 

10.0 

14.0 

23.0 

21 .O 

25.0 

18.0 

23.0 

29.'0 

2l3,0 

21.0 .. 

16:0 

28.0 

monthly 

- .. . . . .- 

~ v e r a ~ e ~  , 

4 2 

20 

18 

27 

24 

20 . 

. 2 0 -  

9 . 5  

1 5C 

2 1 

19 ' 

D 

18 

16 

' 30' 

20 

22 ' 

' 15 

13  

18  .... 

t h e  ind ica t ed  

B 
. 

160.0 

49.0 

32.0 

56.0 

78.0 

50.0 

55.0 

15.0 " 

16.0 

27.0 

23.0 

29.0 
. 

28.0 

20.0 

27.0 

34;O 

33.0' 

24.0 - 

18.0 

41 . O  

values f o r  

go%- 
- - .. . .. . .. . . 

- b 'haximum 

. 

48 

2 1 

2 2 

. 3 2  .. 
25 ' 

22 . 

22 

' 11 

21 

2 1 

2 1 

' ~5~ 

20 

: 23 

.37C . 

2 1 

2 5 

-19 

15' 

, '  23 

months. 



TABLE 5. We1 1 299-W22-1 Ground-Water Mon i to r ing ,  1977 t o  1979. 

Concentrat ions i n  pCi/ma 

Ground-water samples from we1 1 299-~22-1, on the  o t h e r  hand, have 

exceeded t h i s  10-pCi goSr/~na 1 i m i t  s ince  1964. From 1961 through 1963, 

t he  t o t a l  beta a c t i v i t y  l e v e l s  were s i m i l a r  t o  those repo r ted  f o r  

we1 1 299-W22-3. D~rrlnrj 1963, t o t a l  beta 1 eve1 s increased t e n f o i  d' over  

Lhe values of t h e  prev ious 2 years. Dur ing 1964, an average t w e n t y f o l d  

inc rease occurred over  t he  average 19'63 t o t a l  beta l e v e l s .  The l a , t t e r  

h a l f  o f  1966 saw a f o u r f o l d  inc reasc  over  t he  1964 average ' t o t a l  beta 

l e v e l .  The nex t  a v a i l a b l e  data, i n  1970, show' t h a t  average l e v e l s  had 

dropped t o  one- tenth of t h e  1966 ' l e v e l s .  Since t h a t  t ime, t he  beta ,and 

go~r  data suggest a steady s ta te ,  w i t h  perhaps a s l i g h t  decreasing t r e n d  

the  l a s t  2  years.  

Time Per iod  

May 1 9 / / .  

Aug 1977 

Nov 1977 

Feb 1978 

May 1978 

Ju l  1978 

Nov 1978 

Feb 1373 

May 1479.  

Ju l  1979 

Oct 1979 
* 

No s i g n i f i c a n t  gamma contaminat ion ,detected. 

3H 

630 

1400 

1500 

2800 

2300 

240 

260 

6700 

430 

1000 

690' 

Total 
B 

14.C) 

24.0 

23.0 

28.0 

31.0 

27.0 

6.4 

24.0 

6.3 

22.0 

16.0 

6 0 ~ ~  

<O. 06 

<O. 02 

<O. 02 

<O. 02 

9 Osr 

15.0 

17.0 

16.0 

14.0 

20.0 

17.0 

3.5 

18.0 

3.1 

17.0 

15.0 

To ta l  
a 

0.04 

0.07 

0.07 

0.08. 

0.07 

0.02 

<O. 02 

0.00 

<0.02 

<0.02 

<0.02 

1 0  6RU 

0.3 

0.6 

0.9 

0.8 

0.5 ' 

0.2 

0.2 

1 3 7 c S  

<0.02 

4 . 0 2  

<0.02 

<0.02 

. . 

+ 

* 
* 



TABLE 6. We1 1 299-W22-2 Ground- Water 
. Mon i to r ing  Results,  1959. t o  1980. 

Concentrat ions i n  p ~ i / m e  . - .  

Time Per iod 
- -- - - - - 

To ta l  B 

e ~ i m o n t h l y  samp l in i  program star ted:  

90Sr 

Jan - Mar 1959 

~ u l  - Sep 1959 

Oct - NOV 1959 

Jan - Mar 1960 

Apr - Jun 1960 

J u l  - Sep 1960 
Oct .- Dec 1960 

Jan - Jun 1961 

Ju l  - Oec 1961 

Jan - Jun 1962 

Jan - Jun 1963 

Jan - Dec 1964 

Aug - Sep 1970 

' O c t - D e c  1970 

Jan - Mar 1971 

Apr - Jun 1971 

J u l  - Sep 1971 

Oct - Dec 1971 

Jan - Mar 1974 

Apr - Jun 1974 

~ u l  - Aug 1374 

Rov 1 9 7 4 ~  

: Jan 1975 

Mar 1975 

May 1975 

J u l  1975 

Sep 1975 . 
Idov 1975 . 
Jan 1976 

Mar 1976 

May 1976 

Wov 1976 

Jan "1 977 

t4ov 1978 

Jun 1980 

'~ve rage  o f  t h e  

Tu td l  u 

b~aximum o f  the  monthly values f o r  the  i n d i c a t e d  months. 

'only one reading repor.ted f o r  months given. . , . 

% igh  va lue a f t e r  b a i l i n g  and r e p e r f o r a t i n g  w e l l .  

920.0' 

1 .9' 

2.0' 

4.5' 

1.4 2.2 

0.32 0.45 

. 0.28 0.38 

0.74 0.92 

0.67 0.88 

0.45 0.41 

0.36 0.38 

0.19 0.27 

0.18 0.22 

0.14 0.16 

0.37' 

0.'16' 

0.19' 

0.14' 

0.11 ' 
0.13' 

0.12' 

0.1 5' 

' 0.28' 

0.39'. 

0.17' 

0.23' 

0.18' 

0.17' 

monthly values f o r  t h e  

2.1 

0.82 

1.2 ' 

0.84 
d 9.7 . ' 

1 .O 

-0.21 

0.60 

0.60 

0.34 , 

3.1' 

0.09 0.10 

0.12 0.14 

0.34 0.48 

0.28 0.41 , 

0.19 0.20 

0.14 0.17 

0.13 0.17 

0.12 0.12 

- 0.10 0.14 . 
0.07' 

0.12' 

. . 0.11' 

0.07' 

0.06' i 0.09' 

0. 12' 

9.99' 

0. 14' 

0 . 2 2 ~  

0.13' 

0.17= 

, 0.10' 4 . 0 2  

~ 0 . 0 2  

i n d i c a t e d  months. 



TABLE 7. Recent Water Quality Sampling Results for 
Seven 216-S-1 and 2 .Crib Site Monitoring ,We1 1 s. 

a Before 'deepening . 
b~fter deepening. 
i' No significant yarn!na' contamination detected. 

The great increase in activity during the-mid-1960's in well 299-W22-1 

was not matched by a similar trend. in we1 1 299-W22-2. A survey of 
available total beta activity data (~ppendix C) for wells west of, or 

near, we1 1 ,299-W22-1 was conducted with the following results. 

We1 1 

299-W22-31 

299-W22-30 

299-W22-18 

299-W22-17 

,299-122-16 

299-W22-10 

299-W22-5 

\jells west of the crib site (299-W22-1. through -10 as listed 

in Figure 39) are considered to be generally upgradient in 

terms of the ground-water flow direction. Of these wells, 

only we1 . 1 . 299-W22-4 showed elevated total beta activities in 

the late 1960's. In 1969, these levels were near 0.1 pCi/ma, 
whi.ch is at or near ttie lower 1 imit of detection. 

Time Period 

Jun '1 980 

Dec 1979 

Jan 1980 

Jan 1Y8Y 

Dec 1979 

Jun 1977 
Jun 1978 

Dec 1979 

Mar 1980 

May 1980 

Dec 1979 

Jun 1980 

Concentrations in pCilma 

7Cs 

c 

c 

c 

c 

c 

Sr 

30. 3b 

0.003 

0.008 

0.010 

0.011 

CI 

~0.02 

<:O. 02 

<0. UZ 

<O. 02 

4. 02 

50.02 

<O. 02 

<O. 02 

<O. 02 

<O. 02 

Total 
B 

4.2 

0; lga 

6 ~ . 3 ~  
. . 

<O. 08 

<O. 08 

<O. 08 

<O. 08 

<O. 08 

<O. 08 

<O, 08 

<O. 08 

<O. 08 



e Wel ls  i n  o r  near t h e  c r i b  s i t e  f o r  which h i s t o r i e s  were a v a i l -  
. . . . 
a b l e  i n c l u d e d  299-~22-2,  -5, -10, and . - ]  7.:  one of t h e  h i s t o r i e s  

f o r  these w e l l s  i n c l u d e d  t h e  t ime  p e r i o d  o f  i n t e r e s t .   ohe ever, 
i n  t h r e e  we1 I s  t h e  d ra inage  o f  be ta  , . .  a c t i v i t y  j r 0 m  t h e  crib: 

a f t e r  d e a c t i v a t i o n  i s  documented by sharp decreases i n  t h e  

' be ta  a c t i v i t y .  Well 299-W22-5 showed an i n i t i a l  be ta  a c t i v i t y  
. . 

i n c rease  a f t e r  ' d r i l l  i n g  from l o m 3 '  t o  more than  ' l o 4  p ~ i / m k  over  

a ' v e r y  s h o r t  p e r i o d  o f  t ime, which may be exp la i ned  by t h e  use 

o f  water  i n  t h e  d r i l l  i n g  opera t ion .  Subsequently, beta ac- 

t i v i t i e s  i n  these we1 l s a r e  dec l  i m n g  a t  order-of-magni tude- 

per-'year r a t e s  . 
Th i s  i n f o r m a t i o n  does n o t  e x p l a i n  t h e  t o t a l  beta a c t f v i t y . i n c r e a s e  

f o r  wql 1  299-W22-1 d u r i n g  t h e  mid-1960's.  

A survey o f  o t h e r  w e l l s  -(see F igu re  39) was conducted:, To ta l  be ta  

inc reases  and decreases i n  t h e  mid- t o  l a t e  1 9 5 0 ' ~ ~  were found i n  we.11 s  

299-W19-2, 299-W22-7, -9, -12, -13, -20, and -21; t h i s  corresponds t o  

a c t i v e  use ' o f  t h e  216-5-1 and 2 c r i b .  .These w e l l s  extend , f rom t h e  

no r theas t  th rough  the  southeast  f rom t h e  216-S-1 and 2 c r i b  . s i t e .  

Well s-299-W22-12 and -1 3 mon i to red  t h e  21 6-S-7 c r i b ,  .which rep laced  t h e  

216-S-1 and 2 . c r i b .  The h i s t o r i e s  f o r  these two we1 1 s  show two peaks, 

( 1 )  .perhaps i n  response t o  t h e  l a s t  of t h e  216-S-1 .and 2 be ta  a c t i v i t y  

d ischarges and ( 2 )  i n  response t o  216-S-7 d ischarges.  
.. . 

We1 1 s  in. whi'ch t o t a l  beta l e v e l s  increased o r  decreased i n  t h e  

mid- t o  l a t e  1960 's  i n c l u d e  299-W19-3, which mon i to rs  t h e  216-U-1 and 

U-2 c r i b .  complex 'southwest  o f  U-Plant;  299-W19-5, 'which mon i t o r s  t h e  

216-S-23 .c'r.i.b; and  299-W22-21, -22, . -26., . -27, and -38, which mon i t o r  the' 

216-S-13, 21 6-U-12, 216-S-9, and 216-S-23 c r i b .  ' I n  each case, t h e  dates 

. d u r i n g  which these c r i b s  d ischarged '  beta a c t i v i t y  i n c l  uded t h e  t ime  

p e r i o d  i n  quest ion,  so no r e l a t i o n s h i p  between t o t a l  beta a c t i v i t y  peaks 

i n  these  w e l i s  and i n  w e l l  299-W22-1 i s  i nd i ca ted .  

The e leva ted  t o t a l  beta and 9 0 S r  va lues  i n  w e l l  299-W22-1 waters 

may be t h e  r e s u l t  o f  a  w e l l  l e a k  s h o r t l y  a f t e r  t h i s  we1 1 was deepened i n  

1956. The 1980 t o t a l  be ta  l e v e l  i n  w e l l  299-W22-30, which i s  l o c a t e d  



i n  contaminated sediments, was approximately.  f o u r  t imes h igher  than t h e  

October 1979 t o t a l  beta concent ra t ion  Tor we1 1 299-W22-1. Sul u b l  e 9 0 S r  

l e v e l s  a re  rough ly  comparable between we l l  299-W22-30 and -1, suggest ing 
a 

the  presence o f  comparable amounts o f  9 0 S r  on. the sediments a t  these two 

, l o c a t i o n s .  The e levated t o t a l  beta a c t i v i t y  i n  we l l  292)-W22--31 probably 

i s  r e l a t e d  t o  i t s  c l ose  phys ica l  p r o x i m i t y  t o  we1 1 299-W22-1. A w e l l -  

cas ing f a i l u r e  sometime a f t e r  the  c r i b  was decommissioned c.ould have 

r e s u l t e d  i n  the  slow drainage o f  some 137Cs depleted waste l i q u i d  d i -  . 
r e c t l y  t o  t he  ground-water i n  w e l l  299-W22-1.. 1 t  has been shown t h a t  

137Cs s o r p t i o n  from the  waste' s o l u t i o n  w a s n o t  a f f e c t e d  by the low pH, 

w h i l e  9 0 S r  s o r p t i o n  was increased by increases i n  s o l u t i o n  pH as w e l l  as 

by t h e  a d d i t i o n  o f  a phosphate b u f f e r  (.Rhodes, 1956).  A t  present, 

t h i s  appears t o  be t h e  most p l a u s i b l e  exp lanat ion  f o r  t h e  excess 9 0 S r  i n  

we l l  299-W22-1 compared w i t h  a1 1 surrounding w e l l s  w i t h i n  the c r i b ,  ex- 

cept t h e  we l l  t h a t  was near a known wel'l ' leak. I n  each o f  these we l l s ,  

the  d i f fe rence i n  137Cs l e v e l s  detected cou ld  be a func t i on  o f  t h e  t ime 

the  waste s o l u t i o n  was .in contac t  w i t h  the sediments o f  the  c r i b  be fore  

the  leak.  occurred. 

The important  f i n d i n g s  o f  t h i s  ground-water contaminat ion survey 

were t h a t  e leva ted a c t i v i t y  i n  t h e  ground water  d i r e c t l y  under t h e  c r i b  

has n o t  'been detected i n  recen t  water 'samplings i n  per iphera l  cr'ib 

mon i to r i ng  we1 1s. I n  add i t i on ,  t h e  e levated 9 0 S r  . . and t o t a l  beta l e v e l s  

i n  t he  we! l 29Y-W22-q ground water appear t o  be s t a b l e  and decreasinq.  

w i t h  t ime. There i s  no reason t o  suppose t h a t  f u t u r e  ground-water 

concent ra t ions  of  beta- o r  gamma-emitting rad ionuc l i des  r e s u l t i n g  from 

t h e  216-5-1 and 2 c r i b  w i l l  exceed c u r r e n t l y  observed l e v e l s .  



SUMMARY AND . , CONCLUSIONS 

. . 

The 216-S-1 and 2 c r i b  s i t e  was s t u d i e d  t o  determine t h e  1980 . 

r a d i o n u c l i d e  d i s t r i b u t i o n s  i n  t he  c r i b  sediments. Specia l  a t f e n t i o n  was 

g i ven  t o  t he  evidences f o r  con tamina t ion  near, a t ,  and, below t h e  water  

t a b l e .  . . 

Methods used i n c l u d e d  s c i n t i l l a t i o n  and gamma spec t roscop ic  bore- 

' ho le  l o g g i n g  systems. Two we1 1  s  were deepened t o  a l  1  ow a  b e t t e r  def i- 

n i t i o n  o f  gamma~emi t t ing  r a d i o n u c l i d e  concen t ra t i ons  a t  and below t h e  

water  tab1 e. Data ob ta ined  were analyzed and .compared w i t h  da ta  a v a i l  - 
a b l e  f r om pas t  m o n i t o r i n g  a c t i v i t i e s ,  and p rev ious  f i e l d  and l a b o r a t o r y  

s t u d i e s  concern ing t h e  216-S-1 and 2  c r i b  s i t e .  

D i s t r i b u t i o n s  o f  137Cs, t h e  o n l y  gamma-emitting' r a d i o n u c l i d e  

w i d e l y  d i s t r i b u t e d  a t  l e v e l s  g r e a t e r  than  10 nCi/g,  were drawn on two 

geo log i c  c ross  sec t i ons .  Cesium-137 concen t ra t i ons .we re  t i i ghes t 'a t - ' and  

j u s t  below t h e  bottom o f  t h e  c r i b  and'decreased r a p i d l y  w i t h  depth." The 

deepest p e n e t r a t i o n  o f  137Cs was beneath t h e  S-2 p o r t i o n  o f  t h e  c r i b .  ' 
, 

Cesium-137 a c t i v i t y  between 1  and 10 nCi /g  was de tec ted  a t  approximate1.y 

60 m e t e r s . i n  two o r i g ' i n a l  m o n i t o r i n g  we l l s ,  b u t  t h i s  was a t t r i b u t e d  ' t o  

con tamina t ion . f . i xed  on t h e  cas ing  and n o t  on t h e  sediments. A  zone o f  

con tamina t ion  exceed,ing 10 nCi / g  was de tec ted  i n  t h e  sa tu ra ted  sediments 

d i r e c t l y  beneath, t h e . c r i b .  The source o f  t h i s  con tamina t ion  was .a moni- 

t o r i n g  w e l l  t h a t  f a i l e d  near  t h e  bottom o f  t he  c r i b  and a l l owed  waste t o  

. e n t e r  d i r e c t l y  i n t o  t h e  sa tu ra ted  sediments below t h e  w a t e r , t a b l e .  Th i s  

con tamina t ion ,was  J i m i t e d  t o  w i t h i n  20 meters l a t e r a l l y  f rom t h e  r e l e a s e  

p o i n t .  

S c i n t i l l a t i o n  p r o f i l e  comparisons i n d i c a t e d  t h a t ,  except  f o r  lo6Ru 

decay, t h e r e  has been l i t t l e  change i n  t h e  t o t a l  gamma r a d i a t i o n  p r o f i l e s  

s i n c e  1958. D i f f e r e n c e s  i n  these p r o f i l e s  s i nce  t h e  l a t e  1960 's  appear 

t o  r e f l e c t  o n l y  random and sys temat ic  e r r o r s  a'nd p rov ide  no evidence f o r  

t r a n s l o c a t i o n s  o f  t h e  gamma-emitting r a d i o n u c l i d e s  'since 1958. 



~ x a m i n a t i o n  o f  s c i n t i l l a t i o n  p r o f i l e s  from the  deepened we1 1 s 

i nd i ca ted  t h a t  some contaminat ion was f i x e d  on t h e  w e l l  cas ing and was 

moved deeper i n t o  the  p r o f i l e  by d r i v i n g  t h e  casing deeper. Th is  cou ld  

produce erroneous i n t e r p r e t a t i o n  o f  borehole l ogg ing  data  i f  n o t  taken 

i n t o  considerat ion.  I n  t he  fu tu re ,  w e l l s  t h a t  r e q u i r e  deepening, i f  

pass ing . th rough zones o f  contaminat ion, should be deepened by u ~ i n g  a 
smaller-diameter casing i n s e r t e d  i n s i d e  the  o r i g i n a l  casing. I n  t h i s  

wdy, dtly curi~taminatlan flited on the  casing remains i n  p lace  and i s  n o t  

nloved derpcr  i n t o  the  p r o f i l e .  

Since gamma spectroscopic r e s u l t s  show t h a t  t h e  g rea te r  p a r t  o f  t he  

gamma a c t i v i t y  i n  t h i s  c r i b  comes f rom 137Cs, t he  r e s u l t s  o f  t he  s c i n t i l -  

l a t i o n  probe were compared w i t h  137Cs. Note t h a t  these two methods do 

n o t  see t h e  same e f f e c t i v e  volumes, and d i f f e r  i n  s e n s i t i v i t y .  Th i s  

comparison showed t h a t  when the  s c i n t i l l a t i o n  probe i s  sa tura ted  a t  
6 about 2.4 x  10  counts/rr~in, t he  corresponding 1 3 7 ~ s  concen t ra t i on  i s  

approximate ly  10 .nCi/g. Only the  10-meter zone d i r e c t l y  below the  c r i b  

was found t o  be contaminated w i t h  137Cs g r e a t e r  than 10 nCi/y, except 

f o r  a w e l l  near t he  S-2 p o r t i o n  o f  t he  c r i b ,  where 137Cs a t  t h a t  concen- 

t r a t i o n  o f  10 nCi/g was found t o  have penetrated t o  20 meters beneath 

t h e  c r i b  bottom. The reason f o r  t h e  d i f f e r e n c e  i s  most l i k e l y  t h a t  t he  

bottom of t h e  216-S-1 and 2 c r i b  excavat ion was sloped (2%) toward and 

p a s t  t h i s  we l l ,  causing more o f  t he  waste s o l u t i o n  t o  pe rco la te  i n  t h i s  

lower P a r t  of t he  excavated area. 

A t  t h i s  t ime, two we1 1 s .  (229-W22-1 and -30) show e levated beta 

a c t i v i t y  l e v e l s  i n  the  ground water. Well 299-W22-30, w i t h  the  h ighes t  

be ta  l e v e l s ,  i s  l oca ted  i n  the  area contaminated by wastes t h a t  entered 

d i r e c t l y  i n t o  the  ground water du r ing  the  299-W22-3 we l l -cas ing  l e a k  o f  

1955. The o the r  had very  h igh  beta a c t i v i t y  l e v e l s  i n  t h e  l a t e  1 9 6 0 ' ~ ~  . 
which were n o t  matched by e a r l i e r  beta a c t i v i t y  l e v e l s  o r  by contemporary 

beta l e v e l s  found i n  t h e  ground water o f  o t h e r  nearby w e l l s .  A cause 

f o r  t h i s  two-orders-of-magni tude increase i n  t o t a l  beta a c t i v i t y  , 10 years  - 

a f t e r  c r i b  d e a c t i v a t i o n  must, thus, be found i .n t h e  216-S-1 and 2 c r i b  

i t s e l f .  A we l l - cas ing  f a i l u r e  some t ime a f t e r  c r i b  d e a c t i v a t i o n  may 



have been respons ib le ,  w i t h  subsequent s low leakage o f  waste o r  sediment. 

The o n l y  conc lus ion  t h a t  may be drawn f rom the  a v a i l a b l e  da ta  i s  t h a t  

these e leva ted  be ta  con tamina t ion  l e v e l s  have been s t a b l e  s ince  1970, 

and appear t o  be s l o w l y  decreasing, e s p e c i a l l y  ove r  t h e  l a s t  severa l  

years.  Dur ing  1979, severa l  water  samples f rom we1 1  ' 299 -~22 -1  con ta ined  

90Sr 1 eve l  s  ,below t h e  appl  i c a b l  e  .wa te r  d ischarge  s tandard f o r  c o n t r o l  l e d  

areas. .The lower  be ta  con tamina t ion  l e v e l s  c o n s i s t e n t l y  found i n  nearby 

c r i b  m o n i t o r i n g  w e l l s  show t h a t  t h i s  i s  a  h i g h l y  l o c a l i z e d  phenomenon 

t h a t  does n o t  extend beyond t h e  c r i b  boundaries.  

S i m i l a r l y ,  i n  we1 1  299-~22-30, t h e  e l eva ted  con tamina t ion  1  eve l  s  

r e s u l t i n g  f rom t h e  1955 w e l l  l e a k  a r e  n o t  found i n  o t h e r  w e l l s  e i t h e r  i n  

o r  near  t h e  c . r i  b. The waste 1  i q u i d s  ' t h a t  en te red  t h e  ground water  

th rough  t h i s  f a i l e d  w e l l  cas ing  should have i n t e r a c t e d  w i t h  t h e  satu-  

r a t e d  zone. sediments t h e  same as w i t h  t h e  vadose zone sediments. Migra- 

t i o n  o f  r ad ionuc l  i des  i n  e i ' t h e r  t h e  vadose o r  t he  sa tu ra ted  zone i s  a  

f u n c t i o n  o f  i n i t i a l  concen t ra t i on  i n  s o l u t i o n ,  s o l u t i o n  f l o w  r a t e ,  and, 

t h e  na tu re  o f  t h e  sediments i n  terms o f  p a r t i c l e  s ize,  minera logy,  and 

c a t i o n  exchange capac i t y .  Th i s  means t h a t  t he  e x t e n t  o f  s i g n i f i c a n t  

137Cs con tamina t ion  around t h i s  w e l l  i s  p robab ly  r e s t r i c t e d  t o  a  d i s -  

tance o f  l .ess than  10 meters away f rom t h e  source. No evidence f o r  

e l  evated t o t a l  beta 1  evel  s  f o r  nearby ground-water mon i t o r i ng  we1 1  s  was 

found. The conc lus ion  drawn f rom these  r e s u l t s  i s  t h a t  p resen t  m i g r a t i o n  

r a t e s  f rom these contaminated zones may be cons idered i n s i g n i f i c a n t ,  

s i nce  e l eva ted  t o t a l  be ta  con tamina t ion  va lues cannot be found i n  nearby 

m o n i t o r i n g  we1 1  s. 

The presence o f  contaminated sediments 2  t o  4 f e e t  below ground 

sur face p resen ts  a  p o t e n t i a l  f o r  p l a n t  o r  animal i n t r u s i o n .  For t h i s  

reason, h e r b i c i d e s  have been app3 i e d  ' t o  t h e  s i t e  annual l y  t o  p reven t  
4 

p l a n t s  f.rom growing on t h e  s i t e .  A t  t h i s  t ime, t h e r e  i s  no evidence o f  

p l a n t  o r  animal p e n e t r a t i o n  i n t o  t h e  waste and t he  near -sur face  contami- 

n a t i o n  i s  pos ing  no r a d i o l o g i c a l  c o n t r o l  problems. 
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TABLE A-1 . We1 1 299-W22-1 Borehol e Gamma Energy Ana lys is '  Results,, &, 

2-1 5-80. 
a. 

i 

Depth, 
cm 

.- 

200 

400 

600 

800 

. . 1000 

1200 

1400 

- 1600 
. . 
! 1800 

2000 

:' 2200 

'; 2400 

.- .. 2600 

"' 2800 

... 3000 

3200 

. . 3400 

' 3600 
. ... . . . 
.' 3800 

" . 4000 

4200 

. 4400 

". 4600 

4800 '. 
. - 
. '  5000 

4 

5200 

5400 

5600 

' .. 

b ~ i t h  Lead Sh ie ld ing .  

T i  
S 

. 600 

600 

600 

600 ' 

600 

600 
, .  

600 

. 600 . .. 

. 600 . -  

600 

600 

600 ' 

600 

"600 

600 . 

600 

600 

600 

600 

600 

600 

, 600 

600. 

600 
. 

600 

600 

600 

600 

!:. 
. . 

, IG 19@ 

IG 548" 

IG 548= 

IG 5 4 f  

IG 190b 

IG 190b '" 

j IG 1.90~ 

. IG 190" 

: IG 190' .-;. 

.. IG 190" 

IG 190" 

I G  190" . ' . :_ 

IG 190" 
..*- ' _ , 

I6 1.90~' . ;. -: 

IG 190a ' -  
, . 

IG 1 9 f  

IG 190" . 

IG 190" 

IG 190a 

IG 548" 

IG 548" 

IG 548" 

IG 548" , 

IG 548" 
.. 

IG 548" . , 

IG 548" -' 

IG 548" 

., IG 548" 

. . 

, 

. 1 5 b ~ u  

(0.077 

<0.0052 

~0 .0057  

~0 .0008  

<0.7692 

<2.335 

<0.4733 

~ 0 . 1 2  

~ 0 . 1 5  

~ 0 . 1 1  

<O. 777 

<O. 077 

<0:077 

~ 0 . 0 7 7  

~ 0 . 0 7 7  

~ 0 . 0 7 7  

<O. 077 

~0 .077  

~ 0 . 0 7 7  

<0.0016 

<0.0021 

~0.0024 

<O. 001 2 

<0.0007 

<0.0010 

<0.0007 

<0.0007 

<0.0007 

G°Cd .. 

<O. 031 

<0.0011 

<0.0007 

<0.0002 

<O. 30 

<0.60 

<0.16 . 

~ 0 . 0 4 4  

~0 .052  

<0.040 

<O. 031 

<O. 031 

~ 0 . 0 3 1  

<0.031 

. <O. 031 

~ 0 . 0 3 1  

~0 .031  

<O. 031 

~'0.031 

<0.006 

,<0.0014 

<0.0011 

<O. 0002 

<0.0003 

<0.0004 

<O. 0002 

<0.0002 

<0,0002 

uCi/a S o i l  

1 3  7C' 

0.3367 

0.6681 

0.6040 

0.0878 

21 42 

2844 

701.1 

6.329 

36.80 

13.89 . 

, 13.65 

11.66 

. ' 7.158 

1 4 . 5 4 '  

1.330 

2.407 

1.180 

0.5596 

2.024 

1.537 

1.853 

1.284 

0.8559 

0.7709 

0.6220 

0,3091 

0.0536 

0.0615 

concent ra t ion,  

1 3 4 ~  j 

~ 0 . 0 1 6  

<O. 001 

<0.001 

<0.001 

~ 1 . 5  

<1.4 

<I. 0 

<O. 083 

<O. 13 

<O. 077 

~0 .052  

~ 0 . 0 3 9  

~ 0 . 0 3 0  

<0.034 

<O. 01 6 .  

<0.018 

~ 0 . 0 1 6  

~ 0 . 0 1 6  

<0.018 ' 
-<0.001 

<O. 001 

'<0.001 

<0.001 

<O. 001 

cO. 001 

<0.001 

"<0.001 

<0.001 

. . 

1 scce . . 

%O. 41 
. . 

. <0.015 

<0.016 

<0.015 

< I40  

<200 

<42 

~ 2 . 8 ,  

~ 5 . 2 :  

.<2.7 . , . 

<1.8 . 
, . 

' (1 . 3 

(0.85 . 

' <1'.2 

4 . 4 9 .  . . 

~ 0 . 4 9  

~ 0 . 4 1  

~ 0 . 4 1  

~ 0 . 5 5  1 

<O. 029 

~ 0 . 0 4 1  

<O. 031 

~ 0 . 0 1 7  

~ 0 . 0 1 5  

<O. 01 6 

<O. 01 3 

<0.009 

<0.010 

% i t h o u t  Lead 

lo6Ku 

%0.25 

<O. 01 8 

<0.018 

<0.017 

< I40  

< I30  

<58 

~ 1 . 4  

~ 2 . 6  

~ 1 . 5  

(1.1 

cO. 93 

~ 0 . 6 6  

' ~ 0 . 8 9  

cO. 30 

~ 0 . 3 5  

~ 0 . 2 6  

~ 0 . 2 0  

~0 .39 .  

50.028 

. <O. 033 

~ 0 . 0 2 7  

<0.019 

<O. 01 9 

<0.'021 

c0.012 

~0 .006  

, <0. 006 

Shielding. 



TABLE A-2. Wel.1 299-W22-1 Bcrehol e Gamma Energy Ana lys is  Resul t s ,  Near anC Below Water Table, 
2-1 5-80. 

a Without  Lead Sh ie ld ing .  ', 

Depth, 
cm 

5200 

5400 

5550 

5600 

5700' 

5900 

6000' 

6100d 

6200 

6300d 

6400 

6600 

6800 

7000 

7200 

7400 

7600 

b ~ e t e c t o r  Over1 oaded. 
C Water A t tenua t i on  Correcticon app l i ed  t o  a l l  r ad ionuc l i des  tlelow 5950 cent imeters  approximately 

195 f e e t ) ,  f o r  water i n s i d e  the  casing. 

d ~ a t a  f rom 2-28-80. 

4Ce 

~ 0 . 0 5 9  

~ 0 . 0 3 9  

<0.12 

<1.30 
- 

<0.060 

<O. 057 

<0.011 

<O. 029 

<0.021 

<O. 023 

<O. 021 

<0.026 

<O. 021 

<O. 021 

c0. 021 

<O .020 

300 

3CO 

2 30 

0 

6C1O 

6150 

3OClO 

6QO 

6C10 

6 1:tO 

6C 0 

6CO 

6CO 

6CO 

6CO 

6CO 

Detector  

IG 548' 

IG 548' 

IG 548' 

I G  548' 
- 

IG 548' 

IG 548a 

IG 548' 

IG 548' 

IG 548' 

IG 548' 

IG 548' 

IG 548' 

IG 548' 

IG 548' 

IG 548' 

IG 548' 

6 R ~  

<0.057 

~ 0 . 0 4 3  

c0.10 

<0.63 
- 

<O. 035 

<O. 036 

<O. 068 

<O. 01 6 

<O. 092 

<O. 01 0 

~ 0 . 0 1 0  

<0.013 

<0.010 

<O. 01 0 

<O. 008 

<O. 009 

Concentrat ion, pCi/a S o i l  

1 3 4 c S  

<1.0014 

< * l . O O l O  

c 1.0028 

-=I]. 030 
- 

<0.0025 

<0.0025 

~9.00015 

<0.0017 

<O.OOO$ 

4. 0009 

<0.0009 

4 .0009 

4 .0003  

4 . 0 0 0 3  

-4.0009 

4.000!3 

1 3  7 c S  

0.7758 

0.4813 

1.716 

10.24 
- 

0.2521 

0.1798 

0.021 9 

<O. 0008 

0.001 3 

<O. 0008 

<O. 0006 

<O. 0006 

<0.0006 

<O. 0006 

<O. 0006 

<O. 0006 

60Co 

<O.OO% 

<O.OO; 

<O. 002 

<O. 008 
- 

0.0031 

0.0035 

0.0005 

<O. 0005 

<O. 0005 

<O. 0005 

<O. 0005 

<O. 0005 

<0.0005 

<O. 0005 

<O. 0005 

<O. 0005 

15'+Eu 

.:O . 003 

<0.1103 

~ 0 . 0 1 2  

-:0.102 
- 

0.028 

0.018 

0.0067 

<O. 001 5 

<O. 001 6 

<O. 001 6 

<O. 001 6 

<0.0018 

<0.0016 

<O. 001 6 

<0.0016 

<0.0015 

1; 5st 

<0.03Ct 

<O. 03C 

<O. 05: 

~ 0 . 3 0  
- 

<O. 03C 

0.06C 

0.012 

<O. 034 

<O. 005 

<O. 006 

<O. 006 

0.024 

<0.006 

<O. 006 

<O. 005 

<0.005 



a . . 
Without Lead Shielding. 

b ~ i t h  Lead sh ie ld ing .  

TABLE A-3. We1 1  299-W22-2 Borehole  Gamma Energy Ana l ys i s  Resul ts ,  

,. 

" IG 190" 

IG 190" 

- 
1 IG  i90a 

I G  190b 

I G  i9& 

IG 190a 

IG 19f 

IG 190' 
. . 

IG 190" 

IG 19@ 

I G  i90a . .. 

I G  190" 

IG 190a 

IG 190' 

IG 190' 

IG 1904 .. . 
. . 

I.G 190" 

IG 1904 

IG 190" 

IG 190" . 

IG 190a 

IG 190' 

IG 1900 

. IG 190"' 

IG 1 9 e :  

.IG 190' 

IG 1 ' 9 0 ~  

.: Time, 
s 

GOO 

600 . 

- 
600 

600 

3000 . 

, 600 

600 

'. 600 . 

600 

600 

6 00 

600 

600 

, 600 

6 00 

600 

600 

600 . . 

600 

600 

600 

600 
. " 

600 

600 . 

600 . 

600 . 

1500 

Depth, 
cm 

2 on 

400 

600 

' 800 

1000 

12UU 

1400 

1600 

1800 

2000 . 

2200 

2400 

2600 

2800 

3000 

' 3200 

. 3400 

3600 

3800 

, 4000 

4200 

4400 

4600 . 

4800 

5000 

5200 

5400 

5600 . 

5-8-79. 

lr4Ce 

tn .e l  

. . <0;41 

- 
. . 

' ~ 0 . 4 1  . 

<I60 
. . 

<1.0 

. ~ 2 . 0  , 

<4:6 

'<0.90' ' 

.<a*-49 

<0.45 

~ 0 . 4 1  
. . 

<O. 45. 

. ~ 0 . 4 1  

<o. 41 

<O. 41 

~ 0 . 4 1  

. <0.41 

~ 0 . 4 1  

~ 0 . 4 1  

<O. 41 

, ~ 0 . 4 1  

<0.41 

<O. 41 

<O: 41 

.' ~ 0 . 4 1  ' 

~ 0 . 4 1  

<0.16 

u C i / ~  Soil 

1 3  7cs 

-.o. 01 4 

<0.014- 

- 
<O. 01 4 

3907 

19.17 

,11.55 ' 

. - 

38.29 

6 .768 . .  

1.228 . 

.0.3888 

1.536 

0.9621 

0.5405 

0.4663 

0.2286 . 
. . 

0.1082 

0.4149 

0.1569 - 

0.0550 

.0.1699 

0.1119 

0.1569 

0.2330 

0.0963 

0.1633 

0.2432 

0.4193 

1°6Ru 

~ 0 . 1 5  

~ 0 . 1 6  

- 
<0.17 . 

<I70 

<O. 65 

~ 1 . 3  

<O. 61' 

~ 0 . 6 1  

' . < 0 . 3 0  

<O. 21 

<O. 31 

<0.29 

. <O. 21 

<0',19 . 

<0.16 

<O. 16 
-. 

~ 0 . 1 6  

<O. 16 

~ 0 . 1 6  

~ 0 . 1 6  

~ 0 . 1 6  . 

~ 0 . 1 7  

~ 0 . 1 6  

.<Oil6 

~ 0 . 1 6  

<0.16 

<0.11 

Concentration, 

1 3 4 c i  

60.16 

<0:016 

- 
~ 0 . 0 1 6  

% ~ 1 . 7  

~ 0 . 0 2 6  

<0.058 

<O. 12 

<O. 026 

~ 0 . 0 1 6  

<O. 01 6 
. . 

<O. 01 6 

: ~ 0 . 0 1 6  

<O.  01 6 

<0.01.6 

~ 0 . 0 1 6  

<O. 01 6 

~ 0 . 0 1 6  

<O. 01.6 

. ~ 0 . 0 1 6  

~ 0 . 0 1 6  

~ 0 . 0 1 6  

<0.016 

~ 0 . 0 1 6  

~ 0 . 0 1 6  

~ 0 . 0 1 6  

. <0.016 

~ 0 . 0 0 6  

.. 60c0  

(0.031 

<0.031 - 

- 
<0.031 

~ 0 . 1 6  

0.068 

<0.031 , 

~ 0 . 0 5 3  

<0.031 

.<0.031 

<0.031 

<0.031 

< O .  031 

~ 0 . 0 3 1  

<o. 031 

<0.031 

<0.031 

< 0 . 0 3 1 '  

' ~ 0 . 0 3 1  

<O.  031 . .. 

~ 0 . 0 3 1  

~ 0 . 0 3 1  

~ 0 . 0 3 1  

<0.031 

;0.031 

~ 0 . 0 3 1  . 

. ~ 0 . 0 3 1  . 

<0.012 

1 5 4 ~ " .  

" <0.077 

- -  <0.077 . 

- 
< o . o n  
0.690 

o.'b75 

~ 0 . 1 0  

~ 0 . 1 6 8  

~ 0 . 0 7 7  

<0.077. 

<0.077 

~ 0 . 0 7 7  

~ 0 . 0 7 7  

<0.077. 

~ 0 . 0 7 7  

~ 0 . 0 7 7  

~ 0 . 0 7 7  

<0.077 

~ 0 . 0 7 7  

<O.  077, 

~ 0 . 0 7 7  

~ 0 . 0 7 7  

<0.077 

<0.077 

~ 0 . 0 7 7  

<0.077 

<0.077 . 

<0.031 



TABLE A-4. We1 1  295-W22-2 Borehcle Gamma :Energy Ana'ysi s  Resul t s ,  2-1 5-80. 
L 

Depth, 
cm 

Cancentrat ion, p C i l a  S o i l  

a Without Lead Sh ie ld ing .  

b ~ ~ t e r  A t tenua t i on  C o r r e r t i o n  appl i e d  t o  a1 1  r a d i o ~ h c l  ides  below 5950 ten t ime te rs  (approx- 
mate ly  195 f e e t ) ,  f o r  water i n s i d e  the  casing. . . 

Time, 
s Detector  



. ' . >  ?.  . . . _ . .  
, . . .  

. . .  TABLE- A-5. We1 1 299-W22-5 Borehole Gamma Energy Analys is  Results,  6-7-79. . $ 

Depth, . 
. . c m  . 

. 3 .. 
. , 

. . 400 
800 

1200 

1600 

2000 

2400 

2800 

3200 

3630 

4000 

. 4400 

4800 

-5200 

5600 

* 
Without Lead Sh ie ld ing .  

.. .. . . 

Concentrat ion, u C i / ~  S o i l  

S 

600 

600 

6 00 

600 

600 

600 

6 00 

. 600 

6 00 

600 

,600.  

600 

600 

600 

. . 

D,&ector* 

I G  548 

IG ,548 

IG 548 

IG 548 

I G  -548 

IG 548 

IG 548 

I G  548 

* IG 548 

IG - 548 

IG 548 - 

IG 548 

IG 548 

IG 548" 

. . 

14%e 

<O.OOgZ 

<0.0080 

<O. 0081 

<0.0080 

<0.0089 

(0.01 2 

<0.. 0097 

<O. 0091 

<0.0098 

<O .0001 

<0.0072 

<O ,0079' 

<O. 0086 

<0.0073 
. - .  

, 1 0 6 ~ ~  

<0.0037 

<0.0035 

<0.0037 

<0.0035 

<0.0038 

<O. 0037 

<0. 0040 

<0.0039 

<0.0039 

<O. 0041 

<0.0034 

<O .0033 

<O. 0033. 

. ' <0.0032 
. , 

. . 

, 1 5 4 ~ ~  

<O.OCO7 

<O.OCO8 

<O.OCO7 

<O.OCO7 

<0.OC07 

<O. OC07 

<0. 0 ~ 0 7  

<0.OC08 

<0.0006 

<O.OCO7 

<0.0006 

<O.. 0006 

<O. 0007 . 

<0.0006 . . 

, 1 3 4 ~ ~  

<0.0005 

<0.0003 

. <0.0003 

<0.0004 

<0.0003 

<O. 0003 

<0. 9004 

<0.0003 

<0.0003 

<O. 0003 

<0.0002 

<O .'0002 

<O. 0004 

u0.0003. 

1 3 ? c S  

<0.0002 

<0.0002 

<0.0002 

<0.0003 

<0.0002 

<O. 0002 

<0. 0002 

<0.0003 

<0.0003 

<0.0003 . 

<0.0002 

<O. 0002 

<O.. 0002 

<0.0002 

6 0 c ~  

<0.0002 

<0.0002 

<0.0002 

<0.0002 

<Q.0002 

<O. 0002 

<0. no02 

4,. W02 

<0.0002 

<0.0002 

<0.0002 

<1).0002 

<O .0002 

<0.0?02' 



TABLE A-6. We1 1 299-N22-10 Borehole Gamma Energy Analysis Resul t s ,  6-8-79. 

* Without Lead Shielding.  

Depth, 
. cm 

4 00 

800 

1200 

1600 

2000 

2400 

2800 

3200 

3600 

4000 

4400 

4800 

5200 

5600 

Concentration, ~ C i l a  Soil  T ime '  
s Detector* 

Ce l o 6 R u  134Cs 

i0.0002 

< O .  0003 

<0.0003 

< O .  0002 

<0.0003 

< O  .0004 

<0.0003 

<O.  0003 

70.0003 

<0.0003 

<0.0003 

GO.  0003 

< O .  0003 

~ 0 . 0 0 0 2  

600 

600 

<0.011 

< O  10099 

<0.0085 . 

< O .  0087 

<0.0090 

< O  .0095 

<0.0097 

<O .0095 

?0.0089 

<0.0097 

<0.012 

< O .  0051 

< O .  0078 

< O .  0081 

60Co 

. <0.0002 ' 

< O .  0002 . 

<0.0002 

< O .  0002 

<0.0002 

< O  .0002 

<0.0002 

' < O  .0002 

<0.0002 

<0.0002 

<0.0002 

< O .  0002 

<O.  0002 

<0.0002 

137Cs 

<0.0002 

< O .  0002 

<0.0002 

< O .  0002 

<0.0002 

< O .  0003 

<0.0002 

< O .  0002 

~ 0 . 0 0 0 2  

<0.0002 

<0.0002 

< O .  0002 

< O .  0002 

<0.0002 

IG 548 

IG 548 

<0.0036 

< O .  0038 

<0.0034 

< O .  0036 

<0.0040 

< O .  0041, 

<0.0043 

< O .  0043 

70.0042 

<0.0042 

<0.0035 

<0.0031 - 

< O .  0034 

<0.0034 

- 
5 4 E ~  

<o.  0007 

< O .  0007 

<0.0006 

<O. 0007 

<0.0008 

< O .  0007 

<0.0008 

< O  .0008 

<3.0007 

<0.0009 

<0.0006 

<O. 0006 

.<O. 0006 

<0.0006 

600 

600 1 
600 

6 00 

600 

600 

600 

600 

600 

600 

600 

600 

IG 548 

IG 548 

IG 548 

IG 548 

IG 548 

IG 548 

IG 548 

IG 548 

IG 548 

I IG548  

I(; 548 

IG 548 



TABLE A-7. We1 1 299-W22-15 Borehol e Gamma Energy Analys is  Resul t s  , 5-22-79. 
I I I 

400 <0.010 / ~ 0 . 0 0 3 5  / <0.0003 <0.0003 

800 <0.0076 ! <0.0042 ! <0.0003 ~0 .0002  

.I200 <0.0080 / <0.0034 . <0.0004 <0.0002 

1400 
I 

<O. 014 i <O. 0065 <O. 0004 <O. 0004 ' 

1500 ~ 0 . 0 8 3  I c0.039 <O .0020 <O. 0020 

1600 <O. 047 i <0.023 <0.0012 <0.0011 

2000 <0.027 <0.013 <O. 0007 4 .0007  

2400 -0.010 <0.0045 <0.0004 <0.0003 

2800 , <O .0093 <O. 0041 <O. q003 <O .0003 

3200 4 .0093  <O. 0043 <O ..00Q3 <O. 0002 

,3600 . <0.0095 <0.0048 <0.0003 <0.0003 

4000 <O. 0093 <0.0052 . <0.0003 <0.0003 

4400 . <O. 0093 . <O. 0039 <0.0004 <O. 0002 

4800 <0.0090 . <0.0031 <O. 0003 <O. 0002 

5200 : .<0.0070 <0.0031 <O .0003 <O. 0002 

5600 <0.0076 <0.0030 (0.0003 <0.0002 

* Without Lead Sh ie ld ing .  

Depth, 
cm 

Time, 
5 

600 

600 

600 

600 

600 

604 

600 

600 

600 

600 . 

600 

600 

600 

600 

600 

600 

I Detec tor *  
' ' Concentrat ion, pC i /a  S o i l  

'44Ce lo6Ru I ls4Cs I 137Cs 60Co I ls4Eu 



TABLE A-8. Well 2991W22-17 Bo r lho le  Gamma Energy Ana lys is  Results,  5-23-73. . . 

Depth, C m c e n t r a t i o i ,  ~ C i l a  Soi 1 . . 

cm 1 4 4 ~ ~  I l c * j ~ ~  
60C0 

800 <O. 0079 <O. 0034 

1200 <O. 0079 <o. 0035 

1600 <O. 0092 <O. 0037 

2000 <O. 0095 <O. 0039 

2400 . ' <O. 01 0 '<O. 0040 

2800 <O. 0093 <O. 0041 

3200 <O. 0096 <O. 0040 

3600 <O. 01 0 " .. <O. 0041 

4000 <0.010 <O. 0040 

4400 <0.0089 . <0.0039 

4800 4 .0074  ' <0.003.1 

5200 . <0.0080 <0.0035 

5600 <O. 0056 <O. 0023 

* 
Without Lead Shie ld ing.  

Detec tor *  



TABLE A-9. Wel.1 299-W22-18 Borehole Gamma Energy Analys is  Recul t s  , 5-24-79. 

* Without Lead Sh ie ld ing ;  

I .  

Detector*  Time' 
S 

I 

Depth, 
cm 

400 

800 

1200 

1400 

1600 

2000 

2400 

2800 

3200 

3600 

4000 

4400 

4800 

5200 

5600 

Concentrat ion, ~ C i / a  S o i l  

600 

600 

600 

6 00 

600 

600 

600 

600 

600 

6 00 

600 

600 

600 

600 

600 

1d 548 

IG 548 

IG 548 

IG 548 

IG 548 

IG 548 

IG 548 

IG 548 

IG 548 

IG 548 

IG 548 

IG 548 

IG 548 

IG 548 

IG 548 

5 4 E ~  14'+Ce 

<O. 0006 

<O .0006 

<O. 0006 

<0.0017 

<O. 0007 

<0.0008 

<O. 0007 

<O. 0007 

<O .0008 

<O : 000 j  

<o.  0007 

<O .0005 

<O .0005 

<O. 0006 

<O. 0006 

<O. 0082 

<O. 0075 

<O. 0074 

<O .056 

<0.012 

<O. 0093 

<O. 0087 

<O. 0094 

<O .0092 

<o. 0088 

<O. 0001 

<O. 0069 

<O .0054 

<O. 0076 

<O. 0075 

l o6Ru  I 137Cs 134Cs 

<O. 0033 

<O. 0033 

<O. 0033 

<O. 026 

<O. 0055 

<O. 0037 

<O. 0040 

<O. 0041 

<O. 0037 

<o. 0038 

<0.0042 

<O. 0030 

<O. 0023 

<O. 0032 

<O. 0034 

60Co 

! <O. 0002 

, <O .0002 

<O .0002 

<0.0014 

<O. 0004 

<0.0005 

<O. 0002 

<O. 0003 

<!I. 0002 

<o. 0002 

<0.0002 

<O .0002 

<0.0002 

<O. 0002 

. <O. 0002 

<O. 0002 

<O; 0002 

<O .0002 

<0.0014 

<O. 0003 

<O. 0003 

<O. 0003 

<O. q003 

<O. OW3 

<o. 0 0 ~ 3  

<0.0004 

<O .0002 

<O. 0002 

<O. 0002 

<O. 0003 

4. 0002 

<O .0002 

<O .0002 

<0.0006 

<O. 0002 

<O. 0002 

<O. q002 

4.  W02 

<0.0002 

<o. 0002 

<0.0002 

<0.0002 

<O .no02 

<0.0002 

<O. 1)002 



b ~ i  t h  Lead Shi e l  d ing.  

Depth, 
cm 

200 

400 

600 

800 

1000 

1200 

1400 

1600 

1800 

2000 

2200 

2400 

2600 

2800 

3000 

3200 

3400 

3600 

3800 

4000 

4200 

a 

Detector  

IG 190' 

IG 190' 
- 

I G 1 90' 

IG 190b 

IG 190b 

I G  1 9ob 

IG 190b 
23 

IG 190a 
I 
0 
I 

IG 190' -i 
V) 

I 
;J - I0 

IG 190a 

IG 190a 

IG 190' 

IG 190' 

IG 190' 

I G 1 90' 

IG 1 9oa 

IG 1 9oa 

IG 190a 

16 190" 

TABLE A-1 0. We1 1 299-W22-29 Borehole Gamma Energy Ana lys is  Resul ts ,  5 4 - 7 9 .  

Without Lead Sh ie ld ing .  

14'+Ce 

<O. 82 

<0.41 
- 

<0.41 

<510 

<650 

< 380 

<6.7 

c1.3 

<O. 65 
- 

<O. 74 

<0.41 

<0.41 

<0.41 

<0.41 

<0.41 

<O. 41 

<O. 41 

<0.41 

~ 0 . 4 1  

0 6 ~ ~  

<O. 31 

4 . 1 6  
- 

4 . 1 6  

<76C 

<71 C 

<30C 

<E. 5 

<Cl, 53 

41, 54 
- 

4 . 3 5  

<0.22 

4 . 1 6  

<0.16 

4 . 1 7  

<0.16 

<0.16 

<0.17 

4 . 1 7  

4 . 1 6 .  

Concentrst ion, pCi/a S o i l  

I :4cs 

4 . 0 3 2  

<0.016 
- 

<0.016 

<O.  65 

- T - m e y  
1 5 4 ~ ~  , s 

<0.15 600 

<0.077 600 
- 

<O. 077 

<O. 46 

1 . I 68  

<0.60 

0.1342 

<O. 077 

l 37Cs 

- 
600 

600 

600 

600 

3000 

600 

6Oco 

< 5 * 7  <5.7 ! 1185 177.7 

0.479 

0.337 

<0.077 1 

- 
<O. 077 

<O. 077 

<O. 077 

<O. 077 

<O. 077 

4 . 0 7 7  

<O. 077 

<O. 077 

<O. 077 

: <0.077 

0.1394 

0.0560 
- 

0.014 

1031 

600 
- 

6 00 

600 

6 00 

600 

600 

600 

600 

600 

600 

600 

~ 0 . 0 6 2  

<O. 031 
- 

<O. 031 

<0.16 

<0.024 

-4.031 

-4.031 
- 

<O. 031 

<O. 031 

<O. 031 

<O. 031 

<O. 031 

<O. 031 

<O. 031 

<O. 031 

<O. 031 

<0.0311 

<0.10 

~ 0 . 0 3 2  

<0.019 
- 

~ 0 . 0 2 4  

<11.016 

<0.016 

<0.016 

<0.016 

<-1.016 

<3.016 

<3.016 

<3.016 

<3.016 

44.36 1 

<O. 074 

5.686 
- 

0.670 

0.381 

0.1 33 

0.186 

0.065 

0.111 

0.1 78 

0.1 77 

0.118 

0.253 



TABLE A-11 . We1 1 299-W22-30 Borehole Gamma Energy Analysis Results,  
5-2-79. 

Depth, 
cm 

I Concentration, pCi/e S o i l  I Time, 
S 

Detector 

-- - 

a With Lead Shielding. 

b ~ i t h o u t  Lead Shielding. 



TABLE A-1 2. We1 1 299-W22-30 Borehole Gamma Enercy Analysis Resul t s ,  2-1 5-80. 

a Cs-137 Contamination Correct ion Factor appl ied  a s  a c o n s t ~ n t  f o r  a l l  logget  depths (approxi-  
mately 1.428 C I S ) .  

b ~ a l u e  from readings of  5/2/79, used t o  c o r r e c t  f o r  lr7Cs contamination. 

Depth, 
cm 

5600 

5700 

5800 

5900 

6000d 

61 00 

6200 

6300 

6324 

6459 , 

6500 

6600 

6729 

C Without Lead Shielding..  

d ~ a t e r  Attenuat ion Correct ion appl ied  to  a1 1 radionucl i des  below 5950 cent imeters  {approxi- 
mately 195 f e e t ) ,  f o r  water i n s i d e  the casing.  

Concentration, vCi/.t Time, 
S. 

Detector 
14'+Ce 

IG 1 90' 

IG 1 90' 

IG 1 90' 

IG 190' . 
IG 190' 

IG 1 9oC 

IG 190C 

IG 190' 

IG 190' 

IG 1 90' 

IG 190' 

IG 1 90' 

.. IG 190' 

1 37csa 

<1.4 

<0.14 

<1.4 

<1.4 

~ 1 . 8  . 

<1 .8 

<1.8 

<2.0 

<40.0 

<I250 

~ 3 8 7  

<36.3 

<10.6 

l o 6 R u  13'+Cs 

0 . 5 2 9 9 ~  

1 .066 

1.402 

0.8080 . 

1 .079 

0.464 

0.652 

3.004 

20.03 

49.52 

54.69 

57.98 

5.839 

6 C C ~  

<O.  66 

<0.67 

<O.  75 

<O.  67 

<0.95 

<O.  83  

< O .  85  

<1.42 

<19.4 

<59.3 

~ 1 9 . 4  

<16.8 

<5..3 

5 4 E ~  

:I]. 054 

<0.054 

(11. 054 

<0.054 

<0.069 

:{I. 069 

:1I.069 

:{I. 069 

e18.4 

~ 3 . 8 1  

<1.05 

~11.88 

~ 3 . 2 7  

<0.10 

<0,10 

<0.10 

<0.10 

<0.12 

<0.12 

<0.12 

<0.12 

<O'. 61 

<1.6 

< O .  61 

< O .  61 

<0.10 

500 
< O a i 6  I <0.26 i 500 

<O.i'6 

~ 0 . 2 6  

<O.C1 

< O .  C.1 

'<0.31 

< O .  :-I 

<I .i' 

<4.1 

<1 .'€. 
<I . 6 

~ 0 . 2 6  

500 

500 

500 

500 

500 

500 

100 

50 

100 

100 

600 



TABLE 'A-13. We1 1 299-W22-31 Borehole'  Gamma Energy Ana l ys i s  Resul ts ,  
, 5-1 6-79. 

Depth, 
cm 

Concentration, d i / e  S o i l  Time, 4 600 

600 

600 

'600 

600 

600 ; .. 
--. 

600 ,. ' . . .  
600 : 

. . . . 

600 

- 
1000 

600 

600 ' 

600 

- 
600 

600 

600 

600 

600 

600 

- 
1415 

- 
600 

600 

Detector 

~ ~ 

a Without Lead Shielding. 

b ~ i  t,h Lead Shielding. . . 



TABLE A-14. We1 1 299-W22-31 Borehole Gamma Energy Analysis Resul t s ,  2-1 5-EO. 

'~i t h o ~ t  Lead Shielding . , 

. . b ~ a t e r  Attenuat ion Correct i  3 r  appl ikd to  a1 1 radionucl i des  below 5950 cent imeters  (apprbximatel y 
195 f e e t ) ,  f o r  water i ,nside the :?sing. 

Depth, 
cm 

5400 

5600 

5700, 

5800 

6000' 

6200 

6400 

6600 

6800 

7000 . 

7200 

7400 - 

7560 , 

Detector  

IG 548' 

IG 548' 

IG 548' 

IG 548' 

IG 548' 

IG 548' 

IG 548' 

IG 548a 

IG 548' 

I 6  548' 

IG 548' 

IG 548' 

IG 548' 

Tirre, 
C 

3CO 

2 00 

1 00 

6(40 

680 

2 52 

600 

600 

600 

6 0  

600 

600 

600 

Concentratian, pCi/a 

'OCO 

:0.0008 

.:o, 00i 5 

.:0.0023 

-:Om 0005 

.:0.0006 

~ 0 .  001 2 

.:Om 0005 

i0.0005 

.:O. 0005 

-:O. 0005 

..:O. 0005 

-:0.0005 . 

.:O. 0005 

1 4 4 ~ ~  . 15'+Eu 

< O .  005 

<0.012 

<0.100 

<O . 001 5 

< O .  001 8 

<0.014 

<0.0015 

(0.001 5 

< O .  001 5 

<0.0015 

<0.0015 

<0.0015 

<0.0015 

1 3 4 C ~  
r 

1 0 6 ~ ~  1 3 7 C ~  
. . 

1.324 . 

5.546 . 

1 .032 

0.1914 

0.3772 . 

0.5561 

0.1415 

0.4287 

0.01 26 

0.0074 

0.001 7 

0.0005 

0.0005 

<O.  070 

<0.25 

<0.13 

<O. 022 

<0.029 

<O .058 

< O .  021 

<O.  026 

<0.019 

<0.019 

<0.019 

<0.019 

<0.019 

<0.06! 

< O .  1 6 

<0.10 

<o. 0213' 

c0.03:3 

<O.  057 

< O .  01 0 

<O.  032 

<0.010 

< O .  003 

<O .003 

< O .  008 

<O.  008. 

! <0.0042 

<O.Oll 

< O .  0062 

<0.0013 

<0.0020 

<O. 0039 

<O .0013 

<0.10022 - 

<O .'0006 

<O .10006 

<O .10006 

<O .MI06 

<O .lo006 



.. TABLE A-15. Well 299-W22-.36 Borehole G.amma Energy Ana l ys i s  Resul ts ,  
5-9-79. 

Depth, 
cm 

Concentrat ion, uCl /e  S o i l  

14'+Ce 106Ru l3"Cs 1 3 7 ~ ~  . 'j°Co ls4Eu 

~ 0 . 4 1  <0.16 <0.016 0.057 <0.031 ~ 0 . 0 7 7  

.<0.41 <0.16 ~0.016 0.083 <0.031 <0.077 

~ 0 . 4 1  <O. 17 <O. 016 0.190 <0,031 e0.077 

~ 0 . 4 1  ~ 0 . 1 6  <0.016 0.025 ~ 0 . 0 3 1  ~ 0 . 0 7 7  
, . 

~ 2 3 0  <210 < I 6  521 4 0.483 4.121 

<54 <85 4 . 6 6  1632 4 . 1 6  0.71 0 

<33 ,<53 ~ 0 . 4 6  633.0 50.16 ~ 0 . 4 0  

<15 < I 2  ~ 0 . 2 5  . 26.74 <0.16 ~ 0 . 3 6  

<O. 63 ~ 0 . 6 9  <0.021 8.749 <0.031 ~ 0 . 0 7 7  

~ 2 . 5  ~ 1 . 8  . ~0 .065  46.53 ~0 .031  ~0 .077  

~ 1 . 4  ~ 1 . 2  <O. 033 22.59 . ~ 0 . 0 3 1  .<0.077 

<O. 58 ~ 0 . 5 7  ~ 0 . 0 1 6  7.131 ~0 .031  <0.077 

~ 0 . 4 9  ~ 0 . 4 7  <0.016 4.883 ~0 .031  ~ 0 . 0 7 7  

~ 0 . 4 1 .  ~ 0 . 3 4  ~ 0 . 0 1 6  1.923 <0,031 <O. 077 

~ 0 . 4 1  ~ 0 . 4 3  <0.016 ' 3.343 <0;031 (0.077 

<0.41 ~ 0 . 3 3  <0.016 2.084 ~0 .031  . ~0 .077  

<0.41 . <0.33 ~0 .016  2.084 :<0.031 <0.077 
. . 

~ 0 . 4 1  i0 .34 ' <O. 01 6 2.390 <0.031 ~0 .077  

<0.41 <0..29 <O. 01 6 1.474 <0.031. <0.077 

<O. 41 <0.25 ~0 .016  1.100 <0.031 e0.077 

. <0.082 : ~ 0 . 0 6 4  ~0 .003  0.2717 <0.006 <0.015. 

<0.018 ~ 0 . 0 1 8  <0.001 - , 0..6954 <0;001 <0.001 

i0.009 <O. 01 1 <O. 001 0.3101 <O.OOl <0.001 

- - - - - - 
' <0.015 . .  . ~0 .015  <0.001 0.4579 , <0.001 <0.001 

. . 

<0.009 <0.012 <0.001 0;2811 1 <0.001 <0.001 

Time* Detector  
S 

a Without  Lead Shielding. 

b ~ i t h  Lead Shie ld ing.  



TABLE A-16. Well 239-W22-67 Borohole Gamma Ererqy Ana lys is  Results,  5-2-79. 

Depth, 
cm 

400 - 

600 

800 

1000 

1400 

1600 

1800 

2000 

2200 

2400 

2600 

2800 
/ 

3000 

3200 

* Without  Lead Sh ie ld ing .  

Detec tor *  

I6 548 

IG 548 

IG 548 

IG 548 

IG 548 w 
I6 548 

1 
0 
i 

IG 548 
V) 
--I 
1 

IG 548 
W 
9 

IG 548 

I6 548 

IG 548 

IG 548 

I6 548 ' 

IG 548 

S 

6 00 

600 

600 

600 

6 00 

600 

600 

600 

600 

600 

600 

600 

6 00 

600 

Concentrat ion, vCi /n S o i l  

144Ce 

<0.0089 

<0.0079 

<O. 0081 

<O. 0079 

<O. 032 

<O. 0085 

<O. 0090 

<O. 01 0 

<O. 0089 

<O. 0097 

<O. 0096 

<O .0090 

<O. 0098 

<O. 0094 

06Ru 

<0.0032 

<0.0031 

<O. 0031 

<O. 0033 

~ 0 . 0 1 6  

<O. 0035 

<O. 0039 

<O. 0041 

<O. 0043 

<O. 0035 

<O. 004: 

<O. 0040 

<O ,004; 

<O. 0037 

134Cs 

<0.0003 

<0.0003 

:O. 0003 

:O. 0003 

:O. 0008 

:O. 0003 

:O. 0003 

:0.0003 

:O. 0003 

:O. 0003 

:O. 0003 

<O. 0003 

<0.0003 

~0 .0003  

137Cs 

0.0004 

<0.0002 

<O. 0003 

<O. 0003 

<O. 0008 

<O. 0002 

<O. 0002 

<0.0003 

<O. 0003 

<O. 0003 

<O. 0003 

<O. 0003 

<0.0003 

<O. 0003 

6 o  Cc 

<O. O O C f  

< O . O O C i  

<O. O O C i  

<O. O O C i  

<O.OOC4 

4. 0OC2 

<O. OOC*2 

<O.OOC2 

<O. OOC2 

<O :OOCl2 

<O. OOC.2 

<O. 0003 

<0.0003 

<O. 0002 

5 4 E ~  

<0.0007 

<0.0006 

<O. 0006 

<O. 0007 

<O. 001 1 

<0.0007 

<O. 0007 

<0.0007 

<O. 0007 

<O .0007 

<O. 0007 

<fl.0007 

<0.0007 

<O .0007 
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TABLE B-1 We1 1 299-W22-1' Drill ing  Log. Digest .  

Sandy S i l  t ': 

Gravel 

Fine Sand, S i l t  

Sand 

Date 

1/11/52 

! 
Coarse Sand, Gravel,  i ' I 

I Some Si 1 t 
I 

Coarse Sand, S i l t  I 

.. . 

Depth, rn 

' 1 . 5  

Sandy S i l  t 
Heavy S i l t  

. . -. . . . - . 
Observat ions 

. ' , . . . 

I ' 50.6. I Coarse Sand ' 1 400 counts  
I 

b i  tho1 og ica l  ' 

. - .. 
Rackf i l l  

Sandy Si 1 t, I 
Heavy S i l t .  . . .  i _ I  

j 
Sandy s i l t ,  Clay j 
Clay . . 

. . . . 

Gravel i 
! 
i 

Gravel , Sand, Si 1 t I 
i 
I 

5 /22 /56  1 5 2 . 4  1 Coarse Sand 1 500 Counts. 
. . 

~ a d i o l o ~ i c a l  
. - 

Gravel , Sand, S i l  t 
Coarse Sand 

Coarse Sand 

Fine Sand,, 1 ,200 counts  
Coarse Sand I . . .  

3000 Counts 

800 Counts 

Sand, S i l  t / 500 Counts - 
5/23/56 

1 

5/29/56 

54.9 

. '57.9 . 
. . 

64.9 

Coarse Gravel 

Coarse Gravel . 

400 Counts 

4.00 Counts 

Gravel , S i l t  I water Table  
I 



TABLE B-2. We1 1 299-W22-2 D r i l l  i n g  Log Digest .  

Date Depth, 
m 

Gravel Pack 

Sand, S i l t  

Observat ions 
1 

i ' Gravel, Sand, 
I Very L i t t l e  S i l  t 
I 
! Sand, S i l t  

L i  t h o l o g i c a l  

~ a c k f i l l  

1 .  

I Heavy S i  1 t, Sand 
I 

Rad io log ica l  

Gravel, Sand I 
I 

/ Sand, Some S i l t  I 
I I 

I Sand, S i l t ,  
; F ine  Gravel 
I 
I Sand, Gravel ,. 
I L i t t l e  S i l t  
! 
! Sand, Gravel I 
I ! 

j 
! Sand, Gravel 1 Water Tab1 e Level 
I ! 

/ Sand, Gravel 
, 
1 Contaminat ion Very Low 

I 
I i Sand, Gravel i Higher Contaminat ion 

Sand, Gravel i Higher Contami n a t i o n  

Sand, Gravel I Contaminat ion Down, 
I Very Low 
I 

Sand, Gravel Background, No Fu r the r  
Radio1 o g i c a l  Observat ions 
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200 WEST RRF\  

FIGURE C-1 . We1 1 299-W18-12 Total Beta Concentration H i  story. 



200 WEST flRW 

FIGURE C-2. We1 1 299-W19-2 Total Beta Concentration H i  stary. 



CALENDAR YEAR 

208 WEST AREA 

FIGURE C-3. We1 1 299-11 9-3 Total Beta Concentratf on Hi story. 



200 dkS- AREA 

FIGURE C-4. bell 299-W19-4 Total Beta Concentration History. 



FIGURE C-5. Well 299-W19-5 Total Beta Concentration History. 



FIGURE C-6. W2T 1 299-W19-7 Total Beta Concentration Histcry. 



CALENDAR YEAR 

FIGURE C-7. We1 1 299-W21-1 Total Beta Concentration H i  story. 



200 WEST flREfl 

FIGURE G8. dell 299-W22-1 Total Geta Concentration H i  story. 



CALENDAR YEAR 

FIGURE C-9. We1 1 299-W22-2 Total Beta Concentration History. 



FIGURE C-10. We1 1 299-W22-5 Total Beta Concentration History. 



200 WEST ARtf l  

FIGURE C-11 . We1 1 299-W22-7 Total Beta Concentration History. 



208 WEST RREA 

CALENDAR YEAR 

FIGURE C-12. Well 299-W22-9 Total Beta Concentration History. 



200 VEST AREA 

FIGURE C-13. Well 299-W22-10 Total Beta Concentratian History. 



208 YES' FIRER 

FIGURE C-14. Well 299-W22-12 Total Beta Concentration nlstary. 



CALENDAR YEAR 

FIGURE C-15. Well 299-W22-13 Total Beta Concentration Historv. 



FIGURE C-16. We1 1- 299-W22-17 Total Beta. Concentration History. 
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CALENDAR YEAR 

FIGURE C-17.  We1 1 299-W22-20 Total Beta Concentration Hi story. 



CALENDAR YEAR 

FIGURE C-18. Well 299-W22-21 Total Beta Concentration HistoWy. 



200 VEST flRtF1 

CALENDAR YEAR 

FIGURE C-19. We1 1 299-~22-22 Total Beta Concentration History. 
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CALENDAR YkFIR 

FIGURE C-20. We1 1 299-W22-26 Total Beta Cancentration History. 



CALENDAR Y t A R  - >  

20D WtST AWFF 

FIGURE C-21. Me1 1 299-bf22-27' %taI Beta "Concentration History.' 



CALENDAR YERR 

FIGURE C-22. We1 1 299-M22-38 Total kta Cmcentration H f  story.  



FIGURE C-23. Well 299-W23-1 Total Beta Concentration History. 



FIGURE C-24. We1 1 299-W23-2 Total Beta Concentration H i s  tory. 



CALENDRR YERR 

FIGURE C-25. We1 1 299-W23-3 Total Beta Concentration Hi story. 



2(BIb E S T  ARER 

CfiLENClAR YEAR 

FIGURE C-26. We1 I 299-W23-4 Tota l  Beta Concentration A- story. 



CRLENDAR YEAR 

FIGURE C-27. We1 1 299-W23-5 Total Beta Concentration Hsstory. 



CRLENDAR YEAR 

FIGURE C-28. We1 1 299-M23-7 Total Beta Concentration H i  story. 
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Z 1 . t - 1  il! 

0 I ! 

FIGURE C-30, We1 1 299-W3-10 Total Beta Concentration Hi story. 



21b0 WEST RRER 

FIGURE C-31. We1 1 299-W26-3 Total Beta Concentration History. 
d 
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