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STATUS REPORT ON RADIOACTIVITY NOVEMENT FROM BURIAL GROUNDS 
-__I ___I_--xI 

IN MELTON AND BETHEL __-.__-_I-- VBTLEYS: I -.--- 

T h e  o f fs i te  

1% o f  the amount 

t ion .  However, 

a's concerned primar 

t o  the Clinch River 

correct ive measures 

J .  0 .  Duguid 

AB STRAC'T 

rad ioac t iv i ty  re leases  i n  the Clinch River are 

allowable f o r  unrestricted use of the water by 

n keeping w i t h  ERDA's objective t o  maintain re 

less than 

a popula- 

eases t o  

"as l ow as  pract icable ,"  studies directed toward locating sources o f  r a d i o -  

a c t i v i t y  release and toward seeking methods f o r  reducing or eliminating 

them have been continued. T h i s  par t icu lar  s tudy ,  i n i t i a t ed  i n  A p r i l  1973, 

ly w i t h  determining the radioact ivi ty  contributions 

from the buried waste a t  ORNL and N i t h  implementing 

Studies o f  the groundwater t ransport  o f  radionuclides from buried 

waste a t  Oak Ridge National Laboratory show tha t  burial ground 4 is  the 

major contributor of  9oSr t a  the groundwater. She concentration o f  

i n  the groundwater below burial ground 4 increases the amount o f  'OS, i n  

White Oak Greek, which drains  the area and f l o w s  into the Clinch River. 

The burial g r ~ u i . i d  area was used f o r  the disposal of uncontaminated f i l l  

a f t e r  burial was completed in 1959. 

elevation and a l so  increased the i n f i l t r a t i o n  r a t e ,  t h u s  ra is ing the 

groundwater tab le  because o f  the change .in topography and permeability. 

The resul t j n g  saturated conditions increased the t ransport  o f  90Sr from 

the buried waste. 

Prom hydrologic data and groundwater monitoring show t ha t  1 to  2 C i  o f  

'OS, are transported from the buria? ground annually. The amount of t rans-  

p o r t  i s  d i r e c t l y  related t o  prec ip i ta t ion ,  and stream monitoring data show 

The f i l l  increased the surface 

Estimates of 9oSr discharge from the burial ground made 
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t h a t  t h e  ciisctiatnge o f  ''5, from b u r i a l  g round 4 has decreased ovey ttw 

past 11 years. 

the " 5 ,  discharge ape inade. 

mental f i e l d  tes ts  a re  required before s u g g e s t i o n s  are made i n  the f o r m  

of  proposed so lu t ions  t o  the problem. 

Suggestions of engineer ing methods designed t o  decrease 

Heaive\~er, more f i e l d  s t u d i e s  and experi- 

Reconnaissame da ta  col liected in Me1 ton and Bethel  val  Ieys show 

t h a t  burial ground 1 and 3 and the west s ide of burial g r o u n d  5 do nod 

c o n t r i b u t c  stgnificafit quantities aP ''5, to Whl te  Oak Creek above the 

csnfluencc w i t h  Meltan Branch. Bur a1 ground 5 contributes a s igni f icant  

amotint of '*Sr t o  Melton bTtn12f-1 (an average o f  about 0.8 Ci/yr). As an 

experiment, one waste trench i n  bur- a1 gruilnd 5 wlll be sealed i n  order 

t o  reduce thc discharge of ''St- from the area and t o  detennlne t he  

appl icabi l i ty  o f  t h i s  hype s f  seal f o r  largsr areas .  

The s e ~ p a g e  p i t s  and treilches located i n  Meltan Valley cai-stribute 

l i t t l e  o r  no 'OSr tn the  White Oak drainage. 

models are  curreat ly  being applied t o  predfct  the  futuure behaviar o f  

seepage trench 7 .  Once Future problenis can be predicted,  prevers-tjve 

measupes can be applied before t he  problem develops. 

Mathematical simulation 
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The offsite radioactivity releases i n  the Clinch R i v e r  a re  less 

than 1% o f  the amount allowable for unrestricted use of t 

a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ I  

peleases %n '"as low as p rac t icab le , "  studles d i r e c t e d  toward lcdcatiaig 

50uB"ces aP ra -a'oachivit.y releases an toward seektng methods foy 

reducing o r  e3 inalnatirig t h e m  have been continued, Thls particular 

study, in r ' t i i a ted  in Api.11 1973, i s  ~~~~~~~~d primarfly w'l'th ~~~~~~~i~~ 

owever, i n  keeping w i t h  E R D A ' t ,  objective t o  main ta in  

waste a t  ORNL an w i t h  imp1 menrtlng carrectiue measures. The research  

a1 so i ndi sate conducted for the  de\relopmen% o f  correct%"ve measures w4 11 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ s  i n  current burla9 procedures t h a t  wiill reduce ria 

transport from new burial s l ' t es ,  The study enc passes a l l  waste d isposa l  

s i t e s  a t  ORNL and i s  funded by t he  D i v i s i o n  o f  Waste ~ a ~ ~ ~ ~ ~ e ~ t  and 

urpose of t h i s  report 4s  t o  document the progress a f  the investa'ga- 

t t o n  * 

I n  the  spring of 1933 reconnaissance of the waste disposal areas 

e l t o n  and Bethel valleys was begun. Small seeps and spr ings beJow 

seepage pl" ts,  seepage trenches, and burial grourr 5 were sampled t o  

determine the source, o r  S Q U ~ C E S ,  sf "Sr discharge t a  t he  surface 

waters o f  the  White Oak drainage- The reconnaissance data collected 

from seepage p i t s  and trenches, from bur l a l  grounds I ,  3 ,  and 5, and 

burial  ground 4 are discussed i n  t h l s  W p Q P t ,  A t  this  stage in 

t he  investjgatton an estfmale o f  the quant t ty  07 ''ST dfscharge has 

been made for. only one area, burSal ground 4, Research i s  ~ ~ ~ ~ ~ n ~ l ~  



being conducted which will a i d  i n  the select ion of an engineering method 

t o  reduce the movement from burial ground 4.  s ow ever, preliminary 

ideas For engineering solutions are  presented and ditscussed, 

The groundwater table  i n  the N h i t e  Oak drainage: i s  a shallow 

unconfined water tab le  t h a t  i s  a subdued replica o f  the surface topog- 

raphy. 

o f  law elevation where i t  discharges i n t o  surface streams a t  or neat- 

t he  stream sur face e lemt ian ,  T h u s ,  areas of yrwundwater contamination 

occur loca l ly  near waste disposal s i tes ,  and the contaminated graidnd- 

water discharges in to  sur face  streams within the drainage. The 

contamination ayisirrg from both  supface water releases a t  X-10 and 

groundwater discharge from waste disposal areas is  monitcared a t  White 

Oak Dam, which i s  located i n  the lower portion of the drainage near 

the confluence o f  White Oak Creek and the Clinch River, 

The groundwater flows frm areas o f  h-Fgh elevation t o  areas 

The uni ts  of  measurement of radionuclide concentration presented 

i n  th is  document are dis integrat ions per minute per m i l l i l i t e r  f o r  

water analyses (dpm/ml) and d is in tegra t lcns  per minute per gram f o r  

so i l  analyses (dprn/g). These u n i t s  may be converted t o  microcuries 

(pCi) by dividing the quantity by 2 .2  x 10 6 6 ( i , e e 3  1 .0  p@i  = 2 . 2  x 10 

dpmr ' 

SEEPAGE PITS AND TRENCHES 

Since the beginning of operations a t  ORNL, soi ls  have been used 

for the disposal  o f  radioactive waste.  Disposal  consisted of land 

burial a f  s o l i d  waste i n  unlined trenches t h a t  were covered w i t h  so i l  

o r  concrete. Based on this experience and w i t h  the knowledge t h a t  the 



- .  ... , ~ 

Conasauga shale is  somewhat impermeable, the construction o f  p i t s  for  

disposal of intermediate-level l iquid waste was begun i n  I951 ( F i g .  1 ) .  

The f i r s t  experimental p i t ,  p i t  1 ,  was opened i n  1951 and closed almost 

immediate'ly because o f  breakthrough o f  radionuclides due to  the p i t t s  

poor locat ion.  A second p i t ,  p i t  2 ,  was brought i n t o  operation in 1952, 

and for the f i r s t  time large quant i t ies  of intermediate-level waste were 

discharged i n t o  t e r r e s t r i a l  pits ,  

1955 and 1956, respectively.  

brought i n t o  operation i n  1960, and trench 6 and 7 i n  7961 and 1962, 

respect ively.  Trench 6 was operated for  only a short  period in I961 

because o f  breakthrough o f  90Sr and 137Cs (i . e . ,  small amounts of 'OS, 

Pits 3 and 4 became operational i n  

The f i r s t  covered trench, trench 5, was 

and 137Cs were observed i n  a seep below the trench which indicated rapid 

movement from the trench to  the surface seep. This t ransport  was a t t r i b -  

uted t o  groundwater flow through f rac tures  i n  the Conasauga sha le ) .  

1962 pits 2 ,  3 ,  and 4 and tt-ench 5 were taken o u t  o f  routine service;  

however, p i t  4 i s  s t i l l  used for  disposal of sludge f r  

Water Treatnrent Plan t  (Lmenick, Jacobs and Struxness 1967) a Trench 7 

was taken out o f  service in ?965 as par t  of a plan to  implement disposal 

of intermediate-level l i q u i d  waste by the process of ~ ~ ~ r ~ ~ ~ a ~ t ~ ~ ~  i n  

1966 (McClain, 1967). 

trenches, approximately 35 mill ion gallons o f  waste, containing over 

1 millfon curies  o f  mixed f i s s ion  products, were disposed o f .  

mately half of t h i s  amount was "Sr and '137Cs, w j t h  most o f  the remainder 

In 

During the operation of the seepage p i t s  and 

Approxi- 

being '06Ru. The waste contained c o n s i d e r a b l y  'lesser amounts o f  1255b, 

6QCo9 and other mlxed f i s s ion  products (Lmenick, Jacobs, and Struxness 

1963) * 
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Because of the quanti t y  o f  rarii oacti  v i  t y  contained i n  t h e  seepage 

p i  ts and trenches reconnaissance sariipl i ng  of small seeps 1 ocated below 

these disposal areas was i n i t i a t e d  (Fig. .  1 ) .  A l l  of t h e  seeps produce 

small quant i t ies  of f low d u r i n g  the  winter months arid are dry d u r i n g  

most of the suinmer months. The sampling was canducted over  a four -  

mnth per iod  (March-June) t o  determine whether measurable quanti t i e s  

of 137Cs and "Sr were discharging Prom the seeps in to  the surface 

waters of the White Oak drainage. The analyses of w a t e r  samples from 

eight  seeps are given i n  Table 1.  The samples were Found t o  contain 

w h i c h  ranged in concentration from 10.3 to  613.0 dpm/ml. They 

106Ru. Frolil 90 a l s o  contain minor  amounts of  

the da ta  i n  Table 1 

Sr, 137Cs, l z 5 S b 3  and 

i t  i s  apparent t h a t  w g l j g i b l e  amounts o f  "Sr 

and '37Cs are being transported by groundwater t o  surface seeps asso- 

ciated w i t h  waste p i t s  and trenches. Only oi7e seep contains measurable 

amourits of 137Csy seep RS8. Th i s  seep i s  located below t r e n c h  6 ,  which 

\vas closed a f t w  a s h o r t  period o f  ope ra t i on  i n  1961 when leakage of 

' O S ~  arid 1 3 7 ~ s  was discovered ( F i g .  1 ) .  

~ i ? e  l a r g e s t  quan t i ty  o f  6 0 ~ o  was found i n  a sinal! secp, R S ~ ,  

located belob! waste trench 7 (Fig.  1 ) .  

t a i n e d  199.0 t o  673.0 dpm/ml OF 6oCo d u r i n g  the peys'od o f  observation 

(-rabie I 1. T t x  sversye concentration of G f l ~ o  i s  383 cipm/mj, o r  1.7  x 

The water f r o m  the seep con- 

iL-i/ml. Sedfrnent i n  the seep and w i l  from the v i c i n i t y  contain can- 

centrations o f  6oCo Lisa t range from 6 . l  x 10' to  7 . 2  x 10' dpm/g (Table 

2). [he so i l  contains minor amounts of Sr-, w i t h  the e x c e p t i o n  o f  the 

sample from the d e p t h  I8 t o  21 i n . ,  whiz'n has 975.0 dpm/g of  'OS,. 

- 90 
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. .  

O R N L  DWG 74-9604 

. .  

BASE: STONE w WEBSXER,1943 

F ig .  1. Locat ion  o f  small seeps associated w i t h  seepage p i t s  
1, 2, 3 ,  and 4 and trenches 5 ,  6, and 7. 
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In  the analyses of  these so i l  samples the h i g h  level of  

hampered routine analysis fo r  90Sr-. 

o f  90Sr given i n  Table 2 are less accurate than those from other locat ions,  

Seep RS7 i s  charac te r i s t ic  o f  other  seeps located on the Conasauga 

rad ioac t iv i ty  

For this reason the concentration 

shale.  

a t e  spring and is dominated by the amount o f  carbonate i n  the shale.  

‘The presence of  the interrnediate-level waste i s  indicated by the amount 

o f  sodium and n i t r a t e  i n  the seep water  (Table 3 ) .  

The pH o f  the water, 7 .4 ,  is representative 0.f a calcium carbon- 

I- Nechanism.of6’Co Transport -_-- from Trench 7 

The posi t ive charge o f  60Co i n  i t s  ca t ion ic  Somi should enhance i t s  

adsorption by t he  Conasauga shale .  

o f  6oCo i n  seep R S 7  (below trench 7 )  suggests that  adsorption by the 

shale is minimal; s tudies  t o  determine the rnectianism o f  “ ~ o  t ransport  

from the waste trench to  the surface seep were i n i t f a t ed  by E ,  A. Bondietti 

of the Envirsnmental Sciences D i v i s i o n  a t  ORNL. The i n i t i a l  work s u g -  

gested tha t  6oCo was not  present in the seep water as  ca t ion ic  cobal t  

( Ca ) b u t  was present as a negatively charged species .  After pre- 

c ip i ta t ion  o f  SO, w i t h  Ha(N03)2 and removal of cations (Ba 

Na2’, Co”, e t c ,  ) u s i n g  Dowex-50, the  uncancentrated solution was studied 

t o  determine the nature and amount o f  the complexing agent.  

(9thylenediamine-tetraacetic ac id)  and a concentrated portion o f  the seep 

water were examined u s i n g  thin- layer  chromatography, and the rcsul t s  of 

the analysis suggested t h a t  the complexing a g e n t  was EDTA. 

t ion curve using NaOH revealed the presence 05 two ionizable Functional 

groups w i t h  the saiiir ionization constants as EDTA. 

The r e l a t ive ly  h i g h  concentration 

60 2+ 

2t- 2+ , Ca , 

Standard EDTA 

A base t i t r a -  

From the  l i t r a t i o n  
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curves, the concentration o f  EDTA i n  the seep water was estimated t o  

be 8 x 

fi'rmed t h a t  the concentration of the complexing agent was above lo-' 

molar and tha t  the  water contained primarily one type o f  complexing 

agent. 

suggests t ha t  the organic complex i s  EDTA. EDTA is widely used f o r  

cleanup o f  equipment and decontamination a t  the laboratory and i s ,  

therefore,  present i n  the intermediate-level waste, The persistence 

(nonbiodegradabil i t y )  of EDTA in the waste and i n  the environment adds 

a new dirnensi on t o  the cycl i ng o f  radionucl ides i n  t e r r e s t r i a l  ecosys tems . 
The substance may form numerous complexes w i t h  f i s s ion  products and 

transurani c el ernents and increase thei r mobi 1 i t y  . 

molar. Studies using a Pb2' se lec t ive  ion electrode con- 

Estimation o f  the s t a b i l i t y  constant fo r  the Pb2' -waste complex 

BURIAL GROUNDS 1, 3 ,  AND 5 

S i x  so l id  burial grounds a re  located i n  Melton and Bethel valleys 

near ORNL ( F i g .  2 ) .  These burial grounds a re  ni-rmbered consecutively 

i n  the order i n  which they were f i r s t  used. 

i s  not unlike sani tary l a n d f i l l ,  where waste i s  placed i n  unlined trenches 

and covered with approximately two f e e t  o f  s o i l .  In sorne areas ,  trenches 

contai n i  ng a1 pha malerial were covered w i t h  concrete. Hi gher-1 eve1 sol id 

waste was disposed o f  in auger holcs located w i t h i n  the burial grounds, 

The disposal method used 

Riirial grounds 1 ,  2 ,  and 3 i n  White Oak Valley a re  underlain by 

limestone of the Chickamauga Group, Because o f  solution channels i n  

t h i s  formation, l a t e r  burial qraunds were located i n  Melton Valley since 

i t  is  underlain by Conasauga shale .  The shale was selected f o r  waste 

disposal because of i t s  irnperrneabi 1 i ty  . 



ORNL- DWG 65-1215747A 

,SOLID W h S T E  DISPOSAL 
AREA NQ.2 

1 
I 

I , 

OLiD WASTE DISPOSAL 
AREA hG.! 

WASTE PIT N0.i 

LLC. TRENCHES 
(NOT IN USE) 

WH:TE OAK DAM 

A SAMPLING STATION 
- - - - -  APPROXIMATE BOUNDARY FEET 

OF ORNL COMPLEX 

F i g .  2. Approximate location of  waste disposal areas and 
sampling s ta t ions  a t  OkNL, 
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Over a period of several years ,  stream monitoring data from sanpl- 

90 ing s ta t ions  on White Oak Creek showed t h a t  inore 

ing s ta t ion  3 than was being discharged from ORNL ( F i g .  2 ) .  

t o  determine the source of  the added amount o f  9('Sr, reconndissance 

sampling was conducted in burial grounds 1 , 3, 4 ,  and 5.  In  the follow- 

ing sections the r e su l t s  of sampling in burial grounds  1, 3 :  and 5 are 

discussed. 

however, discharge from the south s ide o f  burial ground 5 i s  monitored 

a t  sampling s ta t ion  4 (F ig .  2 )  and i s  discussed in a fur ther  section 

on burial ground 5.  No sampling was conducted below burial ground 2 

because i t s  groundwater discharge i s  monitored a t  sampling s t a t ion  2 

and does n o t  contribute t o  the added amount of  "Sr recorded a t  sampling 

s ta t ion  3. 

S r  was passing sampl- 

In  an e f f o r t  

Samples collected along Melton Branch are a l s o  included; 

Groundwater Samples .- from - Burial Ground 1 

To determine whether % was being transported f r o m  burial ground 

1 t o  White Oak Creek by groundwater*, two shallow wells were ins ta l led  

below the burial ground ( F i g .  3 ) .  A t  t h i s  location the direct ion o f  

groundwater flow i s  assumed t o  be in a northwesterly direct ion t o w a d  

White Oak Creek; thus any "Sr t h a t  i s  moving in the groundwater should 

enter the creek below the burial ground. 

the basis of a statement by Stockdale (1951) in which he said t h a t ,  i n  

general, the water tab le  in the X-10 area i s  a subdued replica o f  the 

land surface.  

c loser  t o  the surface in the valleys.  

water f l o w  and surface runoff a re  roughly pa ra l l e l .  

This assimption i s  made on 

I t  r ises s l i g h t l y  below the h i l l s  and occupies a position 

T h u s ,  the direct ions o f  y r o u n d -  
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S C A L E 0  50 100 200 FEET 1 I I 8 1 

Fig .  3 .  Locat ion  o f  wells and m e  seep near b u r i a l  ground 1. 

- .  



The analyses of water samples from two wells and one surface seep 

are  given i n  Table 4 .  

the concentration was 0,4 dprnlrnl. 

burial ground 1 i s  not considered t o  be a major contributor t o  the 

added amount o f  "Sr recorded a t  sampling s t a t ion  3 .  

The presence of 9oSr was ~DLHK! i n  well 1-2, where 

Because of  the low concentration, 

These analyses 

also indicated t h a t  l i t t l e  or no lS7cs i s  transported from burial ground 

1 and t h a t  no transuranic elements are present i n  detectable  quant i t ies  

i n  the  groundwater. 

I_- Groundwa. ter Samples from Bur i  a1 -Ground 3 

Groundwater contours i n  the v i c in i ty  o f  burial ground 3 (Stockdale, 

1951) show the presence of a groundwater divide i n  t h e  west end o f  

the burial ground ( F i g .  4 ) .  

burial ground is toward the north, w i t h  the exception of the western 

The direct ion o f  groundwater f l o w  from the 

end of the burial ground where the groundwater f l o w s  i n  a westerly direc- 

t i o n .  T h u s ,  i f  radioact ivi ty  was discharging from the disposal a rea ,  

i t  would be detected i n  wells located along the north and west s ides  

o f  the area.  

Table 5 shows the analyses o f  water samples t h a t  were col lected 

With the exception o f  from wells i n  the v i c in i ty  o f  burial ground 3 .  

well 9 ,  wells located along the north and west 

water w i t h  higher concentrations o f  'OS,. We1 

area where there  is  evidence o f  surface contam 

sides o f  the area yielded 

9 is located near an 

nation, which coirld 

explain the presence o f  'OSr i n  the wi311. Other f i ss ion  products i n  

the water e i the r  a re  not present o r  are  present a t  a concentration below 

the l imi t  of  detection. 



... . . . "  

Table 4, Analyses o f  water sampSes from 
b u r i a l  ground I ,  i n  dprn/ml 

Locat i on Da -te 37cs 

Well 1-1 11-13-73 f o a 5  2 2.7 x 

Seep 1-1 11-13-73 2 4.6 x 2 8.9 x 

2.7  x 1 -2 0.4 Well 7-2 11-13-73 
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Water S a y l e s  from Burial Ground .!- _-___. 

1-0 determine whether ''ST- was entering White Oak Creek a long  the  

west side of burial grannd 5, samples were col'iccted from six w e l l s  and 

three intermit tent  streams loca ted  along the west s ide  of  the burial  

ground ( F i g .  5 ) .  

Tab1 e 6 .  

The analyses o f  these samples for "Sr are  given i n  

Tne samrpl es i ndi  cate tha t  no appreciable quantity o f  strontim 

i s  be ing  discharged from the west s i d e  of  b u r i a l  ground 5 ,  The samples 

collected from t h S 5  area show no evidence of  alpha contamination or 

can tami nati  on by other f i s s i  on products ; however , the arralysi s f o r  

t r i t ium nias n o t  made these samples, 

A w a t e r  t ab le  contour imp of burial ground 5 suggests t ha t  t h e  

direcLion of groundwater flow in the area i s  primarily toward Melton 

Branch (Cowser , Lomeni ck, and McMaster , 1961 1. 
inferred from the groundwater cot~tours,  iha i ,  i s ,  i n  t h e  direct ion of 

(The flow direct ion i s  

the 1 aryes t  groundwater gradi en t . 
i n g  From the  a rea  would reach Melton branch w i t h  only a small portion, 

the westeria end,  discharging in to  b!rhite Oak Creek. 

Me1 tor i  Val 1 ey, t t i e  groundwater contours and t h e  topographic contours 

Thus, most o f  t h e  groundwater f l  aw- 

In th i s  a rea ,  as  in 

are  roiighly para7 le1 . 
The assumption tha t  groundwater t ransport  o f  radiorrucl ides from 

burial ground 5 i s  primarily toward Melton Branch (southward) i s  sub- 

s tan t ia ted  by the analyses of  water samples froin the south s ide o f  the 

area.  Th-irteen small seeps werr sampled below t h e  south edge of the 

burial g round ,  and t h e  analyses o f  these samples are g i v e n  i n  T a b l e  1. 

The samples contain measurable amounts o f  t o t a l  a ,  9 0 S ~ ,  3 H ,  and 
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129 
0 WELL 

a! SEEP 

F i g ,  5 .  Locat inn o f  wells and seeps sampled in bur ja l  ground 5 .  
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s- 4 

s-  5 

S -  6 

s- 7 

s- % 

s- 4 
s-10 

5-1? 

s-12  

S-13 

s-14 

s-15 

s-16 

6.2 

5 0.6 

1: 0.1 

5 0.4 

5 8.1 

0.8 

< 0.2 

5 0.5 

0.7 

0,04 

8.6 

5 0.1 

4 3.1 x 10 

3 .5  x lo2 

8.8 

5.3 

8.1 

136.0 

35.9 

23.4 

1 . 3  

2 7 - 7  

0,IP 

8.7 

0.3 

1 . 2  x IO5 

4 

4 
5.9 x 70 

4 " 9  x 10 

1.7 x I O 6  

4.7 x IO5 

3.8 x IO5 

4.8 x -io4 

9 .6  x I O 5  

3 4 , 2  x 1 

2 . 3  x IO5 

4 4,4 x IO 

4 1.4 x 10 

5 2,o x 18 

24.7 

0.2 
2 . 6  >c '80 -2 

5 1.7 x 1 8  

C_... I_..l-̂ -̂_ll._LIÎ._lllll. -I_. 
-I__ 

"Samples collected March 1'1 9974. 
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a t  concentrations below the level o f  detect ion.  

coii%ain concentratio~s o f  'OS, l h a t  range from 0.2 t o  136.0 dpmfml, 

with an average concentration of 22.5 c ipm/m~,  wt-eich i s  1 .O x 
4 2 

IJCi/ml. T h e  remaining two samples contain 3.1 x 10 and 3.5 x 18 

dpm/ml of 9*Sr, w i t h  an average concentration of  1.6 x 10 dprn/ml 

khich is 7.1 x 

the samples i s  3.9 x 10 dprn/ml, o r  0.2 pCi/rnl. 

other fission products either a re  not present o r  a r e  present 

Eleven o f  the samples 

4 

pci/m1.  he average concentration OF t r i t i u m  i n  

5 

O f  the th-irteen samples col lected along the  south s ide  o f  burial  

group 5 ,  two samples were rollecl.ed near the ends o f  trenches t h a t  

were overflowing because of  the "bathtub e f f e c t "  (S-4 and S - 9 ) .   he 

term " b a t h t u b  effect" re fers  t o  a trench such as trench 83 _- ( F i g .  5 ) ,  

where one end o f  the trench i s  a t  a lower elevation than the o the r .  

Watcr i n f i l  tratcrs i n t o  the  t rench from prec ip i ta t ion ,  reaches the l e s s  

perrileable bottom, and f l o w s  t o  the lower end of the trench where i t  

ovcrflows 1 i ke i? t i  I t e d  bath.tub. 

observed in seeps of this  nature (S -4  arid S-9) t h a n  were observed 

in othcr seeps. 

i t  i s  influenced d i r ec t ly  by s u r f a c e  rtinoff f rom seep 5-4.  

bath?ub e f f e c l  occurs, contamination moves d i r ec t ly  in to  surface r u n o f f ,  

w b r e  there i s  less adsorption to the s o i l .  

- 

Higher concentrations o f  9 c S ~  were 

Seep 5-5 a l s o  has a h i g h  9oSr concentration because 

When the 

The t o t a l  a l p h a  contarnination i n  seep S-4 was shown t o  be prinrarily 

244Cm by E .  A. Bondietti . 
conipounds i s  si~spected o f  providing thc t ransport  mechanism fo r  th i s  

radionuclide. 

Complexing o f  curium w i t h  EDTA or  other organic 
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Stream monitoring data on Melton Branch show t h a t  0.61, 0.94, and 

1.30 curies  o f  "Sr were recorded a t  sampling s t a t i o n  4 f o r  the years 

1971, 1972, and 1973, respect ively.  Approximately 90% o f  t h i s  yearly 

discharge o f  "Sr  may be a t t r i bu ted  t o  burial ground 5 and the remaining 

10% i s  from other sources i n  the Melton Branch drainage (personal comu- 

nication w i t h  G.  J.  Dixon, O R N L ) .  

I n  t e rpre ta  t i on of Res u1 t s  

The sampling data from bur i a l  grounds 1 ,  3, and the west s ide  o f  

burial ground 5 suggest t h a t  these sources contribute only a minor por-  

t i o n  o f  the added amount o f  "Sr which i s  recorded annually a t  sampling 

s t a t ion  3.  

4 (which are disci  5ed i n  greater  d e t a i l  in the followinv sec t ions ) ,  

suggest t ha t  the ma, 

ground 4. 

Thes data ,  combined w i t h  sampling data f rom burial  ground 

portion o f  the added ''5, ar i se :  from burial 

The samplang data from the south s5de o f  burial ground 5 ,  along 

Meltsn Branch, indicate  tha t  the pr imawy discharge from the area i s  in to  

ranch. The movement of rad ioac t iv i ty  i s  monitored a t  sampling 

s t a t i o n  4,  which is located on e l t o n  Branch above the confluence with 

White 3ak Creek (F ig .  2 ) .  

of ~ r ~ ~ ~ ~ ~ a ~ e r  f l o w  i n  burrial ground 5 i s  toward Melton Branch. The 

The sampling data suggest t h a t  the direct ion 

southerly ~ r ~ ~ ~ ~ ~ a t ~ ~  flow may be inferred from a water t ab le  contour 

mp (Cower, Lomenick, and McMaster, 1961 1; howevero s imi la r  movement 

could also be caused by the  combined e f f ec t s  o f  downslope flow o f  con- 

taminated water w i t h i n  t he  trenches and the bathtub e f f e c t ,  Within 

bur ia l  ground 5 most o f  the trenches r u n  i n  a north-south direct ion and 

the b a t h t u b  e f f e c t  has been observed a t  seeps S-4 and S-E) ( F i g .  5). 
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BURIAL GROUND 4 

round 4 i s  s i tuated itn Melton Va l1  y and i s  located 112 

mile southwest o f  ORNL ( F i g .  2 ) .  

February 1951 and was closed t o  routine burial i i ,  'lily 1959. The area 

encompasses approximately 23 acres ,  which were f i l l e d  from the northeast 

t o  the southwest. 

has been covered w i t h  uncontaminated f i l l  t h a t  was taken from building 

excavations a t  ORNL. Disposal of uncontaminated f i l l  a t  this s i t e  was 

discontinued i n  July 1973 based on preliminary f i n d i n g s  o f  the current 

burial ground study. In some places a s  much as  20 f t  o f  f i l l  material 

overl ies  the buried waste. 

The burial ground was opened in 

Much of the  s i t e ,  especially the northeastern sect ion,  

The burial procedures consisted o f  excavating trenches into the 

weathered shale ,  durnping the  contaminated waste into the excavations, 

and covering the trenches with the original s o i l .  

was known t o  contai il a1 pha-contami nated waste, approximately 18 i n .  o f  

concrete was placed over the trench. Approximately f i f t y  auger holes, 

located i n  the northern par t  o f  the burial g round ,  were used for disposal 

o f  recoverable higher-level waste. These auger holes range f r o m  1 t o  

2 f t  in diameter, and some are l ined with concrete. I n  addi t ion,  some 

special high-level waste was buried i n  individual s ta in less -s tee l  con- 

ta iners .  

Where a trench 

The s i z e  and shape o f  the trenches a re  variable.  

50 t o  400 ft in length, 8 t o  30 f t  in width, and 8 t o  14 ft in depth. 

A wide variety of contaminated material was disposed o f  in  burial ground 

4.  This material consisted o f  anything t h a t  was contaminated in normal 

laboratory operations, o f  which glassware, scrap metal , s o i l ,  lumber, 

They range from 
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contaminated chemicals, and, in one case, a small building a re  a few 

examples. In many cases the waste was compacted u s i n g  backhoes and 

bulldozers, causing many o f  the containers t o  rupture (Lomenick and 

Cowser, 1961 I 

L i t t l e  information is ava i lab le  about types,  concentrations,  loca- 

t ions ,  and quant i t ies  o f  radionuclides buried a t  t h i s  s i t e .  

o f  the location and amount of waste buried pr ior  t o  1959 were accidental ly  

destroyed by f i  r e .  

All  records 

Geology and Hydrology 

Burial ground 4 i s  underlain by Conasauga sha le ,  which varies from 

red t o  gray, and i s  interbedded with thin limestone u n i t s .  The f.--ma- 

t ion near burial ground 4 cotisi s ts mostly o f  mroon-to-brown, noncal careous 

shale  interbedded w i t h  gray, s l i g h t l y  calcareous shale and s i l t y  lime- 

stone. 

the upper p a r t i o n  o f  the burial ground and t o  a depth o f  about 5 F t  in 

areas neay the  stream. 

o f  low-level waste because o f  i t s  impermeability. 

The shale is  weathered t o  a depth o f  approximately 15 f t  i n  

The Conasauga shale was selected for  disposal 

A11 drainage from burial ground 4 i s  i n t o  White Oak Greeks which 

The groundwater t ab le  

The 

runs along the east  edge of the burial ground. 

i s  essen t i a l ly  a subdued repl ica  o f  surface topography ( F i g .  6 ) .  

water t ab le  contours shown i n  Fjgs.  6 an 

~ r ~ ~ ~ ~ ~ a t e ~  discharge from the area B C C U ~ S  along the south edge of the 

burial ground. Thus, the ~~~~~~~~~~r f lows from areas  o f  h i g h  elevation 

t o  areas of lower elevation and ult imately discharges in to  White Oak 

Creek. 

the land surface i n  low areas o f  the burial  ground and a t t a i n s  a maximum 

7 suggest t h a t  most o f  the 

The water tab le  is  r e l a t ive ly  shallow and f luc tua tes  at. near 
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depth of about 15 f t  beneath higher elevations.  

water t ab le ,  waste burial was l imited t o  higher elevations d u r i n g  wet 

peri ads ,  w h i  1 e the 1 ow topography was u t i  1 i zed d u r i  ng the dry sunimer 

Because o f  the h igh  

months (bomeni ck and Cowset-, 1961 1. The r a t e  o f  groundwater rnovenient 

is n o t  knowng however. 

the trenches than i n  the  surrounding undisturbed shale.  

This r a t e  o f  movement should be much greater  i n  

-. Groundwater Mon i tpring 

A groundwater monitoring system designed t o  monitor a l l  o f  the 

groundwater flowing from burial ground 4 was in s t a l l ed  along the eas t  

e i ~ d  of the burial ground.  

were d r i l l ed  d u r i n g  the summer of 1973 ( F i g .  8 ) .  The wells are  cased 

with 4 - i n . - d i a ~  aluminum casing and penetrate the floodplain o f  White 

Oak Creek t o  a maximum depth of  1 2  f t .  

system f o r  ease in  well location. 

cation o f  so i l  samples taken i n  the v ic in i ty  of the wel ls .  Mater f rom 

the mo:iitoring system and from other wells i n s t a l l ed  d u r i n g  past  burial 

ground s tudies  i s  col 1 ected and analyzed periodical l y  ( F i g .  8) .  

The system consis ts  o f  37 shallow wells that, 

They are on a 30-meter g r i d  

The g r i d  system i s  a l s o  used f o r  lo- 

Groundwater Contamination 
I_. l_l._l_______ 

Groundwater sampl es col l  ectcd from surface seeps and we1 1 s in the 

v ic in i ty  of burial ground 4 contain primarily 'OS,, w i t h  occasional 

small amounts of 6 0 ~ o ,  1 3 7 ~ s ,  and lZ5sb. In general ,  samples from 

wells located w i t h i n  the burial ground and  seeps a t  the lower edge of 

the burial ground have higher concentrations of 'OS, than wells f a r the r  

frclrii the buried waste. 

t ions tha t  range from 0.1 t o  451.1 dprnlml o f  9QSr (Table 8 ) .  

These wells and seeps contain '*Sr i n  concentra- 

The permanent 
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seep S 2  (Fig. 7 )  i s  located below an area where several trenches are  

undergoing the bathtub e f f ec t .  ~ h i s  e f fec t  explains ' the lrelatively 

high concentrations af 9 0 ~ r ,  1 3 7 ~ s ,  and I z55b  contained i n  the seep 

water (Table 8 ) .  The concentration OF 137Cs i n  wells located below 

the burial ground approaches the lower 1 i m i t  o f  analyt ical  determina- 

t i a n .  

a rather  random fash ion (Table 89, Cesium-137 i s  proba l Y  lareser1C i n  

a l l  water samples a t  a level of concentration t h a t  i s  l e s s  than 1.0 x 

IO-' dpm/m?, which is  well below the range of routine analyt<caI detec- 

t ion ,  

This radionuclide acctirs i n  water samples i n  what appears to be 

The to t a l  alpha concentration i n  wells below burial ground 4 i s  

a lso  below the l i m i t  of analyt ical  detect ion,  which i s  a ~ ~ r ~ x i ~ a ~ e l ~  

1 x IO-' dpm/mT. As the concentration of t o t a l  a lpha i n  the water 

approaches this 'limjt, the presence a f  alpha ~ ~ ~ t a m i n a t ~ ~ n  can be 

detected a b u t  exact analyt ical  measurerrmts cannot be made a A 1 i s t  

of wells below burial ground 4 where the presence o f  a lpha  cantami- 

nation was determined i s  given i n  Table 10. 

the concentration i s  somewhat below routine quant i ta t ive measurement. 

The concentration sf 9oSr found in the groundwater flowing from 

In a l l  of these wells 

the e a s t  end o f  t h e  burial ground i s  lower than the concentration found 

i n  the ground ater along t h e  south s ide  o f  the burial ground. 

ta t iona l  p u r p ~ s e s ,  the e n t i r e  drainage basin can be d i v i d e d  into two 

parts ,  basin 1 and basin 2 (Fig. 91% based an the two d i f f e ren t  concen- 

t r a t ions .  

contours a t  a r i g h t  angle. 

''5, concentrations shown i n  Table 11, and g r ~ ~ n d ~ ~ ~ ~ ~  Tlowlng from basin 

Far compu- 

The dashed l ine da'viding the two basins crosses groundwater 

Thus, groundwater flowing from basin 1 has 
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F i g .  9. ESevat.ion con tou rs  p r i o r  t o  t h e  establ ishment  o f  b u r i a l  
ground 4 .  
drainage bas in  which i s  d i v i d e d  i n t o  basins 1 and 2, 

The dashed l i ne  i s  t h e  perimeter. o f  t h e  
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Table 9 .  Concentration of 1 3 7 ~ s  i n  wells 
below b u r i a l  ground 4, in dpm/ml 

.-_I_̂_ 

We1 1 Date Concentration - ,. II- 

N 3 0 / E9 0 
N30/E135 
NO/E106 
S16.6/E97.8 

S 3 Q f  E l Q O  
S30/€109 
S30/E125 
S47/E95 
% O f  E87 

S77/E75 

S9 0 / E40 

S90/E6Q 

S90/675 

S120/E 0 
S120/E30 

SI 20/E60 

S150/E 0 

S180/E 0 

8- 7-73  
1-23-74 

IO- 5-73 
10- 5-33 

1-23-74 
1-23-74 

10- 5-73 
1-23-74 
1-23-74 
8- 7-73 

13- 5-73 
7 -23-74 

10- 5-73 
1-23-74 

10- 5-73 
1-23-74 
8- 7-73 

10- 5-73 
1-23-74 
8- 7-73 

10- 5-73 
1-23-74 

10- 5-73 
8- 7-73 

10- 5-73 
8- 7-73 

10- 5-73 
8- 7-73 

10- 5-73 
8- 7-73 

10- 5-73 

7 , l  x IO-' 
8.7 x 10-2 
1.7 x 10-l  
3.1 x 10-2 
2.5  x 10-2 
3.9 x 10-2 
'8.1 x 10-1 
5.0 x 10-2 
5.5 x 10-2 
4.4  x 10-2 
7.3 x 10-2 
1.4  x 10-1 
2 . 3  x 10-1 
2.8 x 10-2 
1 .0  x 10-1 
2.6 x 10-1 
6.7 x 10-1 

1.7 x 10- 
1.3 
3.3 x 10-1 
3 . 9  x 10-1 
2 , 8  x 10-2 
5.6 x 10-2 
1.1 x 10-1 
1.1 x lo-' 

4.8 x 114-2 
5.0 x 10" 
1.1 x 10-1 

2.0 x lo-; 

8.6 x lo-* 
7.8 x 10-1 

. 
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Tab la  10. Locations where alpha contamination was present 
i n  wa"er samples b u t  was a t  concentrations below 
ana 1 y t i ca 7 tilea s u reme il t 

S210/W56 S 2 3 2 /W9 0 
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Table  11.  Concent ra t ion  o f  f l ow ing  from bas in  1, i n  dprn/ml 

Concent ra t ion  Concent ra t ion  Average 
Loca t i on 12-1 2-73 7 -23-?4 concentrat ion 

Well, S212/W90 7.9 

Surface, S214/W9Q 1 7 . 5  

We1 ’I S218/W90 15.4 

irk1 1 S227/W90 16.2 

Surface, S228/W90 76.8 

8.0 

20.2 

l 5 , 8  

13.5 

19.2 

13.0 

18.9 

15.6 

14.9 

18,Q 

Well S232/W90 2 # 3  1 .s 2.0 * 

Average 15.1 

*Well excluded from the average because o f  dilution by uncontami- 
nated groundwater f l o w i n g  f rom the s l o p e  south of the burial ground. 
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Table 12. Concentration o f  'OS, i n  wells i n  the lower- portion 
of b a s i n  2, i n  dpm/ml 

__I_____._I -_-._______ .. . II__ _ _  _.-. . . . . .. . 

Concentration Concentration Concentrati oil Average 
8-7-73 10-5-73 1-23-74 concentration 

We1 1 
.___I..______y --...-- .-... I.-I ~ . . . . . l l _ _ ^ ~ _ _ -  

N 30 / E9 0 0.2 0.2" 
N30/E 105 1.3 1.9 2 .o 1.7" 
N30/E135 1.3 4.6 3.0" 
N 0 / E 9 5 0.2 0.1 0.2* 
NO/E106 1.2 1.3 0.1 0*9* 
S16.6/E97.8 1.8 2.5 2 - 2  

S30/E109 10.4 8.5 8.4 9.1" 
S30/E125 0.3 a .  7 4.5" 
S41 /E95 10.1 10.1 
S60/E87 2.3 5.2 1.6 3.0* 

S3O/E100 6.9 3.0 5 - 0  

S77/E73 11.5 27 "0 19.3 
S90/E40 14.1 1.1 7 .6  
S90/E60 6.8 3 .9  8.4 6.4 
S3Q/E7S 3.5 4.7 2-0 3.4* 
S96/E30 4.0 5 * 7  4.9 
197 2.8 4.3 1.5 2 . 9  
S120/W30 8. G 0.2 4 - 4  
S12Q/EO 10.0 6 . 3  7 . 2  7.8 
Sl2Q/E30 5.5 5 .4  3. Q 4.6" 
s 120/ESO 7 .6  11 .Q 9.6" 
196 36.4 28.5 32.5 
S 150/W30 15.8 11 .6  15.8 14.4 
51 50/EO 15.9 2 . 8  0 .6  6 . 4  
s1so/e3a 11.5 4.4 7.9 7.9" 
S150/E60 5.1 1 .5  3.3" 

S180/E13 2.0 1 . r j  16.3 6.6" 

S210/W21 11.7 6 * 6  9.5 9.2* 
195 13.6 10.4 12, l  12.(3 

S 180/W30 14.7 9.7 12.4 12 " 3  
S 180/EO 1.8 2 . 9  2 .1  2 "3* 

S210/W56 1 2 . 2  12.5 1 2 - 4  
s21o/w30 18.1 14.0 1 2 . 6  14.9 

Average 10.3 
.-__I ~ - . .  .--.~ -__.._..__.......II _I_.-.....~..II-_...- * 

We1 Is excluded from the average because of d i  1 u t i o n  by groundwater flawiny 
T h u s ,  wells near the creek chanriel clown tilt3 floodplain o f  White Oak Creek. 

are  excluded from the average. . .  
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2 has concentrations shown in Table 12 .  The data shown in Table 

. "  

11 were collected in December and January when precipi ta t ion was extremely 

high; as a result the '*Sr concentration i n  the  groundwater may have 

been d i l u t e d  by heavy ra ins .  

water flowing from b a s i n  1 should be higher when more data are avai lable .  

Data from wells near Nhite Oak Creek were excltrded from the average 

because of d i  1 ution by "uncontaminated" groundwater f l o w i n g  downstream 

in the floodplain of the creek. 

the groundwater flowing from basin 1 is 15.1 dpm/ml (6.8 x IO-' -pC-i/mI), 

and the "Sr concentration flowing from basin 2 i s  10.3 p m h l  (4.6 x 

uCi/ml) 

additional data a re  included. 

T h u s ,  the average concentration of  

The average concentration o f  ''Sr i n  

I t  is  expected tha t  these averages wi 11 be more  curate when 

Estimated Discharge of - "Sr 

A crude estimate a$ the quantity o f  "Sr discharged annually from 

burial ground 4 can be made u s i n g  precipi ta t ion and evapotranspiration 

data from the v ic in i ty  of the burial ground. These data f o r  the years 

1971 through 1973 a re  shown i n  Table 13 ~ ~ ~ e p p ~ ~ a  e t  a l , ,  3973, and 

personal communication w i t h  G, S. Henderson of OR !-I. 

collected from Mal ker Branch Watershed, which i s  lacdted a ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~  

3.5 miles northeast of  burial ground 4.  

t a t ion  of Walker Branch are s imi la r  t o  those o f  basins 7 and 2 w i t h  

the exceptjon tha t  the burial ground i t s e l f  is covered with grass rather 

than mixed hardwood fo res t .  

Branch Watershed i s  small and can be neglected. 

The data were 

The topography and vege- 

The surface runoff component in the Walker 

Surface runoff an the 
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grassy surface o f  the burial ground is  somewhat higher (Ragowski  and 

Pamural, 1970), bu t  f o r  the following approximation i t  will  be neglected, 

When annual evapot rmspi  r a t i  oil is subtracted f r o m  annual precipi - 
t a t i o n ,  the result  i s  the component o f  precipi ta t ion t h a t  bccetnes ground- 

water (Table 13)  .* The groundwater component i s  then mu1 t i p 1  ied by the 

area o f  b d s i n s  1 and 2 ( F ? i g .  9) ,  u s i n g  the appropriate conversion f ac to r ,  

t o  o b t a i n  the volurnes of groundwater F low ing  through basins 1 and 2 each 

year.  The r e su l t s  of  these calculat ions fo r  the years 1971 through 1973 

a re  shown in Tab le  14. 

1 a n d  2 are then used w i t h  the average concentratians o f  90Sr a t  the 

out f low o f  the two basins (Tables 11 and 1 2 )  t o  ca lcu la te  the annual 

discharge of 9oSia fiwm each basin. The sum of the annual djscharges 

from ttie two bas ins  yields  ttie t o t a l  discharge o.f ''Sr From bur i a l  

g r o u n d  4 .  

1.78 Cilyear o f  ''5, were discharged f r o m  bur i a l  ground 4 for  the years 

1975 , 1972, and 1973, respectively.  

concentration o f  'OS, flowing from basins 1 at id 2 was assimed t o  be the 

average comxntration measured 1 n 1973. 

The volumes of groundwater flowfng through hasins 

This calculat ion shows t h a t  approximately 1.00, 1.30, and 

I t  should be noted t h a t  the average 

c____..._ ..... __ .-.- _I_.__... 

-k 
The groundwater campanent was obtained for formations o f  the Knox Group 

a n d  was then used f o r  an area underlain by the Consauya sha le-  

i t  i s  only an approximation. 

Therefore, 
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Table 13. Annual p rec ip i ta t ion  and evapotranspiration 
data  from Walker Branch Watershed 

Precipi ta t ion Evapotranspiration Groundwater 
Year (cm/yea r )  ( cm/y ear 1 (cw'year) 

1971 136.9 69 .o 67.9 

1972 157.6 67.9 89.7 

1973 790.0 69.2 120.8 

. .  
- -  ' 

- .  
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Stream Monitoring Data 

As mentioned previously, the sampling s t a t ion  a t  Mhite Oak Creek 

below burial ground 4 ( s t a t ion  3) has recorded a la rger  annual discharge 

of 9oSr- than i s  recorded in the X-10 pla in t  ef f luent  ( s t a t ions  1 and 

2 ) .  T h i s  added amount o f  "Sr was f i r s t  observed when proportional 

stream sampling was begun in 1962. 

what e a r l i e r  than '1962, b u t  the f i r s t  r e l i a b l e  continuous data from 

the stream monitoring system began i n  August  1962. 

a t t r ibu ted  to  burial  ground 4 i s  obtained by substracting the amount 

The samplers were in s t a l l ed  some- 

The amount hi: 

t h a t  leaves X-10 from the amount tha t  is recorded a t  sampling s 

3. Thus, the difference a l s o  includes any discharge i ; c ~ r n  buria 

ground 1, b u r i a l  ground 3, and the west s ide  of burial ground S 

reconnaissance sampling o f  these other sources7 burial ground 4 

been shown t o  be the major contr ibutor  t o  the difference.  

a t i  on 

From 

has 

In the X-18 area the highest elevatiora o f  t h e  groundwater tab le  

occurs d u r i n g  the wet winter months and the 'lowest elevation occurs 

d u r i n g  the dry late-sumnw months ,  

usually occur i n  the month of: A u g u s t  or September; thus calculat ions 

of 9uSr discharge by ~~~~~~~~~~r should  be based on water years rather 

than calendar years. 

a t  the point of lowest discharge and tend t o  smoth o u t  a time d i s -  

charge curve. The water year used j 'n  the ~ o l ~ ~ ~ ~ ~ ~  cal cul a",l"ons be 

on September 1 and ends o August  31 and is designate by the year 

in which  -it ends. 

The low water t a b l e  conditions 

By ans%"ng a water-year base, the data a re  divide 

Table I5  shows the annual p r e c i p i t a t i o n  d a t a  and t 

9 0 ~ r  f r o m  burSial grolnn 4 fo r  water years 1963 through 1973 (personal 
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Table 15. Discharge o f  ''SI- from burial  ground 4 and 
precipitation data for water years 1963 
t h r o u g h  1973 

Disch rge 8 W a t e r* Precipi ta t ion a i  scharge o.f 9 Sr 
year ( i n . )  (CY 1 (mCi/in. ) 

1963 55.33 4.82 87.1 

Total 9osr 

__.- _--.-__ 

1964 42.09 2.71 64.4 

51.98 3.10 59.6 

1966 40.85 2 .52  61.7 

1967 60.54 2.72 44.9 

1968 45.01 2.04 45.3 

1969 40.07 2.08 51.9 

1970 47.93 1.60 

1971 48.26 1.18 24.5 

1972 47.40 2 .36  49.8 

1973 71.27 1.58 22.2  

*Water year i s  September 1 - August 31. 
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communication w l ' t h  6 ,  J .  Dixon, ORNL). 

calendar years 1962 t h r o u g h  1972 a re  f o r  the X - 7 0  s i t e ,  and the remain- 

ing precipi ta t ion data are  fo r  Walker Branch Watershed (personal com- 

munication with G .  S .  Henderson, ORNL). 

shows the 

o f  prec ip i ta t ion .  

from burial ground 4 when both depletion of the source (buried waste) 

by leaching and radioactive decay are  considered. 

The precipi ta t ion data f o r  

The fourth column o f  Table 15 

discharge from burial ground 4 in mi l l icur ies  per inch 

These values represent the actual dd scharge of' 9oSr 

The lowest curve on Fig. 10 shows the actual discharge of 'OS, 

from burial ground 4 f o r  the water years 1963 t h r o u g h  1973. I n  plot t ing 

the curve the data point For 1972 was disregarded because a small amount 

of 9oSr entered White Oak Creek above sampling s t a t i o n  3 from a small 

leak in an intermediate-level waste t ransfer  l i n e  (an est-imated 0.4 Ci 

o f  entered White Oak Creek from t h i s  source; see following para- 

graph) ,  This source o f  was removed t h r o u g h  cleanup operations 

d u r i n g  the l a s t  months a f  water year 7972 and does no t  a f f e c t  the data  

fo r  water year 1973. The upper curve o f  Fig, 10 shows the decay o f  

''St- Prom a constant source, which is  chosen a s  the discharge during 

the f i r s t  water year ,  1963. When the amount of radioactive decay i s  

added t o  the actual discharge curve, a curve of calculated discharge 

i s  obtained, 

o f  9 0 S ~  i f  no radioactive decay occurs; thus the curve represents the 

depletion oP 'OS, i n  the groundwater discharge due to  reduction o f  the 

souPce (buried waste) by leaching. 

the amount of '*Sr dlscharglng Prom burial ground 4 i s  declining not 

only Prm radioactive decay b u t  a l so  Prom depletion o f  soluble 'OS, 

i n  the burial ground. 

The center curve of Fig. 10 shows the calculated discharge 

The curves in F i g .  10 indicate  t h a t  
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A comparison o f  the annual ''5, discharge from burial ground 4 

determined from stream monitoring w i t h  the estimated discharge shows 

reasonable agreement (Table 1 4 ) .  The calculated values a r e  19 t o  

51% lower than the values obtained by stream m o n i t o r i n g ,  w i t h  the 

maximum difference occurring i n  calendar year 1972. 

dif ference i s  a t t r ibu ted  t o  a small leak i n  a waste t ransfer  l i n e ,  

She maximurn "§r contribution from t h l s  ieak t o  lrlhite Oak Creek, 

estimated from the da ta  shown i n  Table 17, i s  0 . 4  65. A comparison 

of the estimated 'OS, re lease from burial ground 4 w i t h  the ineasured 

release to  the Clinch R i v e r  shows t ha t  approximately one-third o f  the 

re lease t o  the r ive r  comes from burial ground 4 (personal comunica- 

t i o n  wi th  6.  3 .  Dixon,  ORNL) . 

Some of the 51% 

* 

- Interpretat ions o f  Resul t2- 

 he quant i ty  of gost- transparted f r  burfa1 ground 4 i s ,  i n  par t ,  

a t t r ibu ted  t o  the  r e l a t ive ly  h i g h  groundwater table  w i t h i n  the bu r i a l  

ground. 

i n i t i a l l y  was close to  the land surface.  

face elevation due t o  disposal o f  uncontaminated f i l l  has caused a r i s e  

i n  the water t ab le .  

The burial ground i s  located i n  an area where t he  water tab le  

However, the -8ncreased sur- 

Some o f  the increase in water t ab le  elevation i s  

x 
After discovery o f  the leak 4n the spring o f  1972, cleanup operations 

began w i t h i n  a few days, Contaminated soi l  from the v ic in i ty  of the 

leak was removed and buried i n  burial ground 6 and the l i n e  was 

repatred,  Groundwater monltoorjng between the leak and White Oak Creek 

indtcated t h a t  'OS, concentrations i n  the groundwater returned to  back- 

ground concentrqtlon wlthfn three months of completlan o f  the cleanup 

opera t ton, 
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also b rough t  about by an increased i n f i l t r a t i o n  ra te  due t o  the 

permeabi 1 i t y  of unconsol i da ted  f i  11 material e A compavi son o f  the 

water table  maps of burial ground 4 which were constructed in 1959 

and 1974 (Fig.  6 and 7 )  shows the e f f e c t  of the addition o f  f i l l  

mater ja l ,  

f i l l e d ;  however, f i l l i n g  was s t i l l  under way i n  the west end, In  

1974 the water table  in the east  end o f  the area was approximately 

3 f t  higher t h a n  in 1959; t h i s  may be a t t r ibu ted  t o  a wetter year in 

1974. In 1974 the water table  i n  the west end of the burial g r o u n d  

was approximately 10 f t  hlgher t h a n  i n  1959; thus 7 f t  o f  t h i s  d i f f e r -  

ence may be a t t r i bu ted  t o  the e f f ec t  o f  the f i l l  t h a t  was added between 

1959 and 1974.  A cross section located near the eas t  end o f  the burial 

ground (Fig.  7 )  is shown in F i g ,  11. The cross section shows the 

original land surface,  the depth o f  f i l l ,  and the current groundwater 

table  ( 1 9 7 4 ) .  I t  i s  interest ing t o  note t h a t  the water table  i n  all1 

areas i n  the cross section i s  l e s s  t h a n  9 P t  below the opiginal land 

surface ( i  . e ,  

In 1959 the eas t  end of b u r i a l  ground 4 had already been 

h lgher  than  the buried was te ) .  

The h i g h  "Sr discharge from burial ground 4 i s  caused by the 

rap id  leaching o f  the buried waste under saturated conditions a n d ,  

t o  some extent ,  by t h e  chemical nature of  the buried waste.  Prelimi- 

nary investigations o f  water qual i ty  i n  areas where high "5, con- 

tamination is found show abnormal water chemlstry. This may indicate  

tha t  chemicals buried with the contaminated waste have a l te red  the 

adsorptive p r o p e r t l e s  of the Conasauga shale t o  a l l o w  a more rapid 

transport  of radionuclides. 

t h l s  theory a re  current ly  being conducted I 

Detailed sarnpl ing and analyses t o  support 
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A comparison o f  estimated discharge from burial ground 4 with 

stream monitoring da ta  indicates  t h a t  the annual discharge f r o m  the 

burial ground i s  d i r ec t ly  related t o  annual prec ip i ta t ion .  The re la t ion  

between d ischarge  and precipi ta t ion is a l so  supported by the p l o t  o f  

''5, discharge f rom the burial ground per inch o f  precipi ta t ion ( F i g ,  

10) .  

belwen 1963 and 1973. This decreaw has been b r o u g h t  about, n o t  only 

from radioactive decay b u t  a l so  f r w ~ ~  depletion o f  soluble "Sr i n  the 

b u r i a l  ground 

Figure 10 i n d f c a t x s  t ha t  the amount of "St- discharge has decreased 

IN1'ERFIEBIWPE POND AREA 

The in temediz te  pond i s  located on White Oak Creek a short  dis-  

t ance  downstream from b u r i a l  ground 4 (F ig ,  8 ) .  I t  was constructed i n  

the spring of 1944 to  serve ss an intermediate retention pond between 

X-10 and M i t e  Oak Lake. 

h i g h  water and t h E  pond was grea t ly  dii i i inished i n  s i ze .  

pond existeel  b e h i n d  the  dam unti l  the  ear ly 1950s. 

ence o f  the  intermediate pond approximately 1 . 5  f t  o f  sediment accu- 

mulated in the residual pond. The sediinent was i n i t i a l l y  contaminated 

by releas? o f  radioact ivi ty  from the laboratory and i t s  chemistry was 

l a t e r  i n f luenced by t h e  movement of  " ~ r ,  6 0 ~ o ,  and 1 3 7 ~ s  from burial 

I n  September 1944 the darn was breached by 

A residual 

During the ex i s t -  

ground 4. 

The groundwater i n  the lower p o r t i o n  of the intermediate pond 

contatns primarily one radionuclide, 'OS, (Table 16 and F i g .  8 ) .  

raddonuclides a re  probably present b u t  are  a t  concentratjons below 

analyt ical  dcternination, 

Other 

." ihe concentration o f  'OS, i n  the groundw(3ter 
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Tab1 e 16. Radi onucl i de concent ra t i  ons i n  we1 1 s near 
t h e  i n te rmed ia te  pond dama i n  dym/ml 

we1 1 
gOsr 

Date con cent ra t i  on 

. .  

- 

S237.9/W62 2 10- 5-73 

1-23-74 

5300.6/W27.9 10- 5-73 

1-23-74 

S295.7/W7.7 1-23-74 

6.6  

8.7 

4.1 

7.0 

2.2 
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adjacent t o  the intermediate pond dam ranges from 2,2 t o  8 , 7  dpm/ml 

(Table 1 6 ) .  

Soil samples from the area contain t o t a l  alpha contamination, 

gost-, 6oCo, 137Cs, and minor amounts o f  125Sb (Table 11). 

concentration ranges i n  the s a l 1  are  'OS,, 1 . 3  x I O  t o  1 .5  x I O  
dpni/g; 6oCo, 3 3 - 4  t o  9.9 x 1 0 -  3 dpm/g; 137Cs, 1 .5  x 10 2 t o  1.8 x 10 5 

Radionuclide 

2 3 

dpm/g; and lZ5Sb, 0.0 t o  18.3 d p / g .  

discussed i n  a f o l  1 owing paragraph. 

The a l p h a  contaminatinn will be 

Because o f  the level sf so i l  contamination i n  the intermediate 

pond, this arrea could serve as a study s i t e  f o r  t e r r e s t r i a l  cycling 

- o f  radionuclides. I O  evaluate t h e  potent ja l  o f  the area,  reconnais- 

sance sampling o f  vegetation was conducted, The concentration a f  

radionuclides found i n  f i ve  types o f  vegetation i s  skowti in Table 18, 

The concentration o f  "Sr i n  the vegetation sampled ranged from 2.3 x 

10 to  2,1 x 10 dpsn/g ( l O O ° C  oven-dried weight),  and the amount s f  
2 13'Cs ranged from 5.8 tca 5.4 x 10 dpni/g. 

tained minor aniounts o f  6oCo, and a13 other radionculides were below 

2 3 

The vegetation samples con- 

the l ini i t  o f  analyt ical  determination (Table 18) .  

The amount o f  alpha contamination contained in the sediment of 

the intermediate pond (Table 1 7 )  and the alpha contamination i n  some 

wells located below b u r i a l  ground 4 (Table 10 )  prompted a de ta i led  

investigation o f  the pond sediment. 

pond was analyzed by Tsuneo Tarnura, O R N L ,  and was found to contain 

374 d p n J g  o f  239Pu in the depth interval 0.0 t o  5.0 i n .  below the 

surface (Table 1 9 ) .  T h i s  concentratlon i s  0.168 u C i / k g ,  which 

may be compared t o  the maximum allowable concentration o f  f i s s i l e  

A so i l  cope taken i n  the residual 



Table 17. Concentrat ion o f  radionuclides i n  soils below b u r i a l  ground 4, i n  dpm/g 

Location Depth ( i n .  1 To ta l  01 9oS, 6oc* 137cs 25Sb 

S30/E100 0- 3 1.3 lo2  3.6 lo2  2.6 lo4  1 3 . 0  lo3 

S150/\130 0- 3 

S195/M30 0- 3 

S 2 2 5 / W 45 8- 3 

1.2  x I O 3  - ~ 6 0 . 0  1.5 x 10' - ~ 1 3 . 0  
2 4.5 io2 5.0 102 1 . 4  io4  4.0 10 

1.5 lo3  33.4 4.4 x lo2  18.3 
3 S300.6/W27.9 0- 5 105.4 1 .4  x IO3 9 .9  x 10' 8.1 x IO4 - <1.0 x 10 

S300.6/W27.9 5-10 5 46.0 9 .8  x IO2 8.5 x 10 1.8 lo5  - 42.0 

6.4  x l o3  <8.0 x 10 2 5300.6/H27.9 18-15 - < 34.0 8.8 A lo2  - <1.6 x 10 I 
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Table 18. Cancen t ra t ion  o f  r a d i o n u c l i d e s  i n  vegetation,below 
b u r i a l  ground 4, i n  dprn/g o f  100°C oven-dried p l a n t  

Approximate gost- 6oco l37CS 1 ocati on P1 ant. 
-_ - ~ . . .  --.. .I...̂  

Jewel weed S180/E 0 - <4.1 1.5 l o 3  8.3 5.4 I $  

2 Iron weed S300. S / ! W .  7 - <1 .7 7.0 x 10’ - <4.1 3.8 x 10 

Marsh grass s 3  -~ (1.1 2 .3  x I O 2  -. ~ 0 . 2  5.8 

Honeysuckle S180/E 0 - CO.5 5.9 x l o 2  2.9 1.0 x lo2  

C a t t a i  1 S a  - <1.9 2.7 x lo3 <0.7 8.9 
......___ ..... .I-- ......... ....... __I___.._. 

-k- samples collected June 3, 1974. 
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Table 79. Concentrat ion of 239Pu i n  soils below 
b u r i a l  ground 4 (intermediate pond sediment) 

5-10 125 0,056 t 0.004 S300.S/W27.7 

S l B O / E  0 a- 3 135 0.061 f 0,005 
S300.6/W27.7 10-15 45 8.020 r 0.009 

S180/E 0 5- 8 7 . 2  5.3 x 

S 1 80/W200 0-6.25 1.1 5.0 

s 12OllJ60 0-6 -75 1.5 6.9 x 
._-__lllll̂-lll-l----.-- -CI I_ -. 

- .  
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material i n  low-level buried waste  o f  18 pCi /kg .  The concentration 

decreases t o  45 dpni/g a t  a depth o f  10 t o  15 in. (Table 1 9 ) .  A 

se~oncd sample taken f a r the r  upstream was found t o  contain 935 dpm/g 

o f  239Pu a t  a depth  of 0 .0  t o  3 . 0  i n .  This sample i s  from the portion 

of the pond t h a t  was flooded only d u r i n g  the summer o f  1944, T h i s  may 

explain the ?ower eoncentration and the larger  rate o f  decrease o f  

concentration w i t h  depth. 

Two other soil samples were csllected from small seeps near the 

bupial ground t o  deternine whether the 239Pu was coming from bur ied  

w a s t e .  Both sarriples had concentrations o f  239Pu9 which were near 

the Oak Ridge area background (0.05 d p i j g ,  or % , 2  x lo-’ pCi/kg). 

This seems t o  indicate  t h a t  the 2 3 9 ~ u  found i n  the  interiiiediate pond 

d i d  not or ig ina te  ii? the burial g round ,  I t  is  more l ike ly  t h a t  the 

2 3 9 ~ u  was released d u r i n g  ear ly  plutonfuin praciuctlon (from t h e  graphite 

reactor). These data  do n o t  explain the a lpha  contamination in wells 

Close t o  the bur ia l  ground, b u t  they  suggest Ghat this  contamination 

i s  not 2 3 9 ~ u  I t  i s  possible that, the a lpha  contamination i n  these 

wells i s  2 4 4 C ~ ,  which has been shown t o  occur in seeps below burial 

ground 5. 

Seventeen additional so i l  cores have been collected from the i n -  
- tei-mediate pond a rea ,  [ h e  analysis o f  these samples will g i v e  more 

in fopmat ion on the d i s t r i b u t i o n ,  a v a i l a b i l i t y ,  and fo rm o f  the 239Pu 

in t h e  pond sediment. Vegetation saniples were a l s o  collected and w4ll 

be analyzed t o  determine the uptake s f  plutonium by p l a n t s .  



r -  
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The velocity output of the f i r s t  model i s  used i n  the second corn- 

putel- code, which provides numerical salut ion t o  the t r a n s p o r t  equation. 

In t h  s analysis  both  adsorp t i on  and radioactive decay are considered 

(Dugu d and ReevesS i n  p r e p a r a t i o n ) .  The o u t p u t  f r  

the concen t ra t i on  of rad ioac t iv i ty  .In the wa te r  a t  spec i f ic  p o i n t s  

w i t h i n  the cross s e c t i o n  a t  successive t i i i ie  Increments, 

th is  model i s  

The groundwater transport  models have not been app l i ed  t a  spec i f ic  

problems i n  the but- ial ground s tud ies  itt BRNL However, p r e p a r a t i o n s  

are being made t o  simulate the movement of radioact ivi ty  from seepage 

t rench  7. T h i s  simulation will serve t o  v a l i d a t e  the models and t o  

plredlct the f u t u p e  behavior. of movement of r a d i o a c t l v i t y  from t he  

trench I 

i n  the  s fmu la t i on  of 

Sampling of we1 

the  west s i d e  aP bur  

CQMCLUSIONS 

The reconnaissance sampling o f  small seeps associated with seepage 

p i t s  and trenches slriaws t ha t  only itiiiiw amounts o f  1u6Ri~  and l z5Sb  

and largerr amounts a f  ''Co are  being t r anspor t ed  f r o m  t h e  waste t o  t h e  

seeps by groundwater. 

1 3 7 ~ s  i n  t h e  v i c i n i t y  o f  t h e  w a s t e  d isposa l  a reas ,  d e t a i l e d  simulation 

modellng i s  required, Work i s  under way t o  delerrnine the  mechanisms 

of  transpot-t and adsorp t i on  of the radionuclides, work tha t  w i l l  a i d  

To p r e d i c t  t h e  long-term behavior o f  "Sr and  

ra(Jionuc.1 I de  mavment from seepayc trench 7 ,  

s and seeps i n  burial grounds 1 and 3 and a long 

a?  groutid 5 shows t ha t  these areas  con t r ibu te  

o o ~ y  w small amount of the added '*s, recorded annual ly  a t  sampling 

s t a t i o n  3 ,  

ference o f  ' O S ,  between X - J O  and safiipllrig s ta t ion  3 originates  from 

T h i s  i n d i c a t e s  t h a t  t he  major por t lon  o f  the annual  d i f -  
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burial ground 4. 

Melton Branch, combined with the absence o f  '*Sr I n  groundwater along 

the west s ide o f  burial ground 5 ,  show t h a t  the primary discharge o f  

"Sr from burial ground 5 i s  i n t o  Melton Branch. 

99Sr  was 0.61, 0.94 ,  and 1.30 Ci for  calendar years 1971, 1972, and 

1973, respect ively.  

nate f rom other sources in the Melton Branch drainage, 

within bur-ial ground 5, trench 83, may contr ibute  a s ign i f icant  portion 

o f  the 9*Sr recorded a t  sampling s ta t ion  4,  and methods t o  reduce the 

t ransport  from t h i s  trench will be i n i t i a t e d  as soon as possible,  

Stream monitoring data from sampling s t a t ion  4 ,  on 

The discharge o f  

Approximately 10% of the 'OSr i s  assumed t o  arl 'yi-  

One trench 

Stream monitoring o f  White Oak Creek shows tha t  1 - 1 9 ,  1 . 9 7 ,  and 

2.19 C i  o f  gost- have been discharged from burial ground 4 fo r  calendar 

years 1971, 1972, and 1973 respect ively,  The groundwater monitoring 

system below the burial graund shows tha t  the average concentration 

o f  "Sr flowing from burial ground 4 ranges f r m  10.3 t o  1 5 * 1  dpm/ml, 

OP 4.6 x t o  6.8 x uCi/ml. Estimates of annual "Sr discharge 

from burial ground 4 whlch were based on the average discharge and hy- 

drologlc data from Walker Branch Watershed show t h a t  1 .OO, 1.30, and 

1.78 Ci of 9oSr were discharged frwn the area for  calendar years 1971 

1972, and 1973, respect ively.  

51% of the stream monitoring data .  

The estimates agree t o  w i t h i n  I 9  t o  

A p l o t  o f  'OS, discharge from 

burial ground 4 for water years 1963 t h r o u g h  1973 shows t ha t  the 

dtscharge aP t h l s  radionuclide from the burlal ground has decreased 

over thts time period, The decrease was brough t  about no t  only by 

rad toac t l ve  decay but also by depletion o f  the soluble gost- in the 

burtal ground .: Both  the estimated d.ischarge and the stream monl t o r i  ng 



d a t a  shw t h a t  the "Sr dra inage i s  d.irectly related ts the amount. of 

prec ip i ta t ion ,  i . e . ,  l o  t h e  amount of yroundwatev f lowing  through the 

burial gra4nd i t s e l f .  A becrrasc i n  t h e  m o i i i i t  o f  9oSr discharging 

fr-m the area \&I1 require a decrease in the m m n t  o f  groundwater 

f l ow fny  t h r o u g h  the  buried waste. 

pond sediment s h s u l d  no t  bc excavated aad stored w i t h  hiyhet--level 

plutcrnimi ~ s t c !  bu t  showld be l e f t  i n  place t,o serve ts ail  environmental 

study. area. 

ava i l ab i l i t y  and the  amaunt. o f  plant  uptake o f  239?u  car^ be conducted, 

'lhe srlrirpling d a t a  collected t o  date  suggest that. the plutoniurti was nok 

transported from bui-ial qrsiind 4 b u t  probably o r i g i n a t e d  frm releases 

dr i r iny ear ly plutol i ium produc t ion  a t  ORNL (from the  g r a p h i t e  reactor) .  

I n  t h i s  way research (33 the t ranspor - t  mechanisms and the 

D u r i n g  Ltie course o f  t h i s  i n v e s t i g a t l n n  L w  recomrendations con- 

cernlny was te  management have been mad2 and cart-ied out .  Th-Ss f i r s t  

rcconmre~datedsn was t o  discontinue the djspnsal o f  uncontaminated f i l l  

I n  the burlal  g rounds ,  As discussed previously, the f i l l  increases the 

slurface e l e v a t i o n  dbove t h e  b u r i e d  waste, which, in turn,  cause^ a r i s e  
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more hydrologic data are necessary to  determine t h e  benefits o f  the 

trench construction. The trench proposal was based on groundwater 

f l o w  direct ions tha t  were inferred f r m  water table  contour maps. 

In previous invest igat ions groundwater was found to  flow parallel 

t o  the s t r i k e  o f  the shale, which in this area i s  not  para l le l  t o  

the direct ion inferred by t h e .  groundwater contours (hmenick, e t  a1 . , 
1967). 

t ions and groundwater ve loc i t ies  should be determined from t r ace r  

s tud ies ,  These s tudies  a re  currently being in i t i a t ed  i n  bur ial  

grounds 4 and 5 and i n  the basin above burial ground 4.  

Before an expenditure o f  this magnitude i s  made, flow d i rec-  

A second par t  of the engineering solution e n t a i l s  decreasing 

the amount o f  i n f i l t r a t i o n  on the surface o f  the burial ground i t s e l f .  

The surface seal must  reduce i n f i l t r a t i o n  and not c rea te  a potential  

problem from surface runoff from the area.  A seal a t  a depth o f  1 . 5  

t o  2.0 f t  would allow the growth o f  grass cover and thus ininirnizft the 

surface runoff problem, Several materials a r e  currently being tes ted 

t o  determine the cornpasition of the s e a l .  The materials incJude com- 

pacted Conasauga shale ,  compacted Canasauga sha le  t o  which a dispersing 

agent has been added, Conasauga shale mixed w j t h  bentonite,  and so i l  

cement. Natural materials were selected f a r  consideration since they 

a re  subject t o  l i t t l e  change fram weathering processes and will  not 

requlre periodic reseal ing,  

w t t h  natural matera'al a t  depth i s  planned fo r  trench 83 ( F i g ,  5 )  i n  

the l a t e  f a l l  of 1974, After sealing the trench, the r e su l t s  will  be 

manltored t o  de temlne  the effectlveness o f  the sea l ,  The r e s u l t s  

wil l  de temlne  the app l i cab i l i t y  o f  sur face sealing t o  larger  areas;  

namely, burial grounds 4 and 5 .  

The f i r s t  application o f  surface sealing 
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