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ABSTRACT 

A total of 3 .2  * lo7  L of intermediate-level liquid wastes (ILW) 

generated from routine Oak Ridge National Laboratory operations, were d i s -  

posed in Trench 7 between 1962 and 1966. The disposed ILW contained about 

IO7 GBq of fission nuclides (primarily I3'Cs and "Sr), activation products 

(primarily 6oCo), actinides (primarily 232Th and 23aU decay series nuclides), 
and transuranics (primarily 24fP~-24rAm). 

near U W  Trench 7 indicate that the waste liquids seeped along discrete 

layers parallel to bedding and along the strikes of faults and folds. 

Although most of the radioactivity has been retained by sorption reactions 

with the trench fill, soils, and weathered bedrock, groundwater characteris- 

tics i n  the vfcinity of ILW Trench 7 are still greatly influenced by the 

constituents of the waste liquids disposed two decades ago. Most of the 

radioactivity measured in the groundwaters consisted of 3H, 99Tc, 6 o C o ,  and 

2 3 3 U .  

molecular w e i g h t  anionic complexing. Concentrations of "St and 137Cs in 

the groundwaters were extremely l o w .  The lack of "Sr mobility is attri- 

buted to the chemical treatments and precautions taken to obtain and main- 

tain an alkaline environment near the trench, which allows for "Sr sorp- 

tion and precipitation. 

strong tendency far being selectively sorbed by illite, the dominant clay 

mineral in the surrounding Conasauga bedrock and soils. Plutonium isotopic 

ratios indicate that the plutonium contamination near the trench results 

primarily from the migration of 242Cm and 244Cm and tbeir subsequent decay 

to 238Pu and 240Pu rather than reflect the migration of plutonium itself. 

Gammn-fog profiles of the wells 

The mobility of 99Tc, 6oCo, and 233U has been attributed to low 

The lack of L47Cs mobility is attributed to its 

Radionuelide coneemrations in the groundwaters near the north end of 

ILW Trench 7 undergo seasonal variations, with the lowest activities occur- 

r i n g  in f a l l  and winter and the highest activities occurring in the spring 

and after prolonged rainstorm events. 

wells correlates with a rise in the groundwater level and a concurrent 

increase in groundwater pH. This suggests that contamination may b e  leached 

from the trench or from the relict ILW migration layers when the groundwater 

level rises to saturate these zones or when perched water from precipitation 

aaapage percolates into the trench or along these relict sligration layers 

during drainage. 

The rise in radioactivity in these 

xi 



Although IKW Trench 7 has worked effectively to retain most of $he 

disposed radioactivity, two suspected transport pathways from the ~ K ~ I I C ~  

to a nearby seep area have been identified and both appear to be associated 

with fault, zones. Only the pathway near the north end of the trench 

appears to be leaching alkalinity and thus affecting the refention capacity 

foe: 90sap, A gromdtpater in te rceptor  at the nsrtgb end sf: TIN %reach 7 i s  

owe possible remedial action t o  help  maintain a dry aflka;%ina enviro%un;g$%t 

and ensure the integrity of the trench f o r  ~ u ~ l i d e  retention. 

comparison of radionuclide activities in the soils and groundwaters near 

PLW Trench 7 indicates that the  effects of present-day migration an the 

extent of s o i l  and groundwater coatmination are anfnsr rdative to the  

legacy of contamination from past seepage operatisas, 

A tempo~al 

xi 1 



INTRODUCTION 

From 1951 to 1966, shallow land seepage pits and trenches were used for 

the disposal of intermediate-level liquid wastes ( I L W )  at Oak Rfdge National 

Laboratory (ORNL). These waste pits and trenches were located on ridge tops 

south of the main ORNL complex, near solid waste storage area 4 (Fig. 1) and 
were excavated in the weathered zone of the shales and limestones which com- 

pose the middle formations of ehe Conasauga Group (de Laguna et al. 1958; 

Webster 1976; Eaase and Vaughan 1981). The excavated trenches were back- 

% U , e d  with crushed lhestone to enhance ''Sr sorption and were cowred with 

coqacbed earth eo reduce radiation f m t m f t y .  *ate lfqufds (adjusted to 

a pH of about 12 with NaOB) w e r e  alfowed to percolate through the weathered 

earthen material (pH of about 59, and radionuclide migration w a s  retarded 

by sorption reactions with the fill, soil, and bedrock (Lomenick et al. 

1967). her  one million curies (6  x IO7 GBq) of fission nuclides, having 

some activation p'toduct~, actinides, and transuranics, were disposed in 

this manner prior to the implementation of deep-well hydrafracture methods 

for u;tr disposal at ORNL (I2ugui.d et al. 1977). 

For the most part, these seepage p t t s  and trenches worked effectively, 

retaining most of the radioactivity and allowing over 1.8 x LO8 L of water 
to percolate away %ram these sires. 

in the vicinity of these Z W  disposal sites has been etamined periodically 

to ensure that no nuclide mobilization has occurred (Means et aP. 1936; 

Cutshall e t  al. 1982). In particular, I L W  Trench 7 has been suspect because 

of the occurrence of a nearby alkaline seep (pH of about 81, which contains 
relatively high concentrations of 4H (35,000 Bq/L), 99Tc (3,200 Bq/L) ,  'OCo 
(1,700 Bq/L), 233U (18 Bq/L), 2 4 4 ~  (0.17 Bq/L),  241A, (0.08 B q / t ) ,  and 

238Pu (0.03 Bq/L).  

The legacy of highly contaminated soils 

This report summarizes our findings concerning (1) the operational 

history and nuclide inventory f o r  ILW Trench 7; (2)  the chemical forms f o r  

several of the radionuclides migrating from the trench; and (3) the geo- 

chemical, geological, and hydrological processes which promote their migra- 

tion. This information is necessary f o r  assessing the long-term hazards 

associated with these formerly used disposal sites; planning corrective 

measures to reduce nuclide migration; and developing effective site 

1 
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IbW WASTE PITS AND TRENCHfS 

Fig. 1. Lacaeian map of seepage pits and trenches, 
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selection, design, operation, and monitoring strategies in waste management, 

In addition, this study provides actual field data on the chemical forms and 

environmental processes affecting radionuclide migration in soils and bed- 

rock. 
models and for eliminating some of the uncertainty associated with extra- 

polating laboratory data to natural environments. 

These data are necessary for validating geochemical and transport 

Site Geology 

The Conasauga Group of interbedded mudstones, shales, and limestones is 

of Cambrian age and underlies the four  pa pits and three c m r e d  trenches 

illustrated in Fig. 1. 
quartz, illite, and vermiculite, lithified primarily with a calcite cement. 

The bedding layers extend east-west, dip south, and are highly fractured 

and folded (de Lagma et al. 1958). The weathered bedrock is broken into 

small, p r i s m s  by numerous joints and extends to a depth of 6 to 9 m, 

though the weathering process has leached out much of the carbonate the 

bedrock retains its structural features. 

The nniclstones and shales are largely composed of 

Al- 

Soils formed from the Coaasauga Group are acidic (pH % 5 ) ,  clay-rich 

Ultisols, having relatively low hydraulic conductivities (Cutshall et 81. 

1982). 

substrates for 

oxide coatings on soil, particles and weathered bedrock also have an extremely 

high sorption capacity f o r  many of the waste radionuclides (Tamura 1965; 

Means et t a l .  1978b; Cerlfng and Turner 1982). The sorption capacity of 

Conasauga bedrock and soils has been studied extensively f o r  a wide variety 

of radionuclides (Stnurness et dt. 1956; Cowsel: and Parker 1958; Tamura 

1972; Duguid 1976; Means et al. 1976; SQalding 1980; Boadietti 1982). The 

p i t s  and trenches drain i n t o  White O a k  Creek, which is monitored continu- 

ously before it enters the Clinch River (Pickering et al. 1966; Lomenick 

et: al. 1967). 

Illitic clays are abundant and are extremely effective sorption 
37Cs (Tauwra and Jaoobs 1960). Amorphous iron and manganese 

History of Early Seepage Operations 

The first experbental p i t  (Pit 13 was opened in 1951, and wastes were 

transferred to the pit by truck (Struxness et al. 1956). Pits 2, 3, and 4 



(Fig. 1) became opera t iona l  i n  1952, 1955, 

wastes w e r e  pumped t o  these  d isposa l  s i tes  

During operat ion of the  p i t s ,  i t  w a s  noted 

and 1956 respec t ive ly ,  and 

through a welded steel  p ipe l ine .  

chat most of the l i q u i d  wastes 

percolated i n  a direction p a r a l l e l  t o  t he  bedding and tha t  very little of 

the l i q u i d  w a s  observed t o  move ICTQSB the 'bedding (de Laguna e t  ale 1961).  

Consequently, long narrow trenches were excavated at rigtat angles t o  the  

beds to provide more e f f e c t i v e  drainage. 

and received more than 30 x lo6  I, of ILW and 0.3 x IO6 C i  (%lo7 GBq) of 

a c t i v i t y  before  being covered with a mound of Csnasauga shale and capped 

wi th  an asphal t ic-concrete  su r face  i n  1966 (Detguid et a l .  1977)). Llthaugh 

Trench 5 operated s a t i s f a c t o r i l y ,  i t  could handbe only about one-half of 

t h e  QRlL-generated XLW. Trench 6 (Pig-  1) was brought into operation f n  

31961 but received wastes f o r  only a shore period because of radionucl ide 

breakthrough. The breakthrough was thought to have occurred because the 

w a t e r  t a b l e  rose a b b e  she bottom of the  trench and ehe resultant shallow- 

depth groundwater flow w a s  channeled (perhaps through f~actuae~) i n t o  8 

topographic draw just south of the trench (de Laguna et al. 1961). The 

water t a b l e  under Trench 5 also rose 3 to 5 IIB during i t s  operation but 

still remained well below the level of the t rench bottom, Because of 

the f a i l u r e  of Trench 6, ILW Trench 7 w a s  excavated in 1952. 

Trench 5 began operat ion i n  1960 

Design Criteria f o r  K W  Trench 7 

A tes t  hole  w a s  drillbed the f a l l  of 196% SQ that the groundwater 

The hole level at the proposed site for ILkJ Trench 3 could be measured. 

was located near what is ~ Q P J  t he  northern end of Trench 713 (Pig" 2 ) .  The 

water level i n  t h i s  hole was ab an e leva t ion  of 236.2 m ($10 m below t h e  

sur face)  on December 4 ,  1961. On February 2.6, 1962, t he  water level i n  

t h i s  well rose about 4.5 m t o  an e l eva t ion  sf 240.7 m, which was near 

the  proposed level for t he  t rench bottom, 

I n i t i a l l y ,  I L W  Trench 7 was designed co be a composite of t h ree  

sec t ions ,  each 30.5 m (100 f e )  long, 4 . 6  m (15 f6) deepo 1.2 m ( 4  ft) 

wide at the  bottom, and 4.6 m (15 ft) wide a t  the  t o p .  The third s e c t i o n  

(Trench 7C) was omitted because a second test w e l l ,  d r i l l e d  i n  May 1962 

about 30.5 m north of t he  first ~*~-'~l,  had a water level elevation of 



ORNL - O W 6  et- 14037 ESD 

TRENCH 7 A TRENCH a 0 

Fig .  2. Design criteria for ILW Trench 7. 



242 .6  m, which was a f e w  meters above the proposed bottom for Trench 7C. 
By eliminating segment C, the disposal capacity was expected to be nearly 

halved, but t h i s  reduction was considered mecessary because of the general 

rise in the groundwater table  to the north and its large seasonal 

fluctuations, 

The design criteria fo r  PLW Trench 7 are illustrated in Ffg, 2, 
which shows the approximate location of the water table in August 1981. 

Note the sharp rise in the groundwater tabhe to the north of I L W  hteash 7 

and the table's nearly hmAzontal position. below the trench bottom. 

in f lec t ion  point  in the groaaabater level, (given as the suspected zone. 

of migration in Fig. 2) appears to be related to a Parge Ifmestorre f o l d  

in the bedrock, and its significance fob radionuclide migration w i l l  be 

discussed latex. The trench was backfilled with 3 m sf crushed limestone 

(CaCB3); waste liquids were added to one segment and then added to the  

other segment, which provided t ime for waste seepage from she fir5tD 

The 

The chemical composition o f  the %LW discharged to she p i r s  and 

trenches is presented in Table l. The liquid wastes as generated were 

acidic, containing high concentrations of z%%SOb, and HCl, but were 

chedcally treated and adjusted to a pH sf about 12 wLth NaOfP prior to 

disposal ,  Pretreatment of the wastes consisted of precipitating calcium 

as CaCQ3, adding about 5,000 kg of CuS84*5M~B and Na2SeBH2CB t c s  about 

150,088 L of waste liquid, and adding Na3POk 60 the ILW to attain a 

phosphate concentration of about 150 ppm (de Laguna et al, 1961). 

trench i ese l f  was pretreated by f i l l i n g  it with ~ Q , B O O  g a ~  (leg x 105 LI 

of P 4X NaQH solution and allowing it to seep out. 

(Sept. 1962) that the seepage rate of the pretreatment solution from ILV 

Trench 3 was about four times faster than the pretreatment seepage rate 

from Trench 5 ,  The chemical treatments and pH adjustment were designed 

to enhance strontium precipitation and removal from the waste so1ut fm 

and its sorption with calcium carbonates and phosphates in the trench. 

I L W  Trench 7 received w a s t e s  from October 1962 until  A p r i l  1966, after 

which time deep-well hydrofracture methods w e r e  used f o r  E!d disposal. 

The 

It was noted by Lasher 
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Table 1. Composition of ORE& 
intermediate-level w a s t e  discharged 

t o  the seepage p i t s  and trenches 

Concentration 
Constituent 

(mgm (M) 

cu 

T o t a l  solids 

3 600 

4 760 

<I 

2 $600 

1,280 

150 

700 

4 350 

45 

12 

410 

155 

<0.5 

<3 

40,060 

-_ 

0.21 

0,744 

<0 0 080016 

0.043 

Q 813 

O.OQl6 

0.84 

0.19 

0.0012 

0 e 0003 

4.0004 

0.006 

<O. 000009 

4. 80005 
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Radionuclide Inventory f o r  ILW Trench 7 

Table 2 l i s t s  t h e  monthly q u a n t i t i e s  of l i q u i d  waste and act ivi t ies  

of 137Cs, 6oCo, t o t a l  SI-, and '06Ru disposed i n  Trench 7A and Trench 7B.  

These data  have been summarized f r o m  monthly r epor t s  OR rad ioac t ive  waste 

d isposa l  a t  O W  (Lasher October 196% to Apri l  l966), Table 3 is a sum- 

mary inventory of radionucl ides  ( including t ransuranics )  disposed i n  ILM 

Trench 7 .  Data on the  amounts and f o m s  of t ransuranics  disposed i n  XLW 

Trench 7 were d i f f i c u l t  t o  obtain.  Records i n d i c a t e  t h a t  about 150 g of 

Pu (Duguid e t  al. 1977) and about 334 g of 233U may have been disposed 

in ILW Trench 7 (C, Hekton, persand C Q I X R W X ~ . C ~ ~ ~ O ~ ) ,  The d i s p a s a l  of 

62 c u r i e s  (~2300 GBq) of 242Cm was also ind ica ted  in t he  monthly waste 

d isposa l  D 2 Q O K t  f o r  my 195%: 

Curium-242 w a s  detected t h i s  month i n  t h e  east seep stream 
from Trench 7 and in the White Oak Dm discharge to Clinch 
River. 
and will not  become se r ious  because af the  s2~i%l% amount (62 
curies) put i n t o  that t rench,  i t  has become apparent that 
the t rench c a ~ ~ - i ~ t  be used %os d i sposa l  of Barge quant i t ies  
o f  surfm. Arrangements have been made t o  hold curium- 
bear ing w a s t e s  in storage tanks u n t i l  the  waste evaporator 
is put  i n t o  operat ion and tremch disposal. of waste i s  
discontinued, 

ALthough the amount re leased  was not s i g n i f i c a n t  

Disposal records do not exist  f o r  many of the  nuc l ides  listed i n  

Table 3. Estimates of t h e i r  input  have been ca lcu la ted  from radiochemical 

analyses of ILW Trench 7 sludge (Table S a ) ,  using the  ratio 0% t h e  a e t i v t t y  

af the unrecorded nucl ide t o  t h a t  of 90Sr or 137Cs and thus normalizing 

t h e i ~  inpu t ,  assuming t o t a l  r e t en t ion  of 9 0 ~ ~  or 1 3 7 ~ s ~  

i s  supported by t h e  earlier work of Lomenisk et  al. (1967). 

several cores co l l ec t ed  i n  ELtnT P i t s  2 and 3, tomenick et a l .  showed that 

most of t he  90Sr and 137C.s was assoc ia ted  with the  sludges and first few 

cent imeters  of weathered sha le  and t h a t  near ly  a l l  of t h e  90Sr and about. 

85% of t h e  137Cs discharged t o  these  pits were re ta ined ,  

t o t a l  r e t en t ion  of 90Sr and 137Cs is  a l s o  supported by the  lack of these 

nucl ides  in. t h e  groundwaters nea r  ILW Trench 7 (see  Resul ts  section). 

mis assumption 
Based on 

The almost 



Table 2. ILM Trench 7 diepo5al records 

Section A Section B 

Source: Summarized from aqnthlp report6 for radioactive waete di.qposa1 at ORNL (Lasher, October 1962 to April  1966). 

OCT 
uov 
DEC 
JAN 
FEB 
UhR 
APR 
HAY 
JUN 
JUL 
AUC 
SEP 
OCT 
NOV 
DEC 
JAN 
PEE 
MAR 
MIL 
MAY 
JUN 
JUL 
A W  
SEP 
OCT 
NOV 
DEC 
JAN 
PEB 
WLR 
APlt 
HAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 
JAN 
FEB 
MB 
APR 

1962 
1962 
1962 
1963 
1963 
1963 
1963 
1963 
1963 
1963 
1963 
1963 
1963 
1963 
1963 
1964 
1964 
1964 
1964 
1964 
1964 
1964 
1964 
1964 
1964 
1964 
1964 
1965 
1965 
1965 
1965 
1965 
1965 
1965 
1965 
1965 
1965 
1965 
1965 
1966 
1966 
1966 
1966 

245 
191 
371 
329 
204 
204 

382 
413 
872 
294 
24 1 
177 
360 
377 
559 
696 
617 
632 
668 
519 
519 
64 2 
555 
548 
310 
240 
566 
531 
698 
801 
418 
329 
338 
201 
187 
229 
170 
148 
333 
5 4 5  
462 

53 

148 

31,265 
5,188 

22 , 311 
51,490 
74,407 
58,608 
16,909 

108,817 
62 , 567 

284 , 160 
46 a 768 

102,490 
42,920 
33,263 
84 8 545 

138 , 750 
It55,4OO 

27,750 
14 ,430 

104,45l  
46,102 

162,800 
2 24,257 
198,172 
861 , 360 

42,254 
113,590 

36,926 
2,923 

145,669 
251,748 

83,176 
26 196 
42,069 

106,227 
14 1,525 
139,120 

56,462 
20,646 
18,019 
63,492 
66,341 
21,460 

74 
37 

333 
1,591 
3,367 

852 
481 
555 

It,  369 
2 , 886 

555 
1,369 

146 
74 

259 
259 
296 
185 
3 70 

1,665 
148 
185 
629 
814 
222 

74 
74 

481 
333 

I, 110 
37 

111 
185 
444 
703  
481 
629 
111 

37 
3 70 

5,329 
222 
111 

140 
111 
555 

1,221 
259 
481 
962 

8,806 
14.689 
6,734 

96,124 
54 390 

2,294 
868 

5 402 
5,513 

888 
3,441 

144,300 
77,589 
18,648 
17,020 
30,784 
64 269 
23,014 

6 e 105 
3,256 

29,341 
8,510 

24,067 

3,071 
33,300 

4,440 
20,202 
49,617 

3,848 
6,845 
'3,367 

18,130 
9,620 

76,997 
19,129 

5,624 

1 , 591 

8,954 
1,221 
1,147 
3,922 

740 
999 
629 

20,128 
6,438 
4,662 

259 
925 
740 

962 
333 

74 
1,184 

296 
148 
481 
481 
481 
212 

74 
111 
111 

74 
333 
592 

74 
222 
111 

14 
185 

37 
37 
37 

296 
185 

37 

2,701 

2,701 

265 
195 
242 
32 1 
179 
179 
368 
413 
458 
475 
362 
34 2 
329 
250 
354 
409 
334 
425 
323 
369 
266 
31 2 
4 60 
352 

308 
264 
399 
334 
32 1 
308 
3 38 
425 
34 7 
477 
381 
415 
294 
363 
303 
4 20 
4 20 

53 

387 

32,338 
14,837 
14 , 541 
56,351 
86,802 
52,096 
41,292 

121,619 
65,860 

142,080 
57,535 

153,735 
80,475 
22,866 
79,328 
92 , 500 

103,600 
18,500 
9,620 

69,634 
23,051 

I62 393 

410,130 
42,254 

136 , 308 
27,010 

1,813 
65,786 
97,902 
65,490 
33.189 
42,069 

259,666 
267 ~ 325 
236,504 
112,924 

51,578 
18,019 
50,283 
60,051 
32,190 

82,400 

114 a 330 

74 
37 

222 
1,554 
3,922 

740 
1,184 

629 
1,443 
1,443 

666 
2,035 

296 
74 

259 
148 
222 
148 
259 

1,110 
74 

111 
44 4 
481 
185 

74 
111 
333 
222 
518 

37 
111 
222 
444 

1,739 
888 

1,036 
222 
111 
370 

3,441 
185 
148 

703 
111 
370 

1 , 184 
333 
407 

2,294 

15,466 
15,466 

120,76% 
81 585 

4,292 
629 

5,069 
3,663 

592 
2,294 

96,200 
51,726 

9,324 
8,510 

22,311 
37,074 
16,280 
6,105 
3,885 

21,756 
5,328 

10,878 
12,950 
2,442 
5 , 587 

20,202 
121,286 

7 , 289 
11,655 

6,734 
45,280 

9,620 
60,939 
17,279 

8,436 

9 , a u  

1,554 
2,725 
5,846 
1,184 
1,332 
3,478 
1,776 
1,110 

666 
666 

6,993 
444 
629 
703 

1 , 813 
666 
222 

7,918 

37 \o 
777 
148 

74 
370 
259 

74 
222 

74 
74 
74 
37 

I48 
481 
111 
222 
222 
111 
296 
111 
111 

37 
148 
148 

37 





Table 4. Radionuclide concentrations - 
in ILW Trench 7 sludge 

Measurement Trench 7A Trench 78 Average 
tech*iquaa (Bq/g) 0% f g )  (Bq/g) 

Nuclide 

Y 

f3- 

al 

Y 

Y 

Y 

Y 
a 

Q 

MLpgS 

HaSS 

cf 

a, Mass 

&ss 

Y 
Mass 

i 
Q, 

a 
y (gamma spectrometry) , 3- (beta spectrometry), u (alpha spec- 

trometry), 51 (neutron activation analysis), and mass (calculated from the 
isotopic mass ratios, given in Table 5 ,  and measured activities). The . 
analyses were conducted by D. Costanzo and J. Cooper (AnaPytfcal 
Chemistry Division). 
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The ELM Trench 7 sludge samples w e r e  co l l ec t ed  from monitoring wells 

T7-18 (Trench SA, Fig. 2) and T7-17 (Trench 733, Fig. 2) on November 9 ,  

1982. 

analyzed for radionuclide act ivi t ies  (Table 4) and plutonium and uranium 

~ S O ~ X I ~ ~ C  mass ratios (Table 51, Although nuslide activit ies ( p a r t i c u l a r l y  

13'Cs) were smsistently lower in the ~ r e n c h  7~ sample, wrac~ide a c t i v i t y  

aad mass r a t i o s  were sirailar i n  the two samples. 

137Cs a c t i v i t y  ratio was more than two orders  of magnitude g r e a t e r  than 

the r a t i o  expected from d i sposa l  records (Table 2 and Table 3) 

posstble  c q f a n a t i c m  i s  that, t h e  '*Sr was concentrated in the  sludge and 

the  137Cs was prharJg%y sorbed by the weathered sha le ,  which was not: 

representatively sampled. As a result, the calculated inventories nor- 

malized eo 3oSr i n  Table 3 are probably I B O K ~  accura te  bu t  should be 

considered m i a i r a m  estimates 

should be considered maximum. 

The two sludge samples w e r e  ac id  d iges ted ,  and a l i q u o t s  were 

Tie! average 'OSr ta 

One 

and the inventories rnama~ared to 13'3~s 

Groundwater, suspended matter, and soil samples have been craUected 

from several wells (shown i n  Fig.  3) i n  the v i c i n i t y  of K W  Trench 7 

during 1981 and 1982. After the pH was measured, t h e  grouadwater samples 

were f i l t e r e d  through 0.45-wri mfll.ipora f i l t e rs  aad the  f i l t r a t e  analyzed 

f a r  3H, 'OSr, 6oCo, 233U, 2322y, and 137Cs. 

Appendix A. 

nucl ides  ( including ' 9Tc and transuranics) 

ing CCQ2, trace elements, and major cations and anions). 

the chemical prope r t i e s  of the water are l i s t e d  in Appendix 8 and have 

been used to help i d e n t i f y  the  geochemical factors and complexes which 

may in f luence  nuclide s o l u b i l i t y .  In a d d i t i o n ,  some 6oCo and groundwater 

q u a l i t y  data  collected between 1973 and 1 9 7 5 ,  as part of an e a r l i e r  s tudy 

by Means e t  ale (1976), have been included in Appedixes A and B respec- 

tively. 

changes i n  groundwater centamination during t h e  p a s t  decade and have not 

been incorporated into our data base. The suspended matter trapped on 

the 0.45-pm f i l t e r s  were analyzed f o r  -37Cs and 6oCo and the r e s u l t i n g  

data are l i s t e d  i n  Appendix C .  

These d a t a  are l i s t e d  I n  

Selected samples have also been analyzed for other radio- 

and water chemistry (includ- 

Data concerning 

These earlier data have beew used only t~ document eapsra l  



Table 5 .  Plutonium and uranium isotopic mass ratios 
in I E W  Trench 7 sludge 

Trench 7A Trench 78 Average 
(Atom X )  (Atom %) (Atom X )  Nuclidea 

0,53 
78. oa 
3.25 

f7,70 
0.46 

99929 

Q,01 
0 ,56  

Q .005 

0 0.13 

0.22 
84.42 

2.02 

f3*%8 

0.06 

99*1%2 

0.01 

0.53 
0.007 

0.43 

0.37 

81-25 

2.63 

15.49 

0.2s 

99.13 

Q,Of 

0.55 

0.006 

0.28 

a Analyzed by R. L. Walker (Analytical Chemistry Division) 
who noted that a large mount, of 232Th and a small amount of 
2372Jp were also present i n  bath samples. 

bThe &undance values for 241J?u are unexpectedly high. 
No  production method or decay scheme of reactor-prduced 
nuclides that w o u l d  y i e l d  plutoaium of th is  colaposition has 
been identif ied.  
cient quantity o f  241Pu has been separated to cause such high 
values for XLW Trench 7 waste. The similarity of results for 
sections A and B preclude a sampling anomaly. 
ference from 241Am. is not believed to be responsible for the 
results CR, E. Walker, personal ccrmmunication). Until more 
sampling can be  completed the results  ate reported as the best 
determinations available. 

Xt 5.s thought t o  be unlikely that a suff i -  

Isobaric inter- 



14 

XL?# TRENCH 7 

.g. 3 .  Location map for the  seep and wells near ILW 'French 
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The w e l l s  

cased prior to 

identified with closed circles in Fig. 3 were drilled and 

our investigation. Most of these old wells are 2 to 12 m 

deep and were drilled to just below the groundwater level. 

these wells (including T7-4, T7-5, T7-6, T7-7, T7-9, and T7-13) will 
occasionally dry up during the summer. 

parallel to the strike of the bedrock and along a fault which is visible 

eopographically as a result of surface-drainage erosion. I n  April 1982, 

a series of new wells (T7-21, T7-22, T7-23, T7-24, T7-25, and T7-261, 
each 15 m deep, w a s  drilled parallel to the trench and between the trench 

and seep,  to document migration pathways. Radionuclide and water chemical 

data, obtained after the completion of these wells, are also presented 

in Appendixes A and B, and will be discussed later. 

Several of 

Wells T7-9 and T7-10 were located 

An older well (T7-2), approximately 45 m to the north of ILW Trench 7 

(Fig. 31,  was located in an area contaminated by a leak in the ZLW trans- 
fer line during trench operations (Duguid and Sealand 1975). Groundwaeer 

samples collected from t h i s  well and from a new 15-m well (T7-261, drilled 

near the sixme area in April 1982, showed high levels of 'OSr and 137Cs 

relative to other wells in the vicinity of I L W  Trench 7 but did not con- 

tain high concentrations of 6oCo, 233U, 99Tc, Na , NO3 and SO&*, which 
are typical of groundwaters contaminated by trench seepage (see next 

section). After the leak, which flowed in a southwesterly direction 

between wells T7-2 and WT7-5 (Fig. 31, the 137Cs- and 90Sr-contaminated 

surface soils were covered with uncontaminated fill. Recently, several 

other wells and s o i l  borings (SB-1, SB-2, SB-4, SB-6, T7-27, and T7-29) 

have been d r i l l e d  at the north end of the trench (Fig.  3) to obtain 

engineering information for evaluating the cost and effectiveness of a 

French-dra'in groundwater interceptor. nese wells and soil. borings were 

completed in November 1982, and only one s e t  of groundwater samples has 

been collected and analyzed and is reported in appendixes A and B. 

+ - 

Groundwater Chemistry 

Average radionuclide and chemical characteristics of the groundwater 
in the vicinity of ILW Trench 7 are presented in Table 6 for wells shown 

in Fig. 3. The data indicate that the groundwater characteristics are 
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s t i l l  g r e a t l y  

disposed over 

inf luenced by the c o n s t i t u e n t s  of t he  waste l i q u i d s  (Table l )  

two decades ago. Monitoring during seepage operat ions fndi-  

cated t h a t  short- l ived 106Ru and s t a b l e  N0-j- passed through the  Conasauga 

formation without being s t rong ly  sorbed and that the  inges t ion  oE high 

concent ra t ions  of n i t r a t e s  w a s  me of t h e  major health risks t o  the n a t i v e  

fauna (Struxness e t  ale 1957; Cowser 1962). Current ly ,  n i t r a t e  concen- 

t r a t i o n s  i n  t h e  groundwaters range from 0.1 t o  150 ug/mL, with the  h ighes t  

e m c e n t r a t i o n s  occurr ing in w e l l s  which also conta in  the  h ighes t  radio- 

nuc l ide  activities (Appendix B ) .  En addi t ion ,  concent ra t ions  of several 

other c o n s t i t u e n t s  of the w a s t e  l i q u i d s ,  including N a  * Ca 
Sot.+=, c o r r e l a t e  w e l %  with nuc l ide  activit ies i n  the  groundwaters (see 

Fig. 4 and Table 6). Afthough concentrations of OH- and carbonate alka- 

U n i t y  were high i n  t h e  w a s t e  l i q u i d s  (Table 11, t h e i r  concentrat ions in 
groundwater are p r imar i ly  con t ro l l ed  by the pM buffer ing  capaci ty  of the 

Conasauga formation. 

+ $ $ .  , CI-,, and 

Typical ly  uncontaminated groundwaters i n  the  Canasauga shales and 

limestones have pH values  of about 7. Rainfall in e a s t e r n  Tennessee 

averages a b w t  120 cm/year and is somewhat a c i d i c ,  having t y p i c a l  pR 

values  between 4 and 5. Groundwater pH in t h e  vic in i ty  of ILW Trench 7 
may measure as high as 9.1 (Appendix A>. TAe high  pH and a l k a l i n i t y  i n  

these  waters probably reflect present-day leaching of the  a l k a l i n e  f i l l  

ia t he  t rench o r  the  h ighly  containated soils near t h e  t rench by inter- 

a c t i o n s  wtth r a i n f a l l  o r  groundwater. 

Dissolved oxygen was measured i n  t h e  groundwaters of a 13-rn w e l l  

(T7-3) and a 2.5-m w e l l  (T7-13) by an fodometric titration method 

(Na2S205). 

sea led  b o t t l e  i n t o  the w a l l  w a t e r  and r e l eas ing  its cap. 

co l l ec t ed  on May 7, 1981, were analyzed wi th in  2 h after co l l ec t ion .  

The r e s u l t s  are l i s t e d  in Table 7 .  

ments i n  these wells w e r e  taken using an oxygen probe. 

dissolved oxygen l e v e l s  measured less than 1 ppm i n  the  deeper well but 

ranged between 1 and 5 ppm i n  the  shallower well, with the  h ighes t  con- 

centrations occurring immediately after a major rain storm. 

The snmpIcs were collected by s inking  a nitrogen-purged, 

The samples 

Subsequent dissolved oxygen measure- 

As Table 7 shows, 
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~ i g .  4 .  Correlatian of average ~ O C Q  activities 
with average Na+ and NOS- concentrations in ground- 
waters near ILW Trench 7 .  
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Table 7. Dissolved oxygen in groundwaters from 
vel18 T7-3 and T7-3.3 

Method S a q  le Well T7-3a Well T7-13b 
date ( P P I  (PPd 

7 May 81 

15 May 81 

29 May 81 

9 Jun 81 

0,63 

8.2 

0 * 3  

0,2= 

1.71 

2.4 

1.3 

5,Qc 

PP obe 

Probe 

Probe 

%ell T7-3 is a I s m e t e r  well.. 

bWell T7-13 is a 2,5-ter well. 

‘Sampled after a rain event. 
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Table 8 presents a comparison of the elemental chemistry in two 
groundwater samples collected from Well T7-3 on September 30, 1981. 

Precautions were taken not to expose one of the samples to the atmosphere 

during collection, filtration, and acfdification with HN63, but no pre- 

cautions ware taken w i t h  the second sampbe. This experiment was conducted 

to determine whether exposure t o  oxygen daring our sampling ~ E Q C ~ U ~ ~ S  

was significantly changing the chemical characteristics of the groundwater. 

16 is apparent from the data in Table 8 that the elemental chemistry of 

both samples is almost identical, Wadisnuclide analyses fo r  these samples 

and far  two other samples9 sslbbected frora W e l l  T7-13 and treated similarly, 

are l i s t e d  in ~ a ~ l e  9 .  nere  are no differences in ~ Q c o ,  23314, ma 2 3 % ~  

activities attributable to filtration in nitragen versus natural atmospheres. 

In addition, the distribution of plburtonim between i t s  oxidized and reduced 

states appears to be unaffected by expasure to the atmosphere. 

mtely 78% of the "dfsss%.e~ed" plutonium in the T7-3 groundwater was in 

oxidized P u ( V ) ,  Pu(VK) rather than reduced Pu(If%), Pu(%W) oxidation 

states- 

Appsoxi- 

The large difference in the total. 23aPu activity in the T7-3 N2 

le (2 d q 6 L )  relative to that in the '$9-3 02 saup%e (6 mBq/L) may 
repraseat so%ubilizatioa 05 part2culata 

filtration or an error assseiated w i t h  the yield detehmilbatian for (V, 
VI) 238Pu in the T7-3 N2 sample. %kc latter explanation is supported by 

the ~ I O I E L ~ O U S ~ ~  low 238P~/239,240P~ activity PP~AXI i n  the T7-3 M2 %-le 

relative to measured ratios in a l l  other samples4 

by oxidation prior to 

GomceaeratfQns af %, 90Sr, 137@s9 60c,, =3u, and 23% in fi1cered 

groundwater samples collected in the v i c h i q  of ILW Trench 7 are listed 

ia Appendix A. 

transuranics and 99Tc. 

spectively. 

waters is 233LJ, and its concentration ranges from 1,000 to 18,000 rdElq/L. 

"Disscdved" 238Pu activities range from 5 to 60 &q/L, wtth the highest 

measured activities accurrimg in Well T7-13 near the seep area, The 

concentrations 0% vissoavdl 24 l ~ n a  and 24'~m are respectively about: 80 

and 170 mBq/L (Table IO). Concentrations of long-lived 99Tc range frm 

about 100 to 3,700 Bq/L and are strongly correlated with the activities 

In addition, selected samples have been analyzed f o r  

These data are listed in Tables 10 and 11. re- 

The most abundant transuranic radionuclide in the ground- 
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Table 8. Groundwater chemistry of Well T7-3 
(Samples taken on September 30,  1981) 

CRemfcal concentrations (i.lg/mL) 

Nitrogen atmosphere Natural atmosphere 
Element 

Na 

Ca 

c1 
si 

K 

% 
Total P 

Pb 
Zn 

Sb 
Fe 

rn 
Sr 
co 

200. 

44. 

7. 
6 , 6  

4 . 4  

3*8 

0.41 

8648 

0.36 

0.39 

0,850 

0.028 

0.053 

4 813 

200. 

4 3 .  

12 I) 
6.4  

4,5 
3.8  

0.40 

0.49 

0.41 

0.40 

0.042 

0.029 

0.052 

4.013 
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of 3H and 6oCo (Tabla ll and Appendix A). 
most of the radioactivity i n  the ILW Trench 7 groundwaters. Although 

approximately 10l6 3q of 137Cs and "Sr were disposed i n  I L W  Trench 7 

(Table 31, the activities of 9?sr in the groundwaters were extremely low 

(generally <1 Bq/L) , and 137Cs could not: be detected, which indicates  

activities of more than ttto orders of magnitude lower than those of 6oCo 

(Appendix A). Several other radionuclides have been measured in  ground- 

waters near the seep  area, including 12% (-50 mBq/L) and 12%b ('1.50 Bq/L). 

3H, 6aCo, and 99Tc comprise 

Suspended Matter Chemistry 

Groundwater saqles, collected from the wells sboplcn in Fig. 3,  were 

filtered through millipore (0.45-um pore size) filters, and the suspend-ed 
matter was analyzed for 'OCQ and 137Cs {Appendix C) . 
concentrations typically ranged from 10 to 50 mg/L, 

of suspended material was filtered Pram a 40-L sample collected from 
Well T7-13 on April 16, 1982, 

Suspended matter 

Approximately 1.5 g 

A portion of th is  particulate sample was 

examined under a transnr;e9sicm electron microscope and analyzed miaeralog- 

ically by x-ray diffraction. The tranramissfon electron micrograph (Fig. 5) 
ind ica tes  that the suspended matteta is primari ly  composed of mall (c2-w 
d i m ) ,  Irregular, thinly-layered Silicate minerals. The x-ray diffraceo- 

gram (Fig. 6 )  indicates thae these layered silicates are illitic mica and 

vemiculite, having 1.0 wd 1.4 nm spacings respec t ive ly  after magnesium 

saturation and ethylme glycol solvation. 

Another portion of this 1.5-g suspended particulate sample was treated 

with a sodium  itr rate-bicarbonate-difhionite solution to detarmine what 

fraction of the sorbed 6oCo vas associated with surface Fe-Mn oxide phases 

(CBB extraction in Jackson 1969). Results from this treatment indicate 

that approximately 50% of the sorbed 6oCo is associated with Fe+ oxide 

phases. 

ti OCo between suspended particulate and "dissolved" phases  varies signif i- 

cantly in the groundwaters near ILW Trench 7. Average 6oCo distribution 

data €or individual wells are listed and compared in Table 12. The 

average patticle-to-water distribution of 6oCo ranges from about 5 x 10' 

It  is  evident from the data in Appendix 6 that the distribution o€ 
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I 
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0.33 

0.35 1 

Fig. 6. X-ray diffractograms of the suspended 
matter from W e l l  T7-13 groundwater. 
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le 12. verage 6oCo d i s t r ibu t ion  data f o r  
groundwaters near ILW Trench 7 

(Data averaged from numbers given i n  Appendix C> 

Near trench T7-20 10,680 

T7-3 2,940 

A a l  f -way be twe en T3-21 
trench arid seep T7-22 

T7-24 

T7-25 

460 

5,930 
4 9 420 

2,990 

Near seep T7-$3 670 

, 
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i n  w e l l s  T7-21 and T7-13 t o  about, 1 x lo4 in  groundwaters ;€ W e l l  T7-20 

(near t h e  t rench) .  These d a t a  imply t h a t  e i t h e r  t h e  chemical form and 
r e a c t i v i t y  of 'OCo d i f f e r  i n  Well T7-20 r e l a t i v e  t o  the  o the r  w e l l s  o r  

that a d d i t i o n a l  6oCo may be t ranspor ted  t o  W e l l  T7-20 i n  a s soc ia t ion  

with p a r t i c l e s ,  

t r i b u t i o n  d a t a  in Table 13. 

only in  groundwater samples co l l ec t ed  from w e l l s  T7-2 and T7-26 i n  the  

area contaminated by t h e  p ipe l ine  break (Appendix C) , p a r t i c u l a t e  13'Cs 

w a s  f requent ly  de tec ted  on suspended matter co l l ec t ed  from w e l l s  loca ted  

w i t h i n  a few meters of t h e  t rench  (see Fig. 3 and Tab le  13). 

This l a t te r  explanat ion is  supported by t h e  I3'Cs des- 

Although "dissolved" 137Cs could be de tec ted  
' 

Radionuclides i n  S o i l s  and Bedrock 

Tke vertical d i s t r5bu t ion  of gamma a c t i v i t y  i n  the  soils and weath- 

ered  bedrock have been measured by gannna-Ioggiag seversf  of t he  w e l l s  

d r i l l e d  i n  A p r i l  1982. 

trernch) is i l l u s t r a t e d  i n  Fig. 7. Three l a r g e  gamma peaks (pr imari ly  

6oCo and bremsstrahlung) occur i n  discrete l a y e r s  above t h e  groundwater 

t a b l e  (Fig. 7). 

coincident  with t h e  depth of t h e  t rench  b o r t m .  

represent  re l ic t  migrat ion pa ths  of t h e  waste liquids during p a s t  seepage 

operat ions.  Current ly ,  they may a l s o  serve as prefer red  Slow pathways 

€ o r  runoff and seepage during per iods of heavy r a i n f a l l .  

m y  account f o r  t h e  measured increases  i n  groundwater r a d i o a c t i v i t y  

observed i n  t h e  spr ing  and i n  o t h e r  per iods of prolonged rainfall (see 

discuss ion  on Transport  Pathways and Processes) .  The large gamma peak 

at 5 m (Fig. 7) a l s o  suppects evidence f o r  t h e  p a r t i c u l a t e  t r anspor t  of 

"Co and 137Cs between t h e  t rench and W e l l  T f - 2 0  as ind ica ted  i n  the  

previous sec t ion .  

The gamma log f o r  W e l l  T7-20 ( d r i l l e d  near  the  

The l a r g e s t  peak occurs  at  a depth of 5-m, which is 
These pealcs probably 

This mechanism 

S i m i l a r  gamna p r o f i l e s  (Fig. 8) have a l s o  been measured i n  the  s o i l s  

and bedrock of the w e l l s  r ecen t ly  d r i l l e d  along t he  road approximately 

halfkay between t h e  t rench and seep area (Fig. 3). 

for W e l l  T7-24 (Fig. 8) i s  almost i d e n t i c a l  t o  that for Well T7-20 

(Fig. 71, except t h a t ,  as Fig. 8 shows, t h e  l a r g e s t  gamma peak i n  W e l l  

T7-24 now occurs a t  a depth of 9 m, which is  j u s t  below the  groundwater 

The gamma p r o f i l e  
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T7-20 

T7-2Q 

T%-20 

77-20 
T7-20 

T7-20 

T7-20 

T7-20 

T?-20 

T7-20 

T7-20 

T7-20 

T7-20 
72-20 

T7-20 

T7-20 

T7-2Q 

~ 

29 Apr 82 
10 Juxa 82 

23 Jafg 82 

09 Jul, 82 

19 Jul 82 
26 JU9, 82 

82 Aug 82 
1% Aug 82 

25 Aug 82 

10 Sep 82 
06 8st 8% 
20 OC6 82 

22 PfQV 82 

07 Jan 83 

20 Yan 83 

02 Feb 83 

18 Feb 83 

96 

2% 

256 

1/65 

97 

56 

74. 

158 

10 

38 

2% 

13% 

265 
7 14 
659 
899 

TT-03 

T7-03 

T9-03 

T7-05 

T7-05 

117-IQ 

417-26 

T7-2 

T?-2 

3% Aug 81. 

10 Yarn 82 

22 Nav 82 
23 dun 82 

30 sep a2 

21 Sep 82 

22 Nav 82 

29 May 83. 

31 Aug 83, 

m 
ND 

0.006 

0.006 

54 

289 

94 

5 59 

2 70 

23 

6 3 .  
1617 

1602 

%D indicates not detected; dashes (-) indicate no calculation possible.  

bSample collected after a major and prolonged ra in fa l l  event (see 
Tab le  17). 
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GAMMA LOG FOR WELL T7-20 

- ACTIVITY (dominantty 6 0 ~ 0 )  -- WATER LEV€L AT TlME 8 F  GAMMA LOG --- RANGE FOR 1982 

Pig. 7. The vetticrib distriburion of ganxna activity 
in the weathered bedrock of W l l  T7-20. 
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level at 

show the 

Table 6 )  

this location. It is significant to note that the mlls which 

greatest amount of groundwater contamination (T7-21 and T7-24, 
are those in which the migration layers occur at or below the 

groundwater table. 

Table 14 reports radionuclide activities, measured in sediment 

samples collected from the bottoms of wells T7-3, T7-9, and T7-13 and in 
a surface soil sample collected in the seep s e a .  

nuclide activities i n  wells T7-3 (near the trench) and T7-13 (near the 

seep) are similar (Table 6 ) ,  sediment activities are about an order of 
magnitude greater near the trench. The isotopic mass ratios of 238Pu, 
239Pu, and a48Pta have also been determined on the T7-3 sediment sample. 

The 238Pu to 23%u mass ratio is 0.3 t, 0.03, and the 239Pu to 240Pu ratio 

is 0.4 k 0.004. These ratios are very different from the Pu isotopic 

mass ratios measured in the trench sludge (Table 5 )  and indicate that 

the weathered bedrock is highly enriched in 238Pu and 240Pu relative to 
23%.a. These results strongly imply that the plutonium observed in the 

soils and bedrock actually reflects the migration of 2k2Cm and 244iA and 
their subsequent decay to 238Pa and 240Pu respectively. A more detailed 
discussion of the plutonium mass ratios and migration is presented in 

the section on Chemical P o m  of Migrating Nuclides. 

Although groundwater 

Lithologic and radionuclide (13’Cs and 60Co) profiles for a series 

of wells and s o i l  borings (SE-E, SB-2, S B - 4 ,  SB-6, T7-27, and T7-28) 

recently d r i l l e d  at the north end of I L W  Trench 7 (Fig, 3) are fllustra- 

ted In Fig. 9. 
collected from the dr5.31 auger at identifiable Idrhologic boundaries. 

These profiles are difficult to intrepret because the near-surface soils 

in this area were contaminated with ’OSr and 1376s by a leak in the I L W  

traasfer line which occurred near the location of Well T7-2 (Fig.  3 ) .  

Liquid waste from the leak flared along the surface between W e l l  T7-2 

arid W e l l  WT7-5 (Fig. 3) and is responsible for the I3’Cs contamination 

in the surface soils of Well T7-28 (Fig.  9). The surface-contaminated 

soi ls  near the trench were covered with uncontaminated fill, as is re- 

flected by the lack of 137Cs contanination in the top 3 m of soil in 

W e l l  T7-27 (Fig. 9). Although the surface soils were contaminated with 

137Cs from the pipeline leak, note  the lack of significant trench 

The soil 13’Cs and 6oCo measurements were made for samples 
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DEPTH 
t rn) T7-28 

ORNL-DWG 83-1558 
QEPTH 

(rat) T 7- 27 
0 15.5 0 

3 3 

6 6 

9 9 

12 12 

15 15 

A 

se-6 SB-2 5e-4 
0 0 

3 3 

6 6 

9 9 

12 12 

15 a5 

ACTIVITY (eq 18) ACTtVtfY (Bq/g) ACTIVITY (Bq/g) 

MUD CLAK 0 6Oco 

WEATHERED SHALE 0 SOL a 4 3 7 ~ ~  

ROCK (SHALE ANOLIMESTQNE) GRAVEL - WATER LEVEL 

Fig. 9 .  Lithologic, 137C5 and 6oCo profi les  in 80118 at the north and of TLW Trench'7. 

w cn 
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contamination (60Co, 233Y, Na NO3 eec,) In t h e  groundwaters (see 

Appendix A and Table 6) and soi ls  at the nor th  end of t he  t rench.  

implies  t h a t  t he  t rench contamination migrates east-west along bedding 

planesp fold axes, and f a u l t  strfies but does not  migrate to the north. 

This 

A soil and groundwater s %e ~ o l % a c t &  in J w ~  1974 f r a  W - ~ l 1  T7-1% 

(wear the seep) w a s  found in. storage during BUK i nves t iga t ion .  

sample w a s  radiochemicaf%y analyzed, decay-corrected, sund compared with 

present  (1981) a c t i v i t i e s  measured i n  the sediment and water from the 

same w e l l ,  Radionuclide activities 

i n  the 1974 water and soil samples w e ~ e  similar t o  present day activities, 

i n d i c a t i n g  IIQ major increase in rad ionuel ide  migration and soil comtdna -  

b i m  i n  the v i c i n i t y  of E%W T~etnch 7 during the p a s t  decade. 

radionucl ide migration from t he  trench may be ocscurring; still, its 

effects 01% the excent sf groundwater and soil contamination in the area 

are minor r e l a t i v e  t o  t h e  legacy sf contamination resulting from p a s t  

seepage operations. In fact, csncentratims of the most mobile radfo- 

nuclides, including 6oCo, and 99Tc;, m y  a c t u a l l y  be decreasing in 

the groundwaters areamd the t r e n c h - a s  a. result af seepaage out af the 

system. Cobalt-68 astivity %n t h e  $981 groundwater B las (XScaO Bq/%) 

is significantly lcmer than the value expected by decay-correcting the 

1974 groundwater 'OCo d a t a  (4300 Bq/L).  Although the a c t i v i t y  sf 6oCo 

f ~ %  the groundwater fluctuates seasonal ly  andl arb. stom ~ Q ~ X I ~ S ,  1900 Bq/L 

This  

These data are presented in Table 15. 

Although 

19 t he  highest 6 o C ~  ~ P Q I J ~ W ~ ~ ~ P  eone~mt~ation IIIESSUXXX~ in Well "$7-13 d ~ r -  

iaRg 1981 and 1982 (see data f o r  A u g ~ t  2 ,  1982, ia Appendix A). If4 addi- 

t ian, 1.974 decay-eorrested 3~3. concentrat ions i n  we11 '~7-13 are sigx~fieantly 

higher than 3H concentratforis measured i n  1981 and 198% (Appendix A ) .  

Radionuclides in Vegetation 

Samples of su r face  leaf litter co l l ec t ed  in the v f c i n i t y  of XLW 

Trench 7 contained appreciable amournts of radionuclide contamination, 

even i n  areas where the  near-surface s o i l s  w e r e  r e l a t i v e l y  uweentdnated .  

One poss ib l e  explanat ion is t h a t  r o o t s  of deciduous trees tap contaminated 

groundwater and t r a n s f e r  r a d i o a c t i v i t y  t o  the  sur face .  On October 27, 1982, 

green leaves were co l l ec t ed  from deciduous trees grown neiii the seepage area 
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of XLW Trench 7 (Well T7-13) and o the r  contaminated areas near the ILV 

p i t s  and t renches (wel ls  WT5-7 and W-106) t o  eva lua te  the degree of radio- 

nuc l ide  r e d i s t r i S u t i o n  through p l a n t  uptake. 

cen t r a t ions  In green leaves and r e spec t ive  groundwater samples are presented 

%n Table l A e  

Measured radionucl ide con- 

The da ta  in  Table 16 ~ k e  it  apparent that radfanuclfde acc\f~aar;lation 

in green leaves does nut comespod t o  t h e  radionuclide content in the 

groundwater and t h a t  t h e r e  Is a p r e f e r e n t i a l  accmu%at%on (uptake) of ''Sr 
and 99Tc r e l a t i v e  t o  6oCo and 233U. 
uptake m y  be a. significant VEC&OK i n  transferring groundwater e a t  

t ion  60 the surface soif ,  

The d a t a  i n d i c a t e  further that tree 

A number of chemical, gealogfcal, and hydrolsgieal h e t o r s  Inf luence 

rad ionucl ide  mobil i ty .  In general, the  chemical factors pr imar i ly  affect 

radionuclide sobgbim and sslub%liry, whereas the g ~ l o g i ~ a %  and hydra- 

l o g i c a l  factors p r h r f J y  a%fes% r a d i a u c l i d e  t r anspa r t .  Most of the 

studies concerned with moPc%ide I Q r p t i C m  and solubiffty have invoaved 

laboratory experiments designed ta d e t e m l n e  nuclide d i s t r i b u t i o n s  between 

dissolved and sorbed phases under e o n t s d l e d  conditions. 

coefficients (Kd) have Been exper8uaen~alJ.y detaaadbled for a wide variety 

sf radionucl ides  over a w i d e  v a r i e t y  sf environmental conditions 

(Soratkesn e t  al. 1960; Tamxra 1965; Nish i ta  and Essingtm 1967; Timmra 

1972; Duursma 1993; Clswelmd 1979; Bandietti and Francis 1980; Schell 

et a%. 1980; Czyscinski and Weiss 1981; Kirby 1981; Oaiahi e t  al. 198%; 

Spalding and Boffinan 1982). The general f ind ings  of these s t u d i e s  are 

t h a t  (I) sorp t ion ,  f o r  most rad ionucl ides ,  is s e n s i t i v e  t o  groundwater 

pH and s o i l  organic  and hydrous Fe-Mn axide content ;  (2) so rp t ion  f o r  

mul t tva len t  nuc l ides ,  such as technetium, uranium, and plutonium depends 

an groundwater E% and the oxidation state of the nucl ide;  (3) organic 

complexation may promote the solubilization and migrat ion of otherwise 

immobile nuclides; (4) cesium. and thorium should be r e l a t i v e l y  immobile 

i n  groundwater, each having a particle-to-water Kd of more than >LO4 ; 

Dis t r ibu t ion  
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Table 16. Radionuclide content in tree leaves and 
groundwaters from contaminated areas 

Radionuclide activitya 
Sample Well 

number 6 4 3  9%- 9% 2 3 3 ~  

T7-13 Water 1,332 0.33 19500 19.00 

wT5-5 Water 15 0.06 470 0,u 

f f f C h r g  52 4,600 31,900 1,s 

Maple 3 220 44,000 0.97 

w-106 Water 4 0.19 250 3.10 

Maple 18 160 U9000 Oe75  

AcCivitrJl units: Water measured in Bq/L; plants measured 
a 

in Bq/kg; (dry weight at  70°C). 
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( 5 )  coba l t ,  

be somewhat 

iodine,  and 

Ces ium- 13 7 

CeSbLlICi 

europium, americium, curium, s t ront ium, and antimony should 

mobile with K s between I O 2  and 10'; and (6) ruthenium, 

t r i t i u m  are highly mobile, with K d s  <IO2. 
d 

occurs as a monovalent ca t ion  t h a t  may be associated wfth OM- 

i n  groundwater (Baes and Mesmer 1976) but r a r e l y  forms so lu t ion  complexes. 

Dissolved 'Cs could be measured only i n  grsumdwater samples collected.  

near the north end of ILW Trench 7 i n  an area contaminated by a leak tn 

the %LW transfer p i p e l i n e  (Fig, 3 ) .  The particle-to-water d i s t r i b u t i o n  

of I3'Cs i m  these samples w a s  3 x lo5 (Table 3-31, which is almost iden- 

tical, ta t h e  d i s t r i b u t i o n  c o e f f i c i e n t  f o r  137Cs (l0,QQQ &/g) derived by 

laboratory experiments using Conasauga sha le  (Tamura 1972; Buguid 1977; 
Cerling and Turner 1982) ,, 

Trench 7 groundwaters and i t s  high apparemt d i s t r i b u t i o n  coe f f i c i en t  

arises from i ts  strong a f f i n i t y  f o r  being s e l e c t i v e l y  and i r r e v e r s i b l y  

adsorbed by i l l i t e ,  t h e  dominant clay mineral in Conasauga bedrock and 

The absence of de tec tab le  137Cs in t he  ILW 

S O i h  (Pig.  6 ) .  i?X'eVeKsibac S O Q t f s n  Sf 137&3 results frgla ftS 

accommodation i n  interlayer sites o f  l.0-run (illitic) micaesus mtnerafs 

(Tarar ia  and Jacobs 1960). As a r e s u l t ,  r37Cs sorpc isn  i s  not  s t rongly  

affected by the pH a€  t h e  groundwater (Duguid 1977) but i s  affected by 

eke concentrat ion of ather cations i n  so lu t ion  (Tmura and Jacobs 1960; 

Olsen 1979). In add i t ion ,  radiocesium sorp t ion  i n  freshwaters appears 

eo be r e l a t i v e l y  unaffected by organics (Schell e t  al. 1980) OK Fe-Mn 

hydroxides (Cerling and Turner 19821, and s o l u b l e  organic complexes o f  

cesium have l i t t l e  e f f e c t  on i ts  migration (Nbshfta and Essington 1967). 

Prom the  above discussion,  we would not  expect '37Cs to migrate any 

appreciable  d is tances  from the disposa l  trench, This expectat ion is sup- 

ported by the  earlier work of Lomenick et ale (19671, which showed t h a t  

about 85% of the  a37Cs discharged t o  XLM p i t s  2 and 3 w a s  re ta ined  wi th in  

the  f i r s t  few cent imeters  of weathered Conasauga bedrock. Lomenick et 

a l .  (1967) d id  poin t  ou t ,  however, that: narrow, i r r e g u l a r  zones or 

channels e x i s t  wi th in  the  Conasauga formatian, where groundwater veloci- 

ties and radionucl ide migration may be much g r x t e r .  The da ta  presented 
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f o r  Well T7-20 (see Table 13 and Fig. 7) i n d i c a t e  t h a t  such zones do exist 

near ILW Trench 7 and t h a t  I3'Cs migration may be occurring along these 

zones i n  a s soc ia t ion  with p a r t i c u l a t e  t r anspor t  i n  the  groundwater. 

Well T7-20 i s  loca ted  about 10 m from the  t rench (Fig. 3). The 

gamma log for W e l l  T7-20 ( i l l u s t r a t e d  i n  Fig. 7) i nd ica t e s  t h ree  discrete 

l aye r s  of radionucl ide migrat ion f r o m  the t rench t o  the  well. 

these  th ree  contaminated l a y e r s  probably represent  relict  migration path- 

ways from p a s t  seepage opera t ions ,  they may also serve as preferred flaw 

pathways f o r  runoff and seepage during per iods of heavy r a i n f a l l .  

ticulate t r anspor t  of 137Cs along these  pathways is ind ica ted  by t h e  sus- 

pended matter and rainfall data presented i n  Table 17. The l a r g e  peaks 

in suspended-matter-' 37Cs a c t i v i t y  in Well T7-20 c o r r e l a t e  with periods 

of pronounced r a i n f a l l  and imply t h a t  I3'Cs, sorbed on suspended p a t t f -  

cles,  has migrated over 10 m within 20 years .  P a r t i c u l a t e  t r anspor t  of 

6oCo between the  t rench and Well T7-20 may also occur,  as is evidenced 

by the  higher  particle-to-water d i s t r i b u t i o n  coefficient for 

Well "7-20 relative t o  o the r  wells i n  t he  t rench v i c i n i t y  (Table 12) .  

Although p a r t i c u l a t e  t r anspor t  is no t  a major concern for short- l ived 

radionucl ides  such as I3'Cs and 6oCo, i t  may be a s i g n i f i c a n t  t ranspor t  

mechanism f o r  longer-l ived nuclides, such as Th, Pu, and Am isotopes, which 

have high d i s t r i b u t i o n  c o e f f i c i e n t s  and are otherwise r e l a t i v e l y  immobile. 

Although 

Par- 

OCo in 

Strontium-9O 

Strontium-90 is a divalent alkal ine-ear th  ca t ion .  It is one of the  

few radionucl ides  commonly t ransported in an  uncompkxed i o n i c  form and 

e x h i b i t s  sorption by ion exchange. 

wfth the  cation-exchange capac i ty  of t he  soil and fs highly dependent on 

the  concentrat ion of competing ca t ions  i n  the  groundwater and on pH. In 

highly  a l k a l i n e  environments 

solid phase c o n t r o l s  i ts solubility. Laboratory-derived K d s ,  using 

Conasauga bedrock, are on t h e  order  of 20 t o  100 mL/g (Spalding and 

Cerling 1979). The low K values are primarily a r e s u l t  of the  rela- d 
t i v e l y  high concentrat ions of calcium i n  the Conasauga bedrock and ground- 

waters and i ts  competit ion with "Sr for exchange si tes .  

Consequently, 'OSr so rp t ion  c o r r e l a t e s  

"Sr coprec ip i t a t e s  with CaC03, and t h i s  

Cerl ing and 
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Table 17. Rainfa l l  and suspgnded-partisulatg 
1 3 7 ~ s  activities for well ~7-20 

C o l l e c t i o n  1 4 7 ~ s  Act iv i ty  Bainf a l l  
d a t e  (Bq /g> (m) 

21% Apr 82 

10 JUR 82 
23 Jun 82 

09 JuI 82 
19 Jul 8% 
26 Juf 82 
28 Jul 82 
29 Jul 82 
30 Jul 82 
31 sua 82 

02 Aug 82 
11 Aug 82 
25 Aug 82 

10 Sep 82 

06 B e t  52 
28 Q e t  82 

22 Nov 82 

02 Feb 8 3  
18 Feb 8 3  

96 

23 
256 

145 
97 
56 

%$ab 
74 
158 

38 
25 

132 

26 5 
7 1 4  

65$6 
- 899 

90” 

5sa 

f 
4 
1. 
16 
69 

1119” 

ma 
37 a 

aManttily total. 

b ~ h e  large increase in 1 3 9 ~ s  a c t i v i t y  
followed soon a f t e r  a major rainfall event on 
July 31, 1982. 

90 m of t h e  monthly total (94  mm) 
p r e c i p i t a e e d  before  February 18, 1983.  

C 
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Turner (1982) have ind ica t ed  t h a t  about 20% of the sorbed 90Sr in stream 

sediments is nonexchangeable and is assoc ia ted  with hydrous manganese- 

oxide coat ings.  

Despi te  the  low Kd of 90Sr  i n  Conasauga bedrock and s o i l s ,  its con- 

c e n t r a t i o n  i n  groundwaters near  ILW Trench 7 is extremely low (Appendix 

A). Apparently, chemical t reatments  of the ILW (discussed e a r l i e r )  and 

the  precaut ions taken t o  obta in  and maintain an a l k a l i n e  environment near  

the t rench  have worked e f f e c t i v e l y  t o  p r e c i p i t a t e  or sorb 
trench s ludge (Table 41,  o r  on the  CaCO3 f i l l ,  and thus l i m i t  its anigra- 

r i a .  
fed with bas i c  w a s t e  l i q u i d s ,  i t  w i l l  slowly begin t o  lose its a l k a l i n i t y  

(and r e t a i n i n g  capacfty for 90Sr) through i n t e r a c t i o n s  with groundwater 

and percola t ing  "acidic" r a i n  water. The high groundwater pH (as high 

as 9) in w e l l s  T7-13, T7-24, and TI-25 (Appendix A) suggests t h a t  the 

t rench is indeed losing its alkalinity, but  the  rate of loss is uncertain.  

Simple ca lcu la t ions ,  assuming no 'OS, migrat iod u n t i l  a l l  the C ~ C O ~  i n  

the  t rench  is dissolved, suggest t h a t  t he  t rench w i l l  r e t a i n  90Sr from 

l o 3  t o  l o 6  years, depending on t he  volume and a c i d i t y  of the i n t e r a c t i n g  

groundwater. 

from the o r i g i n a l  I L W  are d isso lved ,  then ca lcu la t ions  based on the  

removal rate of sodium suggest a retaining t i m e  of only a few (10 t o  

100) years. 

i n  t h e  

Now t h a t  the t rench is abandoned and is no longer being cont inua l ly  

If 90Sr migrat ion I s  i n i t i a t e d  when the alkaline res idues  

Cob a1 t-6 0 

Cobalt-60 is a t r a n s i t i o n  metal, geochemically s i m i l a r  t o  i ron ,  and 

can exist i n  two oxidation. states, Co(I1) and Co(II1) .  The r e l a t i v e  

s t ab i l i t i e s  of Co(I1) and Co(I1I) i n  s o l u t i o n  a r e  greatly a f fec t ed  by 

complexes with common anions (Onishi e t  a l .  19811. 

io the  most so luble  and s t a b l e  form up to a pH of about 9.5,  bu t  com- 

plexing can s t a b i l i z e  t r i v a l e n t  cobal t  i n  groundwater so lu t ions .  

tory-determined K values  for 6oCo in weathered Conasauga bedrock are 

70,000 and 1,200 mL/g a t  pH 6 . 7  and 12.0 respectively (Means et a l .  

1978a). 

oxide component of the  soils and bedrock (Jenne and Wahlberg 1968; Means 

e t  al. 1978b; Cerling and Turner 1982) .  

Cobaltous ion ( C O + ~ )  

Labora- 

d 

Cobalt-60 sorption is pr imar i ly  con t ro l l ed  by the manganese- 
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Average OCo particle-to-water distribution data f o r  f ield samples 

collected in the vicinity of IEW Trench 7 are listed in Table 12. 

values ranged from 10,OQO in Well T9-20 (near the trench) eo 500 im wells 

T7-21, and '67-13 (near the seep) and are approximately an order of taagni- 

tude higher than the 6oCo distribution data reported by Means et a%. 

(1978a) far field samples co%$ected in the same areae 

in the apparent K~ of 6 k o  during the past 10 years probably results from 

the escape of mobile 6oCo from the system, as reflected by the much higher 

dissolved 68Co concentratians in the 1974 groundwater saneples (see Table 

15 and Appendix Ab. 

These 

This large! increase 

me fact that  the apparent K~ for 6 0 ~ 0  in the groundwaters near ILW 
Trench 7 is much lawer than expected from laboratory experbents has 

elicited much interest and research. Means et al. (1976) noted that 5oCo 

fn the  ZLw Tr€+2%6k 7 gKOUndWElter does Bot readily ~XehEUlg~ 061 h+-fsfins 

caeisrr resins, suggesting that it is tightly bound in a solution complex. 

Laboratory experbents passing 100 ml, sf filtered seep water with adjusted 

hydrogen i o n  con~entrations through cation and anion exchange c s l m s  

indicate chat the. 6 0 ~ 0  solution samp~sx  i s  anionjlc and 2s stable (or 

inert) at exereme%y $ow pb% values (Table 18). 

Tabla 18, Cation and anion exchange 
ehasac%esisties o f  dissolved 6QCo in 

f i l t e red  seep W O C ~ K  

- 
Percentage of PePCk?flfX.g@ Qf 

CJ- onion exchange Na catian exehange 

Resin Effluent Resin ES fluent 

9 
PB 

7 . 2  (natural) ma 108 4 5  55 
5.0 30 70 
3.0 10 90 
1.0 Trace 100 Trace 100 

"Wot detectable. 
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- 
Cobalt-60 complexes having conunon inorganic  anions,  such as Poke, 

= 0: - 
SO4 , CO3 , NO3 , C1-, o r  HC03-, would be expected t o  d i s s o c i a t e  a t  pH 1, 

alluwing t h e  “Co-cation t o  exchange f o r  Na’ on the  ca t ion  r e s in .  

ever, it is evident  from t he  d a t a  i n  Table 18 t h a t  d i s soc ia t ion  of the  

6oCo complex does not  occur a t  low pH, suggesting t h a t  t he  6oCo complex 

is organic.  

binding radionucl ides  and thus exert considerable  con t ro l  over nucl ide 

mobilization, t r anspor t ,  and so rp t ion  (Cleveland and Rees 1981). About 

60 t o  80% of these  dissolved organics are genera l ly  composed of natural 

h d c  substances.  Several s y n t h e t i c  organic  chemicals and che la t ing  

agents used i n  l a b o r a t o q  experiments and cleanup or decontamination 

opera t ions  may a l s o  be  present i n  t h e  w a s t e  l i q u i d s  and groundwaters 

near  d i sposa l  areas (Means e t  a l .  1978a; Czyscinski and Weiss 1981). 

S o n d i e t t i  (Auerbach e t  a1. 1974) o r i g i n a l l y  suggested t h a t  “Co i n  the  

groundwaters near  ILY Trench 7 was mobilized as an ethylenediaminetetra- 

acetic ac id  (EDTA) complex, and t h e  r e s u l t s  descr ibed below are consis t -  

e n t  with that hypothesis.  

Haw- 

Dissolved and c o l l o i d a l  organics  have a s t rong  capac i ty  f o r  

Dissolved organic  carbon i n  ILW Trench 7 groundwaters ranges from 

2 t o  22 mg/L, with the h ighes t  concentrat ions occurr ing i n  the  seep 

waters. 

wi th  the highest: concentrat ions occurring i n  W e l l  T7-20 near t h e  t rench 

(Appendix B ) .  

o r  h igher  molecular weight humic substances were complcxing and mobiliz- 

ing 6oCo neat ILW Trench 7 ,  a groundwater sample from W e l l  T7-13 w a s  

ultra f i l t e r e d ,  using pressure,  through a SOQ-MW (AMPCON) d i a l y s i s  mem- 

brane. 

passed through the  membrane, i nd ica t ing  t h a t  most of t he  6oCo was bound 

t o  a low molecular weight comglex. Means et al. (P978a), using Sephadex 

chromatographic gels, gas chromatography, and mass spectrometry, estab- 

lished t h a t  g r e a t e r  than 90% of the  “Co was assoc ia ted  with an organic 

f r a c t i o n  smaller than 700 MW; i d e n t i f i e d  the  presence of 3.4 x loM7 M 
EDTA i n  this f r a c t i o n ;  and proposed t h a t  6oCo is transported as an EDTA 

complex i n  the  groundwaters near  ILW Trench 7. EDTA, a syn the t i c  low 

molecular weight organic  che la t ing  agent, has been used i n  cleanup and 

decontamination operat ions a t  ORNL and w a s  therefore  expected t o  be 

present  i n  the  waste l i q u i d s  (Duquid 1977) .  

Tota l  phosphotws concentrat ions range from 0.1 t o  3.1 mg/L, 

To he lp  determine whether low molecular weight organics 

Approximately 80% of t he  6oCo activity i n  t h e  groundwater sample 
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In an abtenpt to document and verify 6oCo chelation by EDTA in the 

ILW Trench 9 groundwaters, we collected a 40-L groundwater sample from 

W e l l ,  T7-13 on Apri l  16, 1982. The sample was f i l t e r e d  through 0.45-um 

pore s i z e  mil l ipore  filters. The retained suspended matter was chemi- 

sally and mineralogical ly  analyzed (see Fig. 61, and %he Leiltered water 

was evaporated by freeze drying to concentrate  the dissolved radionu- 

clides. 

were redissolved w i t h  about 80 rmI, of demineralized water. Carbonate and 

sulfate salts p rec ip i t a t ed  during res idue  d i s so lu t ion ,  producing a white 

slurry. 

sepa ra t e  the aqueous phase from the solid phase. 

aqueous phase, the  p r e c i p i t a t e  was washed with a CaCQ3-saturated water 

and then redissolved w f t h  a d i l a t e  acid (0.1 N HC1) so lu t ion ,  A 

amount of an insoluble f ract ion rematned in the tube after the m i d  d i s -  

so lu t ion .  

tions is presented in Table 19. 

The flaky white  res idues  which remained in the freeze-drying pan 

An a l iquo t  of the slurry w a s  p laced in a tube and centrifuged t o  

After co l l ec t ion  of the 

me d i s t r i b u t i o n  sf gsCo activity among she separated frac- 

Table 19. Bfstribution of 6oCo 
activity among experimental  fractions 

~~ 

PP ac t i on  

.~ 

B i s t r f b u t f s n  of 
6060 activity 

(2) 

Aqueous phase 

CaCO3 -washing solution 

Dilute  acid treatment 

b Soluble s o l i d  phasea 
Insoluble s o l i d  phase 

3 2 - 5  

15.6 

5-4 
5 . 5  

%ore than 90% ~f the  d i l u t e  asid (0.1 N 
HCl) so lub le  f r a c t i o n  w a s  water soluble. 

bX-ray d i f f r a c t i o n  analysis of this 
inso luble  phase indicated t h a t  it was 
amorphous organic matter. 
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The major por t ion  of the  6oCo i n  t h e  s l u r r y  was a s s o c h t e d  with the  

aqueous phase, which appeared t o  be sa tu ra t ed  with highly so lub le  organic  

and inorganic  complexes. The aqueous phase was a c i d i f i e d  t o  pH 3 t o  

decompose carbonate complexes and t r ea t ed  with a cation-exchange r e s i n  

( t h i s  a c i d i f i e d  and t r e a t e d  so lu t ion  is designated as Solution-A). It 

w a s  then i n j e c t e d  i n t o  a s t rong  anion-exchange column of a high-performance 

l i q u i d  chromatograph (HPLC), us ing orthophosphate e l u t i n g  so lu t ions  of 

d i f f e r e n t  pHs. The e l u t i o n  p a t t e r n s  w e r e  monitored by u l t r a v i o l e t  and 

gamma-ray spectrometry and are i l l u s t r a t e d  i n  Fig. 10. 

The elution p r o f i l e s  i n  Fig. 10 are not  e a s i l y  in t e rp re t ed  and may 

i n d i c a t e  t h a t  Solution-A bas more than one ‘OCo complex, As t h e  pa of 

t h e  e l u t i n g  so lu t ion  decreased, e l u t i o n  of a pE-dependent f r a c t i o n  of 

6oCo was delayed; however, t h e  pos i t i on  of t he  o ther  f r a c t i o n  remained 

unchanged. The pos i t i on  of t he  pH-independent f r a c t i o n  was similar t o  

t h e  peak p o s i t i o n  of acetone, which w a s  used as a marker f o r  nonabsorbing 

spec ies .  

so lu t ions  at varying pHs matched w i t h  the positions of the @-dependent 

fraction of Solution-A. 

EDTA and other divalent metal-EDTA compounds, which were more negat ively 

charged a t  a given pA, were displaced t o  the l e f t  of the  Co(XfS)-EDTA 
peak ( i e e e ,  g r e a t e r  t r anspor t  time) a t  pRs below 7 ( F i g .  10). A s  gH 

decreased, t he  orthophosphate ions  i n  the  e l u t i n g  s o l u t i o n  were less dis- 

soc ia ted  and less e f f e c t i v e  i n  rep lac ing  absorbed complex compounds hav- 

ing varying degrees of d i s s o c i a t i o n  a t  given pRs. 

having fewer negat ive charges would be e lu t ed  f i r s t  and would b e  less 

t o l e r a n t  of pH changes in the e l u t i n g  so lu t ion .  A t  p resent ,  i t  is not 

poss ib l e  co determine i f  t h e  pH-independent f r a c t i o n  represents  an un- 

known 6oCo complex o r  i f  i t  is 6 0 C ~ ( I I I ) - E D T A  which has e lu t ed  improperly 

because of t h e  i n t e r f e rence  of o ther  components with the column. 

cha rac t e r i za t ion  of  t h e  s p e c i f i c  60Co-organic complexes is not  a s  y e t  

complete, our  HPW: r e s u l t s  i n d i c a t e  t h a t  a t  least a f r a c t i o n  of the  mobile 

6oCo i n  the  groundwaters near  ILW Trench 7 is complexed with EDTA, as 

Bondie t t i  suggests  (Auerbach e t  al. 1974) and t h a t  the  oxidat ion s t a t e  of 

the  complexed 

The peak pos i t i ons  of s y n t h e t i c  Co(III)-EDTA having e l u t i n g  

On t h e  o the r  hand, t he  peak pos i t i ons  of Co(1I)- 

Consequently, a complex 

AlthGugh 

OCo is t r i v a l e n t  r a t h e r  than d iva len t .  
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WERATING CONDITIONS 

CQLUMM 
PARTISIL- 10 $AX I S R O N G  
ANION EXCHANGER) 
4.6 mmxa5 trrs 

COLUMN TEMPERATURE 
AMBIENT 

MOBlLE PHASE 
0.1 M KWZPOI OR KZHP04 
(pM WAS ADJUSTED BY CONC 

FbQW flATE 
0.65 rnblmin 

PRESSURE 

DETECTION 

70 TO 18Q kg/cm2 

c1V (254 nrn) 

Fig .  10. Elution profiles f o r  Well T7-13 
water and synthetic 5sC0(III)-EDTA and 
5 7 ~ o ( ~ ~ ) - ~ ~ ~ ~  solutions e 
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This conclusion is also supported by a coprecipitation with i ron  

hydroxides experiment using 6oCo3. 

was treated with ferrous and ferric i ron ,  marked differences in the 

removal rates of 6oCo w e r e  observed between the two treatments (Table 

20). The ferric hydroxide and other well-known coprecipitators, such as 
aluminum hydroxide, were unable to remove significant amounts of com- 

plexed 6oCo from the water. 

imposed by the treatments were suspected to be a key controlling factor 

f o r  the removal rates observed, In general, thermodynamic stability 

constants (K) of Co(III)-organo complexes ate far greater than Co(I1)- 

organs cranrpbexes. FOP example the K value of Co(IIT)-EDTA is f040a6, 

whereas the R value of C~(IZ)-EDTA is only 1016.3' (Sillen and Martell 

1964). 
the Co(lI1)-EDTA (Krishman and Jervis 1967). 

in a reduced state (If) in the groundwater, relatively high removal rates 

would be expected because both ferrous and ferric treatments would remove 

the labile 6*Co (11) through copreeipitation after metal-exchange processes. 

However, the higher removal rate after ferrous treatment and lower rate 

after ferric treatment suggest that the complexed 6oCo is in a trivalent 

rather than divalent state. Only ferrous i ron  can chemically reduce the 

When an aliquot of T7-13 well water 

Therefore, the redox states of the solutions 

The Co(1I)-EDTA is also known to be kinetically more labile than 

IS the complexed 6oCo is 

OCo (111) -organ0 complex to a less stable OCo (XI)-organo complex and 

. thus allow the 6oCo(ZI) released from complexes to coprecipitate. 

Te chne t ium-99 

Technetium may exist in aqueous solutians in valence states from 

(-I) to ( V I I ) ,  depending on the types of complexation. Tc(VI1) is the 

m o s t  common and stable state under oxidizing conditions, forming a nega- 

tively charged pertechnetate oxyanion (TcOk-) 

is highly soluble in water and i s  extremely mobile in soils having labora- 

tory-derived Kds of generally less than 1 mL/g (Wildung et al. 1979). 

Recent studies by Bondietti and Francis (1980) indicate that the per- 

technetate anion (TcOb-) can be chemically reduced to Tc(IV), forming 

rather insoluble Tc02 in anoxic environments or i n  soils which contain 

an appreciable amount of organic matter. 

The pertechnetate anion 
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Table  2Cle Percentage of 6oCo  emo oval from T7-1% 
groundwater by iron treatments" 

b 6oCo percentage 
removed Concentration Initial pb% 

( x  10-3 M) T rea tme a K 

Ferrous iron 1 

Fer r i c  i ron  a 

6 . 8  

6 * 5  

7.5 

6.7 
3.2 

38 

7 3  

8 

8 

21 

Iron compounds were added to sslution in the f o w  of a a 

powder arid t he  solutions were equilibrated for 19 h, 

bIni t ia l  pHs were measured af te r  salt treatments and 
adjusted eo $,I after 6 h of equilibration, 
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The lack of significant quantities of organic matter in the Conasauga 

weathered bedrock and the slightly oxidizing condition of the groundwaters 

in the vicinity of LLW Trench 7 (Table 7) allow 99Tc to migrate from the 

trench as pertechnetate anion (99Te04-l. 

high as 3,700 Bq/L in rhe groundwaters near fLI4 Trench 7 (Table 11)- 

Pertechnetate is also readfly taken up by vegetation (Wildung et al. 

19791, which is consistent with the high "Tc concentrations ('~31,000 

Bq/kg) measured in green leaves collected from deciduous trees in the PLW 

Trench 7 area (Table 16). may be reduced and irmnobilized 

in areas where the groundwater becomes anoxic. or in soils wfth large 

organic concentrations, E t  is possfble that 99Te may be accumulating in 
a concentration front or zone in s o i l s  some distance from the trench. 

This p o s s i b i l i t y  should be investigated in the future. 

Concentrations of 99Tc are as 

- 
Since "TcO4 

Uranium Isotopes 

Uranium may exist in four oxidation states: U(IT. I ) ,  U ( I V ) ,  U(V), 
and U ( V 1 ) .  

U ( n ) ,  with U(VX) predominating when groundwater pH is greater than 5 

(Langmuir 1978). Uranium(Vf) is quite mobile because uranyl cations 

readily form soluble cmplexes with cummon groundwater anions such as 

carbonates (UO2)3 (C03)T2 or (UO2)3 (C03)y41, phosphates [UO~(HPOL+)~~] 

or sulfates [U02S04]. 

insoluble, precipitating as U02 or sorbing rapidly to the geologic media, 

Consequently, disso lved U(VI) can be removed from groundwaters by chemi- 

cal reduction to U(IV). There is still uncertainty in the thermodynamic 

stability constant f o r  U(V1) reduction, but constants commonly found in 

the literature predict that U @ I )  would be reduced in the presence of 

measurable H2S. 

for U(1V) and from 10 to l o 3  mt/g for U ( V I )  (Onishi et al. 1981). Uranium 

K s are also highly dependent on pH (and, by inference, carbonate complex- 
d 
ing). For example, using Conasauga shale, Bondietti (1982) showed that 

the particle-to-water distribution of U(VX) decreases by a factor of three 

a s  the groundwater pH increases from 5 . 8  to 7.9. 

In oxidizing environments, uranium is present as UW) or 

Reduced U(III,IV), on the other hand, is very 

Laboratory-derived Kd values range from IO2 t o  lo4 d / g  
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The most abundant uranium isotape in the groundwaters near ILW 

Trench 7 is 233U. 

activities in groundwater samples collected, prepared, and analyzed in 

an oxygen-free environment were identical to 2 3 %  activities measured in 

duplicate samples exposed to 0ahyge1-t (Table 9). Therefore, we conclude 

that the migrating uranium species is either already oxidized or i s  inert 

to oxidation. 

Concentrations o f  233U ranged as high as 18 Bq/L and 

Laboratory experiments involving ultrafiltration through a 508-M4 

dialysis membrane and passage through cation and anion exchange c a l m s  

indicate that 100% of the mobile 233U is in the € o w  of a bow molecular 

weight (606 MW) anionic complex. To evaluate the nature of the anionic 

complex, exchange column experiments were conducted using filtered seep 

water and carbonate-saturated distilled water, spiked with 23 7 U ( V I )  and 

pH adjusted with HNQ3. 

indicate that the uranium species maintains its anionic nature in seep 

water acidified to a pH of 3, but at a pfs of about 1, the apparent 

anionic complex is dissociated and the uranium is retained by the. cation 

exchange resh, If carbonate were the only available anionic complexes 

(as in the case f o r  distilled water, in Tabla 2%) the uranium eoslplex 

should have dissociated at a pH value between 5 and 3 .  Since the uranium 

complex maintained its anionic nature at a pH of about 2 in the seep 

wafer sample (Table 2l), it appears that a n ~ t h t ~  anionic species (possibly 

~ 0 4 4 )  may be an important complexing agent at low p a .  

The column results are l i s t e d  in Table 2% and 

Total phosphorous concentrations in the groundwater near ILW Trench 7 

are quite high (Table 6). Typically, uncontaminated groundwaters in the 

Conasauga bedrock contain total phosphorous concentrations between 0.01 to 

0,05 mg/L. 

lected from wells which show the h ighes t  233U contamination (T7-3, T7-13,  

T7-20, T7-24, and T7-25) ranged from 0.2 to 2 . 7  mg/L (Table 6 ) .  P l a t s  o f  

the average groundwater 233U activity In XLW Trench 7 wellsI as a function 

of the average groundwater pH and total phosphorous concentration (Fig. 

11) , show that the 233U concentration in the groundwaters is strongly 
correlated with the log of total dissolved phospharaus and pH. 

dependence of the 233U concentration on pH and phcsphorous content is 

clearly evident in the groundwater data f o r  Well T7-23. (see tables 6 and 

Total phosphorous concentrations in groundwarer samples eol- 

The 
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Table 21. Cation and anion exchange characteristics of 
dissolved uranium 

Water pH 

4- 
Percentage of Na Percentage of GI- 
cation exchange anion exchange 

Resin Effluent Res in Effluent 
-~ - - ~~ - _ _  ~ 

7 .2  (seep)  ma 100 100 m" 

5.0 (seep) 90 1Q 

5.0 (d i s t i l l ed )  100 Trace 

3.0 (seep) 90 10 

3 .O (distilled) 5 95 

1.0 (seep) . 100 Trace Trace 100 

'80 t detectable. 
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233U CONCENTRATlON AS A FUNCTION 
OF TOTAL PHOSPHOROUS AND pH 

ORNL-DWG 83-12419 
14 

12 

10 

m m 
Al 

w’ = 0.832 

e 
2 / 

I 
d e  
6.01 

TOTAL PHOSPHOROUS (mg l-1 
14 

1% 

10 
s 

d 
\ - 2 i - a  

6 

4 

2 

0 

9 
PPI m 
ho 

.2 

PH 

2 3 3 ~  a c t i v i t y  a s  a func t ion  of Fig. 11. 
groundwater pH and total .  phosphorous concent ra t ions .  
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11, and Appendix A ) .  Although the groundwater activities of 6oCo, 99Tc, 

and 3H in Well T7-21 are the highest of all wells in the vicinity of ILW 

Trench 7 ,  the activities of 33U are relatively low, probably reflecting 

the relatively low pH or phosphorous content of the groundwater in this 

location. 

Multiple regression analytical techniques were applied to the 233U, 

pH, and total phosphorous data in an attempt t o  identify specific fnter- 

actions, Tfie regression model used was 

Y 3 Bo 9 B l X p  + BzX2 + B3Xi2 4- BqXz2  + BsXlX2 f. E 
&ere Y represents the 233U concentration, XI is the logarithm of the total 

phosphorous concentration, X2 is the logarithm of the hydrogen i on  concen- 

tration CgH), and the other terms represent the quadratic and cross pro- 

duct contributions. 

given in Table 22, It is apparent from these data and from those illus- 

trated in Pig.  11 that 2 3 3 W  is better correlated with the log of the 
totaP phosphorous concentration (It2 = 0.832) than with pH (R2 = 0.687). 
The linear combination of pH and the log of total phosphorous produced a 

combined R2 - 0.866 (Table 221, with the pH contribution being insignifi- 

cant at the 5% confidence interval. 

terms also contributed only insignificantly eo the total multiple tegres- 

sion coefficient of R2 = 0.941 (Table 2 2 ) .  

The results of this multiple regression analysis are 

The quadratic and cross product 

Table 22. Contributions a% linear, quadratic, and 
cross product terms to the correlation of the full model 

Degrees Type P 

freedom squares 
Regression of SUm R-Square F-Ratio Probability 

Linear  2 264.6003 0.8663 51.13 0.0001 
Quadratic 2 16.5761 0.0543 3.20 0.1029 
Cross product 1 6.1417 0.0201 2 . 3 7  0.1673 
Total regression 5 287.3181 0.9407 22.21 0.0004 
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The r e s u l t s  given in Tables 21. and 22 and shown i n  Fig. 1% h p l y  

t h a t  t he  mobile 233Y species is a low molecular weight anionic  complex, 

probably a phosphate complex, but  t h e  relative importance of carbonate 

complexing i n  the pM-carbonate reghes,  which actually occur along 

t r anspor t  pathways, is  still, being evaluated. The apparent Kgs o f  233U 

range from lo3 in the groundwaters near the trench to IO2 in the grsumd- 

waters near t he  seep .  me ' 3 3 ~ / 2 3 %  a c t i v i t y  r a t i o  i n  t h e  groundwaters 

is r e l a t i v e l y  cons tan t ,  averaging about LO near t h e  t rench and 9 near 

the seepo but i s  aboue a fac tor  of 2 lower than t h e  2 3 3 U / 2 3 2 U  a c t i v i t y  

ratio (19) measured i n  the trench sludge (Table 4). 

f m e t i o n a t i o n  process t ha t .  decreased she groundwater 

r a t i o  relative t o  that of the  trench sludge is unknawn, although ome 

p o s s i b i l i t y  is  t h a t  the decay of 238Pu t o  231%y fa t he  trench biases the  

trench samples, i n  t h a t  the alpha par t ic les  of 23aU and 23'(U have 

similar energies .  

At present, the 

3U/2 32U a c t i v i t y  

The migration of uranium from t he  ~ T i s p ~ s a l  trench is complicated by 

the  fact that the Ccanaaauga bedrosk aud s o i l s  a m  acidic from natrasal, 

weathering, but the  trench is alkafime due ea the waste l i q u i d s  and 

%%mestone fill. 

vary,  depending on the  degree of neu t ra l i za t ion  of the bedrock (Bowdietti 

$982). 

the area becomes alkaline as a result of i n t e r a c t i o n s  with contaminated 

groundwater. Consequently, the p o s s i b i l i t y  of a uranium concentration 

Ersnt moving away from ~ h e  t rench should be investA.$ated. 

'This creates a potent2af for t h e  ~ ~ ~ p t i o ~  of parmbm to 

Uranium may be p rec ip i t a t ed  i n  acidic areas and redissolved as 

Transuranic Nuclides 

Small q u a n t i t i e s  of Am, Cm, and Bu have been measured Fn the ground- 

waters (Table 10) and soils (Table 14) near  ILW Trench 7. Although Am 

and Cm are expected t o  exist only as tr2walentr species, PIX can exh ib i t  

v a r i a b l e  va lenc ies ,  including Pu(%%%) , Pu(%V), Pu(V) , and Pu(W) 

(Bondiet t i  1982). As i s  true of uraniam, the higher  valence states of 

Pu(V,VI) are more so luble  i n  groundwaters (Bowdietti and Traballca 1980) 

and may be sub jec t  t o  carbonate complexing (Simpson e t  al. 1982) .  

Laboratory-derived K s f o r  plutonium i n  its oxidized (V,VI) states are a 
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about 10' mL/g (Duguid 1977). Oxidized Pu is, however, easily reduced 

t o  less mobile Fu(ZII,IV), which forms r e l a t i v e l y  inso luble  oxides and 

hydroxides having K d s  of about lo5 mL/g. 

states of P u ( l I f ) ,  Am(III), C m ( I I I I ) ,  and Pu(IV) form s t a b l e  organic com- 

plexes which may enhance t h e i r  migration i n  groundwaters (Cleveland and 

Reese 1981). Carbonate i n t e r a c t i o n s  may also occur,  e spec ia l ly  i n  con- 

cent ra ted  so lu t ions  in which hydrolysis is repressed (Bondiet t i  1982; 

SFmpson et  al. 1982). 

The t r i v a l e n t  and t e t r a v a l e n t  

A groundwater sample co l l ec t ed  from W e l l  T7-13, loca ted  near  the  

seep about 50 m downslope of ILW Trench 7 (Fig. 31, was  f i l t e r e d  under 

pressure through a fOO-MJ membrane. 

are given in  Table 23. 

aP9. of the  233U passed through t h e  membrane f i l r e r .  

60% of t h e  Am, Cm, and Pu passed through the membrane f i l t e r ,  implying 

complexation with low molecular weight compounds, possibly carbonates,  

phosphates, o r  s y n t h e t i c  organics, Hawever, a s i g n i f i c a n t  proportion of 

the dissolved 241Am, 2'4Cm, and 238Pu, apparent ly  is re ta ined  by t he  

f i l t e r  and m y  be assoc ia ted  wi th  larger molecular weight ma te r i a l s ,  

possibly n a t u r a l  organic substances (Bonbiettf 1982). 

The results from this experiment 

As mentioned previously,  most of the 66Co and 

I n  addi t ion ,  50 t o  

Apparent K d s  f o r  241Are, 244Cm, and 238Pu between the  s o i l s  and 

groundwater i n  the vicinLty of I L W  Trench 7 are l i s t e d  i n  Table 24 and 

range from lo4  t o  LO5. 

238Pu t o  be r e l a t i v e l y  immobile, which is cons i s t en t  with our observa- 

t i ons  t h a t  t he  h ighes t  concentrat ions of these nuclides are i n  the s o i l s  

and weathered bedrock near  t h e  trench (Table 14). Nevertheless,  t h e  

occurrence of these  nuc l ides  in t h e  groundwaters and s o i l s  near  t h e  seep, 

approximately 50 m downslope of the trench, is s t i l l  an enigma and m u s t  

r e f l e c t  a preferred-flow pathway wi th in  the weathered bedrock (see the 

following sec t ion ) .  

between s o i l  and groundwater phases a r e  p a r t i c u l a r l y  complicated, because 

both oxidized Pu(V,VI) and reduced Pu(II1,IV) spec ie s  are present  (Table 

10) and plutonium can be generated from curium decay. Although the  da t a  

are limited, it appears t h a t  70 t o  80X of t h e  dissolved plutonium i n  the 

groundwaters near t he  t rench ( W e l l  T7-3) is i n  an  oxidized (V,VI) state 

( see  Table 10) , whereas only 10 to 20% of t he  dissolved p l u t z A u n  near  

Consequently, w e  would expect 241A.m , 244Cm, and 

The migration of plutonium and its d i s t r i b u t i o n  
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Table 24. Field-determined apparent distribution 
coefficients (Kd) for h, Cm, and Pu 

Nuclide 
(Source) 

Water activity Soil act iv i ty  
(3q /L) (Bqlkg) . Kd 

238Pu 
( W e l l  T7-3) 0.011 2 0.001 3,580 t 140 3 . 3  x 105 

(Well T7-13) 0.027 2 0.002 500 1 70 1.8 x lo4 

2 . 4 1 ~  

(Well T7-13) 0.080 2 0.005 1,900 2 200 2~ x io4 

2 4 4 ~ m  
(‘Well T7-13) 0,132 C 0.007 3,100 & 300 1.8 x lo4 



60 

t he  seep (Well 117-13) is oxidized (Table 10). 

i n d i c a t e  t h a t  oxidized plutonium accounts f o r  only a third of the total, 

plutonium a c t i v i t y  which passes through t h e  500-Mkl membrane, implying 

that. a s i g n i f i c a n t  por t ion  of t h e  reduced Pu('HI1,IV) must also be com- 

plexed wi th  low molecular weight materials. 

The r e s u l t s  i n  Table 23 

Determining the  chemical forms or complexes which promote plutonium. 

migration is also complicated by its generation from curium decay. 

Hay 1965, at which time t he  trench was a c t i v e l y  being used far d i sposa l  

operat ions,  it was noted t h a t  242Cm w a s  migrating from the t rench amnd 

copldd be detec ted  i n  the s e e p  stream and mite Oak Creek (Lasher 1965). 
Since 242Cm has a relatively short h a l f - l i f e  (I62 d) 

16 is suspected t h a t  che 238Pu c o n t d n a t i o n  in the v i c i n i t y  of YXW 

Trench 7 may actually ref lect  the movent :  of precursor 2 4 2 ~ m  at the 

o r i g i n a l  t i m e  o f  c ~ s p a s a . ~ ,  rather than 2 . 3 8 ' ~ ~  migration. 

I n  

decaying ts 238Pu, 

A Cm source for the Pen cantaminatton is supported by the Pu fooeopic 

r a t i o  data presented i n  Table 25. 
reported because the energy pulses frm t h e  alpha particles produced by 

the decay of 2 3 9 P ~  cannot usually be resolved frm those produced by the 

decay a€ 2 ' 0 ~ ~ .  

r a t i o  measured i n  t h e  so t l s  (2~40) and groundwater (%,20) relative t o  the 

a c t i v i t y  ratio i n  the trench sludge (~1) is cansistent w%th 242Cm decay 

as the primary SOUKC@ f o r  the 238Pu contamination. 

spectrometer analyses (Table 25) i n d i c a t e  that 60% a€  the t o t a l  239~24QPu 

a c t i v i t y  i n  the  s o i l  near ILW ~x-ensh '9 resu~ts from 2 4 Q ~ ~  decay rather 

than 239Pu decay and tha t  the  24aPu cont r ibu t ion  is approldraately tw ice  

t h a t  expected from the sludge ana lys i s ,  TAe source of t h e  extra 240Pu 

i n  the soils and groundwater may also be a result of curium migration 

and decay (244Cm decaying t o  240Pu) r a t h e r  than p r e f e r e n t i a l  240Pu 

migration. 

Measured activities f o r  239,24aPu are 

large increase i n  the 2 3 8 ~ ~ / 2 3 9 9 2 ' + b 2  a c t i v i t y  

In addi t ion ,  mass 

TRANSPORT BATEWAYS QF MIGRATING WIONLJCLXDES 

Although geochemical f a c t o r s  and complexes inf luence  nuc l ide  solu- 

b i l i t y ,  nucl ide migration from ILW Trench 7 i s  cont ro l led  primarily by 

local hydrological  flow pat terns ,  which are governed by local. geological  
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f ea tu res  such as f o l d s ,  f a u l t s ,  and zones of g r e a t e r  weathering. The 

well g a m - l o g  p r o f i l e s ,  i l l u s t r a t e d  i n  f ig s .  7 and 8,  i n d i c a t e  that 

during past seepage operat ions the  waste l i q u i d s  migrated along d i s c r e t e  

layers .  S o i l  and groundwater analyses  i n d i c a t e  t h a t  the  migration was 

in an east-west d i r ec t ion ,  parallel  to bedding planes, and along f o l d  

and f a u l t  strikes between t h e  t rench and seep area, The lack s f  t rench 

contamination i n  the s o i l s  and groundwaters j u s t  north of the trench 

(Fig. 9 and Appendix A) implies l i t t l e  or no uucl ide  migration across 

bedding planes and aga ins t  t h e  groundwater grad ien t ,  which  rises otnarply 

to  the  nor th  (Pig. 2 ) .  

To i d e n t i f y  the  geological  and hydrological  f a c t o r s  which may a f f e c t  

nuc l ide  migration, a geologic c ros s  sec t ion  w a s  expased p a r a l l e l  t o  the  

treneh by widening t h e  banks sf an a l ~ e a d y  e x i s t i n g  access road, loea ted  

about halfway between the t rench and seep area, A series of w e l l s  (T7- 
2 1 ,  T7-22, T7-23, 77-24, and T7-25) was d r i l l e d  along t h i s  cross sec t ion  

(Pig. 12). 

Table 26, 
at T7-21, a large antiefin*%% fold a t  $7-23, and another fault zone a t  

T7-25 (Fig. 12) a%% o f  which strike east-west, intersecting both the 

Average groundwater analyses from these  wells are given in 

Exposing th i s  geologic cross sactiam del inea ted  a fault zone 

t rench and the seep area. 

Groundwater analyses indicated little or no contamiaation in the  

groundwaters of Well. T7-23, which 2% sapped by she limestone fold (see  

Fig. 12 m d  Table 26) and t h a t  the greatest c a n t m i n a t i o n  oecurred iri 

we1I.1; drilled through t h e  f a u l t  ZCEES (see tables 6 and 26). W e l l  727-21 

is a 15-m well d r i l l e d  adjacent  t o  a 9-rs. w e l l  (T7-10) along a faul t .  zone 

which is v i s i b l e  topographically as a result of surface dralmage eros ion  

(Fig.  12).  In addi t ion  e5 We11 T7-10, several o the r  shallow 9-m wells 

( including T7-9 and T7-4) were d r i l l e d  along o r  adjacent  t o  t h i s  f a u l t  

zone over a decade ago (Fig. 3). Because of the  r e l a t i v e l y  low activi- 

t i es  i n  t h e  groundwaters of W e l l  T7-PO, i t  was previously comsluded t h a t  

t h e  pathway de l inea ted  by these  w e l l s  w a s  no t  t h e  major migration route 

for trench contamination t o  the  seep area and that migration from the 

north end of the  trench was more l i k e l y  (Means e t  ab. 1976). The s o i l  

gamrna-ray l o g  for W e l l  T7-21 (Fig. 8) ind ica t e s ,  however, t h a t  the  zone 

of contamination occurs a t  and below the 9-m level. Consequently, the 
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lack of contamination in Well T7-10 relative to Well T7-21 (Table 26) 

and the well gamma-log data (Fig. 8) imply that the shallow, older wells 
did not penetrate deep enough to tap the contamination migration layers 

and that this fault zone may have indeed served as a transport pathway. 

Although concentrations of 'H, "Co, "Tc, and ILW chemical con- 
+ f c f i -  - 

stituents (Na , Ca , Mg , C1-, NO3 , and Sob=) are extremely high in 

the groundwaters of T7-21 (Table 261, the alkalinity, pH, and 233U con- 

centrations are relatively low compared bo those in wells (T7-20, T7-3, 
T7-24, T7-25, and T7-13) located to the north of the limestone fold 

(Fig. 12). 
sible migration pathway between wells T7-3 (near the north end of the 

trench) and T7-13 (near the seep). The groundwaters in both wells were 

characterized by relatively high 6oCo and 233Y activities; high Na , 
NO3 Sob , and total P concentrations; and high pH and carbonate alka-  

linity (Table 6). In addition, temporal variations in the groundwater 

characteristics are highly correlated in wells T7-3 and T7-13 (Fig. 13). 
Groundwater 233U and 6oCo concentrations in both wells undergo seasonal 

variations, with the lowest activities occurring i r a  the fa l l  and winter 

and the highest activities occurring in the spring and after prolonged 

rainstorm events. 

rise in groundwater level and pH. 

Data collected monthly during; 1981 and 1982 indicated a pos- 

+ 
3 

The' rise in nuclide activities also correlates with a 

The possibility of a transpore pathway between the north end of ILW 

Trench 7 and the seep area is also indicated by an inflection in the 

groundwater level in this area (Fig. 2 ) .  As noted earlier, the ground- 

water level remains fairly horizontal and does not undergo any appre- 

ciable seasonal fluctuations under the trench or in wells to the south 

of the limestone f o l d ,  shown in Fig. 12. 

fold the water table gradually rises and the range of fluctuation 

increases. The recorded changes in groundwater level during one week 

for wells T7-21 (south of the f o l d ) ,  T7-24 (north of the fold), and 

T7-26 (north of the trench) are illustrated in Fig. 14. Groundwater 

level fluctuations as high as 6 m have also been recorded for Well T7-2 

(Fig.  151, located about 50 m north of the trench. These results imply 

that a transport pathway occurs near the inflection point in the ground- 

water table and that t h i s  pathway is responsible for the damping effect 

To the north of the limestone 
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Fig. 14. Fluctuations in the  groundwater level 
in Wells T7-26, T 7 - 2 4 ,  and T7-21 during one week.  
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Fig. 15. Fluctuations in :he groundwater levels  
in Wells T7-2, T7-21, T 7 - 2 4 ,  and 1’7-25 during one year. 
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on the groundwater level fluctuations to the south. 

hydrological modeling in the v i c i n i t y  of  ILW Trench 7 ,  however, w i l l  be 

required to document this pathway with more certainty. 

More'extensive 

The high alkal inity and pH of the groundwaters in wells T7-20 and 
T7-3 (near the trench), T7-24 and T7-25 (north of the fold between the 

trench and seep), and T7-13 (near the seep) imply a present-day leaching 

of the alkaline fill in the trench or contaminated s o i l s  near the trench. 

The rise in radionuclide activity in these wells, i n  association with a 

rise in the groundwater level, suggests that the contamination is leached 

during the spring and after periods of prolonged rain when either (1) the 

groundwater level rises and intersects the relict migration layers illus- 

trated in figs. 7 and 8, or (2) perched groundwater, resulting from pre- 

cipitation drainage and seepage, percolates through or along contaminated 

geologic strata before penetrating the groundwater table. 

cannot distinguish between these two processes, but both may occur and 

will have to be addressed by remedial actions. 

At present, we 

A new series of wells and soil borings (SB-1, SB-2, SB-4, 58-6, 

T7-27, and T7-28) have recently been drilled at the north end of ILW 
Trench 7 (Fig. 3) to document these environmental mechanisms and pathways 

for nuclide mobilization. Dye tracer tessts are currently being conducted 

to identify transport pathways more accurately and to determine transport 

rates. Once the migration pathways are established, field experiments 

can be conducted to determine what reactions are occurring between the 

contaminated groundwater and so i l s  and to detemine the nuclide migra- 

tion rates and retardation factors along the f low pathway. 

The lack of any significant seasonal, fluctuations in the groundwater 

table in Well T7-'dl and its lar pH and 233U concentrations suggest that 

the pathway along this fault zone (Fig. 12) is not transporting recent 

contamination derived from the alkal ine trench or nearby soils but is 

t ransport ing contamination derived from the relict migration layers 

which occur below the groundwater t a b l e  in th i s  area (Fig.  8 ) .  Although 

transport along this pathway may be contaminating the seep area, it does 

not  appear to be leaching alkal in i ty  from the trench or affecting its 

retention capacity for 9%r. 



A number of chemical, hydrological, and geological variables influ- 

ence radionuclide mobility. In general, the chemical variables affect 

nuclide sorpt ion and sa%ukdlity and the hydralsgicaf and geological 

variables affect nuclide transport, 

is complicated, and field investigations arc therefore d%fffcult to con- 

duct, difficult to interpret, and difficult to document by repeated 

measurements. Consequently, scientists interested in nuclide sorptim, 

solubility, and migration have resorted 60 laboratory experiments and 

transport  models designed bo reduce or contssl these envframentd varia- 

bles. In doing so, however, the complexity does not disappear but takes 

on a new farm as scientists a t t empt  to translate laboratory data and 

computational models to actual f i e l d  situatfona. In this report, we 

summarize our findings concerning (1) the operational hfstory and 

nuclide inventory for ILW Trench 7; (2) the cheImlcal, forms fo r  several 

of the radionuclides migrating from the trench; and (3) the geochemical, 

geological, and hydrological processes which promote their migration, 

Opfr conclusions are as follows: 

The interaction sf these TpareAzibles 

1. A total of 3.2 x lo7 L of ILW containing about 10' GBg of f i s s i o n  

nuclides, activation products, actinides, and transuranics were 

disposed in ILW Trench 7 between 1962 and 1966, 

trench sludge indicate that 90!Sr9 134Cs, 6oCot and 2b1Pu-241Am 

contribute most of the radioactivity in the trench. 

Analyses of the 

2 .  Groundwater characteristics in the vicinity o f  I L W  Trench 7 are 

still greatly influenced by the constituents of the waste liquids 

disposed aver two decades ago. 

groundwaters consisted of 3H, 6oCo, and 99Tc and their consentra- 

tio~s are strongly correlated with other soluble constituents of 

the ILW, including Na , C1-, NO3 , and SO4 . The mast abundant 

transuranic radionuclide in the groundwaters is 233U and only minor 

amounts of Pu, Am, and Cm were detected. 

&;nd 137Cs in the groundwaters were extremely low, despiee the  f ac t  

Most of the radioactLvity in the 

- 4- - 

Concentrations of "SP 
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t h a t  these  two nuclides accounted f o r  most: of t h e  a c t i v i t y  disposed 

i n  t h e  trench. 

chemical t reatments  and precaut ions taken t o  obta in  and maintain an 

a l k a l i n e  environment near t he  t rench,  and the  l ack  of 137Cs mobility 

is a t t r i b u t e d  t o  its s t rong  a f f i n i t y  f o r  i r r e v e r s i b e  so rp t ion  by 

i l l i t e ,  which is t h e  dominant c l a y  mineral  in Conasauga bedrock and 

s o i l s  

The l ack  of "Sr mobility is a t t r i b u t e d  t o  the  

3 .  The mobi l i ty  of 233U3, 6oCo, and "Tc in t he  groundwaters around R W  

Trench 7 has been a t t r i b u t e d  t o  low molecular weight an ionic  c o w  

pfexjlng. 

but t h e  r e l a t i v e  importance of carbonate complexing in t he  pH- 

carbonate regimes which a c t u a l l y  occur fn t h e  Conasauga bedrock a r e  

still being evaluated. Bondie t r i  (Auerbrrch e t  a l .  1974) reported 

t h a t  complexation of 6oCo with a so lub le  che la t ing  agent (EDTA) 

caused its h igh  mobil i ty .  Our r e s u l t s  i n d i c a t e  t h a t  more than one 

60Co-orgauo complex may occur, and t h e  mobile 6oCo complexed with 

EDTA is in a t r i v a l e n t  ox ida t ion  state. 

long-lived 99Tc i n  these  s l i g h t l y  oxidizing groundwaters r e f l e c t  

i t a  mobil i ty  as negatively charged per techneta te  ions (TcOc) . 

The mobile 233U species appears t o  be phosphate complexed, 

The high concentrat ions of 

4 .  Plutonium isotopic ra t ios  measured in the trench sludge are very 

d i f f e r e n t  from r a t i o s  measured i n  the  groundwaters and soils near 

t h e  trench, which are highly enriched i n  238Pu and 240Pu r e l a t i v e  

to 239Pu. These r e s u l t s  s t rong ly  imply t h a t  t he  plutonium contami- 

na t ion  observed i n  t h e  v f c i n i t y  of ILW Trench 7 primarily r e s u l t s  

from t h e  migration of 2 4 2 C ~  and 244Cm and t h e i r  subsequent decay t o  

23sPu and 24 'Pu r e spec t ive ly ,  r a t h e r  than reflects a c t u a l  migration 

of plutonium i t s e l f .  

5 .  A comparison of radionucl ide a c t i v i t i e s  i n  a groundwater and s o i l  

sample co l l ec t ed  from Well T7-13 i n  1974 with present  a c t i v i t i e s  

measured i n  samples co l l ec t ed  f r o m  t h e  same w e l l  i n d i c a t e  t h a t  (1) 

t he re  has been no major i nc rease  in radionucl ide migration and s o i l  

contamination in t h e  v i c i n i t y  of ILW Trench 7 during the pastr 

decade; (2) the  effects cf present-day migrat ion on the  extent of 
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groundwater and soil contamination in the  area are minor relative 

to the legacy of contamination from past seepage operations; and 

(3) concentrations of the most: mobile radionuclides (3H and 6oCa) 

and waste constituents (Na , NO3 , etc,) are rapidly decreasing in 
the groundwaters, implying seepage out of the system. 

9 - 

6 .  Well gamua-log profiles indicate that the waste l i q u i d s  migrated 

along discreee layers during past seepage operations. 

migration paths MY also serve as preferred flow pathways for run- 

off and seepage during periods o f  keayr rainfall. 

transport in association with particles appears to occur as perched 

groundwater percolates along these relict migra t ion  layers. 

groundwater radionuclide eoneewtrations occur in areas where the 

water table intersects these relict layers. 

These relict 

Radionuclide 

High 

7 .  Radionuclide concentrations in the groundwaters near the north end 
of IEW Trench 7 undergo seasonal, variations, with the low@st activi- 

ties occurring in the fall and winter and the highest activities 

occurring in the spring and after prolonged rainstorm events. The 

rise in nuclide activity in these wells correlates with a rise dn ' 

the groundwater level and a concurrent increase in groundwater pH. 

This suggests that the water table may rise to saturate either the 

alkaline fill at the worth end sf the trench or  re l ic t  csntaminated 

soils, thus promoting migration. 

8 .  Two suspeeted transp.ort pathways from the trench 60 the nearby s e e p  

have been identified based on groundwater conpasitions and nuclide 

concentrations, inflections in the groundwater table, field seismic 

surveys, and local geologic structures. Both pathways appear to be 

associated with fault zones which strike between the trench and seep 

area. However, only the pathway at the north end of the trench 

appears to be leaching a l k a l i n i t y  and thus  affecting the  retention 

capacity fo r  9 0 ~ r ,  



Recommended Remedial Actions 

Trench contamination is being leached and transported by two me&- 

the percolation of perched groundwater along relict contamina- anisms: 

tion layers during drainage and seepage after periods of prolonged 

rainfall,, and a seasonal rise in the groundwater table and its saturation 

of either relict migration layers or the contaminated alkaline zone at 

the northern end of the trench. 

between these two mechanisms, and the ideal corrective measures for  each 

may not be identical. 

proposed t o  eliminate the transport of perched groundwater i n t o  the 

north end of the trench and reduce fluctuations in the groundwater level 

(Cutshall 1983). 
radionuclide migration in areas where the relict layers of contamination 

are already below the groundwater table is not: as certain as the success 

in intersecting perched flow into the trench, it will nevertheless help 

maintain a dry alkaline environment for the trench and ensure its integ- 

rity f o r  nuclide retention. 

At present, we cannot distinguish 

A French drain groundwater interceptor has been 

Although the success of such a drain in suppressing 

IR addition to the French drain, the asphalt trench cover should be 

extended ca include the ridge top alongside the trench and the recharge 

area between the French drain and the trench itself. This will hinder 

the infiltration and percolation of water along the relict contamination 

layers which are currently above the water table. 

the runoff f r o m  the extended asphalt cover must be collected and directed 

away f r o m  the areas in which the soils are h igh ly  contaminated. 

To work effectively, 

kcomended Research 

Investigations should be continued in rhe design and effectiveness 

of a French drain to intercept groundwarer at th& nor th  end of ILW Trench 

7 .  

ing of the area which, in turn, will require a better understanding of 

the geological structures governing groundwater transport. 

These investigations will require more extensive hydrological mociel- 

Radionuclide migration from ILW Trench 7 is complicated because the 

Conasauga bedrock and soils are acidic from natural weathering, but the 

trench is alkaline due to the waste liquids and limestone fill. Conse- 

quently, it is possible that a soil concentration f r o n t ,  for radionuclides 



whose solubilities are PES dependent (suck as uranium), will. move away 

from the trench. In additian, for radionuclides whose solubilities 

depend on their oxidation state (such a s  technetium), a concentration 

front may also exist where the groundwaters became anoxic. 

research in the vicinity of ILW Trench 7 should exmine these possibilities. 

Future 

The high groundwater pEf suggests that the f ~ e ~ c h  m y  be lasing i t s  

The rate of afka- alkalinity and thus its retention capaciey for 9 o S ~ .  

linity loss and its effects OR 'OSr retention need to be examined. 

Accurate rate estimates require more detailed infarmat:icm concerning the 

volume of water interacting w i t h  contaminated strata and the race of 

groundwater flow in the immediate vicinity. 

rized here implies that specific t r anspor t  pathways exist around ILW 

Trench 7 ,  any characterization of groundwater flaw aust consider these 

pathways. Calculations concerning the rate of alkalinity lass  may also 

be made using historical records of s o d i m  input with the waste amd its 

boss to the groundwaters. 

Since the research summa- 

T%e total quantities and potential mobilfzatfm of transuranics, 

2 3 a T k ,  and daughter radionuclides in the ILW Trench 3 area and in the 

vicinity of the other formerly used seepage pits and srenches should be 

defined more accurately. Such information will be crucial for the ulti- 

mate closure of these p i t  and trench areas. F i e l d  experiments should be 

conducted to determine nuclide migration rates and retardation factors 

along the  transport pathways and to examine the types of reactions occur- 

ring between the contaminated groundwater and weathered bedrock. Data 

concerning the chemical properties of the water and groundwater Cransport 

should be modeled to h e l p  characterize the geochemical and hydrological 

f a c t O K s  which influence nuclide migration. In addition, these data pro- 

vide an opportunity for field evaluating geochemical and transport 

models, thus eliminating some of the uncertainty associated with extra- 

polating laboratory data to natural environments. 
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APPENDIX C (continued) 

0 

0 

0 

77-1 Q 
7 r T 3  
T9-10 
17-1 0 
f 7 - X O  
-1 0 
f7-IO 
T7-10 
Yt -1 0 
7-7 “13 
T7-10 
T7--10 
T7-A 0 
T7-3-9 
17-1 0 
77-1 0 
T7-10 



93 

. 
T7--13 
ff-13 w- a-3 
17-12 
T 7 - 1 3  
fl-113 
FP-r-3 
n--t3 
77-13 
T-P -1 3 
"f-7 -H 
T7-2 3 
T-7-13 
T7-13 
Tf-1 '3  
f 7 - k S  
TS.-i3 
T;P-k3 
.T? -E3 
T? -1 3 
T-Y-13 
l-7-3 3 
r7-13 
%?-a 3 
r-2-l-3 
T7--13 
T7-a 3 
T7-AJ 
-r-I --t-J 
77-13 
T f  -1 3 
f 7 - a  3 
-Pt--a3 
17-13 
T7-13 
T'I-13 
=FY* 
fl-13 
Tt--13 
17-4 3 
TF1-3 
T 7 - 1 3  
r7-I 3 
t7--1 J 
i.m 
f9-13 
ff--13 
T-7-B s 
T7-13 
P7-13 
T 7  -15 
r7--13 
+%I3 
Tt-15 
T7-I  3 
TP-1.3 
7-7-1 3 
T7--13 

17-1 83 
T-7-tj 
17-4 3 
T7-13 
t l - l d  
T7--1-3 
T7--13 
T t - 1 3  
T7--b 3 
1% -1-3 
17-13 

n-aa  

e 

2051 - 4 3  
654 -2 1 

247090 
379-39 
330.19 

II 

248.97 
a it3049 

b 

6 

2 4 7 * 4 &  

339-29 
174598 

2 3 a ' a O  

13- 
892 -9 
360-4 
331-5 
1700 Y 
46002 

x17;;3 
65Cr-6 
49413 

23- 
73702 

1013-Y  

I 

b 

1 

1 

E i 034 a5 

0 

a 
* 
1 
a 

69-6 
T l Z W  

271 rb 
3974.1 

15.3 
5 5 8 4 S W  

S b a  3 
964-6 
261.6 
4 OZZ 7 
4 9 2 r l  
4b9-6 
141rl 
3 2 W G 8  
294-4 

J S B f c O  
396,r 7 
133r5 

40991-0 
2422.. a 

W s ' 8  
476-7 
270-0 
19495 

Z 7 9 G O  
31 8-3 

a 



94 

N cl*( 

T 7 - 2 0  
T7-20 
17-20 
P f -20  
T P - 2 0  
T 7 - E O  
T? -20 
1 T - 2 U  
T7-20 
T7--25 
f 7  -2 0 
'T 7 -20 
T 7 - d O  
T 7  -20 
T7-2 tJ  
1 7-20 
T'P-20 
T7 -2 u 
3-7 -20 
v-7 -20 
v 7-2 u 
T7- -LO 
1 7 -2u 
F7-2-0 
T-Y-20 
19-20 
T7--20 
T-PP-20 
T7-20 
f 9 - 2 0  
T I  -2 0 

. -  - - 

P 

e 

TT-2 1 
f7 -2 1 
m-a 
T7-2 3 
T7-2 1 
T7-2 1 
7-7- 
T f  -2 1 
T7-2 1 
PI--21 
y3--zri 
T P - 2 1  
77-2 1 
T 9 - 2 1  
T-?--ZB 

2Qb 
- z L ( s 9  
2 so 
251 
252 
iY3 
z 54 
23s 

T i-23 
r--t--r?s 
T 7-23 
T 7-23 
T 7-22 
7 - 1-c.3 
T 2-23 
T ?--LA 

2 3 A P H  62 
' Z Y A P W M Z  
23JUN82 
L y J u ~ 6 2  
1 &AUGL$2 
2 ZStP82 
03nIovtr2 
i LNOY u2 

3-700E+.00 
3 s  7 0 Q E + O  0 
Q .2YUE+00 
3. T O O E + 0 0  

'0 r 0 0 OE + 0 0 
CJ r OOOE 400 
0 . 0 0 0 ~ + 0 0  

* 

1190 
3 
0 

0 

e 
0 

0 

* 



95 

APPENDIX C (continued) 
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