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MELRBY, L. A . ,  D. la. HUFF, and W e  Q. FRRROW. 1986, 
Characterization af the near-surface radionuclide 
contamination associated k i i t h  the bathtub effect at 
Solid Waste Storage Area 4 ,  Oak Ridge National 
Laboratory, Tennessee. O R ~ ~ ~ ? ~ - ~ ~ 0 ~ 3 "  Oak Ridge 
National Laboratory, Oak R-idge, Tennessee. 56 pp. 

Solid Waste Storage Area 4 (SWSA-4) a t  the Oak Ridge National 

Labo-atory (QRNL) was studied to determine the extent o f  near-surface 

radionuclide contamination associate3 w j t  the bathtub effect in 

low-lying trenches. A surface survey Qf the low-elevation portion of 

the burial ground was conducted to identify areas where the bathtub 

effect had resulted in surface contamination. Using this initial 

survey as a guide, 1 5  sail cores, each approximately 3 m deep, were 

taken to determine the depth to which contamination had spread and to 

help identify any contamination plumes. 

Results showed that two areas of surface radionuclide 

contamination exist, one located between the western end o f  the SWSA-4 

tributary and the edge of the burial ground, the other located just 

north o f  the tributary below the central paved runoff channel. In 

addition, some downward migration of the solutes has occurred. However, 

the penetration depth for 90Sr seems to be generally less than 2 . 7  m. 

ix 





Ra~ion~cli~e contamination from low-level waste disposal sites is 

a major technological concern of the nuclear industry. 

waste, the possibility of contact and subsequent contamination exists 

between the waste and either groundwater or infiltrating surface 

water. I f  the wastes are buried in areas where the zone of saturation 

is close to the ground surface, such as in the humid southeastern 

United States, continuous contact nlay exist between the buried waste 

and the groundwater. Even in cases where the saturated zone is deeper, 

occasional contact may occur as the water table fluctuates seasonally. 

Surface water may also be a potential source of  problems. 

events, precipitation and surface runoff may co lect in surface 

depressions and infiltrate directly into the trenches containing the 

buried wastes, o r  perched water table zones may contribute via lateral 

inflow. I f  the percolation rate for water leaving a trench is slower 

than the inflow rate, water will accumulate in the trench and may 

eventually overflow. Not consideriqg the overflow, the water collected 

in the trench can result in migration of  the wastes. This general 

pattern of trench inundation is referred t o  as the bathtub effect. 

Mith any buried 

During storm 

The purpose of the study presented here was to evaluate a shallow, 

low-level waste disposal site, Solid Waste Storage Area 4 (SWSA-4) 

located at the Oak Ridge National Laboratory (ORNL), t o  determine the 

vertical and lateral distribution o f  radionuclide contamlnation that 

has apparently resulted from the  bathtub effect. Earlier work 

identified SWSA-4 as a significant Source of ''5, contamination to 
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White Oak Creek (Steuber et al. 1981), and a recent surface water 

diversion has successfully reduced gost- releases by almost SO% 
(Melsoy and Huff 7985). Examination of remaining surface contamination 

patterns and soil cores taken within the suspected area o f  

contamination are intended to serve as an information base for 

subsequent remedial actions to control radionuclide migration 

associated with the bathtub effect. 

S I T E  HISTORY 

SWSA-4 comprises an area of  approximately 10 ha (25 acres) and is 

located along a small tributary to the west of White Oak Creek (Fig. 1). 

The ORNL area is principally drained by White Oak Creek and its 

tributaries. In the spring of 1944, several years before the opening 

o f  SWSA-4, a small earth-fill impoundment was constructed on White Oak 

Creek, j u s t  south of  the tributary draining SWSA-4, to act as a 

secondary settling basin for radionuclide-contaminated sediments. 

impoundment failed during the 1944-1945 winter, but an "intermediate 

pond" remained until after 1951 ( T V A  1951). Contaminated sediments 

(F ig .  1 )  have been found containing "Sr, 137Cs, and 

Concentrations of  8 to 30QO pCi/g of 'OS,, 4.5 Po 72,000 pCi g of 

137Cs,  and up to 168 pCi/g of 239'24*Pu were reported (Duguid 

1976). 

area, these deposits present a potential source for contaminant 

The 

239, 24OPu 

Because the tributary draining SkJSA-4 discharges over this 

rnjgration, 

area, action at the site has been deferred while SWSA-4 i s  being 

staloi 1 i zed. 

Because these deposits are downgradient of the disposal 
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QRML-DWC80-16965R4 ESD 

F i g .  1 .  Surface topography and major features o f  SWSA-4 before 3983. 
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as  opened i n  1951 and use as a low-level radioactive 

waste disposal s i t e  f o r  wastes generated both on-- and odf-site.  

Trenches and auger holes t o  epths of  5 t o  6 m were used f o r  disposal 

of t h e  wastes. Alpha-@ i t t i n g  wastes were capped i t h  concrete, and 

the  beta- and ga a-emitting waster were covered w i t h  a natural soi l  

enick and Cswselc 1961).  Before closure of the burial  ground 

i n  1959, uncontaminated f i l l  and construction d e b r i s  were placed over 

the burial  ground as cover material ,  resul t ing i n  an increase j n  land 

surface elevation of up t o  E, m i n  the  eastern portion. 

presents the approximate surface topography i n  1943 before the 

construction of the burial  ground. The most s ign i f icant  elevation 

increases were noted a t  the eastern end o f  the  burial  ground. 

Figure 2 

Cowser e t  a l .  (1961) reported t h a t  groundwater was corning i n  

contact w i t h  the  radioactive wastes, and t h a t  radionuclides were 

detectable i n  adjacent wells and streams. In 1975, kdebster reported 

evidence t h a t  some of the  trenches had been inundated by groundwater 

d u r i n g  h i g h  water-table elevations i n  the winter. 

Originally,  the runoff from the areas n o r t h  of Lagoon Road 

( F i g ,  1 )  drained over SWS -4 through three natural channels, t h a t  then 

entered the small t r ibu tary  t o  Mhite Oak Creek. In the  f a l l  of 1975, 

i n  an e f f o r t  t o  reduce migration f r o  

e t o  pave t h e  three natural channels and t o  construct a paved 

interceptor  di tch along the northern s ide o f  Lagoon Road. The in ten t  

of the  interceptor  di tch was t o  co l lec t  the surface runoff before i t  

ran over the burial ground and t o  reduce the  poss ib i l i t i e s  of 

contamination. A bentonite seal over the burial ground was a l so  
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-258--APPROXlMATE CONTOUR LINES (IN 6943) 
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Fig. 2. Approximate topography o f  t h e  SWSA-4 area before cons t ruc t ion  o f  t h e  b u r i a l  ground. 



suggested t o  reduce infiltration. 

paved in 1975 b u t  the remaining recormsendations were not acted upon 

partly because of budget ljmitations. 

to determine the impact of t h e  channel paving on the migration of 

"Sr (Tamura et al. 1980). It was discovered that no significant 

impact had occurred. 

was the major nonpoint source of 

Creek, and indicated that remedial action was necessary. 

The three natural channels were 

In 1988, a study was conducted 

Steuber et a l .  (1981) also reported that SWSA-4 

contamination to CShite Oak 

I n  1982, Huff et al. evaluated SWSA-4 to determine the hydrologic 

factors and transport mechanisms governing gost- migration. They 

found a strong relationship between surface runoff and "Sr transport, 

and concluded that a surface water diversion system would be an 

effective remedial measure for SksSA-4. The diversion system (Fig. 3)  

was constructed in I983 and consisted of a paved interceptor channel 

that collects the runoff from north of Lagoon Road, four catch basins 

that collect the runoff from the inteceptor channel and upslope areas, 

and two  storm drains that divert the runoff around the burial ground. 

The diversion system was evaluated (Nelroy and Huff 1985) and was found 

t o  be responsible f o r  a flow reduction of 66% in the tributary, and a 

flux reduction o f  47%, during 1984. 

METHODOLOGY 

The 30-rn Grid System 

In 11975, Duguid established a 30-rn grid on the flood plain along 

the southern edge of StrJSA-4 (Duguid 1976). This grid, which extended 
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over the suspected area of contamination along the sm 

south of Sb/SA-4, was used in this study. The grid was surveyed in 

December 1982 using an engineering transit and standard traverse 

calculations from a previously established reference point, and 

semipermanent markers were installed a t  all of the 27 new sites 

(Fig. 4). 

and elevat-ions of each marker. The grassy areas have ground-level 

markers set in concrete, and the wooded areas have engraved aluminum 

angle posts t o  designate t h e  marker point. 

SWSA-4 grid system are different from those of the ORMb grid, Table 1 

provides a comparison of the different coordinate values, along with 

the marker elevation, After the 30-m grid as established, a detailed 

elevation survey was conducted to allow for construction of a 

topographic map of the study area ( F i g .  5). 

A second survey was completed to establish exact coordinates 

Because the coordinates for 

The Surface Radiation Survey 

To develop a rational plan for taking the ~ ~ n i ~ u ~  number of soil 

cores, a study o f  surface radiation levels was conducted t o  establish 

the spatial distribution of the surface contamination, These data were 

then used to develop the sail-coring plan. 

The gross radiation in counts per minute was measured at the 

ground surface using a standard Geiger-Muller survey meter (Table 2). 

The measurements were taken at 5-rn centers along lines connecting the 

30-m grid points. The results were platted in the field tu delineate 

areas requirlng greater definition than the 5-m centers. The results 

of this survey were used to develop a surface radiation contour map 
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Table 1.  Comparison o f  t h e  SlrJSA-4 30--m g r i d  c o o r d i n a t e s  and t h e  ORNL 
g r i d  system 

SWSA-4 g r i d  Ac tua l  g r i d  SWSA-4 marker  ORNL g r i d  system 
c o o r d i  na tesa  1 o c a t  i onsb e l e v a t i o n s  coo rd ina tesd  

(m) (m)  (m N G V D ) ~  ( f t )  

NS EW NS EW NS EM 

120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 

150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 

180 
180 
180 
180 
180 
180 
180 
180 
180 
180 
180 

150 
180 
210 
240 
270 
300 
330 
360 
390 
420 
450 

150 
180 
210 
240 
270 
300 
330 
360 
390 
420 
4 50 

150 
180 
21 0 
240 
270 
300 
330 
360 
390 
420 
4 50 

120.00 
120.02 
119.98 
119.91 
119.95 
119.95 
119.99 
119.94 
119.91 
119.93 
119.95 

149.78 

149.82 
149.86 
149.89 
149.92 
149.96 
149.96 
149.91 
149.80 
150.02 

179.82 
179.82 
119.85 
179.85 
179.90 

149.80 

150.00 
179.97 
209.95 
239.89 
269.86 
299.86 
329.85 
359.80 
389.79 
419.81 
449.75 

149.91 
179.89 
209.93 
239.86 
269.85 
299.87 
329.85 
359.91 
389.92 
419.77 
449 ~ 76 

149.91 
179.92 
209.89 
239.87 
269.87 

242.12 
242.26 
241 .09 
239.77 
239.27 
240.03 
239.19 
239.36 
241.17 
241.10 
244.53 

241.35 
241.02 
239.59 
237.91 
236.88 
236.57 
237 .86 
238.72 
238.93 
241.98 
241 .88 

238.18 
234.85 
235.32 
235.53 
240.46 

19106 
19106 
19106 
19106 
19106 
19106 
19106 
19106 
191 06 
19106 
19106 

19008 
19008 
19008 
19008 
19008 
19008 
19008 
19008 
19008 
19008 
19008 

18909 
18909 
18909 
18909 
18909 
18909 
18909 
18909 
1 8909 
18909 
18909 

28508 
28409 
2831 1 
2821 3 
281 14 
2801 6 
2791 7 
27819 
27720 
27672 
27524 

190OB 
18309 
2831 1 
28213 
281 14 
2801 6 
2791 7 
27819 
27720 
27622 
27524 

19008 
18909 
2831 1 
2821 3 
281 14 
2801 6 
2791 7 
27819 
27720 
27622 
27524 

aThese va lues  a r e  t h e  t h e o r e t i c a l  g r i d  l o c a t i o n s .  

bThese va lues  a r e  t h e  surveyed marker  l o c a t i o n s .  

CNGVD : N a t i o n a l  Geodet ic V e r t i c a l  Datum. 

dTo c o n v e r t  f r o m  SkdSA-4 g r i d  t o  ORNL g r i d :  

ORNL EW = 29,000 - (SWSA-4 EW/0.3048), 

ORNI. NS = 19,500 - (SWSA-4 NS/0.3048). 
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F i g .  5. Detailed topographic map o f  t he  SWSA-4 study area.  
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Table  2 .  Measured gross sur face  r a d i a t i o n  
a t  t h e  SWSA-4 study area 

30-rn g r i d  Grass 
1 o c a t  i o n  
NS EM ( C P m P  

(m) 

r a d i  a t i  on 

130 460 
144 450 
126 450 
135 423 
120 382.5 
120 370 
135 375 
130 364.5 
130 360 
124.5 354 
127 343.5 
136 348 
144 345 
132 342 
126 324.5 
126 318 
135 312 

141 288 
147 294 
144 279 
135.5 280 
150 268 
150 256 
150 245 
141 240 
163.5 213 
169 213 

146 318 

10,000 
1 ,000 
5 9 000 
7,000 
2,000 
2,000 
2,000 
2,000 
2 9 000 
5,000 
5,000 
5 * 000 
2 9 000 
1,500 
3,500 
7 , 500 

10,000 
3 , 500 
3 , 500 
3 500 
7 , 500 

10,000 
2,000 

40 , 000 
2,000 
2,000 

10,000 
2,000 

aTo convert  f r o m  counts p e r  minute 
t o  becquerels, multiply by 3.7 x 1010. 
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(Fig .  6 )  and t o  develop the  l o c a t ~ o n s  f o r  surface s o i l  samples and 

coring (F ig .  7 ) .  

Surface so i l  samples ( F i g .  7 )  Here taken using a 7.6 cm (3-in.)  

cu t t e r .  The samples were t ransferred t o  preweighed aluminum cans, 

labeled as t o  location, an sealed. The samples were then weighed and 

subjected t o  a g a m  scan u s i n g  a s c i n t i l l a t i o n  counter. 

were made f o r  background radiation and sample geometry. 

radionuclide concentrations were a l so  determined. Several radionuclides 

were ident i f ied ,  including 137Cs, 63Co, and 154B'55Eu+ 

Corrections 

Gamma-emitting 

The resu l t s  of 

scan analyses f o r  "Go and 337Cs a re  presented i n  Table 3. 

After the gamma scan analysis ,  the samples were measured fo r  "Sr 

concentration and the  r e su l t s  a re  presented i n  Table 4 .  Figures 8, 9 ,  

and 10 show the surface d is t r ibu t ion  patterns f o r  137@s, 6oCo, and 

9*sr, respecti  vel y . 

So31 Cordng 

From the  r e su l t s  of t he  surface radiation survey, 1 7  s i t e s  were 

selected f o r  s o i l  coring. During July 1982, two i n i t i a l  cores were 

taken i n  the  area south of Lagoon Road ( F i g .  1 1 ) .  These cores were 

a l so  drivers t o  t e s t  f i e l d  operating procedures and t o  determine local 

so i l  conditions. 

and the second core samples were taken a t  250 cm, 

saved and stored i n  3-cm, polyvinyl chloride ( P V C ) ,  sewer pipe l i ne r s .  

Experimentation showed t h a t  f o r  best f i e l d  operation the  optimal 

The f i r s t  samples were taken t o  a depth of  150 em, 

Both cores were 

ximum length of  the individual so i l  cores was 50 can. Greater length 

resulted i n  compaction of  the  core and d i f f i c u l t y  i n  determining the 
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Fig. 7. L o c a t i o n  map f o r  surface c o r e  samples. 



a scan results f o r  t h e  SUSA--4 surface soil cores 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
1 1 1  
112 
113 
114 
115 
116 
117 
110 
119 
120 
121 
122 
123 
124 
125 
126 
127 

130 460 
144 4 50 
126 4 50 
135 423 
120 382.5 
120 370 
135 375 
130 364 * 5 
130 360 
124.5 354 
127 343 * 5 
136 348 
144 34 5 
132 342 
126 324.5 
126 31 8 
135 31 2 

141 288 
147 294 
144 279 
135.5 280 

150 256 
150 245 
141 240 
163.5 213 
169 21 3 

146 31 a 

150 2 6a 

17700 f 200 
294. P 4. 
6780 P 80 
45’40 f 100 
2.8 f 0.2 
2.0 f 0.2 
30.1 f 0.6 
79.4 f 1.0 
105. f I .  
22.7 f 0.5 
132. f 1. 
299. f 2 
355 * 2.0 
841. f 4. 
63.3 f 0.8 
11.4 f 2.9 
49.4 .9 4.9 
11.4 P 2.2 
5.4 f 0.4 
1.0 f 1.9 
35.4 f 4.9 
732. 1 15 
585 f 15 

10450 f 130 
702, f. 6 .  
1620- f 5. 
19500 f 200 
124. f 1. 

0.5 f 0.1 
1.3 f 0.5 
2,9 f 0.4 
2.1 f 6.4 
3.0 f 0.2 
7.6 f 6 . 6  
0.6 f 0.2 
2.5 f 1.0 
6.82 f 0.03 

6.0 f 0.1 

23.3 f 6 , 6  

0,5 f 0.1 

aTo convert from picocuries per gram t o  becquerels per gram 
multiply by 3.7 x 1010. 
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Table 4. Radiochemical analytical results for the 
SWSA-4 s o i l  cores 

_~__. ._ .__ .__ I________ 

Samp 1 e 905 r Mea s u rernent 
location concent rat ion sensitivity 
coordinatesa (Bg/kg 3ry (Bq/kg d r y  wt)b 

5120 W382.5 
5126 W324.5 
SI27 W343.6 
5169 W213.0 
5141 W240 
51 24.5 w354 
5135 M375 
S150 W245 
5132 W342 
5144 W450 
5118 W2H8 
5144 W345 
5180 tal80 
5138 W364.5 
521 0 w1 80 
5150 W450 
$120 U450 
SI 50 w210 
5120 W300 
S130 W360 
5150 W390 
5120 w390 
5120 w210 
5150 W350 
S150 W330 
5120 W360 
5120 W330 
S195 W180 
5150 W300 
5150 W180 
5120 W420 
SI50 W420 
S180 W150 
5150 W240 
5120 W240 
'5180 W240 
S180 W210 
SlRO w210 
S150 W210 
5120 W310 
S i 5 0  W150 
5130 W460 
S126 W450 
S135 W423 
5136 W348 
5126 W318 
S135 M312 
5146 W318 
5147 W294 
5144 W279 
S135.5 W280 
5150 W26B 
5150 WZ56 
5163.5 M213 

53010 
43005)O 
500000 

9600 
5700 

320000 
b 1000 
15000 

140000 
6700 

47000 
61 000 
120(J0 
60000 
61 00 

9 50 
150000 

2OQOO 
27000 
95000 

1 OCIO 

16OClO 
31 0 

79CO 
280CO 

1200co 
1 YQCO 
260GO 
bl000 

11 OCO 
360 

52  
1 1000 

1600 
23000 

130 
56000 

290 
1 1 OOOD 

49 
44003 

140003 
58003 

33000.3 
19OOOQO 
610000 
1 1 OOOfO 
530000 
620000 
22000 

150000 
51 00 

79000 

48 

2000 
10000 
10000 

300 
200 

10000 
2000 
1000 

10000 
400 

2000 
3000 
i 000 
2000 

100 
50 

10000 
1000 
1000 
3000 

100 
1000 

40 
200 

1000 
10000 
1000 
1000 
2000 

18 
1000 

50 
1 7  

1000 
100 

1000 
30 

2000 
40 

10000 
11 

2000 
10000 
3000 

10000 
100000 

10000 
10000 
10000 
10000 
I000 

10000 
200 

2000 

ORHL/T#-10043 

._I_ __.._......I. I__ 

aSWSA-4 30-rn g r i d  s y s t e m  coordinates. 

b l  Bq/kg = 0.02703 pCi/g.  
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t r u e  d e p t h  incre ent  f o r  sections of  a core. 

taken i n  July,  and the study cores were Gaken between Augus t  and 

The ~ a ~ ~ ~ r o w ~ d  cores were 

The cores were taken u s i n g  two d r i l l  rigs (a  Giddings ~ ~ n u f ~ c t u r e  

Rig and a Mobile Drill) and a . Both d r i l l s  

were operateed using standard 7349 (160-lb) f ixe  drop-distance 

e r s ,  w i t h  the  same dr ive rods and core bar re l s .  Core barrels  

( 8  em d i m )  were used, w i t h  a heat-treated, threaded dr ive shoe f o r  the 

cut t ing edge. 

thin-walled section of PVC pipe. 

' E '  d r i l l  rods. The ha ers were operated manually u s i n g  a drill-operated 

cathead, mast o r  portable t r ipod,  and a sheave ( F i g .  1 2 ) -  

The i n t e r i o r  of the  core barrel was lined w i t h  a 

The core barrel was connected t o  s i z e  

The procedure used d u r i n g  coring was t o  dr ive the core barrel i n  

50-ca increments. The barrel was then pulled and the core retrieved 

from the PVC l iner .  The s o i l  ~ a ~ ~ r ~ a l  f r o m  the  dr ive shoe (not 

w i t h i n  the  PVC l i ne r )  was a lso  collected and used as the s o i l  

sample a t  the bottom of  t h a t  increment, 

blow-count record was kept. Refusal was indicated w en the? drive sate 

sloue?cl t o  grea te r  than 10 blaws/cm driven. 

indicated t h a t  any attempt t o  d r i v e  deeper resulted i n  damage t o  the 

dr ive shoe, o r  loss  of  the  shoe and core barrel due t o  dam 

connector between the dr ive rod and core barrel .  

D u r i n g  the coring, a 

Ear l ie r  experience 

After a core was completed, a l l  conta ina ted  par t s  were thoroughly 

decontaminate before another core was taken. The completed core holes 

were held open w i t h  7.6-cm ( 3 - i n . )  PVC pipe. 

To obtain an accurate easure of t h e  core length, the followiing 

procedure was followed: 
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ORNL-DWG 53-17418 
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Fig.  12. Soil-coring apparatus. 
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(1)  A level surface was established over  the area t o  be cored t o  

a c t  as a reference point. 

the core  sdte, and a level l i ne  was established between the  t w  

Two stakes were driven in to  firm ground near 

( 2 )  The distance from the  reference level t o  the ground surface 

( R )  vas determined. 

(3 )  The f i r s t  core was d r i v e n  and pulled. The distance from the 

reference level ( a )  t o  t h e  b o t t o  of the core hole ( ) was measured. 

( 4 )  The core l e n g t h  (L1) f o r  the f i r s t  core was dete 

the difference betwce the reference level and t h e  bottom o f  the  core 

hole:  

( 5 )  The core and l i n e r  were re  the  barrel  and the  length 

of  the core re aining in the  l i n e r  (CL1) was measured. 

length ( P  ) was ~0~~~~~~ as the  i f ference between the  core length 

( L 1 )  and the length of core i n  the l i n e r  (CL1): 

The p l u g  

1 

( 6 )  The n e x t  core was then driven and gulled. The distance from 

the reference level ( R )  and the bottom o f  the  core was measured 

( M n ) .  The core l e n g t h  (L,) Mas then c ~ ~ ~ ~ ~ e ~ ~  
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(7 )  The core and l i n e r  were removed from the barrel  and inverted 

t o  'pour o f f '  any loose material on top. T h i s  loose top materSa1 

consis ts  of an aggregate of f a l l o u t  from the previous core, wall 

material dislodged d u r i n g  coring, and surface material dislodged in to  

core hole. 

(8) The core length (CL,) was measured, and the p lug  length 

(P,) was then computed: 

(9) To check the in t eg r i ty  of the core, the f ina l  measured 

distance from the reference level t o  the core-hole bottom was compared 

t o  the sum of  core l e n g t h s  and the  p lug  measurements: 

If  C L  + P + R > H, then loose material accumulated i n  hole; 

if C L  + P + R < M, then compression of the core occurred. 

The core samples were packaged i n  aluminum cans and subjected t o  

g a m  scan and radiochemical analysis.  The r e su l t s  a re  presented i n  

Table 5. 

RESULTS AND DISCUSSION 

The r e su l t s  ob the  surface rad.iation survey (Figs.  8-10) strongly 

suggest t h a t  several d i s t i n c t  sources of contamination e x i s t ,  probably 

associated w i t h  bathtubbing trenches tha t  overflow. 

t h i s  i s  near t h e  S-120-m/kl-450-m g r s d  p o i n t  (Fig.  lO]$ where an 

elongated contamination plume of  ''$4- or iginates  near an observed 

One example o f  
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Table 5. Radioactivity o f  the SWSA-4 soil--core samples ( C  - concentration. 
S - sensitivity. in  8q/kg) 

Site 
Id 

01000 
01065 
01 160 

02000 
021 35 

03000 
03060 
03122 
OB270 

04000 
04050 
04142 
04183 

05000 
05072 

05147 

Oh000 

06095 
06150 

6A000 
6A030 
bAObO 
KR090 
6A120 
6A150 
6A169 

07000 
07058 
07141 
08090 
08074 
08097 

09000 
09010 
091 bo 
09230 

10000 
10059 
10210 

1011 20 

1 OB000 
lOBlZ0 
108225 

1 1000 
11075 
11080 
11110 
11120 
11135 
11150 
11225 
1 1  250 
1 1  244 
11260 
11350 

12000 

14114 
14182 
14231 
14F1 

05083 

06085 

90Sr 
c s  

239P" 238Pu 244cm z4lAm 
c s  c s  c s c s  

25 15 
22 16 
35 I7 

41 19 
5 1 1  

4100 200 
7490 300 
4700 200 
1600 100 

25000 1000 
7200 200 
390 50 
170 30 

1200 100 
160 30 
2000 100 
68 20 

35000 1000 
36000 1000 
32000 1000 
17000 1000 

29000 1000 
22000 1000 
32000 1000 
26000 1000 
13000 1000 
32000 1000 
9800 600 

11000 1000 
1000 200 
11000 1000 
11000 1000 
2400 300 
190 100 

26000 1000 
9800 600 
620 150 
240 90 

47000 1000 
21000 1000 
2200 300 

9600 500 

36000 1000 
10000 1000 
670 180 

0.085 0.076 0.005 0.006 0.023 0.013 0.76 0.27 
2.1 0.4 0.065 0.041 0.16 0.09 0.19 0.11 

1.9 0.3 0.002 0.001 0.13 0.07 0.61 0.16 
0.061 0.030 tO.O1 0.18 0.07 0.22 0.07 

13 1 0.23 0.06 0.58 0.16 1 7  1 
1.8 0.3 0.017 0.008 0.14 0.07 0.85 0.19 

95 4 2.2 0.4 0.47 . 0.22 110 10 
0.71 0.18 0.03 0.03 0.0470.021 0.70 0.18 

9.6 0.9 0.32 0.17 0.37 0.21 15 2 
0.046 0.028 <0.08 0.55 0.24 0.13 0.08 

8.6 2.1 0.15 0.11 1.3 1.0 6.1 2.2 
8.4 1.9 0.32 0.21 CO.l 15 4 

5.1 1.1 1.3 0.7 1.2 0.8 6.1 2.5 
6.7 1.8 0.24 0.28 0.70 0.37 4.4 1.5 

1 1  2 t0.3 t0.3 2.2 1.2 
0.16 0.06 CO.l 21 4 41 5 

ZbO 20 4.8 1.9 6.6 2.2 47 6 
1.8 1.1 0.6 0.6 4.2 1.9 5.8 1.8 

120 10 1.800 1.1 1.2 0.7 12 3 
3.4 1.4 t0.3 t0.3 1.5 0.7 

1900 300 23 1 1  1.5 0.8 190 20 
4.1 1.8 tO.3 0.61 0.55 3.4 0.6 

320 20 7.0 1.6 0.28 0.13 140 10 
to. 5 t0.4 to.1 2.8 1 
7.6 2.4 03.2 t0.2 2.7 1.2 

4000 400 51 6 5.2 1.8 tO.1 110 10 
1500 200 2.0 1.5 t0.6 t0.2 1 2.2 
840 110 
1900 zoo 
1100 200 
1200 200 
1600 200 
140 80 
120 90 
150 80 

18 3 
1.7 1.6 

5500 400 18 3 29 3 5.4 1.8 35 5 

3200 300 38 5 0.47 0.25 3.0 1.3 3.8 1.7 
1000 200 
1700 300 
3000 300 
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s t o m  events, f low has been observed from these seeps, 

supporting the  concept 

The surface d i s t r i b  

Ind4cates four  d i s t i n c t  regions 0%; contamination. Concentrations over 

Ci/g) of 137cs were evi ent  a t  three locations. 

The ~ ~ n c ~ ~ t r a ~ ~ o n  of  'cO was generally l e s s  than 3.7 Bq/g ('B 

Additional evidence of  o ~ e r f l ~ w ~ ~ g  trenches may be observed i n  the  

ver t ica l  r ~ d ~ o n ~ c l ~ d e  ~ i ~ ~ r ~ ~ ~ t 4 o ~ s "  During the  coring process,, so41 

samples were collected a t  various depths  and analyzed for 

From these data (Table 51, concentration prof i les  were drawn. The 

core-hole p ro f i l e s  are resented i n  Figs. 13 t o  22 and each p ro f i l e  i s  

ddscussed below. 

~ o r e - h o l e  3 (Fig.  13)  shows only a s l i g h t  change i n  9 0 ~ r  

coneentratlon w i t h  dept , w j t h  the  ~ ~ ~ c e n t r ~ t i o ~  ranging between 

1.6 t o  1.4 Bg/g (43-200 pCi/g).  A s1Sght increase occurs; I n  the 

first 75 em, w i t h  t h e  ~ ~ n ~ e n t ~ ~ t ~ Q n  decreasing the rea f t e r .  

Core-hole 4 (F ig .  14) shows a very d i s t i n c t  exponential p rof i le ,  

w i t h  a very h i g h  surface concentration [25 .  

The cancentsatdon drops rapidly w i t h  depth, t o  less  than 0.37 Bq/g 

Bg/g (676  pCi%g)-j. 

pCi/g) 183 cm below the  sui-face. 

~ ~ ~ e - h o ~ e  5 (Fig.  15)  displays a relatively constant p ro f i l e ,  w i t  

concentrations between Bq/g (2-54 pCi/g). A sl'm 

3 cm f rom the surface. 
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F ig .  1 3 .  gost- concentrat ion profile f o r  core-hole 3 a t  t h e  SMSA-4 
s tudy  a r e a .  (1  Bq/kg = 0.02703 pCi/g,)  
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QRNL-DWG $15-11201 

Profile Of core: - ~ o ~ e  5 9 0 ~ r  Concentration 
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F i g .  15 .  90Sr concentration profile f o r  core-hole 5 a t  the SMSA-4 
s t u d y  a rea .  ( 1  Bq/kg = 0.02703 pCi/g.) 
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S r  concentration prof i le  f o r  core-hale 6 and 6A a t  t h e  
SldSA-4 study area.  ( ,I  Bq/kg = Q.02703 p C i / g . )  
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F i g .  1 7 .  90Sr c o n c e n t r a t i o n  p r o f i l e  f o r  core -ho le  7 a t  the  SWSA-4 
study a r e a .  ( 1  Sq/kg = 0.02703 p C i / g . )  
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F i g .  1 9 .  90Sr concentration p ro f i l e  f o r  core-hole 9 a t  t h e  SWSA-4 
s t u d y  area.  (1 Bq/kg = 0.02703 pCi /g . )  
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F i g .  21. 90Sr concentrat ion p r o f i l e  f o r  core-hole 11 a t  the  SWSA-4 
study a r e a .  (1 Bq/kg = 0.02703 pCi/g.) 
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The 9oSr concentrat ion a t  core-hole 6 remains r e l a t i v e l y  

constant a t  a ~ ~ r o x i ~ ~ ~ ~ ~ y  36 E! /g (960 pCi/g) f o r  t h e  f i r s t  80 cm, 

w i th  t h e  concentrat ion decreasing t o  19  5q/g (4QQ pCi/g) a t  150 cm 

thereaf te r .  

"5, concentrat ions between 9.8'1 and 32.0 Bq/g (265 and 

865 pCi/g). 

Core-hole 6A shows a w ide ly  vary ing  p r o f i l e ,  with 

The p r o f i l e  f rom core-hole 7 i s  somew a t  unique i n  t h a t  t he  

concentrat ion decreases from 11.0 t o  1.0 Bq/g (297 t o  27 pCi/g) I n  

the  f i r s t  80 cm, and then increases t o  11.0 Bq/g (297 pCi/g) again. 

The p r o f i l e  a t  core-hole 8 has a surface Concentrat ion o f  

11.0 B$/q (297 pCi/g), decreasing t o  0.2 BqJg 5 pCi/g)  a t  100 cm. 

Core-hole 9 shows a very d i s t i n c t  exponent ia l  decrease i n  9oSr 

concentrat ion w i th  depth. 

(703 pCi/g), decreasing t o  0.2 5q/g ( 6  pCi/g) a t  250 cm below the 

surface. 

The surface concentrat ion was 26.0 Bq/g 

The p r o f i l e s  f rom core-holes 10 and 10B show a s i m i l a r  exponent ia l  

e f f e c t ,  w i t h  very h igh  surface concentrat ions o f  ''5, 147.0 and 

36.0 Bq/g (1270 and 943 pCi /g) ,  respec t i ve l y ] .  

A t  core-hole 11, very l i t t l e  change i n  9oSr concentrat ion was 

observed, w i t h  t h e  concentrat ion being less  than 4.1 Sq/g 

(116 pCi/g). 
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A t  core-hole 14, no surface data were taken, b u t  a t  314 cm, the 

concentration was 3 - 2  Bq/g (86 pCi /g) ,  and remained re la t ive ly  

constant to a depth of 231 cm. 

These p ro f i l e s  show a concentration of 

grea tes t  a t  the  s o i l  surface and decreases with depth. This pattern 

would be expected f o r  a b a t ~ t u b b ~ n ~  trench t h a t  overflows and produces 

$r t h a t  .S 5 general ly 

cantaminated surface runoff t h a t  subsequently i n f i l t r a t e s ,  leading t o  

downward migratfon. 

I n  addition, some evidence of subsurface t ransport  from trenches 

exhibit ing the  bathtub e f f e c t  does e x i s t .  

located i n  a valley underlain by Pumpkin Valley Shale, a member of the 

Conasauga Group (Stockdale 3951). 

several layers of varying permeabili t ies.  Data from other studies i n  a 

s imilar  geologic se t t i ng  (Olsen e t  a l  1983) demonstrate flow w i t h l n  

very narrow depth in te rva ls  such as fractured o r  weathered layers. 

presence of "Sr pro f i l e s  such as those f o r  core-holes 6 ,  SA, and 7 

suggests t h a t  subsurface migration from ~ ~ t ~ t u ~ ~ ~ ~ g  trenches i s  a l so  

occurring a t  SWSA-4. 

Geologically, SWSA-4 i s  

The s o i l s  generally consis t  o f  

The 

The data from t h i s  study provide c l ea r  evidence t h a t  the  bathtub 

e f f ec t  i s  occurring at some SWSA-4 trenches, and t h a t  both surface and 

subsurface ~ ~ ~ ~ a t ~ ~ n  pathways e x i s t  a t  t e present time, 

agreement wirth observations reported in e a r l i e r  studfes (Lomenick and 

Cowser 7961; Huff  e t  a l ,  1982; Ouguid 1976) and demonstrates the steed 

This i s  i n  
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for further remedial action to control migration at SbJSA-4. The 

contamination patterns shown in F i g s .  6, 8-10, and 13-22 give necessary 

guidance for establishing study sites to quantify the relative 

importance of the surface and subsurface migration of contaminants from 

trenches that exhibit the bathtub effect. Now that the surface flow 

from the drainage headwaters has been diverted, the next step toward 

further stabilization of Contaminant migration from SWS 

quantify the relative importance of the remaining surface and 

subsurface pathways. Depending on the results, the most effective 

corrective measures can be designed, 

provide a firm basis for that work. 

The results presented here 
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