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ABS TRACT 
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The o f f s i t e  radioact ivi ty  releases in the Clinch River a re  less  than  
1% of the amount a7lowable for  unrestricted use o f  the water by a popula- 
t ion.  However, in keeping w i t h  ERDA's objective to maintain releases t o  
"as low as pract icable ,"  studies have been conducted t o  locate sources 
o f  radioact ivi ty  release and t o  seek methods o f  reducing o r  eliminating 
them. This study, begun in April 1973, i s  concerned w i t h  determining the 
radioact ivi ty  contributions to the Clinch River frorn the buried waste a t  
ORNL and with implementing corrective measures. 

been ident i f ied t o  be present in two molecular weiqht f r a c t i o n s ,  one greater 
t h a n  700 and one less  t h a n  700. Approximately 85% of the '*Co i s  being 
transported with the l i gh te r  organic f ract ion.  The chemical composition 
o f  t h i s  f ract ion has nat  been ident i f ied,  b u t  may be composed o f  natural  
organics or EDTA (ethylenediamine-tetraacetic ac id) .  

The calculated discharge of "Sr from burial ground 4 to  White Oak 
Creek showed a decrease i n  the discharge corresponding t o  a decrease i n  
precipi ta t ion.  
monitoring data ,  and i t  i r  believed t h a t  the stream-monitoring d a t a  a re  
i n  error  or t h a t  a new source of "Sr i s  present i n  the drainage, 
age improvements f o r  the burial ground have been ins ta l led ,  b u t  as yet 
no d a t a  a re  available t o  show t h e i r  effectiveness.  

The 6QCo-orqanic complexes present i n  ground water near trench 7 have 

The calculated discharge does not  agree with stream- 

Drain- 

Alpha  radioactivity has been found in water samples from burial 

Because of the 
qraund 5. More detailed analyses o f  the water from one seep indicated 
t h a t  bo th  244Cm and  238Pu were present i n  the water. 
presence o f  these rddionuclides, corrective measures were applied t o  re-  
duce the amount  o f  water moving t h r o u g h  the buried waste. Four trenches 
were sealed with d near-surface p las t ic  membrane: however, as y e t ,  no 
d a t a  are  availahle t o  show i t s  effectiveness.  

i i i  



The procedures f o r  design of  a bentonite-shale mixture have been 
developed, and enough d a t a  have been obtained t o  show t h a t  a n  adequate 
sealing material can be made u s i n g  approximately 10% bentonite. T h i s  
material wi1.1 be used for  near-surface sealing o f  both past and current 
burial grounds. 

transport  have been completed - 
t o  seepage trench 7 t o  predict the future  behavior o f  the waste, 

Two computer codes for calculation o f  water movement and radionuclide 
These model s are  currently bei ny a p p l  i ed 

i v  
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The offs i  t e  radioact ivi ty  re1 eases 'the C1 i n c h  River are 1 ess t h a n  1% 

of the amount allowable f o r  unrestrfcted use o f  the water by a pnpu?ation, 

However, in keeping w i t h  ERDA's objective t o  maintain releases t o  "as l o w  

as practicable," research directed toward l o c a t i n g  sources o f  radioact ivi ty  

releases and toward seeking methods for  reducing o r  eliminatins theii has 

been continued, T h i s  project,  r 'nit iated i n  A p r i l  1973, i s  concerned pr i -  

marily with determining the radioact ivi ty  contributions t o  the C 1  inch River 

from the buried waste a t  ORNL and with irnpIenien%ing corrective measures. 

The research conducted for the development o f  corrective measures a1 so 

indicates modifications i n  current burial procedures t h a t  wi77 reduce 

radionuclide transport .  The study encompasses a l l  waste disposal s i t e s  

a t  ORNL and i s  funded by the Division o f  Nuclear Fuel Cycle and Praductisn 

o f  the Energy Research and Development Administration, The purpose o f  

t h i s  report  i s  to update  the progress o f  the investigation. 

of t h i s  study prior t o  this report i s  documented by Duguid, 1975. 

The progress 

Since the beginning o f  operations a t  X-10 (ORNL), l a n d  burial has 

been used for  disposal o f  radioactive waste. Disposal cons-r'sts o f  land 

burial of solid waste i n  unlined trenches excavated in Conasaugn shale.  

The trenches a re  f i l l e d  w i t h  waste and covered w i t h  a b o u t  2 f t  o f  soi l  I 

T h i s  type o f  bur i a l  allows i n f i l t r a t i o n  of precipitation w i t h  subsequent 

percolation o f  water through the waste. Contact o f  the waste w l t h  wate r  

causes leaching o f  radionuclides f r o m  the sol id  waste and subsequent 

ground-water t r a n s p o r t  from the bulr ia l  s i  t e .  
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Past waste disposal operations have been carried o u t  in f ive  burial 

grounds, four  seepage p i t s ,  and three seepage trenches ( F i g .  1 ) .  Asso- 

ciated w i t h  most of these disposal areas a re  seeps which show some evidence 

of ground-water transport  o f  radionuclides. Disposal of sol id  waste i s  

currently carried o u t  in disposal area 6 (burial  ground 6),  and as  ye t  

no ground-water contamination has been observed, However, because of 

the s imi la r i ty  of  t h i s  area w i t h  other burial grounds, radionuclide trans- 

port i n  ground water i s  expected. 

The ground-water table  i n  the White Oak drainage i s  a shallow uncon- 

fined water table  t h a t  i s  a subdued replica o f  the surface topography. 

The g round  water flows from areas o f  high elevation t o  areas o f  low e le -  

vation where i t  discharges into surface streams a t  o r  near the stream 

surface elevation. T h u s ,  areas of ground-water contarni nation occur local ly  

near waste disposal s i t e s ,  and the contaminated ground water discharges 

into surface streams w i t h i n  the drainage. The contamination ar is ing from 

b o t h  surface water releases a t  X-10 and  ground-water discharge from waste 

disposal areas i s  monitored a t  White Oak Dam, which i s  located in the 

lower portion of the drainage near the confluence of White Oak Creek and 

the Clinch River (Fig. 1 ) .  

The units of measurement of radionuclide concentration presented in  

th i s  document a re  microcuries per m i l l i l i t e r  for  water analyses (uCi/ml) 

and microcuries per gram fo r  soi l  analyses (iiCi/g). 

converted t o  dis integrat ions per minute (dpm) by multiplying the quantity 

by 2 . 2  x 10 ( i - e . ,  1 . 0  UCi ' 3  2 . 2  x 10 dpm). 

These units may be 

6 6 
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SEEPAGE 1’RENCH 7 

Secpage trcn&h 7 was irsed fo r  disposal o f  intermediaie-level 1 i q u i d  

waste for  the period between I962 and 1965. 

l iquid waste  was pumped into the covered trench and seeped into the sur- 

rounding shale.  

much o f  t h e  radioact ivi ty .  However, surne radionuclides, such a s  tritium 

and ruthenium, a r e  riot readily sorbed, and others ,  such a s  “Coy combine 

w i  t h  organics in c o m p l ~ x m  tha t  a r e  read i l y  transported by g r o u n d  water. 

I hcse radionuci ides are observed i n  a srriall surface seep (RS7) associated 

w i t h  t h e  seepage treilch (F ig .  2 )  and arc? a lso present i n  yround-water 

samples from lc~ells near the trench. 

During t h a t  time, radioactive 

The shale acted as an ion-exchange column by sorbing 

- 

.-.___-___ Mechana’srns of “ c o  l_l_- -rran_SpoYt 

The 60Co-organic complexes i n ground water were separated accor-bi ng 

Calumns t o  molecular weight u s i n g  Sephedex (G-10) chromatographic gels .  

of  50.- x 2-crn dimensions were used, and t h e  height o f  the  gels was u n i -  

formly rnaintairied a t  40 cm. 

and then dissolved with d i s t i l l e d  water. The sodium-resin exchange char- 

a c t e r i s t i c s  of the solution before and a f t e r  concentration revealed tha t  

organic-metallic s t ructures  were preserved. A sample o f  t h e  extracted 

concentrated solution was introduced on the surface of  the gel , and  eluted 

w i t h  0.1 - N NaCl a t  a cons tan t  f l o w  r a t e  o f  25 m l l h r .  

i tored f o r  organics using a n  u l t rav io le t  spectrophotometer a 

were also counted t o  o b t a i n  t he i r  6QCo concentration. 

two water samples a re  shovm i n  F i g .  3. 

Organics were concentrated by freeze drying 

Fractions were limn- 
~- 

I he f ract ions 
.- Ihe results from 
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Sephedex gel 6-10 i s  designed to retard the passage of organic solutes 

w i t h  molecular weights less  t h a n  700. 

eluted f i r s t .  

the l i gh te s t  compounds a re  the l a s t  t o  emerge from the column. 

representing organic acids are apparent i n  both samples (Fig. 3 ) .  These 

data show tha t  'OCo i s  complexed principally with a compound o f  molecular 

weight ( M W )  l e s s  than 700. 

w i t h  the greater  t h a n  700-MW f rac t ion .  

lap o f  the l igh ter  MW organics due to incomplete separation of the com- 

pounds. 

Everything greater than 700 MW i s  

Lighter molecules are eluted l a t e r  and fractionated so that  

Two peaks 

About 12-18% of the 6oCo may be associated 

This, however, may represent over- 

The b u l k  of the 6oCo occurs w i t h  the less  t h a n  700-MW f rac t ion ,  which 

implies complexation with low molecular weight natural organics, such a s  

fulvic  acids ,  g a l l i c  acid,  e t c .  Nevertheless, chelation w i t h  EDTA (MW = 

292) cannot be dismissed. 

mechanisms i s  g i v e n  by Means, Crerar, and D u g u i d ,  1976. 

A more detailed discussion o f  6oCo transport  

___ Stronti  um-90 i n Vegetation 

During f i e l d  work near trench 7 ,  a small area supporting con- 

taminated vegetation was detected. 

area of surface so i l  was contaminated during the operation o f  trench 7 

Review of records shows t h a t  a small 

when a small leak developed in  the t ransfer  l i ne  near the trench. Vege- 

t a t i o n  has now grown on the area (an area approximately 10 f t  by 25 f t ) ,  

a.nd current data show t h a t  this area may be useful fo r  the study of radio- 

nuclide uptake by plants.  A small sweet gum t r e e  growing i n  t h i s  area 

had a background reading o f  57.7 mR/hr ,  w h i c h  appeared t o  be primarily 

9oSr. Analysis of the leaves showed t h a t  they contained approximately 

5.9 x 10-1 uCi/g of 'OS,, w i t h  a l l  other radionuclides a t  levels  below 
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routine analyses (Table i). The l imi t s  f o r  6oCo, 125Sb, and 137Cs i n  

the vegetation a re  re la t ive ly  h i g h  because o f  problems encountered i n  

analyzing th i s  sample i n  a low-level laboratory. 

Analyses o f  a near-surface so i l  sample from the area showed the pi-e- 

sence of 9oSr,  6QCo, 137Cs, and alpha a c t i v i t y  i n  the s o i l .  

that  the substantial  uptake of "Sr by the vegetation may be caused by a 

low calcium s ta tus  o f  the so i l  (because of the chemical s imi la r i ty  of 

calcium and strontium). 

taminated area a re  being carried o u t  under other projects i n  the  Environ- 

mental Sciences Division. 

I t  i s  believed 

Further studies o f  plant uptake from t h i s  con- 

BURIAL GROUND 4 

Burial ground 4 is  located approximately 1 / 2  mile southwest o f  ORNL 

( F i g .  1 )  and i s  si tuated i n  the lower portion of a small watershed ( F i g .  

4 ) .  

shed discharge in to  White Oak Creek. 

the ground-water system i n  the watershed ( the  flow i s  essent ia l ly  parallel  

to surface runoff) ,  an effect ive network of yround-water monitoring we1 1 s 

can be established on the flood plain of White Oak Creek. The location 

o f  wells i n  th is  monitoring system i s  shown i n  F i g .  5. A more detailed 

Both the surface water and the ground water flowing from this water- 

Because o f  the localized nature of 

and hydrology i s  g i v e n  

The l a t t e r  reference 

ected from t h i s  system 

discussion o f  the burial ground h 

by Lomenick and Cowser, 1961, a n d  

a lso includes a discussion of mon 

d u r i n g  1973 and ear ly  1974. 

s tory ,  g eo 1 ogy 

by D u c y i d ,  1975 

toring data col 
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Ground-wa ter Contamination 

The p r i n c i p a l  r ad ionuc l ides  present i n  t h e  ground water i n  and near  

However, occasional  water  samples bu r i a l  ground 4 are tritium and "Sr. 

are found t o  con ta in  small amounts of 6oCo, 12%b, and 137Cs. As yet ,  

no water sample has been found t o  c o n t a i n  a lpha  contaminat ion i n  excess  

of the d e t e c t i o n  limft f o r  r o u t i n e  a n a l y s i s  (approximately 4.5 x los8 

$i/ml) . 
During the p a s t  year the presence of tritium i n  the ground water 

near  bu r i a l  ground 4 was d e t e c t e d . ,  Th i s  d i scovery  does n o t  i n d i c a t e  a 

sudden appearance o f  tritium i n  the monitor ing system. Tr i t i um an l y s e s  

a t  this l o c a t i o n  had n o t  been performed p r i o r  September 1974. 

c e n t r a t i o n  of t r i t i u m  ( a s  well as 'OS,, 6oCo, and lZ5Sb) i n  o l d  we Is 

near burial ground 4 i s  given  i n  Table  2,  and the concen t r a t ion  o f  tri- 

t i u m  i n  the monitor ing wells below burial  4 i s  given i n  Table 3.  These 

da ta  i n d i c a t e  t h a t  the primary source  o f  tritium i s  loca ted  wi th in  the 

a r e a  circumscribed by wells 19OA, 195, 196, and 193 (Fig. 5). 

The con- 

T h e  concen t r a t ion  of '*Sr i n  ground water f lowlng from the e a s t  end 

o f  the bur i a l  ground i s  lower than  the concen t r a t ion  i n  ground water aJong 

the south  side of the b u r i a l  ground. 

t i re  watershed was d iv ided  i n t o  two p a r t s ,  bas in  1 and basin 2 (Fig.  4 > ,  

based on the two d i f f e r e n t  concen t r a t ions .  The dashed l i n e  d i v i d i n g  the 

two bas ins  shown i n  Fig.  4 c r o s s e s  ground-water contours  a t  a r i g h t  angle .  

Thus, the row o f  wells t h a t  t r a n s e c t  the d ra inage  south  of the b u r i a l  

ground a t  g r i d  l ine kJ90 is  used t o  monitor the concen t r a t ion  i n  the 

ground-water d i scha rge  from bas in  1 (F ig .  5). The wells near  the bur i a l  

ground boundary below bas in  '2 a r e  used t o  monitor the ''Sr concen t r a t ion  

For computational purposes, the en- 
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Table 2 .  Radionuclide concentrat ions ($i/ml) in old wells near 
burial ground 4, September 23, 1974 

2.3 

--- 

7.1 x 

3.3 x 

1.2 x 

_ - -  

182 

183 

185 

186 

186A 

1 a7 

188 

189 

190 

190A 

'I 90B 

190c 

191 

192. 

--- 

9.0 x 5 .4  IO-'  

4.5 x 2.3 x lo- '  

4.5 x 1.8 x 10"' 
..._I 

...-- 
--I 

- I -  

2.0 x 

1 . 7  x 

3.4 x 

7.1 x 

3.1 

2.3 

4.5 x 1.3  
4.5 x l o - *  - - -  

2 .7  I O - ~  

--- 

4.5 x 10-a 1 . 2   IO-^ 
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Table 3. Concentration (pCi/ml) o f  3H i n  wells below burial ground 4 

We1 1 
Concen t ra ti on Concentration 

(Sept. 11, 1974) (April 7, 1975) 

A10/E95 

NO/E106 

S30/E109 

S96/E30 

197 

S 120/W30 

S120/EO 

196 

S150/W30 

S150/EO 

S 1 801 W30 

Sl80/EO 

S210/W56 

521 ON30 

S21O/W21 

195 

s212/w90 

S218/W9O 

S227/W90 

S232/W90 

S297.9/W62.2 

S300.6/W27.9 

4.1 I O - "  

2 .2  IO-" 

1.4 IO-" 

5.2 1 0 " ~  

5.2 

1.3 x io-" 

8.4 x 

7.9 lo-" 

1.7 x 1 0 " ~  

7.1 

5.7 lo-" 

3.6 I O - "  

8.0 

2 . 5  x 

1.6 x 

9.5 x 

5.3 

5.4 

3.5 

2.3 x 

2.6 x 

1.3 

3.9 x lo-" 

3.5 IO-' 

5 1.3 io-" 

5.5 1 0 - ~  

L 3.6 Y O - "  

5 1.8 x IO-'' 

6.8 x lo-" 

1.1 

8.3 

7.3 

I < 3.3 I O - ' +  

L 1.4 

5.0 

8.5 x io-'+ 

3.5 

1.8 

1.6 

1 .6  

1.4 

9.0 IO- '+ 

6.8 x 

4 5 1.1 x 10- 
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i n  t he  ground-water flow from bas in  2. 

water  from the two bas ins  enters White Oak Creek i n  the reach o f  s t ream 

ad jacen t  t o  the b u r i a l  ground. 

f lowing from bas ins  1 and 2 i s  shown i n  Tables  4 and 5,  r e s p e c t i v e l y ,  

These d a t a  were c o l l e c t e d  i n  September and March because during those 

The 9oSr flowing i n  ground 

The "Sr concent ra t ion  i n  ground wa te r  

months the ground-water t a b l e  w i t h i n  the b u r i a l  ground is a t  i t s  lowest  

and h i g h e s t  p o s i t i o n ,  r e spec t ive ly .  For t h e  current sampling pe r iods ,  

the average concent ra t ion  o f  "Sr i n  ground water  flowing from bas in  1 

and 2 is 6.4 x vCi/rnl and 3.9 x r e spec t ive ly ,  These concentra- 

t i o n s  are lower than the 6.23 x pCi/ml from bas in  1 and the 4.7 x IOw6 

- p C i / m l  from basin 2 r epor t ed  by Duguid, 1975. However, the decrease  i s  

n o t  assumed t o  i n d i c a t e  any s i g n i f i c a n t  change i n  the annual "Sr d ischarge  

from b u r i a l  ground 4. 

Discharge of  "Sr 

A crude estimate o f  the q u a n t i t y  o f  "Sr discharged from b u r i a l  ground 

4 during a water y e a r  can be made using p r e c i p i t a t i o n ,  evapo t ransp i r a t ion ,  

basin a r e a s ,  and average '*Sr concen t r a t ions  i n  the basin d ischarge ,  T h i s  

type of c a l c u l a t i o n  for  water  yea r s  1973, 1974, and 1975 y i e l d s  approxi- 

mate d ischarges  of  1.7, 1.6, and 1.2 c u r i e s ,  r e spec t ive ly .  Far this ca l -  

c u l a t i o n  the p r e c i p i t a t i o n  va lues  shown i n  Table  6 were used, evapotrans-  

p i r a t i o n  was assumed t o  be 27 i n .  per y e a r ,  and the d ischarge  concent ra t ions  

r epor t ed  by Duguid, 1975, were used. The c a l c u l a t e d  value o f  "Sr d i s -  

charged f o r  water y e a r  1973 (1.7 c i )  agrees  q u i t e  well w i t h  the strearn- 

monitoring d a t a  given i n  Table  6 (1.58 C i ) .  

1974 and 1975, s t ream monitoring i n d i c a t e s  f a r  more 

b u r i a l  ground 4 than i s  p red ic t ed  from these crude c a l c u l a t i o n s .  

However, f o r  wa te r  years 

d ischarg ing  from 

A 
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discussion of  this type of  calculation, as well as  a comparison between 

ca7 cul ated and stream-moni toring discharges from the b u r i  a1 ground f o r  

the calendar years 1971 through 1973, is  given by Duguid,  1975. 

reason for  changing frorrr a calendar year t o  a water year for reporting 

9oSr discharge i s  as follows: 

31, the ground-water table makes a complete cycle (from low i n  September 

to  h i g h  i n  l a t e  February and back to low i n  September) , and smoother 

yearly discharge data a re  obtained by breaking the cycle a t  the lowest 

point rather than near the point of highest discharge. 

The 

During a water- year, September 1 t o  August 

The ''ST- discharge from burial ground 4 was obtained (from stream- 

mani taring da ta )  by subtracting the 9QSr discharged from plant operations 

(s ta t ions 1 and 2 )  from the "Sr discharged a t  monitoring s ta t ion  3. 

method r e l i c s  on the assumption tha t  no other source o f  'OS, enters White 

Oak Creek between the plant and s ta t ion  3 ( F i g .  1 ) .  T h u s ,  the difference 

also includes any discharge from burial ground 1 ,  burial  ground 3, and 

the w e s t  side o f  burial ground 5. 

other sources, burial ground 4 has been shown t o  be the major contributor 

af 9 o S r  ( D u g u i d ,  1975). 

dicate e i the r  a new source of ''St- i n p u t  t o  Mhite Oak Creek between the 

moni tar ing s ta t ions or a mal function of rnoni to r i  tiy stat ion 3. 

toring s ta t ion i s  internal t o  the ORNL monitoring system and i t s  malfunction 

would not a f fec t  the data  reported a t  kJhitt3 Oak Darn (monitoring s ta t ion 5) .  

Table 6 shows the discharge o f  "Sr that  may be at t r ibuted t o  burial ground 

4 from strem-monitoring data far- water years 1963 through 1975 (personal 

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

endar years 1962 through 1972 are  from the X-16 s i t e  and the remaining 

T h i s  

From reconnaissance sampling of these 

However, more recent stream-monitoring data i n -  

This moni- 

The precipitation data f o r  cal- 
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Table 4 .  Concentration ( $ i / m l )  of 9 0 S r  flowing from b a s i n  1 

-- __lll_____ I.-.. ~ _.._-I ___ 
Con ce t i  t r a t i on Concentration Average 

Location (Sept. 11,  1974) (April 7 ,  1975) concentration 

We1 1 S212/W9Q 5.9 x 3 . 3  x 4.6 x 

Surface, S214/W90 1 . 2  x 

We1 1, S218/W90 1.0 4.7 x lo-6 7.3 x 

Well, S227/W90 7 - 8  x 6.5 x 7 . 2  x 

Surface, S228/W90 5.3 x 

Well, S232/W90 1 . 2  x 1Q-6a 5.4 x 8.7 

Average 8.2 x 4.8 x 1 f 6  6.4 x 

Well excluded from the average because o f  dilut ion by uncontaminated ground 
water flowing from the slope south o f  the burial ground.  

a 
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N30/ E90 

N30/E105 

N30/E135 

NO/ E95 

NO/ El 06 

S16.6/E9 

S30/E100 

S30/E109 

S30/El25 

S41/E95 

S60/ E87 

S 771 E73 

S90/ E40 

S90/E60 

S90/E75 

S96/E3Q 

197 

S120/W30 

S12O/EO 

S 1 20/ E30 

S120/E60 

196 

Table 5 .  Concentration (pCi/rnl) o f  90Sr i n  wells i n  the lower portion 
of  bas in  2 

- - . ~  l.-_l_l_ _I...._..____ ______I. .-. . . 

Conce titra t i on Concentration Average 
We1 1 (Septa 11 ,  1974) (April 7 ,  1975) concentration 

....... __1__11_ - . - . - - - . - - -~ -___  _.. 

0.0 9 .0  x 4.0 x 

4.5 5.8 IO- '  5 .2  

L O  1.8 2.4 

6 . 3  x 3.1 4.7 

8.5 x l o m 7  5.4  x 6.9 

1 . 2  x 6.8  x 9.4 IO-'  

3.1 x 1 . 8  x 2.4 x 

7.4 x 1.8 x 4.6 x 

6.1 x 4.3 x 5.2  x 

3.6  x 2.8 x 3.2 x 

1.1  x 2.9 x 2.0 x 10- 

4.5 x 1 . 4  2.9 

9.6 x l o m 6  8 - 7  x 9 . 2  x l o q 6  

4.3 x 2.3 x 3.3 x 

1.3 x 9.0 1.9 x 

3.6 x 2.3 x l o a 6  2.9 x 

7.2 6.3 6 .7  x 

4.5 x 9.0 x 6 .8  x lo- '  

4.6 x 2.5 x 3.5 x 

2 .7  x 8.5 1 .9  x 10- 

1.4 10"'  9.1 x 1 . 2  IO- '  

3.1 x 5.4 x 4.2 x 
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Table 5. (Cont'd) 
portion of basin 2 

Concentration (uCi/ml) of  'OSr i n  wells i n  the lower 

Concentration Concentration Average 
We1 1 (Sept. 1 1 ,  1974) (April 7, 1975) concentration 

S150/W30 

51 50/EO 

S150/E30 

S150/E60 

S 180/W30 

S180/EO 

S180/E13 

S210/W56 

S21 O/W30 

s21 o/w21 
195 

S295.7/W7.7 

S297.9/W62.2 

Average 

7.2 x 

1.3 x 

6 .2  x l o m 6  

5.8 

6.8 x l oe6  

6.3 

7.6 

3.8 x 

7.0 x 

5.0 x 
2.5 x 

2.5 x 

4.5 x 

8.1 

5.5 x 

1.2 x 

5.6 x loe6  

5.0 x 

4.6 x 

1.2 x 

1.4 x l o w 6  

4.0 x 

4.1 x 

2.8 x 
3.2 x 

6.7 

3.6 x lo-' 

3.2 x I O e 6  

6.3 x 

1.2 x 

5.9 x lo -6a  

5.4 x 

5.7 x 
9.0 x 1 -7a 

1.1 x 

3.9 x 

5.5 x 

3.9 x 
2.8 x ? O m 6  

1.6 x IO-' 

4.0 x 

2.0 x 

3.9 x 

a Wells excluded from the average because of  di lu t ion  by ground water 
flowing down the floodplain o f  White Oak Creek. 
creek channel a r e  excluded from the average. 

Thus ,  wells near the 
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Table 6 .  Discharge o f  ''Si- from bur ia l  rgrcund 4 and p r w i p i t a t i o n  data 
f o r  water- years 1963 t h r o u g h  1975 

T o t a l  'OS, Discharge 

year (in. 1 ( C i )  ( m C i  /i n . ) Mater a Precipitation discharge o f  9osr 

196% 

196.1 

1965 

1966 

1967 

1968 

1959 

1970 

1991 

1972 

1973 

1971% 

1975 

55.33 

42.09 

51.98 

40.85 

60.54 

45.01 

40.07 

47.33 

48.25 

47.40 

71 -27  

68.76 

5 7 . 3 3  

4.82 

2.71 

3.10 

2.52 

2.72 

2.04 

2.08 

: .60 

1 . I8  

2.36 

i .58 

5 - 2 2  

3.22 

87.1 

64.4 

59-6 

69.7 

44.9 

45.3 

5'8.9 

33.4 

24,s 

49.8 

22.2 

75.9 

55.8 
~ 

"\dater year  i s  Scptember 7 thrguyh August 31. 
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precipitation 

approximately 

data are  from Walker Branch watershed, which i s  located 

3.5 miles northeast of burial ground 4,  The  fourth column 

o f  Table 6 shows the discharge a t t r ibu ted  to  bur'ial ground 4 i n  

mill icur ies  per inch of precipitation. 

years 1965 through 1973 i s  shown i n  F i g .  6. 

discharge from burial  ground 4 shows a steady decline. 

of Fig. 6 is presented by Duguid,  1975.) 

precipitation f o r  water years 1974 and 1975 were plot ted,  they would not 

f i t  the past behavior o f  the burial ground because they are  higher. The 

increased 'OS, for these years i s  not apparent i n  the yround-water mani- 

toring data shown i n  Tables 4 and 5 .  

indicate a s l i g h t  decrease i n  the average gost- concentration i n  ground 

water flowing from basins 1 and 2. 

by Duguid,  1975.) 

be a t t r ibu ted  t o  burial  ground 4. 

A plot  o f  these data fur  water 

During these years the " S u .  

(Further discussion 

I f  the discharges per i 

l n  f a c t  yround-water monitoring data 

(Higher average values were reported 

Thus  the higher discharges of "Sr from t h e  area cannot 

The  h i g h e r  discharges of 9oSr (75.9 and 55.8) shown i n  Table 6 are  

not ref lected i n  the discharge over White Oak Dam (personal communication 

w i t h  G. J. Dixon, ORNL). In fac t ,  the discharge over White Oak Dam de- 

creased s l igh t ly  which would be expected d u r i n g  these two water years 

(1974 and 1975) when precipi ta t ion a l so  decreased. T h u s ,  the added "St- 

passing monitoring s ta t ion  3 (which cannot be a t t r i b u t e d  t o  burial ground 

4) should cause a measurable increase i n  the amount o f  "Sr entering 

White Oak Lake, b u t  was never detected a t  the manitoring s ta t ion  a t  White 

Oak Dam. T h i s  evidence may suggest a malfunction i n  monitoring s ta t ion  3 .  

Soil Contamination 

The so i l  i n  the drainage along the south side of burial  ground 4 
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Table 7 .  Concentrat ion (uCi/g) o f  radionuclides i n  s o i l s  below b u r i a l  ground 4 

NO/E95 

S120/€60 

SI 50/W30 

S150/E30 

Well 186 

Well 191 

S180/EO 

0-7 
7-1 4 

14-19.5 

0-7 
7-14 

14-21 

0- 7 
7-1 4 

14-20 

0-6.7 
6.7-1 2.1 

12.1 - 1  7.9 

0-7 
7-14 

14-20 

0-7 
7-14 

14-17.5 

0-7 
7-1 4 

14-20 

0- 7 
7-14 

14-19 

0-7 
7-1 4 

14-21 

0- 7 
7-14 

14-21 

0- 3 
5- 8 

10-13 
15-1 8 
24-27 

- < 3.1 x lom7 5 8.1 x 5 2.7 x loe6 5- 8.1 x l om6  
5 1 . 5  x < 5 .0  x 1 . 4  x 2 .5  io-’ 

... < 5.0 x 1.2 x lo-: ... < 1 .9  x l o +  2 2 . 2  x 
I 

4.0 x 4 . 5  x lo-” 1 . 5  io-‘ 5 1 .5  lo-’ 
5.6 x 1 . 7  x lo-’’ 5.0 lo-” 5 1 .4  lo-‘ 

.._ 2.3 1 . 9  x lo-‘ - < 5.4 x 2- 5.4 IO-‘‘ 

3.1 x lo-; 3.7 2.0 2 5.4 
... < 1.4 x 1.7 5.9 1 0 - ~  5. 5.0 x 
-- r: 2.3 x 2.5 1 0 - ~  1.8 io-”  c 1 .6  101‘ 

- < 1.3 x i o - ’  5.9 x - < 2 . 2  x - 3.7 x 

.... 1 .0  x 3.8 x 5 2.0 x - < 4.5 x 
-I 7.7 x 9.5 x lo-6 3.5 x lo-6 - < 3.5 x 

‘1.9 x ioF5 
<. 7.2 x 8.1 io-’ --. 4.5 - 2.4 
-- 4.5 x 10- 

1 . 5  x i o T 4  

8.1 x lo-@ 

- < 2 .2  x io-‘‘ 

- < 2.5 x 10- 

< 2.5 

I < 4.0 x i o -“  

- < 5 .4  x 

... c 2.7 x 10- 1 . 2  x 10- ~.~ - 3 .0  x 

3.1 x lo-‘ 
8.1 IO-‘ 

6 .3  
1.0 lo-’- 
2.1 

3.5 IO-’ 
3.1 x IO-’ 

4.1 

3.5 x 

9.5 x 

3.6 x 
5.0 x 

2.1 x 
1 .3  x lo-* 
6.8 x IO-’  

4.3 IC 
._ C 8.6 x lom6 6 .3  io-’ 2.2 2 . 2  5 4.5 
- 8 .6  x l o m 6  1.1 i o e 4  2 .2  2.2 x 5 9.0 x l o - F  
- < 5.4 x 2.4 lo -”  - < 3.1 x ._ 5.9 x 5.0 
- < 6.8 x 3 .6  x lo-‘  - < 1 , 8  x lo-’  9 . 5  x 101’ 5.4 

< 1.1 3.0 x 4 . 5  x 2.8 x i o - ’  6 . 3  

- e 1.8 x 1.0 i o - ”  - < 2.7 io-‘ - < 4.5 x 1 .1  I O - “  

< - 9.5 x 1 . 3  i o - “  - < 3.2 x 5 9.0 x 3 .3  i o - ”  
- < 1.1 x  IO-^ 8.6 x lo-’  - < 2.3 x lo-& ___ < 5.0 x l o e 6  3.7 x 
- < 6.8 x lo-‘ 9.9 1 0 - ~  - < 2.3 x l o m 6  - < 1 . 9  x 2.7 x 

- < 6 . 3  x 2.0 x 5.9 i o - ’  - < 7.2 x 2.0 lo-’  

- < 4.5 x 7.2  1 . 5  i o - ’  5 5.5 x 4.4 x 

3 .7  x 2.7 io-’ 2.7 x lo-‘ - < 8 .6  x 8.1 
2.3 i o +  2.4 

- 3 . 6  x 2.1 x lo-’  - < 1 .6  IO-‘  _- < 2.9 1.1 lo-’ 
2.7 x i o - ’  3.0 x lo-‘ I < 1.3 x lo-* - 4.5 x io-‘ 1 .6  io-’ 

I 5.9  IO-^ 3.1 - 2.7 - < 4.1 IO-’ 5.9 1 0 - ~  

- C 7.2 x 2.0 - < 1.8 x __ < 3.6 x I O T 6  6 . 8  x lo-‘ 

.- 
- < 6 .8  x 1 .6  lo-‘‘ - < 5.4 x l 0 l S  2.9 x 7.2 x l o ’ “  

__ < 6 . 3  x l o m 6  1 . 2  io-’ 2.0 - 5 .0  x 6.8 x l o L 6  

< 7.6 x 9.0 1 0 ” ~  :- 6.8 x l o W 6  - 

I 
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Table 7. (Coni 'd)  Concentrat ion (uCi/g) of  rad ionucl ides  i n  s o i l s  below b u r i a l  ground 4 

Dep th  
Loca t ion  ( i n . )  Total  cx 

S228/W90 

S 240/W& 

S250/1.145 

S260/W45 

S270/W45 

S275/ W 45 

S280/W45 

S285/W45 

S290/W30 

Si190/W45 

S 290/ W60 

S293/W45 

S296/W45 

S299/W45 

0- 7 
7-1 4 

0- 5 
5-10 

10-15 

0- 5 
5-10 

10-14 

0- 5 
5-12.8 

0- 4 
4-7 

0-5 
5-8.5 

0-5 
5-11.8 

0- 5 
5-8.5 

0-5 
5-10 

10-13 

0-5 
5-10 

10-13.8 

0-5 
5-10 

0- 5 
5-8.5 

0- 5 
5-8.5 

0- 5 
5-8.8 

5 8.6 x 
- < 6 . 3  x 

- < 2.2 x io-' 
- < 6 . 3  x 
- < 4 .5  x 

3.7 1 0 - ~  
1 . 7  x 

2.0 

... < 6 . 8  x 

- < 1 . 2  1 0 - ~  

2.1 x 10-5 

2.2 ioc5  
1 . 6  

1.8 
2 . 4  io-' 

3 .7  x 1 0 - ~  
3.9 1 0 - ~  

3 .1  i o - '  
3 .9  1 0 - ~  

- < 1.1 

3 .2  x 
... < 1 . 3  x 
- < 2.2 x 

... < 2.2 x 

..~ < 1 .4  x 

3.0 
3.9 x 1 0 - ~  

4.2 x 1 0 - ~  
3.2 x io- '  

5.3 
2.2 x 

2 . 6  x 

OSSr 
...... ..II 

3 .4  lo-" 
2 .7  x io-" 

7.2 io-" 
2.5 io-" 
5 . 6  

4 .0  io+  
2.7 x 
1 .5  io-" 

3.0 io-" 
2 .4  x io-" 

3.0 x 
2.7 

3.1 io-" 
4 .5  io-" 

5.0 io-"  
5 .9  i o - "  

5.4 

3.2 x io-"  
3 .3  x l o - b  
3 .7  x io-"  

6 . 3  x io - ' *  
2 . 4  x 
4.5 

1 . 0  x 
5 .4  x lo-'  

4.3 x lo -b  
5.9 io - "  

(1.0 x i o +  
5 .9  io-"  

6 .3  x 
7 .2  x io- '  

6.8 x lo-"  

6 0 C o  125Sb l37CS 

1.0 x 
- < 2.2 x 

... < 4 . 5  1 0 - ~  
- < 4.0 
< 4.0 x - 

8.1 io-' 
5.4 io-'  

- < 3.8 io- '  

5 .9  lo-' 
5 .9  io-' 

1.6 x io-" 
- < 4.5 1 0 - ~  

1.4 lo-" 
5. 2.0 io-" 

- < 1 . 2  x i o - +  
- < 1.4 io-" 

7.2 
9 .9  io-"  

2.2 io - "  

- < 1.1 io-" 

1 .8  10-4 

< 1 . 2  x - 

- < 7 .7  x 
- < 2.2 x 

5.9 
2.2 x io-" 

1 . 5  
- < 6 . 3  

1 . 4  io-"  
5 5 .9  io-" 

4 . 5  
... < 2.1 i o m 4  

5 9.0 x 
... < 4.4 x 

... < 3 .4  io-' 
- < 8 . 6  x lo- '  
- < 3.6 x 

._ < 9.0 
- < 5.9 1 0 - ~  
- < 3.1 1 0 - ~  

- < 1 . 4  x lo-' 
5 1 .5  x lo-' 

... < 6 . 8  x l o a 5  
2.1 io-" 

... < 5.9 lo-' 

- < 1 . 5  io-"  
- < 1 . 4  

- < 2.1 

< 1.1 io-"  
- < 3.4 x 
- < 5.9 i o +  

5 2.2 x io-'* 
2.2 x io-'  
4 .5  

.- < 2 .7  io-'  
- < 1.1 lo - "  

- < 1 . 4  io-" 
-_ < 1 . 0  

_. < 1.1 io- '+ 
... < 1.0 

< 4 . 3  io - "  
< 7.2 i o - "  

- < 1 .5  x lo-' 

- < 6 . 8  x 

- 
- 

3.5 lo-"  
7.2 1 0 - ~  

1.6 1 0 - ~  
3.7 
1 .5  

5.0 1 0 - ~  
4.3 
2.2 

6 . 3  
7.2 

4 .5  1 0 - ~  

5.9 

9.5 : o - ~  

4.0 1 0 - ~  

5.9 

7.2 x lo-' 

3 . 3  x 

5.9 x 

1.1 x 

2.6 x lo-' 
2 . 8  x 

1 . 3  x lo- '  
1 . 5  x 
1.1 io- '  

1 .6  
6 .3  

7 .7 x 
4.5 x l o -*  

5.9 
5.3 x 

3.0 x 
4.3 x 
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I 
Table 7. (Cont 'd )  Concent ra t ion  ( iJCi/s)  of  r ad ionuc l ides  i n  so i l s  below bur i a l  ground 4 

5300,6/W27,9 0-4 
7-10 

12-15 
16-19 
19-22 
24-27 
29- 31 

S302/W45 0-5 
5-12 

s 305/ w45 0- 5 
5-1 1 

5308/W45 0- 5 
5-1 2 

S311 /W45 0- 5 
5-12.8 

8.0 I O - '  7 .7  x lo-* 5- 6 . 8  x IO-' f 6 . 8  x lo-" 3.8 x i o - '  
3 . 5  3 .3  x IO-' 5 1.9  -IO-" 5 4 , l  x lo-' 2 . 3  x 1Q-<  

<- 6.8 x l o m 6  1.8 io-"  5 1 . 3  x 5 3.4 TO-' 1 . 6  x 
5 3.6 x lo-' 1 .5  x -5 4.1 x 5 9 . 9  x ID-€  1.5 
5 6 .8  x lo-' 1 . 6  x lo-' 5 5.0 x 10 5 5.9 x 4.5  IO-^ 
2 7.7 x 1 . 5  Y lo-' 2 1.3 x 10 1.9 IO- '  1.2 x 10 
5 4.5 x 8 . 6  x lo-' 5 1 .9  x 5 4.0 x 6 . 3  IO-' 

3 . 6  x 5.9 x l o - &  3.9 x l o -$  5 5.9 x 10 2.8 x lo-?  

3.2  IO-^ 5.4 x 5 4.1  x 10 5 2.2 1 . 4  x 
2.3 lo- '  5.4 x 5.9 - < 3.8 x 

- 6  

- 5  - 3  

-4 

5 7 . 2  x 3.3 1 8  1.6 2 9.9 x 2.9 x l o m k  
- 4  

3.0 x 

2 .6  x lov5 5.4 lo- '  4 . 4  IO-"  - < 1.7 I O - '  9.0 x 1IY3 
2 2 . 3  x 5.4 5. 1 . 4  IO-' ( 1 . 4  x 10 7.1 x l o -?  

- b 

5.1.6 1 0 - ~  4 . 5  i o - *  1 . 3  .-- 6.3 x lo- '  4.5 I O - ?  

5 3.2 x l o e 6  3.0 io-'  1.2 5 9.9 x 2.4 I O - "  
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conta ins smal l  amounts of 6oCo, 137Cs, and 9 o S r  t h a t  have been sorbed 

from both  sur face  and ground-water flow. The rad ionuc l i de  analyses o f  two 

s o i l  cores taken below b u r i a l  ground 4 are g iven i n  Table 7. P r i o r  

ana lys is  o f  one s o i l  sample from S180/W200 i n d i c a t e d  t h a t  239Pu l e v e l s  

i n  t h e  s o i l  o f  t h e  drainage are near  background (Duguid, 1975). 

low concent ra t ion  shows t h a t  l i t t l e  o r  no 239Pu i s  being t ranspor ted  

Th is  

from basin 1. 

The s o i l  a long White Oak Creek eas t  o f  t he  b u r i a l  ground has been 

contaminated by both the  discharge o f  t he  creek and seepage from the  

b u r i a l  ground. Much o f  t he  f l o o d  p l a i n  o f  White Oak Creek was once 

f looded by the in te rmed ia te  pond (F ig.  5). The dam was cons t ruc ted  i n  the  

sp r ing  o f  1944 t o  serve as an in te rmed ia te  r e t e n t i o n  pond between X-10 and 

White Oak Lake. I n  September 1944 the  darn was breached by h igh  water,  and 

t h e  pond was g r e a t l y  d imin ished i n  s ize.  A res idua l  pond e x i s t e d  behind 

the  dam u n t i l  t he  e a r l y  1950's. The s o i l s  and sediments i n  t h i s  area 

are contaminated w i t h  'OS,, 137Cs, and 239Pu. 

conta in  minor amounts o f  6oCo and 125Sb. 

Occasional samples a l so  

From prev ious s tud ies  i t  i s  be l i eved  t h a t  the  o r i g i n  o f  the  239Pu 

was White Oak Creek r a t h e r  than b u r i a l  ground 4 (Duguid, 1975). Studies 

of p lu ton ium contaminat ion and uptake by vegeta t ion  i n  the  in te rmed ia te  

pond are being conducted under t h e  Transuranics P r o j e c t  i n  t h e  Env 

Sciences D iv i s ion .  As y e t ,  no s o i l  concentrat ions have been found 

ceed the 1.7 x l o m 4  pCi /g  repo r ted  by Duguid, 1975. 

ronmen t a  

t o  ex- 

The data i n  Table 7 f o r  rad ionuc l i de  conten t  o f  s o i l s  i n  the i n t e r -  

mediate pond area r e f l e c t  t h e  o r i g i n a l  pond bottom a t  many loca t ions .  

This  fea tu re  i s  i d e n t i f i e d  by a sudden increase i n  rad ionuc l i de  concen- 

t r a t i o n  w i t h  depth. The s o i l  samples from S300.6/W27.9 i n d i c a t e  t h a t  t he  
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original pond bottom was from 19 t o  22 in .  below the flood plain surface. 

This location is  near the dam where the sediment depth should be the 

greatest  because o f  the existence o f  the residual pond. The 19 i n .  of 

sediment a t  th i s  location are a lso substantiated by a visual character 

change i n  the sediment which was noted d u r i n g  sample collection. 

upstream a t  S180/EO the sediment depth i n  the pond i s  from 15 t o  18 i n .  

(Table 7 ) .  Because of the increase i n  radionuclide content a t  the or i -  

ginal pond bottom, more sediment analyses are required to  obtain an accu- 

ra te  mass balance o f  radionuclides i n  sediment below burial ground 4. 

Farther 

BURIAL GROUND 5 

Burial ground 5 is located i n  Me1 ton Val ley,  along Me7 ton Branch, 

ea s t  o f  the confluence o f  Melton Branch and White Oak Creek (F ig .  l ) ,  

Both the surface and ground water flowing from the area discharge p r i -  

marily in to  Melton Branch. 

from the burial  ground is monitored a t  s t a t ion  4 on Melton Branch, 

i n  this area was begun i n  1958 and continued u n t i l  the establishment o f  

burial ground 6 i n  1973. 

T h u s ,  most o f  the transport  of radionuclides 

Burial 

Ground-water Contamination 

Because o f  the direction o f  ground water flow from the burial ground, 

T h e  thir teen small seeps were sampled along the south edge o f  the area. 

analyses of these samples a re  given i n  Table 8, and the sampling locations 

a re  shown i n  Fig. 7. The samples contain measurable amounts of to ta l  a ,  

"Sr, 3H, and lZ5Sb. Other f i ss ion  products e i the r  are not present o r  

are  present a t  concentrations below the level of detectian fo r  routine 

dnalyses. Eleven of the samples contain concentrations o f  "Sr t ha t  range 
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Table 8.  Analyses of 2ater samples from t h e  south s i d e  of burial ground 
5, in pCi/ml 

___ ..II___ ____.-__ .... 

S b  
1 2 5  Loca t i on Tota l  c1 S r 3 H  9 0  

s- 4 

s- 5 

s- 5 

s- 7 

s- 8 

s- 9 

s-18 

s-11 

s-12 

S-13 

S-14 

s-15 

S-16 

2.8 x 1 . 4  x 5.4 x 1.1 

- < 4.5  x 10"- 3.6 x 10- 2 . 2  x - < 1.2 x 

..I < 1.8 ioc7 2.4 x lo+ 7.7  x 10-1 - < 7 . 7  x 1 0 " ~  

-< 4.5 x 10- - < 4.5 i o - '  1.9 x - < 1.0 x 10-o 

3.6 x 6.1 2.1 x 10-1 9.0 x 10- 

- < 3.0 x 10- 1.6 1.0 x 10-1 3.3  x l o - *  

5 2.7 x 1.6 x lo-' 2.7 x lo-* 9.0  x 

- < 2.2 x io - '  - < 3.0 x lo- '  

.. < 1.4 x 5.9 x 2.0 x - < 1.3  x l o s 8  

1.1 x low5 1.7 x 10-1 

< 4.5 x 1.3 1 0 " ~  2 . 2  x 2.3 x 10- 

__ 1.8 x l o w 8  9.0 x 6 . 3  x <- 8.5 IO- '  

2 . 7  1 0 " ~  3.9 x 4.3  x 10-1 - < 1.4 x lo-* 

- < 4.5 x 10- 1.4  l o a 7  9.0 x 1 C 2  2 8.1 IO- '  

a Samples collected March 11, 1974. 



29 

DRNL GWG 74-9605 

BASE TENNESSEE VALLEY AIJTHORITY MAP OF THE OAK RIDGE AREP, lY59 

129 
0 W E L L  
@ SEEP SC1U. IU R E T  

Fig. 7. Location of wells and seeps i n  burial ground 5.  
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from 9.0 x lom8 t o  6.1 x lom5 pCi/ml, with an average concentration of 

1.0 x lom5 pCi/ml. 

1.6 x lom4 uCi/ml of  "Sr, with an average concentration of 7.1 x lom3 

pCi/ml. 

The remaining two samples contain 1.4 x l om2  a n d  

The average concentration of tr i t ium in the samples i s  0.2 $i/rnl. 

Of the thir teen samples collected along the south s ide o f  burial 

ground 5,  two samples were collected near the ends of trenches t h a t  were 

overflowing because of the "bathtub ef fec t"  (S-4 a n d  S-9). The term 

" b a t h t u b  e f fec t"  refers t o  a trench such as trench 83 (Fig. 7 ) ,  where one 

end of the trench i s  a t  a lower elevation than the other. Water i n f i l -  

t r a t e s  i n t o  the trench from precipi ta t ion,  reaches the less permeable 

bottom, and flows t o  the lower end of the trench where i t  overflows l i ke  

a t i l t e d  bathtub, Higher concentrations of  were observed in seeps 

o f  t h i s  nature (S-4 and S-9) t han  were observed in other seeps, 

S-5 also has a h i g h  "Sr concentration because i t  i s  influenced d i rec t ly  

by surface runoff from seep S-4. When the b a t h t u b  e f f ec t  occurs, con- 

tamination moves d i rec t ly  into surface runoff, where there i s  less  inter-  

action w i t h  the so i l .  

Seep 

The to ta l  alpha contamination in seep 5-4 was shown t o  be primarjly 

244Cm by E, A. Bandietti. 

and 3.2 x 

centrations of plutonium and strontium in the water and because during 

wet seasons the discharge reached Me1 t o n  Branch, corrective measures were 

applied t o  trench -- 83. 

fo r  burial ground 5.)  

H i s  analyses show 3.2 x 10- l  pCi/ml o f  244Cm 

pCi/ml of 238Pu in the seep water. Because of these con- 

(See Lhe following sect-ion on correctdive measures 

__I_ Discharge o f  ''St- II_ 

Stream monitoring a t  s ta t ion 4 on Melton Branch provides data on 
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radionuclide discharges to  Me1 ton Branch upstream from i ts  confluence 

w i t h  White Oak Creek, 

a t  this s ta t ion  is a t t r ibu ted  t o  burial ground 5 ,  and the remaining 10% 

i s  from other sources i n  the drainage (personal communication w i t h  6 ,  J. 

Dixon, ORNL).  The '*Sr discharge from burial ground 5 and other sources, 

f o r  water years 1967 through 1975, are given i n  Table 9, 

column of this tab le  shows the discharge of ''5, i n  mil l icur ies  per inch 

o f  precipitation. 

Approximately 90% of the radioactivity measured 

The l a s t  

A graph o f  these d a t a  is shown i n  F i g .  8, 

One interest ing aspect of  the data i n  F i g .  8 i s  tha t  the best f i t  

curve through the p o i n t s  i s  a horizontal l i ne  when the point for  1968 

i s  neglected (accidental re lease) ,  The burial ground discharge per inch 

of precipitation i s  constant, and from the existing data no trend toward 

increasing or decreasing discharge can be observed. T h i s  is in contrast  

t o  burial ground 4 which has gone through a period o f  increasing discharge 

(no monitoring data) and i s  now exhibit ing decreased discharge w i t h  time 

(F ig .  6 ) .  T h i s  type of normal dis t r ibut ion curve would be expected from 

an instantaneous release from an area source. 

Sampling data collected below burial graund 5 (Table 8) show tha t  

the discharge is from many point sources caused by trench overflow d u r i n g  

wet weather. 

more uniform, the to ta l  discharge will increase, and stream-monitoring 

data will beg in  t o  show the rising ll'mb of the dis t r ibut ion curve. The 

discharge will  increase and then decrease i n  a manner s imi la r  t o  burial  

ground 4. 

However, as time passes, the discharge i s  expected t o  become 

However, some differences i n  the shape of the discharge curve 
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Table 9. Discharge of '*Si- from burial ground 5 and precipi ta t ion da ta  
for  water years 1967 through 1975 

Total 
Wa t e  ra Preci p i  t a t i  on Discharge 
year ( i n . )  ( C i  1 

Discharge of 

(mci / i n . ) 
9q5, 

1967 60.54 0.89 14.7 

1968 45.01 2.84 63.1 

1969 40.07 0.88 22.0 

1970 47.93 0.93 :9.4 

1973 48.26 0.58 12,0 

1972 47.40 0.81 17.1 

1973 71.27 1.43 20.1 

"174 

1975 

68.76 

57.73 

1.39 

2.07 

20.2 

25.9 

ater year i s  September 1 through August 31 .  a 
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should be expected si nce the ground-water conditions a re  d i f fe ren t  i n  the 

two buri a1 grounds - 

Soil Contamination 

l o  fur ther  quantify the discharges of radionuclides from two seep 

areas i n  the burial ground,  so i l  samples were collected and analyzed. The  

samples were collected from a seep area below trench 85 (Fig. 7 ) ,  from 

w i t h i n  trench 83 during construction o f  corrective measures, and from a 

seep below trench 117 (located approximately 900 f t  eas t  of seep S-9, 

F ig .  7 ) .  Analyses o f  these samples a re  given in Table 10. 

The total  alpha radioactivity i n  the sample from near trench 117 

i s  primarily 244Cm, while the samples from near trench 83 contain p r i -  

marily 238Pu. 

of water from trench 83.) A l l  of the samples were found t o  contain '%. 
However, 137Cs appears to  be sorbed before leaving trench 83 a t  seep S-4. 

(Very l i t t l e  241Am has been found i n  detailed analyses 

"TWO samples, one near S-4 and one near S-5, were taken between S-4 and 

the bank o f  Melton Branch, the l a t t e r  sample taken a t  the p o i n t  of con- 

fluence o f  the trench seepage w i t h  Me1 ton Branch. 

analyzed fo r  plutonium by Dr. Tsuneo Tamura (Table 11). 

the bank o f  Melton Branch indicates tha t  some o f  the plutonium-bearing 

eff luent  f r om trench 83 had reached Melton Branch. 

water from seep 5-4 is  mobile i n  both surface and ground-water flow. 

These two samples were 

The sample from 

The plutonium i n  the 

In 

f a c t ,  when the eff luent  was passed through a cation-exchange column, very 

l i t t l e  of the alpha ac t iv i ty  was removed from the water. 

reason f o r  th i s  mobility of plutonium a t  t h i s  location has not been de- 

As ye t ,  the 
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T a b l e  10. Analyses o f  so i l  samples from b u r i a l  ground 5 (lJCj/g) 

- I 
Locat i o n  Total 01 OSr 7cs 

Seep near 1.1 x lo- '  2.4 x 10-1 9 .0  x 
t r e n c h  117 (mostly 

5.8 MeV) 

Bottom of 5.4 io-'+ 
t r e n c h  83 (83%,  5.5 

MeV; 9%, 
5.8 MeV) 

1.4 9.0 x 10-1 

Near S-4 8.1 1.5 x IO-' --- 

Near S - 5  3.7 1 . 3  x --- 
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Table 1 1 .  Plutonium analyses of  two s o i l  samples co l l ec t ed  below trench 33 of 
b u r i a l  ground 5 (pCi /g)  

- ......_._. _____. ~ --.-.. __ ~..- ......... ......... ____ 

Loca t i on 2 3 B P u  3 9 P u  Total  Avera g ea 

Near S-4 7.8 x 9.0 x 8.6 x 9.6 x 2 1 . 4  x 

3.2 x 1 . 3  x 1 . 1  

Near S - 5  8 . 3  x l o m 6  1 .4  x 9 . 7  x l o -& 8 . 2  x l o - &  5 2.3  x 

6 . 0  x lo-"& 6 . 3  x l o m 7  6.6 x l o m 6  

The t- quanti  t i e s  represent t h e  standard d e v i a t i o n  o f  a n a l y s i s .  a 
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CORRECTIVE MEASURES 

. 

The transport  o f  radionuclides from buried waste i s  largely a function 

of the amount o f  i n f i l t r a t i o n  o f  precipi ta t ion,  the amount o f  'leac 

the waste by water, and the amount of leachate leav ng the waste trench 

e i the r  as  surface seepage or  as  ground-water flow. 

corrective measures discussed i n  the following sec t  ons a re  aimed a t  re- 

ducing the amount o f  water t h a t  comes into contact w i t h  the buried 

Therefore, many of the 

Burial Ground 4 

Both surface runoff and ground water from the drainage basin above 

burial ground 4 flow southward across the burial ground (Fig. 

viously the suggestion had been made t o  construct a ground-water diversion 

trench along the north s ide  o f  the burial ground. 

was to  be approximately 20 f t  deep and was t o  be f i l l ed  w i t h  crushed rock 

to  f a c i l i t a t e  flow toward the l o w  portions o f  the trench. 

water was t o  be routed across the burial ground by means of pipe dralns 

(Duguid, 1975). An engineering estimate placed the cost  o f  the ground- 

water diversion system a t  approximately $500,000. I n  view o f  t h i s  cost  

and because of limited ground-water flow data i n  the  a rea ,  a l te rna t ive  

means o f  reducing the "Sr discharge from the burial ground were considered. 

A surface runoff co l lec tor  and diversion system was proposed, designed, and 

constructed. 

The proposed trench 

The collected 

The surface runoff co l lec tor  consists of a shallow, asphalt-lined 

di tch along the north side o f  Lagoon Road above burial ground 4 (Fiig. 9).  

The surface runoff i s  diverted across the burial ground by means of three 

asphalt-l ined conductor ditches and one u n l i n e d  natural drainage a t  the 

northeast edge o f  the burial ground ( F i g .  9 ) .  
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Before the construction of t h i s  system, surface runoff from the 

basin above the bur i a l  ground f lowed onto the burial ground surface and 

i n f i l t r a t e d  into the buried waste. Since the completion o f  the diversion 

system i n  September 1975, i t  has been observed to  carry large amounts of 

water d u r i n g  heavy rains and small amounts of water f o r  several days a f t e r  

a period of heavy ra in .  

the e f fec t  of the diversion system on the discharge of "Sr from the burial 

ground.  

As yet ,  there a re  no monitoring data tha t  show 

Burial Ground 5 

Because o f  the concentration of radionuclides (238Pu, 244Cm, and 'OS,) 

in the seepage eff luent  from trench 83 a t  seep S-4 ( F i g .  7 ) ,  actions were 

taken t o  eliminate this discharge. The seepage usually occurred i n  a 

period from January to April a f t e r  the winter rains  bad i n f i l t r a t e d  the 

trench and caused i t  t o  overflow. Corrective measures were proposed i n  

July 1974 tha t  would eliminate t h e  downward movement o f  water into the 

trench . 
The or igi  nal proposal ca l l  ed f a r  a bentoni te-shal e seal over trenches 

105 and 83 a t  a depth o f  2 f t  (F ig .  10) and for  a t  l e a s t  two ver t ical  dams 

across the trenches. However, when i t  became apparent t h a t  the design o f  

an adequate bentonite-shale mixture fo r  surface sealing would not be com- 

pleted i n  the very near future, the decisfon t o  use polyvinyl chloride 

(PVC) was made. The PVC sheet selected for this  construction i s  0.01 i n .  

thick and has an estimated l i f e  o f  25 years.  Also  because o f  the ease i n  

Ins ta l la t ion ,  the p l a s t i c  membrane was extended from trenches 105 and 33 

t o  cover trenches 72 and 69 as  we1 1 ( F i g .  IO). 
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The construction began i n  May 1975 when 2 f t  o f  overburden were 
_ -  
- ._ 

s t r i p p e d  from the area.  Subsequently, the trench for  the lower dam was 

excavated. 

The amount of water added to the problem o f  o b t a i n i n g  an e f fec t ive  seal 

Approximately 3 f t  o f  water was present i n  the excavation. 

under the darn. To ensure a good sea l ,  a precast concrete s l a b  was used 

w i t h  a 25% bentonite-shale mixture (Fig. 11) .  T h u s ,  a s  water seeps around 

the concrete, i t  will carry bentonite which will eventually form a seal 

around the concrete slab.  Also, a t h i n  layer of bentonite was placed 

d i r ec t ly  under the  slab.  The construction of the second day was much s im- 

pler because water was not present i n  the excavation and the darn could be 

constructed o f  compacted bentonite and shale (Fig. 11 1 1) 
After the two dams were completed, the area was covered with the PVC 

membrane, and the overburden (approximately 2 f t> was placed over the 

area. The area was then planted i n  grass to  prevent erosion. The sealing 

was completed i n  September 1975, and moni tor ing  wells will  be ins ta l led  

as shown i n  F ig .  10. Monitoring wells will a lso be ins ta l led  i n  the lower 

ends o f  trenches 83, '105, 72, 69* and 60. Data from these wells will be 

used t o  determine the e f f ec t  of the d i f fe ren t  sealing methods, no sea l ,  

near-surface seal only, and near-surface seal and trench dams. 

Current Burial Operations 

The correct ive measures for  burial ground 6 a re  composed o f  suggested 

modifications o f  current burial practices.  The suggestions were made 

d u r i n g  the author 's  annual review o f  burial ground operations i n  September 

1975 and a re  as  follows: 

1. Volume reduction. Over the next 20 to  25 years the current 

burial ground (sol id  waste disposal area 6 )  will be f i l l e d ,  and some 

thought should be given t o  waste management practices t h a t  wi l l  extend 
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i t s  projected l i fe .  One method o f  extending the l i f e  o f  the bur ia l  

f a c i l i t y  i s  to  reduce the volume o f  waste. This can be effectively 

carried out  by a program of sorting, selective burn lng ,  and compaction 

o f  the waste. 

by more t h a n  50%. 

Together these practices would reduce the volume o f  waste 

One advantage of volume reduction i s  t h a t  the amount o f  leaching 

from the buried waste i s  reduced. 

as follows: 

t o  amount o f  radionuclides i s  reduced; i n  t u r n  the volume o f  precipitation 

passing t h r o u g h  the waste is  reduced; the transport of radionuclides from 

the waste (which has been shown to  be a function o f  precipitation) should 

decrease because the surface area underlain by the buried waste has been 

reduced. 

i n  fewer trenches t h a t  have less void  space. 

t o  develop perched ground water, water levels i n  the trenches will be 

higher than if  no compaction had been performed. 

waste undergoing saturated leaching and ultimately more radionuclide trans- 

port  from the trenches. 

i n  conjunction w i t h  near-surface sealing of the burial area. 

T h i s  decrease i n  leaching i s  explained 

For a given decreased volume, the r a t i o  o f  land surface area 

However, there are larger quantities o f  radionuclides buried 

If the trenches are allowed 

This would lead to  more 

Thus ,  the volume reduction should be considered 

Another advantage o f  volume reduction i s  t h a t  the waste density i n  a 

given trench i s  increased and there will be less surface subsidence t h a n  

now occurs under natural consolidation of the waste (i .e. 

ground would require less surface maintenance). 

the bur i a l  

While the methods suggested here may not prove t o  be the best approach 

to  extending the burial  ground l i f e  and reducing radionuclide discharges 

t o  the ground water, they indicate an area t h a t  should be investigated in 

order to  establ ish better waste management practices. 
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2. _1_- Wells, Wells within the bu r i a l  grounds ( f o r  monitoring waste 

trenches measuring ground-water l eve ls ,  or muni t o r i n g  radionuclide dis-  

charges t o  the ground water) have in the past  been destroyed by b u r i a l  

gyaund operations, such as periodic mowing and surface maintenance. To 

avoid this accidental a t t r i t i o n  of the well system, wells should be ter- 

minated about 1 in .  above the ground leve l ,  surrounded by a concrete apron 

t h a t  extends from a few inches below the ground level t o  the t o p  of the 

casingg and covered by a removable cap. The apron should  be about  1 f t  

wide around the well and sliould contain a metal plate  sui table  f a r  stainping 

the well nuniber. 

3. Spoil removal. ._II The uncsntaminated shale tha t  remains ( f r o m  

trench excavation) a f t e r  burial shou ld  be removed Prom the burial ground 

surface. 

ground surface, which caused an increase i n  the water  table  elevation by 

increased i n f i l t r a t i o n  into the f i l l  as  compared t o  the original surface 

material and by the increased land surface elevation i t s e l f .  

In the p a s t  t h i s  material has been spread evenly over the burial 

4.  Sealing o f  trenches. ... Areas t h a t  have been f i l l e d  with waste in  

burial ground 6 should be sealed t o  reduce the i n f i l t r a t i o n  of precipita- 

t i o n .  The seal should be a bentonite-shale rnisture, approximately 3 i n .  

thick,  placed a t  a depth o f  2 f t ,  and should extend over the en t i re  burial 

area. The  irnpermeabl e membrane formed by the bentooni te-shal e mixtwe w i  11 

reduce the downward percolation o f  precipi ta t ion,  whl’le t he  2 P t  o f  over- 

burden will allow vegetation growth, which will reduce erosion, The per- 

centage o f  bentonite used should Be the same as  that  recommended for  sealing 

previous buria? ground areas. As yet,  the reconmended percentage has no t  



45 

been determined, b u t  will be made avai lable  a s  soon a s  tes t ing  o f  bentonite- 

shale mistures has been completed. After the u t i l i zed  areas i n  burial 

ground 6 have been sealed, newly u t i l i z e d  areas should be sealed a t  l e a s t  

on an annual basis. 

5. Surface maintenance. The surface depressions on burial ground 

4 ,  formed from natural compaction of the waste, will  not be u t i l i zed  i n  

the burial ground s tudies .  Therefore, these depressions can be f i l l e d  i n ,  

us ing a program o f  surface maintenance similar t o  tha t  carried out on 

burial ground 5. 

These suggested changes i n  operations a r e  intended t o  complement 

rather than replace the recommendations made by D.  A .  Webster of the U. "5. 

Geo 1 o g i ca 7 Survey. 

Design o f  the  Bentonite-Shale Mixture 

The bentoni te  Conasauga shale mixture, which will be used fo r  near- 

surface sealing of burial grounds, must contain enough bentonite t o  f i l l  

the voids i n  the compacted shale under saturated conditions. Thus, a s  

water enters  the compacted shale ,  the bentonite will swell, f i l l i n g  the 

voids and reducing the permeability. As the material dries out, shrink- 

age of the shale matrix w f l l  not occur because the original swe7ling w i l l  

not change the matrix configuration. 

To begin the d i s i g n ,  compaction curves similar t o  those shown i n  

Fig.  12  will be generated for various percentages of bentonite. From 

the curves the bentonite and water contents f o r  maximum density can be 

selected.  

tests. Subsequent swell t e s t s  will be used to  determine i f  the selected 

percentage o f  bentonite causes undue swelling o f  the  compacted material .  

T h i s  mixture can then be compacted into a mol fo r  pemeabi 1 i t y  
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The curves shown i n  Fig. 1 2  were generated using a standard Proctor 

Following t h i s  procedure, curves will Test as described by Lambe, 1960. 

be generated up  t o  approximately 10% bentonite. 

I n i t i a l l y  i t  was assumed t h a t  permeabilities would be tested using 

a constant water head o f  2 f t .  

was long, and pressures of 100 psl" were then used t o  speed u p  data acqui- 

s i t i on .  These t e s t s  were conducted using compacted samples in  standard 

1.5-in.-diam s tee l  pipe. 

s teel  pipe i s  too e l a s t i c ,  and because o f  t h i s  an e f fec t ive  seal between 

the compacted material and the pipe is  not achieved. Thjs  problem can 

be overcome i n  fu ture  tes t ing  by using a thick-walled cyclinder i n  place 

o f  the s tee l  p i p e .  

However, the time required f o r  this t e s t  

From preliminary tes t ing  i t  i s  believed t h a t  the 

As y e t ,  most of the work expended on design of the bentonite-shale 

mixture has produced very l i t t l e  data. However, from this work experi- 

mental procedures have been established and the equipment necessary f a r  

f inal  des ign  has been selected.  The original procedures f o r  measuring 

permeability (s teel  pipe mold) were used t o  t e s t  the permeability o f  two 

samples which contained 5% bentonite; the f i rs t  sample, compacted to  a 

density o f  95 1 b/cu f t  w i t h  no moisture, had a permeability o f  1.9 x 

cmlday; and the second sample, compacted t o  a density of 116 lb/cu f t  

with 6% moisture, had a permeability o f  7.4 x 

data obtained t h u s  far ,  i t  is estimated tha t  the f ina l  des ign  will con- 

t a i  n approximate1 y 7 0% bentoni t e  . 

cm/day. From the 

Chemical Methods 

In conjunction w i t h  the drainage improvements fo r  Laurl'al ground 4,  

research was a l so  conducted t o  t e s t  the ion-exchange capacity o f  several 
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materials w i t h  the intention of constructing an ion-exchange trench i n  

t h e  drainage south of bur ia l  ground 4. 

stone, phosphate, activated alumina,  activated carbon, and bone charcoal. 

O f  these materials,  activated alumina and bane charcoal produced the best  

85Sr removal data i n  24-hr batch t e s t s .  These materials were then tested 

i n  column tests using 85Sr i n  water tha t  contained 50 ppm clacium. 

the activated alumina, appraximately 37 column volumes had passed through 

the  column before breakthrough o f  strontium occurred. Even fewer column 

volumes were required t o  cause breakthrough o f  the strontium i n  the bane 

charcoal column. 

ion-exchange mediums and because of the cost  and anticipated short l i f e  

o f  more sophisticated exchange niediums, the research was discontinued, 

The materials tested were lime- 

For 

Because of the  short  life! expectancy o f  the inexpensive 

GROUND-WATER TRANSPORT MODELS 

Computer modeling i s  a n  essential  part  o f  the burial ground studies.  

The models developed t h u s  f a r  can be used i n  evaluation o f  radionuclide 

transport  from proposed birrial s i t e s ,  evaluation o f  accidental release 

a t  power reactor s i t e s ,  and approximate evaluation o f  proposed methods 

for  decreasing the radionuclide transport from buried waste. 

are  limited i n  t he i r  application because they can only be applied t u  two- 

dimensional problems. However, t he i r  use and development have provided 

the necessary insight  f a r  development o f  quasi-three-dimensional models. 

Two computer codes have been writ ten i n  collaboration with Mark 

These models 

Reeves, Computer Sciences Division, 

so lu t ion  to  t h e  nonlinear equation describing moisture i n f i l t r a t i o n  and 

redis t r ibut ion i n  unsaturated-saturated porous media; the second code 

The f i rs t  program provides numerical 



49 

gives numerical solution t o  the material transport  equation. Both mathe- 

matical models use Galerkin f in i t ee l emen t  methods t o  obtain numerical 

solution o f  equations. 

When the appropriate boundary conditions are applied,  the f i rs t  code 

provides f l u i d  pressure and two components o f  f l u i d  velocity a t  specif ic  

points w i t h i n  a cross section for successive t i m e  increments. For a given 

problem the boundary condition a t  the ground surface may be precipi ta t ion,  

f l u x  from a seepage pond, seepage aut  o f  the  surface along a seepage sur- 

face,  or a combination o f  a l l  three conditions. 

allowed t o  increase o r  decrease i n  l e n g t h  t o  accommodate ~ l ~ ~ ~ ~ u a t ~ ~ ~ ~  I n  

the water table  elevation. The code has been used t o  simulate the mais- 

ture  movement from, a t i l t e d  s a i l  s lab ,  and the r e su l t s  compare favorably 

w i t h  experimental data obtained f rom an  inclined soil  s lab a t  Coweeta 

Hydrologic Laboratory i n  North Carallna (Reeves and Dugul"d, 1975). 

The seepage sur face i s  

The veloci ty  output o f  the  f i r s t  model i s  used i n  the second ca 

puter code, which provides numerical solution t o  the transport  equation. 

In  this analysis bo th  adsorption and radioactive decay a re  csnsldered 

(Duguid and Reeves, 1976). The output from this model i s  t he  cancen- 

t r a t ion  o f  radioact ivi ty  i n  the water a t  specif ic  paints w i t h i n  the cross 

section a t  successive time increments. 

The two models have been used f o r  calculation of ra ~ ~ n u c l ~ ~ ~  tl-ans- 

port  from a hypothetical seepage pond (Duguid and Reeves, 1976) and from 

a seepage trench (Reeves and Dugui 

cases have been s tud ied  t o  provide the necessary ~ n d ~ r ~ t a ~ d i ~ g  for simu- 

l a t i on  o f  transport  from ILW-trench 7% (for a validation of the twa 

i n  press) .  These two h y ~ o ~ ~ e ~ i $ ~ ~  
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codes). 

transport of 'OS, frotn the trench. 

After validatian the models will then be used t o  simulate future  

To obtain the necessary coeff ic ients  fo r  the simulation o f  60Co 

transport from trench 7 ,  f i e l d  studies have begun. 

s i s t  o f  measurement of the relationship between moisture content and 

pressure, the e f fec t ive  parosi t y ,  the d ispers iv i t ies ,  and the hydraulic 

conductivity. 

c a l i t i e s  in  the Conasatdga shale and s h o u l d  a i d  i n  the burial ground 

SLUdi es. 

These studies con- 

These coeff ic ients  will a lso be applicable t o  other lo- 

CONCLUSIONS 

The 60Co-organic complexes in gpound water near trench 7 were sep- 

arated according t o  molecular weight (MU), and the amount o f  6oCo was 

determined. The data indicate tha t  approximately 82 to 88% of the 6 o C ~  

i s  associated w i t h  the less than 700-MW fracta'on, while the remainder o f  

the 6oCo may be carried w i t h  the greater t h a n  700-MW f r ac t i an .  However, 

the  6 0 ~ o  i n  the larger  organics may represent overlap of the l igh ter  MW 

organics. These data indicate tha t  complexation o f  6oCo may occur w i t h  

low molecular weight natural organic a c i d s  such a s  fu lv ic  or g a l l i c  acids.  

However, chelation o f  6QCo with EDTA (MW = 292) cannot  be disrnissed. 

Calculation o f  discharge from burial ground 4 us ing  ground-water 

monitoring da ta  fo r  water years 1973, 1974, and 1975 yields  1 . 7 ,  1 .6 ,  and 

1 . 2  curies,  respectively. 

the amount a t t r ibu ted  t o  b u r i a l  ground 4 f rom stream-monitoring data--" 

1.58, 5.22, and 3.22 curies fop the years 1973, 1374, and 1975, respec- 

t ive ly .  

These calculated discharges do not agree with 

T h e  difference between the "Sr discharges (calculated versus 
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stream monitoring) f o r  water years 1974 and 1975 can be a t t r ibu ted  Lo 

e i the r  a new source o f  "5, between X - I O  and monitoring s ta t ion  3 or a 

malfunction i n  monitoring s ta t ion 3. The higher discharges were not re- 

f lected i n  the amount o f  "5, discharged over White Oak Dam (monitoring 

Station 5 )  dur ing  water years 7974 and 1975. T h i s  f a c t  would tend t o  

support the a t t r ibu t ion  of  the difference t o  a malfunction of  monitoring 

s ta t ion  3. 

Analyses o f  so i l  samples from the flood plain of White Oak Creek 

below burial  ground 4 (the intermediate pond area) showed evidence o f  a 

buried contaminated so i l  prof i le ,  The increased contamination w i t h  soil 

depth is  believed t o  r e f l ec t  the original bottom of the intermediate pond. 

Because of this increase i n  radioact ivi ty  a t  d e p t h ,  more so i l  analyses are 

required to  obtain an accurate mass balance of 'OSr i n  the flood plain 

below burial ground 4. 

Water samples collected below burial ground 5 show the alpha radio- 

ac t iv i ty  i s  transported by ground water from buried waste, 

yses show tha t  244Cm and 238Pu a re  the primary components o f  the alpha 

ac t iv i ty  i n  one seep area. Analyses of so i l  samples collected between 

this seep and Melton Branch indicate tha t  a small amount of 238Pu has 

reached the stream. Because o f  the movement o f  transuranics and ''St- 

from this seep, corrective measures have been implemented. 

Further anal- 

These cor- 

rect ive measures consis t  o f  i n s t a l l a t ion  o f  a near-surface p l a s t i c  mem- 

brane over trenches 105, 83, 72,  and 69, an area approximately 550 by 

80 f t .  

83 t o  r e s t r i c t  the dwnslope movement of water i n  the  trenches. 

work was completed i n  September, and no monitoring resu l t s  on i t s  effec- 

ti  veness are  avai l able. 

Also, two ver t ical  dams have been placed across trenches 105 and 

T h i s  
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A practice o f  rr-viewa’seg cu~ren’c t ierial  prac t i ces  on an annual basis 

was b e g w  in Septciaiher 1975. 

consider methods o f  volume reducllon of the waste, t e r m i n a t e  wells a t   he 

ground swface  w i t h  si cap,  remove! spoils fr~rli ’zret-rch excavation f rom the 

bur-ial ground surface, place a ncar-surface seal over treriches, and begin 

surface maa’ntemnce on burial gvocnnd 4. 

Suggeat i sns  made i n  th-is review were t o  

Ww-k was i n i t i a t ed  an t h e  des<gn o f  a benkmite-shale mixture o f  near- 

surface sealing- a f  b u r i a l  g~*oursds. A pr-.ecedul-e f o r  desigri has bee 

lished, and work thus f a r  indicates t h a t  an adequate seal can be made 

usi ng approxinatcly 10% bentonite. 

TNBO compt~nter codes have been completed for  simulation of unsaturated- 

s a t ~ m t e d  water movement an3 radionuclide transport i n  porous media, They 

can be used fe r  eva lua t ion  o f  poteratial burial si tes,  acc idmta l  releasesg 

ai-d approxiiitate eval  ua t ion  of proposed methods f o r  decreasing radiowcl ide. 

t r*ansport  fl-srn bur ied  waste. 

cause they are two-di:mensional. 

prav ided the necessary understanding for development of quasi -three- 

di’mensi onal model s. 

Phc models are lirwited i n  application Ge- 

However, their  use and develo~~ment ha 
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f e r  h i s  many helpful suggestions and comments d u r i n g  the course o f  this 
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analyses and suggestions by Tsuneo Tamura, OR%%&, were an invaluable p a r t  

o f  t h i s  research. Specia l  thanks a r e  a l so  extended t o  I). FI. Sealand far 
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