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ABSTRACT 

FRANCIS, C .  W .  1986. Large-scale l e a c h i n g  o f  l o w - l e v e l  
r a d i o a c t i v e  wastes. ORNL/TM-l0078. Oak Ridge N a t i o n a l  
Labora to ry ,  Oak Ridge, Tennessee. $0 pp.  

The l a r g e - s c a l e  l e a c h i n g  o f  l ow- leve l  r a d i o a c t i v e  wastes was 

conducted u s j a g  208- and 314-L (55- and 83-gal )  drums c o n t a i n i n g  

r ~ ~ i ~ ~ ~ t j ~ e  wastes generated a t  Oak Ridge N a t i o n a l  Labora to ry  and 

Oak Ridge Gaseous D i f f u s i o n  P l a n t .  Ten 208-L drums c o n t a i n i n g  

1 o w l  eve 1 t ra rr s &B r a n  i c ( TR 1 wastes and f o u r  3 1 4 4  overpack dru 

e r e  leached w i t h  p o t a b l e  d r i n k i n g  water,  u s i n g  a unique 

a t e  t h e  f l o o d e d  c o n d i t i o n s  o f  a shal low- land b u r i a l  

s i t e .  The TRU d r u m  s e l e c t e d  were those  t h a t  con ta ined  l e s s  than  

3 , 1  k8q/g (100 nCiJg) o f  transuran'cs and l e s s  than  5 mR/h g a m a  

r a d i a t i o n  a t  t h e  s u r f a c e  of t h e  drum. Q n l y  one o f  t h e  t e n  drums 

generated a l e a c h a t e  t h a t  con ta ined  d e t e c t a b l e  l e v e l s  o f  a lpha  a c t i v i t y  

over a 2 7 4  l e a c h l n g  p e r i o d ,  w i t h  c o n c e n t r a t i o n s  rang ing  f rom 

approx ima te l y  200 t o  1200 Bq/L.  Concentrat ions o f  i n o r g a n i c  and 

o r g a n i c  c o n s t i t u e n t s  were also mon i to red  i n  t h e  drum leachates.  

~ a x i ~ ~ ~  cadmium c o n c e n t r a t i o n s  i n  1: e leacha tes  o f  a l l  t e n  TRU drums 

were equal  t o  and, i n  many cases, i n  excess o f  t h e  N a t i o n a l  I n t e r i m  

Pr imary D r i n k i n g  Water Standard (NIPDWS).  However, cadmium 

c o n c e n t r a t i o n s  were f a c t o r s  o f  t e n  below t h e  maximum l i m i t  e s t a b l i s h e d  

by  t h e  Research Conservat ion and Rckcovery A c t - e x t r a c t l o n  Procedure 

(RCRA-EP)  l each  t e s t  (1 mg/L), d e f i n i n g  t h e  t o x i c i t y  c h a r a c t e r i s t i c  o f  

t h e  waste.  ?he ma jo r  o rgan ic  c o n s t i t u e n t  de tec ted  i n  t h e  TRU l eacha tes  

i x  



was phenol, a t  concen t ra t i ons  o f  1 t o  2 mg/L i n  leachates f ro in  two o f  

t h e  t e n  drums. Other  o rgan ic  compounds de tec ted  i n  IRU leachates were 

ph tha la tes ,  bromodichloromethane, chlorodibromomethane, ch lo ro fonn ,  and 

c h l o r i n a t e d  ethanes and ethenes. Maximum concen t ra t i ons  o f  t hese  

o rgan ic  compounds were q u i t e  low, u s u a l l y  on t h e  o r d e r  o f  0.05 t o  

0.5 mg/i,  i n d i c a t i n g  t h a t  t h e  

p robab ly  would n o t  contaminat  

o rgan ic  chemicals.  

Only one o f  t h e  overpack 

d e t e c t a b l e  concen t ra t i ons  o f  

rang ing  f rom 130 Bq/L o f  "Sr 

shal low- land d i s p o s a l  o f  these m a t e r i a l s  

groundwater suppl  i e s  w i t h  hazardous 

drums generated leachates c o n t a i n i n g  

3 7 C s ,  6oCo, and ( c o n c e n t r a t i o n s  

t o  3000 Bq/L o f  137Cs) ove r  20 d o f  

l each ing .  

and another ,  d e t e c t a b l e  l e v e l s  o f  a lpha  a c t i v i t y  (up t o  58 Bq/L) i n  

t h e i r  leachates.  Leachates f rom these  drums were analyzed f o r  v o l a t i l e  

o rgan ic  compounds. Leachate c o l l e c t e d  f rom one drum con ta ined  

c o n c e n t r a t i o n s  o f  1 , l  , l - t r i c h l o r o e t h a n e  and/or 1 ,2-d ich loroethane i n  

excess o f  0.3 mg/L. Leachates f r o m  two o f  t h e  o t h e r  f o u r  drums 

con ta ined  f rom 0.05 t o  0.1 mg/L o f  t e t r a c h l o r o e t h e n e .  Concentrat ions 

o f  v o l a t i l e  o rgan ic  compounds decreased r a p i d l y  on cont inued leach ing ,  

i n d i c a t i n g  t h a t  d i s p o s i n g  o f  t hese  low- leve l  r a d i o a c t i v e  wastes i n  a 

shal low- land b u r i a l  s i t e  p robab ly  would n o t  contaminate t h e  groundwater. 

Another showed d e t e c t a b l e  l e v e l s  o f  gost- (30 t o  200 $q/L) 

A waste model was used t o  demonstrate how concen t ra t i ons  o f  

l eachab le  c o n s t i t u e n t s  f rom a waste can be est imated,  Wi th t h e  use o f  

l e a c h i n g  da ta  f rom one o f  t h e  TRU wastes, t h e  t o t a l  q u a n t i t y  o f  a lpha  

a c t i v i t y  a v a i l a b l e  f o r  l e a c h i n g  was est imated t o  be 10,620 Bq/kg o f  

waste. The model can a l s o  be used t o  es t ima te  l eachab le  q u a n t i t i e s  o f  

X 



inorganic and organic  compounds f rom wastes. The model, coupled wlth 

this large-scale leaching method for wastes, i s  an excellent method of 

determining the leaching characteristics o f  large-volume, low-level 

radioactive wastes, when the subsanipling of such wastes into 100-g 

representative samples as required f o r  the RCRA-EP leach test i s  a 

difficult and seemingly impossible task. 

x i  





To evaluate potential releases from low-level radioactive wastes 

disposed o f  in the proposed Central Waste Disposal Facility (CWDF), a 

source term describing the leaching characteristics o f  the wastes, was 

needed for the pathways analysis of the Environmental Impact 

Statement. The proposed CWDF was a new low-level radioactive waste 

disposal facility where wastes from a l l  three o f  the Martin Marietta 

Oak Ridge plants [Oak Ridge National Laboratory (ORNL), Oak Ridge 

Gaseous Diffusion Plant (ORGDP) ,  and the Y-12 plant] could be disposed 

of. The types o f  waste, with respect to physical and chemical makeup, 

type o f  radionuclides, and amourlts, vary greatly among the three 

plants. Because af the multidisciplinary nature o f  research conducted 

at ORML, there are vast differences i n  the physical and chemical 

characteristics of the wastes generated by ORNL. 

It is well k ~ o ~ n  that the concentrations o f  radionuclides, as well 

as the nonradioactive inorganic and organic chemical constituents in 

the leachates of lowlevel radioactjve wastes, are highly dependent on 

the chemical and physical characteristics o f  the waste. Consequently, 

one o f  the major problems in determining the characteristics o f  

leachates generated on disposal of wastes from these three plants was 

the selection o f  "representative" wastes on which to conduct leaching 

tests. For example, the U.S .  Envircnmental Protection Agency (USEPA) 

approved RCRA (Resource Conservatior and Recovery Act) extraction 

procedure (called the EP)  requires the leaching of  100 g o f  waste to 

determine if the waste's leachate is toxic (USEPA 1982) .  Subsampling 

the large volume of low-level radioactive wastes into 100-g samples 
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that a r e  a f  t h e  varied chemical and physical properties 

making up the waste streams generated at the three facilities is a 

dlfficult and probably impossible task. 

Perhaps a better- alternative tu t h e  leaching of 103-g subsamples 

o f  w a s t e  to determiiine a source term far  leaching is the in situ leaching 

o f  wastes packed in 208-L (55-931)  drums. The leaching o f  wastes  

packed in drums was an unusually attractive method of determining the 

c h a r a c t e r i s t i c s  o f  leachates generated from wastes  disposed o f  in 

shallow-land burial sites because a large volume o f  the wastes 

prcsently generated a t  OWNL is packed in drums. 

To t e s l  the utility o f  i n  situ leaching of wastes packed I n  2 0 8 4  

drums, t en  druas were selected from approxi a t e l y  1700 drums previously 

arrayed by the TWU Waste Drum Assay Pest Facility located in building 

1824 a t  ORN:. These drums t h a t  contained less  than 3 . 7  kBq/g (100 nCi/g)  

o f  transuranics (TRUs)had been classified as low-level wastes. All ten 

clr~rnn selected f o r  leaching had been surveyed f o r  gamma emitters 

(radiation level a t  the surface of  t h e  drum was less than 5 mR/h), and 

there  was documentation of  the t y p e  of waste ,  as well as o f  t i m e  and 

place (building, e t c . )  -the ~ a s t e  was collected. The purpose o f  this 

e x ~ ~ ~ i ? ~ ~ ~ ~  was to determine n o t  only t h e  concentrations o f  

radionuclides, b u t  a l s o  the concentrations o f  potentially hazardous 

inorganic and organic constituents present in the leachdtes. 

As a follow-up to this experiment, t h e  same fscility and 

exper imenta l  design was used t o  determine the leaching character:stics 

o f  20 w a s t e  drms that had been compacted during a demnstratdon at 

6sSbdL. These 20 drums originated bo th  a t  ORWL and ORGDP, and followlng 
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compaction were contained in four 3*.4-L (83-gal)  "overpack" drums. The 

four overpack drums were leached in situ to determine the leaching 

rates o f  radionuclides from compacted low-level radioactive wastes. 
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2 a SAFETY ASSESSMENT 

The f i r s t  s t e p  i n  t h e  l each ing  s tudy was t h e  p r e p a r a t i o n  o f  a 

s a f e t y  assessment t h a t  addressed t h e  potentla1 hazards ac;sociated 

w i t h  the proposed e x p e r i  e n t a l  des ign (Hor ton 1985). An “ A c t i v i t i e s  

D e s c r i p t i o n  Wemorandum* dated September 30, 1985, and e n t i t l e d  

Large-Scale _I-_________ Radwaste Leach Stud ies ,  Bu91di.ngs 7811 -grid 7853 (Oak Ridge 

National Laboratory ,  Oak Ridge?, Tennessee) was a l s o  w r i t t e n .  The 

p o t e n t  l a 1  R a m  rds a s s s c i  ated i t h  t h e  s tudy cons is ted  o f  p o s s i b l e  

a i r b o r n e  con tamina t ion  and i n h a l a t i o n  o f  r a d i o a c t i v e  m a t e r i a l  on 

opening t h e  drums i n  preparatqon o f  t h e  l each ing .  Th is  hazard was 

miligated by opening the  d w  % i n  a negative-pressure roo3 w i t h  

h i y h - e f f i c i e n c y  p a r t i c u l a t e  a i r  (HFPA)  f i l t r a t i o n ,  w i t h i n  a 

doub ly -con ta ined  b u i  l d i n g .  The opera to rs  wore contamination-bane 

c l o t h i n g  and a p p r o p r i a t e  face  r e s p i r a t o r s  t o  p r o t e c t  aga’snst t h e  

i n h a l a t i o n  o f  any a i r b o r n e  contaminat ion.  A l l  work was done under 

s u p e r v i s i o n  o f  t h e  Environme t a ?  and Occupat ional  S a f e t y  D i v i s i o n .  

Any s p i l l a g e  o f  t h e  l eacha te  d u r i n g  t h e  l e a c h i n g  opera t i on ,  which 

rnlght r e s u l t  i n  subsequent a b s o r p t i o n  o f  r a d i o a c t i v e  matterials through 

t h e  s k i n  or p o s s i b l e  d r y i n g  o f  t h e  l i q u i d  causing a i r b o r n e  contaminat ion 

and p o t e n t i a l  i n h a l a t i o n  sf t h e  r a d i o n u c l i d e s ,  wa5 prevented by use of  

do 11 b 1 e -c on t a i nnent d r u s and connect ing p i p i n g .  

a d m i n i s t r a t i v e  cont ro ls  were found t o  be necessary beyond normal s a f e t y  

p recau t ions  r o u t i n e l y  p r a c t i c e d  i n  o t h e r  s i m i l a r  work .  

No s a f e t y  s y s t e m  o r  
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3. METHODS AND MATERIALS 

Two sets o f  waste, each in 208-L and larger drums, were leached to 

determine concentrations of  radionuclides and nonradioactive inorganic 

and organic constituents in their respective leachates. 

set o f  drums was selected from the 18U Gdaste Drum Assay Test Facility 

(Phase I). As a follow-up to the leaching o f  these drums (Phase 11), 

four drums containing the wastes from the compaction demonstration were 

leached, using a similar experimental design and the leaching facility 

established for leaching of  the TRU wastes. 

The initial 

3.1. EXPERIMENTAL DESIGN 

3.1.1. Phase 1 - TRU Wastes 

A general description of the ten drums leached, f l o w  rate of  water 

used t o  leach the wastes, and the pH and total organic carbon 

concentration o f  the leachates are presented in Table 1. The "ATN" 

listed in Table 1 i s  the "Accountability Transfer Number" that i s  a 

number unique to ORNL-Solid Waste Storage Aarea (SWSA) operations used 

to track the date at which the waste was generated, building number 

from which it originated, and general descriptions of  type o f  wastes 

and quantities as entered in the ORNL solid waste disposal log data  

management system. Seven of the ten drums were wastes generated at 

building 3508 from March 1972 to January 1980. 

orlginated from buildings 5505, 3019, and 3028. The net weight i n  the 

drums ranged from a low of 7 kg (drum 2) to a high o f  77 kg (drum 10 

collected from building 3028 in July  1974). 

The other three drums 
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Table 1. General characteristics o f  the drums used 
i n  the BRU leachqng experiment 

Drum ATN B l d g .  Date N e t  Flow pt9d rack 
weight rate 
(kg) (mL/min) (rnsPL-1 

1 480 
2 1915 
3 128 
4 1908 
5 952 
6 1391 
7 1451 
8 885 
9 455 
10 889 

3508 
3508 
3508 
3508 
5505 
3508 
381 3 
3508 
3508 
3028 

3/7 2 
1 /80 
7/73 

12/79 
1 1  /74 
8/77 
8/76, 
6/74 
5/72 
7/34 

32 29 6.4 4.8 
7 29 6.8 2.8 

23 27 6 . 8  3.6 
10 26 6.3 4.2 
60 29 7.1 2.7 
25 30 6.8 2.9 
26 25 7.0 2.5 
72 30 6.6 13.0 
28 24 5 . 7  13.Q 
77 27 6.7 4.9 

195.0 
15.0 
10.0 
54.0 
12.0 
21 .Q 

8 . 5  
443.0  
108.0 
189.0 

gpW o f  the leachate sampled on day 27 o f  leaching. 
bTotal organic carbon o f  t h e  leachate sampled an day 27 

and 58 ,  respectively. 
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After moving the ten drums to the double-containment room (inside 

Building 7863) ,  the lids were removed from the drums and a lance 

approximately 80 cm long was used TO manually perforate the plastic 

bags containing the radioactive wastes. This lance, which was 

connected to PTFE (polytetrafluoroethylene) tubing was left in the drum 

t o  deliver water to the bottom of the drum (see Fig. 1). To assure 

against leakage along the top o f  the new lid (a stainless steel lid 

identical to the one removed), an epoxy-type water-repelling sealant 

was used as caulking along the top  seam o f  the drum. 

laboratory metering pump ( F H I  Model RP-6150) on top of  the stalnless 

steel drum was used to deliver potable water to the bottom of each o f  

the drums. 

connected to a three-way valve, was used to flow leachate to the 

leachate collection drum as well as to a portal for sampling leachate. 

To avoid generating excess pressure within the drum and causing 

possible leakage around the top o f  the lid if the drum outlet became 

clogged, a relief value set at approximately 10 psi and an overflow 

reservoir were included in the influent line (Fig. 1 ) .  

values were never activated, and there was no leakage observed around 

the top of any o f  the ten drums. 

A piston-type 

An outlet, also placed in the new lid (see Fig. 1) and 

The relief 

After the new lids were placed on the 208-L stainless steel drums, 

the drums were moved to the building 7811 area and placed i n  756-L 

seamless high-density polyethylene tanks. Leachate was collected i n  

approximately 150-L plastic drums also contained in similar 756-L 

high-density polyethylene tanks as illustrated in Fig. 2. Potable 

water used for leaching was stored i n  a 7900-L polyethylene reservoir 
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a d j a c e n t  t o  b u i l d i n g  7811. 

m a n i f o l d  system t o  which each o f  t h e  t e n  l a b o r a t o r y  pumps was connected. 

T h i s  wa te r  was p iped  by g r a v i t y  t o  a 

3.1.2. Phase I1 - Wastes f r o m  t h e  Drum Compaction Demonstrat ion 

I n  September 1985, 134 208-L drums o f  l o w - l e v e l  r a d i o a c t i v e  wastes 

were compacted i n  a demonstrat ion by Westinghouse-Hittman. The 

"acceptance c r i t e r i a "  f o r  t h e  demonstrat ion i n c l u d e d  o n l y  those  208-L 

drums t h a t  conta ined no r e s i n s ,  s ludges, o r  s o i l ,  drums w i t h  su r face  

readings o f  <5 mR/h, and no drums f rom b u i l d i n g s  known t o  generate 

a lpha contaminated wastes. The drums used i n  t h e  compaction 

demonstrat ion ( c a l l e d  overpack drums) o r i g i n a t e d  a t  ORNL, ORGDP, 

and Y-12. The documentat ion o f  t h e  b u i l d i n g  l o c a t i o n  and d a t e  o f  

g e n e r a t i o n  was n o t  as e x t e n s i v e  as t h a t  f o r  t h e  TRU drums. A f t e r  

compaction, one o f  t h e  overpack drums (drum 8c)  showed readings a t  i t s  

s u r f a c e  o f  app rox ima te l y  10  mR/h. 

drums were used t o  eva lua te  t h e  l e a c h i n g  o f  waste drums f o l l o w i n g  

compaction. 

s i z e  and con ta ined  f rom t h r e e  t o  seven compacted 208-L drums. A 

d e s c r i p t i o n  o f  t h e  drums leached and t h e i r  r e s p e c t i v e  n e t  we igh ts  a r e  

presented i n  Table 2.  

rep laced w i t h  l i d s  t h a t  con ta ined  bulkheads f o r  t h e  i n f l u e n t  and 

e f f l u e n t  l i n e s  ( s i m i l a r  t o  t h e  des ign  i l l u s t r a t e d  i n  F ig .  1, b u t  i n  

t h i s  case f l e x i b l e  PTFE t u b i n g  was p laced between t h e  crushed drums and 

t h e  i n s i d e  o f  t h e  overpack drum t o  d e l i v e r  i n f l u e n t  t o  t h e  bot tom o f  

t h e  overpack drum). 

T h i s  drum and t h r e e  o t h e r  overpack 

Each o f  t hese  overpack drums was approx ima te l y  314 L i n  

L i d s  f r o m  t h e  overpack drums were removed and 
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Table 2. D e s c r i p t i o n  and weights o f  drums used 
from t h e  drum compaction demonstrat ion 

Overpack 55-gal P l a n t  and b u i l d i n g  Net we igh t  
drum drum (kg) 

7c 
21 
22 
23 

123 
124 

8c 
26 
41 
56 
57 
98 

139 
140 

9C 
115 
116 
117 
118 
119 

1 oc 
104 
105 
106 

ORNL b u i l d i n g  3028 28 
ORNL b u i l d i n g  1505 87 
Unknown 114 
ORGDP (pipe) 152 

81 
T o t a l  n e t  we igh t  463 

ORGDP (vacuum pump) I_ 

ORNL b u i l d i n g  4505 97 
Unknown 18 
Unknown 26 
Unknown 29 
ORNL b g i l d i n g  6000 6 
Geotek 25 
Geotek I_ 104 

T o t a l  net  we igh t  305 

ORGOP 136 
ORGDP 106 
ORGDP 65 
ORGDP 06 

41 ORGDP - 
Tota l  n e t  weight 435 

ORGDP ( t r a s h )  198 
ORGDP (aluminum compressor blades) 130 
ORGOP (aluminum compressor blades) 

T o t a l  n e t  we igh t  452 

Subcontractor f o r  ORNL. * 
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3 . 2 .  L E A C H A l  E COLLECTION AND ANALYSES 

Mater was s t a r t e d  pumping t o  t h e  t e n  drums o f  TRU waste August 16 ,  

1985, and leaching time i n  days was referenced t o  t h i s  da te .  Inf luent  

flok: rates were checked randomly throughout t he  leaching period t h a t  

cont"rued over 27 d .  The r a t e s  presented i n  Table 1 a r e  those 

determined on day 26 o f  leaching, Ihe mean f lou  r a t e  t o  the  10 drums 

on day 26 was 2 7 . 7  2 2.0. Variation i n  flow r a t e  t o  individual drums 

was generally l e s s  than 2.0 mi/rnin; h a ~ e v e r ,  these d a t a  are solileirdhat 

acadernjc a s  power f a i l u r e  occurred a t  l e a s t  t h r e e  limes, l a s t i n g  a t  one 

time f o r  as  long a s  2 d (over a weekend).  After 27  d ,  t h e  pumping  o f  

w a t e r  t o  t h e  drums 1.13s stopped. The drums remained i d l e  un t i l  

October 1 2  (58 d from t h e  b e g i n n i n g  O F  leaching) when the  metering 

pumps were reversed and t he  i n t e r s t i t i a l  leachate f rom each o f  the 

drums was pumped i n t o  an empty drum. T h i s  was done t o  remove any 

excess l iqu id  from the  waste drum far f i n a l  disposa l .  The leachate 

col lected i n  t h i s  manner was a l s o  analyzed f o r  radionuclides as well as 

f o r  inorganic and organic chemlical c o n s t i t ~ ~ s n t s .  

Leachate was col lected a i  t he  o u t l e t  portal  from each o f  t he  t e n  

drums on days 7 ,  11,  1 4 ,  18, 25, and ? I .  Radiological analyses of the  

leachate included the counting o f  gross-a pha and yr-oss-beta a c t i v i t y  

on 5 mL o f  leachate t h a t  was d e p o s i t e d  an d r i e d  by a heat lamp on a 

counting planchet. 

using a Tennelec La5100 Ser ies  I1  d e t e c t o r .  No correct lons were made 

f o r  s e ? f - a b s o r p t i o n  o r  For possible differences i n  v e i g h t s  of the 

Measurements were performed by counting f o r  30 m l i l  
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5-mL aliquots between drum leachates or sampling dates due to dissolved 

salts. Visual examination of the planchets did not show crystals of 

salts or suspended solids after dryirg. After 7 d of leaching, 20 ml 

of leachate from each drum was also counted for g a m a  activity using 

high-resolution germanium detectors. 

For analyses of semivolatile organic constituents, leachate was 

collected in l-L glass jars with PTFE inserts in the cap lids to 

protect against sorption of organic constituents. 

analyses, leachate was collected in no-head vials made especially for 

volatile organic analyses. Leachate was analyzed for acids, base 

neutrals, pesticides, and volatile organic compounds at. days 7, 11, 14, 

and 18. The interstitial leachate pimped from the drums after standing 

31 d was also analyzed for acids, base neutrals, and pesticides. 

Leachate was collected in glass containers and immediately 

For volatile organic 

acidified to pH < 2 with special grade high-purity nitric acid for 
the 

ana 

the 

3.2 

determination of inorganic elements. A s  in the case for the 

yses of organic compounds, the interstitial leachate pumped from 

drums after standing 31 d was also analyzed for inarganic elements. 

2. Phase I1 - Wastes from the Di*um Compaction Demonstration 

Leaching of the compacted drums began October 15, 1985. Potable 

water was pumped to each of the overpack drums (7c, 8c, 9c, and lOc, see 

Table 2 )  at a f l o w  rate of approximately 29 mL/min. 

sample was collected on day 3 .  

for drum 7c, which developed a severe leak on day 1 5  and began filling 

up the containment drum. 

the overflow leachate was pumped from the containment drum. 

The first effluent 

Leaching was continued for 23 d ,  except 

Influent to this drum was discontinued, and 
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The pH o f  t h e  l eacha te  was measured a t  t h e  beg inn ing  and end o f  t h e  

exper iment .  The i n i t i a l  pH values were 6.76, 7.14, 5.97, and 10.14 f o r  

drums I C ,  8c, 9 c ,  and lOc, r e s p e c t i v e l y ,  and t h e  f i n a l  p H  values, i n  

t h e  same o r d e r  f o r  each o f  t h e  drums, were 8.20, W,O1, 8.28 ,  and 8.75. 

3.3. A N A L Y l i C A L  METHODS 

3.3.1 . I-n~t-qg-anj.c e l  ements 

The concen t ra t i ons  o f  i n o r g a n i c  elements ( a l s o  r e f e r r e d  t o  as 

meta ls  i n  t h i s  r e p o r t )  i n  waste leachates were determined by 

i n d u c t i v e l y  coupled plasma ( I C P )  spect roscopy.  

3.3.2. manj ic-compounds 

Organic compounds analyzed i n  t h e  waske leachates can be 

c l a s s i f i e d  as  s e m i v o l a t i l e  compounds (which i n c l u d e  a c i d  and base 

n e u t r a l  f r a c t i o n s  as w e l l  a s  t he  p e s t i c i d e s )  and v o l a t i l e  cornpounds 

A l l  s e m i v o l a t i l e  o rgan ic  compounds were determined according t o  

Envi ronmevta l  P r o t e c t i o n  Agerscy ( E P A )  Method 8230 (USEPA 1984).  Th s 

i s  a gas chromatogi-iaph/mars spec t romet ry  method i n  which a c a p i l l a r y  

column and m u l t i p l e  i n t e r n a l  s tandards a r e  employed. I h e  s e m i v o l a t i l e  

samples were prepared by E P A  #ethod 3510, which i s  a l i q u i d - l i q u i d  

s o l v e n t  e x t r a c t i o n  method. Normal ly ,  t h i s  e t h o d  r e q u i r e s  a I-L 

aqueous sample; however, i n  t h e  case o f  some leachate  samples, <1-L 

( u s u a l l y  400 t o  600 mL) was used. 

t o  accommodate t h e  reduced amount o f  sample. Each sample Mas e x t r a c t e d  

Thus, t h e  procedures were ad jus ted  
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s i x  t imes w i t h  methylene c h l o r i d e  ( t h r e e  t imes a t  pH 12  and t h r e e  t imes 

a t  pH 2).  The th ree  e x t r a c t s  f rom each o f  t he  a c i d  and base 

e x t r a c t i o n s  were  combined f o r  t h e  subsequent a n a l y s i s  o f  a c i d  and base 

f r a c t i o n s  accord ing t o  €PA Method 8270. 

V o l a t i l e  organics were determined by e i t h e r  one o f  t h e  two 

methods. The pentane e x t r a c t i o n  method was used e a r l y  i n  the  study. I n  

t h i s  procedure, 20 mL o f  t h e  aqueous leachate i s  ex t rac ted  w i th  1 mL o f  

pentane i n  a Mixxor  e x t r a c t o r .  Th is  e x t r a c t  i s  then analyzed by 

c a p i l l a r y  gas chromatography, w i t h  t h e  i n j e c t e d  sarnple be ing s p l i t  

between two c a p i l l a r y  columns. The e f f l u e n t  f rom one column i s  

d i r e c t e d  t o  an e l e c t r o n  capture  de tec tor ,  where halogenated v o l a t i l e s  

a re  detected.  The e f f l u e n t  f rom the  second column i s  d i r e c t e d  t o  a 

flame i o n i z a t i o n  de tec to r ,  where a l l  hydrocarbon ( i n c l u d i n g  halogenated 

species) v o l a t i l e s  a re  detected.  

The second method o f  de termin ing  v o l a t i l e  o rgan ic  compounds was 

EPA Method 8240 (USEPA 1984). Th is  method employs a purge-and-trap 

i n l e t  assoc iated w i t h  a gas chromatograph/mass spect rometry  system. I n  

t h i s  method, a smal l  a l i q u o t  ( g e n e r a l l y  5 mL) o f  t h e  sample was purged 

onto a t r a p  and then the rma l l y  desorbed onto a packed column. 
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4 .  RESULTS AND DISCUSSION 

4 . 1 .  PHASE I - TRU WASIES 

4 . 1  .l. Rjiciciological analyses 

A s  a first step in the rad ological analyser o f  the leachates 

collected, gross-alpha and grass-beta determinations were made f o r  each 

sampling date. These measurements Can be canducted rapidly and with 

little expense relative to radiochemical (e .g. ,  %r) or alpha 

spectra analyses (for U, Th, o r  Pu isotopes). For leachate.; showing 

high levels of a l p h a  or b e t a  activities, further analyses for 

individual isotopes car: be conducted if s o  desired. The objective in 

the initial phase of the analyses was t o  determlne the general 

witude and type of radioactivity being l eached from the w a s t e r ,  

Listed in Table 3 a r e  the gross-alpha and gi-oss-beta activity 

measurements in each of the leachaixs rampled f r om the ten drums over 

the 27-d leaching period. The measurements are presented i n  terms of 

number o f  days since leaching was started, az we71 as in terms o f  the 

respective liquid-to-solld ratio f o r  each o f  t P e  drums, rhst term 

liquid-to-solid r a t i o  is def ined a s  the volume of leachate generated 

up to that sampling date (in liters) divided by the 

leached (in kilograms). The liquid-to-solid r a t i o  is used t o  normalize 

the differences between drums containing small and large q u a n t i t i e s  of 

waste  as  well a s  possible differences in f l o w  of water to each o f  the 

drums. Note that drum 2, which has only 7 kg of waste, has a 

liquid-to-solid r a t i o  o f  163 on day 27 of leaching, compared with d 

liquid-to-solid ratio o f  18.5 for drum 5, which has 60 kg of waste b u t  

- 
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Table 3 .  Grass-alpha and gross-beta a c t i v i t  
measured i n  PRU leachates 

Drum Qay 
7 11 I 4 18 21 27 

1 

2 

3 

4 

5 

6 

7 

3 

9 

10 

L/S Rat io$ 
AlphaC 
Beta 

L I S  R a t i o  
A I  pha 
Beta 

L/S R a t i o  
A1 pha 
Beta 

L/S R a t i o  

Beta 

L/S R a t i o  
Alpha 
Beta 

L/P R a t i o  
Alpha 
Beta 

L/S R a t i o  
Alpha 
Beta 

L/S R a t i o  
A 1  pha 
Beta 

L/S R a t i o  
A 1  pha 
Seta 

L/S R a t i o  
Alpha 
Beta 

A 1  Qha 

9.2 
24 
(9.4 

42.2 
(4 
(9.4 

11.8 
3.4 

(9 - 4  

26.2 
t 4  
(9.4 

4.8 
(4 
(9.4 

12.2 
6.6 

(9.4 

ns 

ns 

4 .l 

(9.4 

8.6 
5.4 

(9.4 

3.5 
5.4 

10.6 

f3.S 

1140 

14.5 
7.2 

€9.4 

66.3 
(4 
(9.4 

18.6 
5.4 

(9.4 

41.1 
5.4 

(9.4 

7.5 
c4 
(9.4 

19.1 
€4 
(9.4 

15.6 
(4 
(9.4 

6.5 

(9.4 

13.6 
(4 
(9.4 

5.6 
20 
(9.4 

900 

18.4 23.7 
10.6 c 4  
(9.41 (9.4 

84.3 108 
(4 (4 
(9.4 (9.4 

23.7 30.4 
5.6 6.6 

(9.4 (9.4 

52.4 67.4 
(4 (4 
64 (9.4 

9.6 12.3 
(4 (4 
€9.4 (9.4 

24.3 31.3 
(4 (4 
(9.4 (9.4 

19.8 25.5 
(4 (4 
(9.4 (9.4 

8.3 10.7 

(9.4 (9.4 
580 280 

17.3 22.2 
(4 5.2 
<9*4  (9.4 

7.1 9.1 
5.6 (4 

(9.4 (9.4 

27 -7  
<4 
(9 .4  

127 
(4 
(9.4 

35.5 
t4 
(9.4 

78.6 
t 4  
(9 .4 

14.4 
(4 
t9 .4  

36.5 
(4 
(9.4 

29.8 
(4 
(9.4 

12.5 

(9.4 

25.9 
(4 
(9.4 

10.6 
9 

(9.4 

200 

35.6 
(4 
(9.4 

163 
(4 
(9.4 

45.7 
(4 
(9.4 

101 
<4 
(9.4 

18.5 
(4 
(9.4 

47 
(4 
22 

38.2 
(4 
(9.4 

16  
220 

(9 - 4  

33.3 
4.6 

(9.4 

13.6 
5.8 

(9.4 

aL/S r a t i o  i s  t h e  l i q u i d - t o - s o l i d  r a t i o  d e f i n e d  as t h e  volume o f  

k n s  = n o t  sampled. 
Q l p h a  and be ta  a r e  g iven  i n  Bq/L. 

leachate generated t o  t h a t  d a t e  sampled ( i n  l i t e r s )  d i v i d e d  by t h e  mass 
o f  waste leached ( i n  k i l og rams) .  
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leached at the same flow rate (29 mL/min). Obviously, the direct 

cornparisan of the leaching between the two drums would n o t  be equivalent 

on a day-to-day has is .  

the leaching is expressed in terms of the liquid-to-solid ratio. 

To make comparisons among the drums more equal, 

From the standpoint of beta activity, only two samples showed 

counts in excess of the detection level ('3.4 as/[.). Phis included a 

moderately high and likely spurious count on day 14 o f  sampling the 

leachate from drum 4 (based on the activity measured in the leachate a t  

other sampling d a t e s  from the same drum, the 64 Bq/i is highly 

suspect), and a measurement sligh l y  greater than the detection level 

in t he  first sampling f r om drum 7 (10-6 Bq/L compared w j t h  the 

detection level o f  9 . 4  Bq/L) .  Ne tker of these measurements was 

considered ta he important enough to justify analysis for 9oSr by 

radiochemical procedures e 

Detectable quantities o f  alpha activity were measured in leachate 

generated in a l l  drums except drums 2, 5, and 7. Leachate from drum 8 

contained by far t h e  highest concentration o f  alpha activity, a 

concentration in excess of 100 

spectra analyses indicated the activity t o  be largely 234U, with 

Bq/L on day 7 of lbaching. Alpha 

237 detectable quantities o f  228Th and Np. 

For the most part, the concentration of alpha activity in the 

leachates was at o r  below the detection level ( 4  Bq/l.) after 14 d of 

leaching, the exception being leachate from drum 8. However, there 

were large differences in liquid-to-solid ratios, w l t h  values ranging 

from 7.1 for drum 10 to 8 3 . 3  for dru 

No detectable gamma-emitting radionuclides were measured in 20 mL 

o f  leachate collected from each of the drums on day 7 0f leaching, 

These data generally confirmed the absence o f  measurable quantities of 
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gamma-emitting radionuclides, as none of the waste drums showed gamma 

radiation in excess of 5 mR/h. Thus, the counting of leachates for 

gamma-emitting radionuclides was discontinued after the first leachate 

sampling. 

After leaching for 27 d, the drums were left standing for 31 d .  

Analyses of the interstitial leachate did n o t  reveal detectable alpha 

activity in any of the interstitial leachate except these leachates 

sampled from drums 8 and 10 (a very high activity of 2600 Bq/L in 

leachate from drum 8 and 19 Bq/L in ':he leachate from drum 10). 

Leachate from drum 6 was the only leachate that showed detectable 

levels of beta activity (approx. 230 Bq/L) .  

4.1.2. Leaching o f  Metals 

Toxic metals leached from wastes contaminate groundwater and 

create a potential health hazard. Concentration limits for various 

metals i n  water have been established for drinking water, and these 

limits as well as other guidelines are being used to evaluate potential 

contamination o f  groundwater by shallow-land burial o f  wastes. Listed 

in Table 4 are the concentrations of various metals that, i f  detected 

in the groundwater adjacent to a burial site, may classify the site as 

a hazardous waste landfill probably requiring remedial action to 

control discharge. 

To evaluate t h e  potentia? of each of the ten wastes to leach toxic 

metals, leachate samples were analyzed f a r  metals using XCP 

spectroscopy. T h i s  technique provides general information on 

concentrations o f  nearly 30 elements in one analysis. 

metals are not RCRA regulatory metals, but their concentrations in the  

leachate are useful in evaluating general water quality. The major 

Many of these 
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Table 4 .  Water q u a l i t y  c r i t e r i a  f o r  metals 

Meta 1 5 -._I.-- C h a r a c t e r i s t i c s  ~--xui-px! f o r  

G TED u n dwa t e rg [.ea c h a t  e- b 

Arsenic 

Ba r i  urn 

Copper 

Lead 

Merc U ry 

N i c k e l  

Sel eni  urn 

S i  1 v e r  

Zinc 

1.00 100 

0.01 1 
0.05 5 

1.00 ND 

0.05 5 

0.00 2.0 

0.20 M 

0.01 1 

0.05 5 

5.0 ND 

%a+,er q u a l i t y  o f  groundwater es tab l i shed a t  concentrat ions 
s e t  by t h e  Nat iona l  I n t e r i m  Pi-irn6t-y Dr ink ing  Mater Stdndards (USEPA 
198Q), except f o r  copper, n i c k e l ,  and z i n c ,  ~ h : j c h  a r e  g u i d e l i n e s  
esiab:ished by t he  S t a t e  o f  Tennessee (personal conimunication t o  
T'. A .  Perry, & a r t i n  M a r i e t t a ,  Energy Systems, Inc., Oak Ridge 
Nat iona l  Laboratory,  May 21, 1985, from L. ld. Gregory, D i v i s i o n  of 

a s t c  Management, Tennessee Department of Heal th  and 
Environment) . 

kResource Conservat ion Recovery Act  E x t r a c t i o n  Procedure 
maximum l i m i t s  (USEPA 1980). ND 2 Not def ined.  
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~ i s ~ ~ v ~ ~ ~ a ~ ~ ~  s f  the  I C P  analyses methodology a r e  t h a t  mercury 

c ~ n ~ ~ ~ t ~ ~ ~ ~ o n s  a r e  not determined and t h a t  the  detect ion leve ls  f o r  

a r sen lc ,  l ead ,  and selenium a r e  not low enough t o  de tec t  concentrations 

a t  the  groundwater qua l i t y  c r i t e r i a  level l i s t e d  i n  Table 4 .  The  

detect ion l eve l s ,  however, a r e  adequate t o  determine concentrations 

of these  metals t h a t  a r e  i n  excess OF t he  RCRA-EP leaching t e s t  

( see  Table 4 ) .  

Leachate concentrations measured i n  th i s  leaching study have no 

regulatory implications w i t h  respect t o  the  c l a s s i f i c a t i o n  of a waste 

as  hazardous o r  nonhazardous. The purpose here i s  t o  determine a 

source term f o r  leaching t o  be used i n  t he  pathways ana lys i s  model o f  

t he  Environmental Impact Statement f o r  t he  proposed CWDF. However 

leachate concentrations determined in th i s  s t u d y  may be useful i n  

determining wastes whose leachate m i g h t  r e s u l t  i n  the  contamination o f  

groundwater i n  excess o f  t he  primary d r i n k i n g  water standard o r  o ther  

c r i t e r i a  es tabl ished by a s t a t e  o r  federal  regulatory agency, making 

the  disposal of t he  waste i n  a shallow-land burial  s i t e  subject  t o  

question. Obviously, metal concentrations i n  t he  waste leachates a t  o r  

below the  groundwater qua l i t y  c r i t e r ' l a  l i s t e d  i n  Table 4 a r e  not an 

environmental concern; however, i f  t he  leachate concentrations were i n  

excess of these  c r i t e r i a  by f ac to r s  of 10 t o  100, o r  even g rea t e r ,  then 

the  degree of a t tenuat ion by s o i l  and/or d i lu t ion  by uncontaminated 

groundwater wi l l  d i c t a t e  the  concentration i n  groundwater downgradient 

from the bur ia l  s i te .  

For the  present ,  only those metals whose concentration i n  the  

waste leachate measured i n  excess of the  water qua l i t y  c r i t e r i a  l i s t e d  

i n  Table 4 will be addressed, The metal concentrations in the 

leachates from the  ten drums sampled a t  days 7 ,  14,  and 21 over t he  
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l e a c h i n g  p e r i o d  a r e  presented i n  Appendix A .  

metal  concen t ra t i ons  observed i n  t h e  leachates o f  t h e  PRU wastes i s  

l i s t e d  i n  Table 5.  

A summary o f  t h e  maximum 

Concentrat ions of bar ium and s i l v e r  measured i n  TRU leachates 

never exceeded t h e  maximum l i m i t  e s t a b l i s h e d  f o r  t h e  RCRA-EP l e a c h i n g  

t e s t  o r  even t h e  l e v e l s  e s t a b l i s h e d  f o r  N a t i o n a l  I n t e r i m  Pr imary 

D r i n k i n g  Water Standards (NIPQWS). L i m i t s  o f  d e t e c t i o n  f a r  a rsen ic ,  

lead, and selenium were i n  excess o f  t h e  NIPQWS; ho ever ,  l eacha te  

concen t ra t i ons  f o r  t hese  elements w e ~ e  never i n  excess o f  l i m i t s  f a r  

t h e  RCRA-EP l each  t e s t .  

Maximum cadmium concen t ra t i ons  i n  t h e  leachates f rom a l l  t e n  TRU 

drums were equal t o  and, i n  many cases ,  i n  e x c e ~ ~ ~  o f  t h e  NHPDWS. 

Cadmium concen t ra t i ons ,  however, never  exceeded RCRA-EP l i m i t s  

( 1  nig/L). The h i g h e s t  cadmSun concen t ra t i ons  (0.12 and 0.11 mg/L) were 

observed i n  leachates F ro  drums 1 and 9, r e s p e c t i v e l y .  Except f o r  

chromium concen t ra t i ons  i n  l eacha te  f rom drum 1, a l l  chromjun 

concen t ra t i ons  were below maximum l i m i t s  d e f i n e d  f o r  t h e  RCRA-EP l each  

t e n t  d s  w e l l  as t h e  NIPDWS. The chromium c o n c e n t r a t i o n  i n  t h e  l eacha te  

f rom drum 1 on day 7 o f  l e a c h i n g  (0.15 rng/L) was i n  excess o f  t h e  

NIPDWS (0.05 mg/L) b u t  w e l l  below t h e  WCRA-EP l i m i t  ( 5  rng/L). Chromium 

concen t ra t i ons  on days 14 and 21 o f  l e a c h i n g  were below d e t e c t  on 

l i m i t s  by I C P  spectroscopy (0.04 mg/L).  Copper concen t ra t i ons  measured 

i n  TRll  waste leachates were less  t han  0.02 mg/L, cons ide rab ly  ess than  

t h e  1.0 mg/L g u i d e l i n e  suggested by t h e  S t a t e  o f  Tennessee. A maxi 

n i c k e l  c o n c e n t r a t i o n  o f  0.47 mg/L was easured i n  t h e  l eacha te  f rom 

drum 1 (see Table 5 ) .  Th i s  was i n  excess o f  t h e  Tennessee suggested 



Table 5. S m r y  of  m a x i m  concentrations (in mg/L) of metals measured in TRU waste leachates 

Drum 
Metal Influent 1 2 3 4 5 6 7 8 9 10 

A1 mi nun 
Ant i mony 
Arsen i c 
Barium 
Boron 
Cadni urn 
Calcium 
Chrani um 
Cobalt 
Copper 
Iron 
Lead 
Lithium 
bgnesi urn 
Manganese 
Hol ybdneum 
Nickel 
Phosphorous 
Selenium 
Si 1 icon 
Silver 
Sodium 
Stron t i urn 
T i  taniw, 
Vanadi urn 
Zinc 
Zircon i urn 

<o .02 
e0.20 
eo. 10 
0.02 

<0.m 
<O .005 
42 
<O .04 
<0.01 
cot 02 
<O .03 
<o. 20 
<a. 29 
I t  
<0.005 
<O .04 
<O.% 
<o. 30 
C0.20 
2.60 

<O . 05 
6.10 
0.09 
<0.02 
<0.01 
<o * 02 
<o .02 

0.29 
<0.02 
<o. 10 
0.06 
cO.08 
0.oE 
50 
0.156 
0.01 

q0.02 
35 
eo. 20 
<o. 20 
10 
0.30 

<O .04 
0.47a 
4.40 

4 . 2 0  
3.40 

<o .05 
17.0 
0.11 

<o .02 
co.01 
3.40 
4.02 

<o .20 
<o .02 
<o. 10 
0.07 

<O.M 
0.02g 
50 
C0.04 
CO.01 
<o. 02 
0.24 

4 . 2 0  
<o. 20 
14 
0.03 
<O .04 
<O .06 
CO.03 
<o * 20 
8.20 

<o. 05 
5.4 
0.09 

K0.02 
CO.01 
0.10 

<o .02 

c o s  20 
<o .02 
a3.10 
0.07 
<0.08 
0.04a 
38 
~0.04 
<0.01 
<o .02 
0.62 

<o .20 
<Of 20 
9 
0.03 

KO. 04 
cO.06 
1.30 

<O .20 
2.70 

4. 05 
9.8 
0.08 
<0 .02 
a . 0 1  

a. 02 
6.402 

<o .20 
4.02 
<o. 10 
0.69 
CO.08 
0.065 
50 
e0.04 
a.01 
<o .02 
0.24 

co 1 20 
<o .20 
18 
0.02 
<O .04 
c0.06 
0.40 

<o .20 
10.00 
<0.05 
5.9 
0.10 

<o. 02 
CO.01 
0.46 

<0.02 

<o .20 
<o * 02 
<o. 10 
0.07 

<o.o8 
0.01 
41 
<O .54 
co.01 
<o .02 
0.32 

<o .20 
<0 .20 
10 
0.03 

<O .04 
CO.06 
~0.03 
<o .20 
3.60 

<o . 05 
5.3 
0.08 

<o .02 
<0.01 
0.13 

<o .02 

<o .20 
<o .02 
<o. 10 
0.10 

<O. 08 
0.01 
36 
<O .04 
<0.01 
<o .02 
0.07 
CO.20 
<O. 20 
9 
0.03 
C0.04 
<O. 06 
<O .03 
<o .20 
2.10 

<O .05 
4.9 
0.72 

<o .02 
co.01 
0.46 
<0.02 

K0.20 
<o .02 
<o. 10 
0.15 
<0.08 
0.126 
39 
<O .04 
<0.01 
<o. 02 
Q. 34 
<0.29 
<0.20 
9 
0.17 

<O .04 
<O.% 
4.03 
4 . 2 0  
3.00 
<0.05 
5.8 
0.08 
a. 02 
CO.01 
0.48 

<o .02 

4.20 
<o .02 
<o. 10 
0.54 
<0.08 
0.01 
53 
<0.04 
0.01 

<o .02 
0.99 

4 . 2 0  
<0.20 
10 
0.04 

KO .04 
CO.06 
26.00 
co.20 
4.20 

<o .05 
130 
0.15 

<o .02 
CO.01 
2.00 

<o .02 

<o .20 
<o .02 
a. 10 
0.13 
0.63 
0.11% 
55 
<O .04 
5.60 

<o .02 
0.71 

<o .20 
eo.20 
13 
0.04 
<0.04 
0.09 
1.60 
<0.20 
5.10 
<0 .05 
9.8 
0.25 

<o .02 
<0.01 

<0.02 
5.10a 

<O .20 
<o .02 
<o. 10 
0.18 

<O. 08 
0.03c 
47 
<O .04 
XO.01 
<o. 07 
2.70 

C0.20 
<0.20 
10 
0.05 

<O .04 
<O. OB 
6.90 

<o I 20 
4.20 
<0.05 
43.0 
0.09 

c0.02 
CO.01 
1.50 

<o .02 
~ 

&oncentrations are in excess of the water quality criteria for groundwater, see Table 4. 

ru w 

\ 
--I 
3 

1 
4 

0 
0 
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g u i d e l i n e  f o r  n i c k e l  i n  groundwater (0.2 mg/L). No d e f i n e d  l i m i t s  f o r  

n i c k e l  have been e s t a b l i s h e d  f o r  t h e  NIPOMS o r  t h e  RCRA-EP leach t e s t ,  

Twa drums (drums 3 and 9 )  generated leachate t h a t  conta ined z inc  

concen t ra t i ons  ( 6 . 4  and 5.1 mg/L, r e s p e c t i v e l y )  i n  e x c e s s  o f  t h e  

Tennessee suggested g u i d e l i n e  f o r  z i n c  i n  groundwater (51~0 mg/L). 

As f o r  n i c k e l ,  NIPOWS o r  RCRA-EP leach t e s t  

been d e f i n e d .  

The metal concen t ra t i ons  i n  t h e  i n t e r s t  

a f t e r  t h e  l each ing  had been stopped (Tab le  1 

i m i t s  f o r  z i n c  have not 

t i a l  l eacha te  sa 

A ,  i n  Appendix A )  revealed 

o n l y  concen t ra t i ons  s f  cadmium and z i n c  t o  be i n  excess o f  those 

groundwater q u a l i t y  c r i t e r j a  e s t a b l i s h e d  f o r  metals  i n  Table 4 .  The 

concen t ra t i ons  of cadmium i n  t h e  i n t e r s t i t i a l  l eacha te  o f  drums 3 and 

1 were s i m i l a r  t o  those cancen t ra t fons  measured on day 7 o f  l each ing  

( s e e  Appendix A ) .  On t h e  o t h e r  hand, z i n c  concen t ra t i ons  i n  t h e  

i n t e r s t i t i a l  l eacha te  o f  drums 3 and '3 ( 3 3  and 140 rng/L, r e s p e c t i v e l y )  

were much h i g h e r  than t h e  maximum z i n c  concen t ra t i ons  measured d u r i n g  

t h e  27 d of l e a c h i n g  (see Appendix A ,  approx imate ly  6 mcg/b). The d a t a  

i n  Table 11A i n d i c a t e  t h a t  t h e  s o l u b i l i t y  o f  z inc  i n  these drums 

(drums 3 and 3 )  increased on cont inued l e a c h i n g  and t ime .  (Note i n  

Table 1 t h a t  t h e  pH o f  t h e  l eacha te  sampled f rom drum 9 on day 27 o f  

l e a c h i n g  was 5 . T 9  t h e  lowest  o f  a l l  drums sampled,) 

I n  

i n  t h e  

cadmi um 

f a c t o r s  

t e s t .  

summary, t h e  ma jo r  concern w i t h  respec t  t o  meta l  concen t ra t i ons  

be eachates o f  t h e  t e n  drums o f  TRlJ wastes leached appears t o  

l e v e l s .  These l e v e l s ,  though i n  excess o f  t h e  MIPDWS, a r e  

o f  t e n  below t h e  maximum l i m i t  e s t a b l i s h e d  by t h e  RCRA-EP 

hese concen t ra t i ons  were observed i n  t h e  e a r l y  s tages  o f  

each 
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generated a leachate that contained cadmium concentrations in 

leaching (generally day 7 of leaching) and only one drum (drum 7) 

excess 

n of NIPOWS on day 21 o f  leaching (set? 

Appendix A ) .  

ea c h i n g c on c en t tma t i on s 

4 . 1 . 3 .  Leaching of Organic Compound2 

Considerable effort, in terms of time and expense, was made to 

determine concentrations of organic constituents in leachates of the 

TRU low-level radioactive wastes, T h i s  was undertaken because little 

is known about the character of orgcnic compounds in radwastes 

leachates. For example, most  leaching studjes have confined analyses 

o f  leachates t o  radionuclides, and t o  some extent, hazardous inorganic 

constituents. Thus, the type and qbantity o f  organic cornpounds in 

leachates o f  low-level radioactive wastes have been largely speculation. 

A list of all organic compounds assayed in the leachates collected 

on day 7 of leaching is presented in Table 6 .  This included analysis 

for 15 acids, 54 base neutral compounds, 17 pesticides, and 22 volatile 

organic compounds. These are organic compounds identified by USEPA as 

potential contaminants to groundwater and drinking water supplies 

(IJSEPA 1 9 8 3 ) .  Initial inspection of Table 6 reveals that the 

concentration of most of  these compounds in the TRU leachates were 

below detection levels.  The exceptions were phenol in leachate from 

drums 1 ,  3 ,  4 ,  and 9 and some volatile organics in leachates of the 

other drums. The concentrations of detectable organic compounds in the 

leachates from a l l  TRU drums over the duration of  the experiment are 

presented in Table 12A (Appendix A ) .  A summary o f  the maximum 
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concentration of the organic compounds measured in the leachates i s  

presented in Table 7. 

The major organic constituent detected, using the above analyses, 

in the TRU leachates was phenol at concentrations of 1 to 2 mg/L in 

leachates from drums 1 and 10. Leachates from other drums contained 

detectable amounts o f  volatile organics; most prominent was leachate 

from drum 7 that contained concentrations o f  bromodichloromethane, 

chloroform, and others in excess of 0.1 mg/L (Table 7 ) .  Measurements 

of organic compounds in the influent (potable drinking water) were not 

made. Analyses of all leachates co’lected from the TRU drums revealed 

that concentrations of all compounds were below the detection level for 

at least one sampling (see Table 12A). The one organic compound found 

most consistently at levels of 20 to 60 ug/L was chloroform, indicating 

that chloroform may have been in the influent at those levels. 

The Intent was to determine if leachates contained significant 

concentrations o f  organic constituents that could pollute groundwater. 

These data indicate, with the possihle exception of phenol, that 

leachates from the TRU low-level radioactive wastes examined would not 

be a threat to groundwater quality. 

4.2. PHASE I1 - WASTES FROM THE DRClM COMPACTION DEMOHSTRATION 

4.2.1. Radioloqical Analyses 

The primary interest, as in the case of the TWU waste leachates, 

was to determine the general character o f  radioactivlty in t h e  

leachates by gross-alpha and gross-beta measurements (Table 8 ) .  

Leachate was also analyzed f o r  gamma activity (see Table 9 )  by counting 
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Table  8 .  Gross-alpha and gross-beta a c t i v i t y  
measured i n  leachates from 

compacted waste drums 

Drum Day A 1  pha Beta 
B q / L  

7c 

8c 

9c 

1 0c 

3 
6 
9 

13 

3 
6 
9 

13 
16  
20 
23 

3 
6 
9 

13 
16 
20 
23 

3 
6 
9 

13 
16  
20 
23 

B D ~  
80 
8D 
80 

BD 
BO 
BO 
BO 
BQ 
BO 
BD 

BD 
BO 
BD 
BQ 
BO 
BD 
BD 

6 
11 

7 
33 
21 
41 
41 

351 
167 

83 
45 

1871 
3391 
2191 
1871 
1671 

991 
1451 

13  
80 
BD 

0 
BD 
BO 
31 

0D 
5 

65 
9 
7 

29 
17 

%XI = below detection 
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Tab le  9. Concentrat ions of radionuclides in leachates 
f r o m  compacted was te  drums 

7 C  3 
6 
9 

13 

8c 3 
6 
9 

13 
1 6  
20 

9c 3 
6 
9 

13 
16 
20 

1 oc 3 
6 
3 

13 
16 
20 

188 37 
88 BO 
40 BD 
29 BE 

2 54 1211 
42? 2738 
280 1711 
272 1163 
236 1104 
1?3 471 

7 BD 
4 BO 
3 60 
0 BO 

1 1  BC 
17 89 

48 
85 
5 5  
7 0 
8D 
BE 

E30 
so 
sa 
85 
5D 
SD 

342 
309 
221 
47 1 
272 
294 

BD 
BD 
BD 
BO 

5D 
BO 
DE 
206 
88 

129 

= belau d e t e c t i o n .  
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20-mL a l i q u o t s  i n  h igh - reso lu t i on  germanium detec tors  (Larsen and 

Cu tsha l l  1981). 

est imated us ing  Cerenkov r a d i a t i o n  count ing  techniques (Larsen 1981) .  

The a c t i v i t y  o f  ''5, i n  t h e  leachates (Table 9) was 

As expected, based on t h e  i n i t i a l  r a d i o l o g i c a l  surveys, leachates 

f rom drum 8c contained t h e  h ighes t  a c t i v i t y  (Tables 8 and 9 ) .  

Leachates f rom drum 7c a l s o  conta ined s i g n i f i c a n t  be ta  a c t i v i t y ,  and 

low l e v e l s  o f  a lpha a c t i v i t y  were detected i n  leachates f rom drum 1Oc 

(Table 8 ) .  I n  general ,  t h e  i n i t i a l  g u i d e l i n e  l i m i t i n g  the s e l e c t i o n  o f  

drums t o  those w i t h  sur face  readings ( 5  mR/h precluded t h e  measurement 

of s i g n i f i c a n t  q u a n t i t i e s  o f  r a d i o a c t i v i t y  I n  t h e  leachates generated. 

4.2.2. Leaching o f  Metals 

Leachates c o l l e c t e d  f o r  gross-alpha and gross-beta ana lys i s  were 

arch ived f o r  poss ib le  meta l  ana lys i s  (see Table 8 f o r  frequency o f  

sample c o l l e c t i o n ) .  For example, a l i q u o t s  o f  leachate were a c i d i f i e d  

t o  pH (2 w i t h  h i g h - p u r i t y  concentrated n i t r i c  a c i d  and s to red  f o r  

metal  analyses. To conserve funding, metal  analyses were n o t  planned 

f o r  these leachates u n t i l  t h e  leachates generated from t h e  TRU wastes 

were analyzed. The TRU wastes represented a l a r g e r  v a r i e t y  and a more 

rep resen ta t i ve  sample o f  wastes generated over a l onger  t i m e  range than 

those used i n  t h e  compaction demonstrat ion.  For example, t h e  wastes 

t h a t  were compacted i n  t h e  Westinghouse-Hittman demonstrat ion were the 

f o rmer l y  non-compactible wastes t h a t  were placed in 208-L drums 

s t a r t i n g  i n  June 1985. P r i o r  Lo June 1985, these non-compactible 

wastes were 'adumpedil i n t o  t renches. A l s o ,  documentation o f  t h e  source 
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o f  t h e  TRU wastes and t h e i r  genera l  c h a r a c t e r i z a t i o n  i n  terms o f  

t e l e m e t e r  scans was b e t t e r  t han  t h e  wastes used i n  t h e  csimpaction 

demonstrat ion.  Thus, i f  s i g n i f i c a n t  concen t ra t i ons  o f  hazardous meta ls  

were de tec ted  i n  t h e  TRU waste leachates,  t h e  p o s s i b l e  sources of these 

me ta l s  cou ld  be determined f rom t h e ~ e  wastes b e t t e r  t h a n  from t h e  

wastes used i n  t h e  compaction demonstrat ion.  Since t he  concen t ra t i ons  

o f  meta ls  i n  t h e  leachates o f  TRU wastes were n o t  excess ive (excep t  i n  

a f e w  cases w'lere concen t ra t i ons  o f  cadmium exceeded t h e  N I P D  

e a r l y  stages  a f  l e a c h i n g ) ,  i t  was not considered necessary t o  determine 

t h e  meta l  concen t ra t i ons  i n  t h e  leachates o f  t h e  compacted drums. 

4.2.3.  l e a c h i n g o f  _ _ _ _  Organic  Compounds 

When t h e  l i d s  o f  t he  overpack drum were rep laced  w i t h  l i d s  

containing t h e  i n f l u e n t  and e f f l u e n t  bulkheads,  a s t r o n g  p u n g e n t  odor  

sugges t i ve  o f  v o l a t i l e  organic  compounds was de tec ted  emanating f r o m  

drum 7 c .  I n  s p i t e  o f  t h e  f a c t  t h a t  t h e  replacement o f  t h e  drtim l i d s  

was conducted o u t s i d e  i n  t h e  open a i r  w i t h  an accompanying l i g h t  

b reeze,  t h e  odor was enough o f  a concern t h a t  t h e  o p e r a t i o n  LGC; 

f i n i s h e d  w i t h  t h e  opera to rs  wear ing f a c e  r e s p i r a t o r s  equipped t o  s t r i p  

o rgan ic  s o l v e n t s  f r o m  t h e  a i r .  For t h i s  reason, the leachates from 

these drums were sampled and analyzed f a r  v o l a t i l e  organic  compounds. 

The v o l a t i l e  cornpounds de tec ted  in t h e  leachates a r e  l i s t e d  in 

Tab le  10. The predominant v o l a t i l e  organic  compounds found t o  be 

ps-esenrt i n  t h e  l eacha te  f rom drum 7c were 1.1 , l - t r i ch lo roe t .hane  and 

1,2--dlchloroethane. Concentrat ions o f  each cornpound were estjmated t o  

range f rom 100 t o  300 ug/L ( i d e n t i c a l  concen t ra t i ons  o f  each compound 



35 

Table 10. Concentrations ( i n  ~q'l.1 of volatile organic cornpounds detected 
i n  leachate from cwrpacted waste drums 

Drum and Chemical Day 
3 6 9 20 23 

B r m d  i ch 1 ormet hane < I  2 1 N E  NO 
Ch 1 orof o m  6 19 16 ND NO 
Tri chloroethene <1 2 1 NO NO 
l,l,l-Trichloroethane 109 336 134 HD NO 
1 ,2.-Di chli oroe thane 109 336 134 NO ND 

Drm 8c 

Bromodi chl oranethane 
C hl orofom 
Tetrachlorwthene 
T r i  chloroethene 

1 2 2 <2.2 <2.2 
6 17 15 22 1 1  
38 <1 <1 <4*1  a . 1  
1 2 2 c1-4 €1.9 

Drm 9c 

B r a m d i  chlosanethane 
Chl orafom 
Tri chl oswthene 

c2.2 x2.2 

€1.9 g1.9 

< I  1 2 

<I 1 2 
6 15 14 22 12 

aO = not determined. 
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are  reported as t h e  cornpounds e l u t e d  together  f r o m  the  pentane 

e x t r a c t t o n  method; i . e . ,  t h e  rnaxirnu va lue i s  reported-see chemical 

analyses  i n  S e c t ,  3.3.2). Traces o f  bromodichloromet ane, tr i- and 

t e t r a - c h l o r o e t h e n e ,  and c h l o r o f o r m  were de tec ted  i n  leachates from t h e  

compacted waste drums d u r i n g  t h e  23 d o f  l each ing ,  

concen t ra t i ons ,  rang ing  f rom 6 t o  22 ugPL., may rep resen t  influent 

concen t ra t i ons  . 

The c h l o r o f o r m  

4 . 3 +  WASTE LEACH MODEL 

‘The pr imary  purpose f o r  conduct ing t h e  l each ing  s t u d y  was t o  

deterriiiw :r source tet-m c h a r a c t e r i s t i c  o f  t h e  l e a c h i n g  o f  w a s t e s  

disposed o f  i n  t he  C W F .  The aielectiian o f  w a s t e  drums f o r  low 

r a d i o a c t i v i t y ,  f rom t h e  s tandpo in t  o f  s a f e t y  cons ide ra t i ons ,  no doubt  

prec luded the rep resen ta t i veness  o f  t h e  iFIaste w i t h  respec t  io their 

concen t ra t j ons  o f  r a d i o n u c l i d e s .  However, i t .  ‘ss i l iot a n t i c i p a t e d  t h a t  

s e l e c t i o n  o f  l o w - a c t i v i t y  drums biases t h e  rep resen ta t i veness  o f  t h e  

b r i m s  w j t h  r e s p e c t  t o  t h e i  i- concen t ra t i ons  o f  n o n r a d i o a c t i v e  

consiituects, The impor tan t  p o i n t  i s  t h a t  t h e  s tudy o f f e r s  an 

o p p o r t u n i t y  t o  demonstrate t h e  u t  l i t y  o f  such la rge -sca le  l e a c h i n g  

sts_rdies t o  c h a r a c t e r i z e  t h e  leach ng p r o p e r t i e s  o f  w a s t e s .  

Drum 8 (see Tzble 3)  was one of t h e  few drums w i t h  leachate 

conta’aainy r a d i o a c t i v i t y  adequate t o  yvov ide s u f f i c i e n t  data  t o  be !rsed 

i n  a prcspased w a s t e  l each  m8ode3. I f  one assu  es %ha% t h e  1eachz;ng o f  

cons l i i ua -a ts  ft-om waste by water t a k e s  t h e  general f o rm 



37 ORNL/TM-I 0078 

where 

A = amount o f  the leachable radionuclide r ~ ~ ~ i ~ i ~ g  the waste 
in BqBkg, 

A, = total leachable radionuclide on the waste -in Bq/kg, 

k = a part’ation coefflcient, 

-to-solid ratio ( I - e , ,  t e r a t i o  o f  leachate t o  mass 
o f  waste in f / kg) ,  

en t he  leachi rum 8 can be used to 

p l e ,  t h e  alpha 

activity when plotted against time takes a general first-order leaching 

rate (see Figs., 3 and I s ) ,  

above, the same data can be expressed as a function of  the 

liquid-to-solid ratio in the following manner: 

However, to estimate the quantity o f  A. 

The coefficients o f  Bo and 13 can be estimated by nonlinear regression 

analysis using the. leaching data  over the range of ljquid-to-solid 

ratios (see Fig. 51, The smooth curve fitted to the leaching data 

(illustrated by the stars in F i g .  5), i s  used to estimate the maximum 

leachable amount o f  activity (Bo i n  units o f  Bq/kg) and a partition 

coefficient (8 ,  which has units o f  kg/L). F o r  this example, Bo was 

estimated to be 10620 5 943 Bq/kg and 8 t o  be 0.15 -+, 0.03 kg/L, using 

the NLIW procedure o f  SAS (1982). 

is now known, the percentage o f  the waste remaining can be determined 

( F i g .  6 )  as well as the partition coefficient (k) in the leach model. 

At large r ,  A. = Bo. Since A. 

In this manner, not only is the total quantity o f  leachable 

radionuclide determined (estimated at 10,620 Bq/kg), but also the 
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Fig. 4.  First-order leaching kinetics  of  alpha ac t iv i ty  f rom drum 8 .  



Fig. 5, Estimate o f  leachable alpha a c t i v i t y  i n  drum 8, 
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partition coefficient needed t o  describe the r a l e  a t  wh ich  the 

radionuclide is released from the waste ,  From an analytical 

standpoint, if the r a t e  of water movement through a uas'ce or a t rench 

con ' ia iq ing  this waste i s  known, the  value o f  kr at A / A  = 0,5 can be 

used t o  estimate t h e  t ime a t  which half o f  a soluble c o n s t i t u e n t  will 

be leached from t hp  waste .  For t h e  c a w  o f  drum 8, over h a l f  of t h e  

alpha-emitting activity was lost f rom the waste  a t  a liquid-to-solid 

ra t - io  of less than five. Thus, these d a t a  indicate t h a t  t he  alpha 

activity f r o m  this waste would be leached relatively r a p i d l y  if water 

s e r e  allowed t o  move thhroeagh t h e  w 3 s t e .  I t  a'iss fmplies t h a t  if t h e  

\rbnste i s  burjeci  i n  a shall~~~p-land burial site that i s  occasionally 

saiulratedl any in siii.1 monitoring w u l d  ha;e t o  be conducted shortly 

after disposzl t o  effectively estimate -?he source term f o r  leaching ~f 

t h d t  w ~ t e .  h i s  assiiines no containment o f  leachate by t h e  drum o r  by 

any o t h e r  waste container t h a t  I n j g h t  be used. T h e  intent here is t o  

describe the leaching characterirtics o f  was te  p e r  se, not the leaching 

t h a t  would resu l t  as breachmcct of the w a s t e  container occurs.  

o 

TRe same leach model can $e  used t o  e5tirnat.e the leachable 
131 quantities of ''Si=, Cs, and from the romp in led  w a s t e  

contained in drum 8c. lhere were, however, twc important differences 

between the leaching o f  t h e  TRU and compacted wart?. First, 

accessibility o f  water t o  the w a s t e s  in the ccrripacted drums was much 

more limited than it was in t h e  case f o r  the TRU wastes. Censequently, 

t he  kinetics of leach-ing constituents From t h e  interstitial regions o f  

the compacted w s t e s  would Be slow*-, owing t o  ihe dfffusian o f  soluble 

constituents From t h e  dnl~rstitial reg ions  io reg ions  o f  convectjuna? 
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flow of water, than in the case for the TRU wastes, where water could 

move freely around the noncompacted waste (convectional flow 

patterns). Second, the quantity o f  waste leached in the case o f  the 

compacted waste was significantly greater than it was for the TRU 

wastes [305 and 72 kg, respectively,, for the compacted and TRU wastes 

(drum 8 in Table 1 and drum 8c in Table 2, respectively)]. For 

example, even though leaching was continued for 23 d, in terns of the 

liquid-lo-solid r a t i o ,  the compacted waste (drum 8c) was leached only 

ta a liquid-to-solid ratio o f  approximately 3 compared with 16 for the 

TRU wastes (drum 8 ) .  

Concentrations of 39Cs and in the leachate collected 

from drum 8c (Table 9 )  peaked on day 5 of leaching and decreased on 

continued leaching. 

rema'aned relatively constant over the 20 d the leachate was 

On the other hand, concentrations o f  6oCo 

s ~ ~ ~ ~ e $  in terns o f  the amount of radSoactlvity leached 

expressed as a f u n c t l o n  o f  liqui -to--solid ratio, are 

illustrated 9n figs. 9, 8, and 9 f a r  6oCo, 139Cs, and 9oSr, 

respectively. The leaching rate a f  60Co is constant t o  the 

liquld-to-solld ratio o f  three, and It is clear that further leachln 

to use the model t o  predict the total leachable 

~ u a ~ ~ ~ ~ y  o f  t h i s  I s s t 0  e from the waste. Extrapolation of the leach 

curves f a r  157Cs and ''St- gave estirnates of 5700 and 1400 Bq/kg, 

respectively. ~ ~ w ~ ~ e r ~  these are only preliminary estimates, and 

t o  at l eas t  a liquid-to-solid ratio o f  1 5 ,  or preferably t o  

20:1, should be conducted f o r  estimates of higher precision. 
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5. SUMMARY AND CONCLUSIONS 

The l a r g e - s c a l e  l e a c h i n g  o f  l ow- leve l  r a d i o a c t i v e  wastes was 

conducted u s i n g  208- and 3144 (55.- and 33-gal)  drums c o n t a i n i n g  

r a d i o a c t i v e  wastes generated a t  ORNL and ORGDP. Ten 208-L drums 

c o n t a i n i n g  l ow- leve l  TRU wastes were leached w i t h  p o t a b l e  d r i n k i n g  water  

u s i n g  a un ique des ign  t o  s i m u l a t e  t h e  p o s s i b l e  f l ooded  c o n d i t i o n s  o f  a 

sha l low- land b u r l a l  s i t e .  The drums se lec ted  were those t h a t  con ta ined 

l e s s  than  3.7 kBq/g (100 nCi /g )  o f  t r a n s u r a n i c s  and l e s s  than  5 mR/h 

gamma r a d i a t i o n  a t  t h e  su r face  o f  t h e  drum. These steps were taken as 

a s a f e t y  measure because t h i s  was t h e  f i r s t  a t tempt  t o  l each  drums i n  

such a manner. Fo r  example, i t  was necessary t o  open t h e  drums and 

r e p l a c e  t h e  drum l i d s  t o  assure t h a t  i n f l u e n t  water  was d e l i v e r e d  t o  

t h e  bo t tom o f  t h e  drum. A l a b o r a t o r y  s a f e t y  assessment committee 

concurred w i t h  t h e  exper imenta l  des ign  o n l y  i f  t h e  drums s e l e c t e d  were 

those t h a t  con ta ined a minimum o f  a lpha and gamma a c t i v i t y .  

The r i g o r o u s  s e l e c t i o n  requi rement  f o r  drums o f  waste prec luded 

t h e  o ~ ~ o r t u n i t y  t o  observe d e t e c t a b l e  concen t ra t i ons  o f  r a d i o a c t i v i t y  

i n  t h e  leachates  o f  a l l  drums. For example, o n l y  one o f  t h e  t e n  drums 

generated a l eacha te  t h a t  con ta ined d e t e c t a b l e  l e v e l s  o f  alpha a c t i v i t y  

over  a 21 d l each  pe r iod :  concen t ra t i ons  rang ing  f rom approx imate ly  

1200 t o  200 Bq/L. Using these da ta  as i n p u t ,  t h e  proposed leach  model 

p r e d i c t e d  t h a t  t he  waste conta ined approx imate ly  11,000 Bq/kg o f  

l eachab le  a lpha a c t i v i t y .  

In a d d i t i o n  t o  measurements o f  r a d i o a c t i v i t y  i n  t h e  leachates  

generated f rom each o f  t h e  t e n  208-L drums o f  TRU waste, concen t ra t i ons  



ORNL/Tf4-3 0078 48 

o f  inorganic and organic conr t i t uen t s  were monitored. The concern 

w i t h  respect t o  metal concentrations n t h e  TRU leachates wacj t h e  

concentration of cadmium. For example, maximum cadmium concentrations 

i n  t he  leachates o f  a l l  ten  TRU drums were equal t o ,  and i n  many cases 

i n  excess  o f ,  t h e  National Interim Primary D r i n k i n g  Mates S t a n d a r d  

(NIPDlniS) . wO'~YeveY-, cadmiua7 concentrcltions hJere f a c t o r s  o f  t e n  below 

im l i rn  l i m i t  es tabl ished by the R C R A - F P  leach Lest ( 1  mg/L), 

defining the  t o x i L l t y  c h a r a c t e r i s t i c  of the w a s t e .  The high 

concen t r a t5o~s  o f  cadmium w t - e  ept-,sesveb i n  the ear ly  stages o f  leaching, 

generally day 7 o f  leaching, and o n l y  one drum geQesated a leachate 

t h a t  contained cadrijmi coni-entrst5ons i n  excess  o f  t h e  NIPDMS a f t e r  

21 d o f  leaching. 

Considerable r f fo i - i - ,  w i t h  respec t  t o  tinae a n d  exj)ease, was made 

t o  d e t e r m i n e  the concentrationr o f  potentidl ly  hazardous organje 

chemirais i n  t h e  leachates of the TRU wastes ,  as  r e l a t i v e l y  l i t t l e  i s  

ki-ron%iii abou t  concentrations o f  such organic compounds i is  leachates of 

ived l w - l e a e l  r a d i o a c t i v e  m s t e s .  The  major organ jc  

const i tuent  delected i n  t h e  THU 1each.tees was phenol at concentrations 

o f  1 t o  2 r q / C  i n  leachatom Frwir ';wo of PDse t en  di- 

o r g a n f i  compti~iii;~ detected i n  TKLI l eacha le t  w e r e  s 

broriiodi c h l o r a x t k t c e ,  chlorodi branmEli idnc?,  chl o r o f  OPiE, ~ n d  s m e  

c h 5 uc i  iiated ethane5 and ether imunr ;otncrntrat iows o f  these 

organ-ic coirrpwnds w:-e q u i t e  low, usually on t h e  order o f  0.05 ti, 

0.5 mg/L, i nd fca t ing  t h a t  t he  shallow-land disposal of t hese  asterlals, 

would n o t  l i k e l y  contdvindtt g r o u n d w t e r  supp? ":s u i t b  hazardous 

organic chEm':als. 



49 ORNL/TM-10078 

Four overpack drums containing compacted drums from a 

Westinghouse-Hittman drum compaction demonstration at QRNL were 

leached to determine concentrations of radionuclides in their 

leachates. Each of these four 314-L overpack drums contained from 

three to seven crushed 2 0 8 4  waste drums originating at. either ORNL or 

ORGDP. The net weights o f  crushed wastes in the drums ranged from 

300 to nearly 500 kg. 

expected to be low because one o f  the acceptance criteria was only 

The quantity of radioactivity i n  the wastes was 

those 208-L waste drums with surface readings of (5 mR/h. However, 

one of  the resulting overpack drums did show gamma radiation levels on 

the order o f  10 mR/h at the drum surface. 

containing detectable concentrations o f  

(concentrations ranging from 3000 Bq/L o f  137C5 to 130 Bq/L of 

gost-) over 20 d o f  leaching. 

'OS, (200 to 30 Bq/L) and another, detectable levels of alpha 

activity (<50 Bq/L)in their leachates. Leaching, although conducted 

This drum generated leachates 

37Cs, 6oCo, and "5, 

Another showed detectable levels o f  

for 23 d, had not yet reached a liquid-to-solid ratio greater than 3 

(because of the large mass being leached); thus, precise estimates of 

the quantities of  total leachable radioactivity could not be determined 

using the proposed leach model. 

On preparation of  the overpack drums f o r  leaching, a strong odor 

indicative o f  volatile organic compounds was noted emanating from 

one o f  the drums, Thus, leachates from these drums were analyzed 

for volatile organic compounds. Leachate collected from the 

drum that generated the strong odor contained concentrations o f  

1,l ,l-trichloroethane and/or 1,2-dichloroethane i n  excess of 0.3 mg/L. 
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Leachates from two o f  the other f o u r  drums contained from 0 , 0 5  t o  

0.1 mg/L o f  tetrachloroethene. The source of these organic canipounds 

is unkmown; however, these compounds are known to be present in 

degreasing solvents. 

detected in the leachates but o n l y  a t  levels t 0 . 0 2  mg/L. Other than 

the concentrations o f  l,l,l-trichloroetkane in leachates o f  one o f  the 

drums, t h e  analysis o f  the leachates f o r  the l a rge  array o f  volatile 

organic compou~bs revealed that g r o u n d ~ a t e r  probably would not be 

contaminated with volatile organics on disposal o f  these low-level 

radioactive wastes  in a shallow-land burial site. 

Chloroform and bro odichloromethane were a l s o  

A was te  model was used t o  demonstrate haw concentrations o f  

leachable constituents f r o  a waste can be es t ima ted .  Using t h e  

leaching data from one o f  the TRll uantes,  the total quantit-y a: alpha 

activity available f o r  leaching was estimated to Re 10,620 Rq/kg of 

waste ,  The model can also be used t o  estimate leachable quantities o f  

inorganic and organic cornpoursds from wastes. The model * couplt?d with 

this large-scale leaching method f o r  wastes, is an excellent method to 

determine the leaching characteristics o f  large-volume low-level 

radioactive wastes where the subsampling o f  such wastes into 100-g 

"representative" samples is a difficult and probably impossible task. 
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Table 1 A .  Concentrations (in mgfL) of  metals in 
leachate collected from drum 1 

Element - Day 
7 14 21 

Ag 
A1 
As 
8 
Ba 
Ca 
Cd 
co 
Cr 
CU 
Fe 
L i  
Mg 
Mn 
Mo 
Na 
Ni 
P 
Pb 
Sb 
Se 
s i  
Sr 
T i  
V 
Zn 
Zr 

c0.05 
0.29 

(0.10 
<O .08 
0.06 
50 
0.0193 
0.011 
0.1 5E 

(0.02 
28 
t o .  20 
10 
0.3 

t0.04 
17 

0 . 4 7 3  
4 . 4  

c0.20 
t o .  20 
to. 20 

2 . 4  
0.11 
to .02 
to. 01 

3.4 
<o .02 

to. 05 
<o. 20 
co.10 
<O .08 
0.04 

43 
(0.005 
to. 005 
t0.04 
<o. 02 
22 
<o. 20 

9.6 
0.22 

(0.04 
12 
0.28 
1.2 
(0.20 
(0.20 
to. 20 
2.3 
0.1 
(0.02 
to .01 
<o * 02 
(0.02 

<O. 05 
(0.20 
(0.10 
(0. 08 
0.04 
50 
to. 005 
to. 060 
to. 04 
t0.02 
35 
t o .  20 
8.5 
0.23 
to. 04 
1 1  
to. 06 
2 

<o. 20 
(0.20 
to. 20 

3.4  
0.095 

cO.02 
tO.01 
0.08 

<Of 02 

Qoncentration in excess of  the groundwater quality 
criteria for metals listed in Table 4. 
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Table 2 A .  Concentrations ( i n  mg/L) o f  metals i n  
l e a c h a t e  c o l l e c t e d  from drum 2 

E 1 ernent - Dav 
7 14 21 

Ag 
A 1  
As 
B 
Ba 
Ca 
Cd 
CO 
Cr 
CU 
Fe 
1. i 
M 
Mn 
no 
Na 
Ni 
P 
Pb 
Sb 
Se 
S i  
Sr 
T i  
V 
Z f l  
ZP 

to. 05 
t o  * 20 
t O . 1 0  
to. 08 

33 

t o .  01 
to. 04 
t o .  02 
<0,03 
t0.20 

8.7  
0.017 
to. 04 

5 . 2  
t o .  06 
t o . 3 0  
t o .  20 
t o .  20 
t o .  20 

1 . 9  
0.082 
to. 02 
t o .  01 
0.1 

t o .  02 

0.073 

0.0153 

to. 05 
(0.10 
(0.10 
t0.08 
0.034 

50 
(0.005 
(0.01 
(0.04 
(0.02 

0.24 
(0.20 
14 

0.019 
(0.04 

5 .3  
(0.06 
(0.30 
(0.20 
(0.20 
(0.20 

8.2 

t o  e a? 
0.086 

to .01 
0.1 
t0,02 

to. 05 
t o .  20 
t o .  0% 
0.045 

40 
t o .  005 
t o .  01 
<O .04 
t o  " 02 
0.12 
to. 20 
8.2 
0.026 
to e 04 

5 .4  
to. 06 
< O m  30 
to. 20 
t o  " 20 
to. 20 
3.2 
0.078 

t o  * 02 
t o .  01 
0.06 

t o .  02 

t0.m 

&Concentration i n  excess o f  the  groundwater 
q u a l i t y  c r i t e r i a  for metals listed in Table  4 .  
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Table 3A. Concentrations ( i n  mg/L) of  metals i n  
leachate col lected from drum 3 

Element - Day 
7 14 21 

Ag 
A 1  
As 
8 
Ba 
Ca 
Cd 
CO 
Cr 
cu 
Fe 
L i  
Mg 
Mn 
#O 
Na 
N i  
P 
Pb 
Sb 
Se 
S i  
Sr 
T i  
V 
Zn 
Zr 

(0.05 
to. 20 
(0.10 
<O .08 

31 

(0.01 
4 . 0 4  
(0.02 
0.5 
to. 20 
8.5 
0.032 
(0. 04 

9 .8  
(0.06 

1 .3  
(0.20 
to. 20 
t 0 . 2 0  
2 
0.08 

<o. 02 
(0.01 

5 . 4 a  
to. 02 

0.066 

0.038a 

<O. 05 
<o. 20 
(0.10 
<0 .08 

34 

t o .  01 
(0. 04 
(0.02 
0.44 
to. 20 
9.1 
0.029 

(0.04 
7.3 
to. 06 
0.71 

(0. 20 
<o .20 
t o .  20 

2.1 
0.079 

(0.02 
t o .  01 

6 . 4 a  
<o. 02 

0.043 

0.014d 

<0,05 
to. 20 
(0.10 
(0.08 
0.034 

38 
0.0072 
to. 01 
(0 .04 
(0.02 
0.62 
to. 20 
8.8 
0.025 
to. 04 

5 . 6  
to. 06 

to. 20 
to. 20 
(0.20 

2.7 
0.074 

<o .02 
to. 01 

5,6& 
t0.q2 

0.38 

&Concentration i n  excess o f  the groundwater q u a l i t y  
c r i t e r i a  f o r  metals l i s t e d  i n  Table 4.  
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Table 4A. Concentrations (in mg/L) o f  rnetals in 
leachate col lected from drum 4 

..-.._--Is_ 
E 1 ement -. ..-.. .. .. Day 

7 14 21 

A1 
As 
a 
Ba 
Ca 
Cd 
Co 
C r- 
CU 
Fe 
b i  

Wn 
Mo 
Ni3 
wi 
P 
Pb 
si3 
Se 
si 
Sr 
11 
V 
Zn 
Z r  

_ _  " 

t Q . O S  
t o .  20 
tO.10 
t o .  08 
0.69 

41 
0.0563 

t o .  os 
to. 04 
t o .  02 

t o  " 20 
18 
0.018 

til. 04 
5 . 9  

t O  06 
0.4 

t0.20 
t o .  20 
< O f  20 
10 
8.1 

t o  82 
to. 01 
0.46 
t0 .02 

0.075 

t o .  05 
(0.20 
t0 .10 
t o .  88 
0.24 
42 
0 * 0051 

t o .  01 
to. 04 
t o r  02 
0.11 

tQ 7 20 
14 
0.013 

<O .04 
5.2 

t o .  06 
t o .  30 
t o  20 
t o .  20 
(0.20 

7 . 5  
Q + 085 

t o  a 02 
(0.01 
0.11 

<or 02 

t o .  05 
<0.20 
t0 .18 
t o .  Oh3 
0.14 
50 
to. 805 
t o .  01 
(0.04 
to. 02 
0.24 
to. 20 
14 
0.019 

<O.  04 
S . 3  
to. 06 
t o .  30 
t o .  20 
t o .  20 
t o .  20 

8.2 
0.086 

t o .  0% 
t0.81 
0.1 

t o .  02 

EConcentratinn i n  excess o f  t h e  groundwater quality 
c r i t e r i a  f o r  metals listed i n  Table 4. 
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Table S A .  Concentratio.7s ( i n  mg/L) of metals i n  
leachate col lected from drum 5 

Element Day 
7 14 21 

Ag 
A 1  
As 
B 
Ba 
Ca 
Cd 
co 
Cr 
c u  
Fe 
Li 
M!3 
Mn 
Mo 
Na 
Ni 
P 
Pb 
Sb 
Se 
Si 
Sr 
T i  
V 
Zn 
Zr 

(0. 05 
to, 20 
(0.10 
<O .08 
0.06 
32 
0.011a 
to. 01 
(0. 04 
(0.04 
0.092 

(0.20 
8.8 
0.0067 

<O .04 
4 . 8  
(0.06 
(0. 30 
(0.20 
t o  * 20 
to. 20 

2 
0.076 
to. 02 
to. 01 
0.1 

t o .  02 

(0.05 
tO.10 
(0.10 
<O -08 
0.051 

35 
(0.005 
(0.01 
(0.04 
t o .  02 
0.27 

(0.20 
9.9 
0.026 
(0.04 
5 

(0. 06 
(0.30 
(0 * 20 
to. 20 
(0.20 

2 . 1  
0.073 
(0.02 
<0.01 
0.13 
(0. 02 

(0.05 
(0 .20 
< O . l O  
(0 .08 
0.049 

41 
to. 005 
(0.01 
(0.04 
<o. 02 
0.32 
(0. 20 

7 . 7  
0.031 

(0.04 
5.3  
to. 06 
t0 .30  
(0.20 
(0. 20 
(0. 20 
3.6 
0.074 

(0.02 
to .  01 

(0.02 
0.086 

&Concentration in excess o f  the groundwater quality 
cr i t er ia  for  metals l i s t ed  in Table 4 .  
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Table 6A. Concentrations ( i n  rncg/l) of metals i n  
leachate col lected from drum 8 

Element - - - - ~  Oily .- 
7 14 18 

Ag 
A 1  
A s  
w 
Ba 
Ca 
Cd 
co 
CY 
C u  
FE! 
L i  
wg 
Wn 
#o 
Na 
N i  
P 
Pb 
Sb 
Sf? 
S i  
Si- 
T i  
V 
Zn 
2 r" 

t0.05 
(0.20 
t6 .10 
to. 68 

32 

to. 01 
(0.04 
(0.02 
0 I 067 
to. 20 
8.6 
0.033 

t o .  04 
4.7 

to. 30 
to. 20 
to.20 
to. 20 

1 . 9  
0.079 
to. 02 
to. 01 
0.46 

<o .02 

0.097 

0.011a 

to. ob 

(0.05 
to. 20 
(0.10 
to. 08 
0.034 

36 
to. 005 
t o .  01 
<0 .04 
(0.02 
to. 03 
(0.20 

9.4 
6.025 

(0.04 
4 .9  

t0 .06  
to. 30 
to. 20 
to. 20 
t0.20 
2.1 
0.073 
to. 02 
to. 01 
0.12 
to I02 

(0.05 
(0.20 
(0.10 
t0.08 
0.034 

35 
tO.OO5 
t0.09 
(0.04 
(0.02 
0 049 
t0 * 20 

9.4 
0.03 

(0.04 
4 . 9  

<a " 06 
to 30 
to. 20 
to 20 
to * 20 

2 .1  
8.72 

(0.02 
to. 01 
0.051 
to. 02 

%oncent ra t ion  i n  excess o f  the  groundwater quality 
c r i t e r i a  f o r  metals liste 



Table 7 A .  Concentrations (in mg/L) o f  metals in 
leachate collected from drum 7 

Element Day 
7 14 21 

Ag 
A1 
As 
8 
Ba 
Ca 
Cd 
CO 
Cr 
cu 
Fe 
L i  
Mg 
Hn 
Mo 
Na 
Ni 
P 
Pb 
Sb 
Se 
S i  
Sr 
Ti 
V 
Zn 
2r 

<O. 05 
(0.20 
t0.10 
(0. 08 
0.15 
32 
0.1a 
to. 01 
<O. 04 
(0.02 
0.34 

<o .20 
8.7 
0.023 
to. 04 
5.8 

<O .06 
to. 30 
<o .20 
to, 20 
to. 20 
1.9 
0.078 

<o .02 
to. 01 
0.48 
to. 02 

(0.05 
t0.20 
to.10 
<O .08 
0.13 
35 
0.12a 
to. 01 
to. 01 
(0.02 
0.11 

<o. 20 
9.3 
0.17 
<Q .04 
5.8 
(0.06 
to. 30 
(0.20 
(0.20 
(0.20 

2 
0.074 

(0.02 
to. 01 
0.43 

<o. 02 

<O. 05 
<o 20 
tO.10 
to. 08 

39 

<o . 01 
<O .04 
(0.02 
0.3 
to. 20 
8.2 
0.023 
(0. 04 
5.6 
(0. 06 
<O. 30 
<o .20 
to. 20 
to. 20 

0.085 

0.083g 

3 
0.074 
<o. 02 
<o. 01 
0.21 
to. 02 

%oncentration in excess o f  the groundwater q u a l i t y  
criteria f o r  metals listed in Table 4. 
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Table 8 A .  Concentrations ( i n  mg/L) of metals in 
leachate collected from drum 

Element 

Ag 
A1 
A S  
0 
8a 
Ca 
Cd 
CO 
Cr 
cu 
Fe 
Li 
M¶ 
Mn 
Mo 
Na 
Ni 
P 
Pb 
Sb 
Sf? 
Si 
Sr 
T i  
V 
Zfl 
Zr 

<O. 05 
<o. 20 
<0,10 
<o .08 
0.54 
48 
0,011a 
0.011 

<O .04 
€0 * 02 
0.99 

<o * 20 
10 

CO 04 
130 
<o .OQ 
26 
<o. 20 
<o. 20 
<o. 20 

3.2 
0.15 

<o. 02 
<8,01 

<o. 02 

Q. 039 

2 

<0.05 
CO. 20 
<0,10 
<o .08 
50 

<O. 01 
<o e 04 
<o * 02 
0.52 

KO. 20 
10 
0.04 

<O .04 
64 
<O 06 
1 3  
<o. 20 
<o .20 
<o ., 20 
2.6 
O*ll 

<0.02 
<o. 01 
1.5 

<o. 02 

0 "  034 

0.01 111 

42.05 
<0. 20 
<Oslo 
<Q a 08 

53 

<Q 01 
<O. 04 
<o. 02 

0.65 
4.20 

6.9 
0.036 
4.04 
32 
<O . 06 
4.9 

<O * 210 
<o. 20 
<o. 20 

4.2 
0.098 
a.02 
<o .Ol 
0.85 

<0.02 

0.048 

0 a 0858 

$Concentration in excess o f  the groundwater quality 
criteria for metals listed in Table 3. 
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Table 9A. Concentrations ( i n  mg/L) o f  metals i n  
leachate collected from drum 9 

Element Day 
7 14 21 

Ag 
A I  
As  
B 
Ba 
Ca 
Cd 
co 
Cr 
c u  
Fe 
L i  
Mg 
Mn 
HO 
Na 
N i  
P 
Pb 
Sb 
Se 
S i  
S r  
T i  
V 
2n 
Zr 

(0.05 
to e 20 
< O . l O  
0.081 
0.13 

0.113 
5 .6  

<O. 04 
<o .02 
0.17 

(0.20 
1 3  
0.041 
<O . 04 
9.8 
0.094 
1 . 6  

<o * 20 
t0 .20  
<O. 20 
4.6 
0.25 
to. 02 
to. 01 
0.82 
to. 02 

47 

(0.05 
to. 20 
co.10 
0.63 
0.098 

0 * 022 
1 . 2  

<O. 04 
to. 02 
0.33 
<Q. 20 
1 2  
0.043 
to. 04 

7 . 5  
to. 06 

1 . 1  
<o. 20 
to. 20 
to. 20 

4 . 4  
0.21 
to. 02 
to. 01 

2 . 2  
(0.02 

5 5  

to. 05 
<o. 20 
(0.10 
to. 08 
0.12 

53 
0.0058 
<O .04 
t0.04 
(0.02 
0.71 
to. 20 
10 
0 I 028 
€0.04 
6 . 8  
<O .06 
0.52 

t o .  20 
(0.20 
to. 20 

5 . 1  
0.16 

<o. 02 
(0.01 
5 . 1  

(0.02 

%oncentration in excess o f  the groundwater quality 
cr i t er ia  for metals l i s t ed  i n  Table 4 .  
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T a b l e  1OA. Concentrations (in mg/L) o f  metais i n  
leachate collected from drum 10 

Element Day I_. 

9 14 21 

Ag 
A1 
A S  
8 
aa 
Ca 
Cd 
CS 
Cr 
cu 
Fe 
L i  
9 

Mn 
wo 
Na 
N i  
P 
Pb 
Sb 
S@ 
S i  
Sr 
T i  
V 
In 
Zr 

<O .0§ 
<o. 20 
<0.10 
<o. 08 
0.18 

40 
0.025g 
4.01 
<O .04 
<o .02 
1.1 

~ 0 . 2 0  
9.1 
0.052 

<O .04 
43 
<O .06 
6.9 
C0.20 
<o. 20 
<Q. 20 

2 . 8  
Q.09 
<0.02 
<o. 01 
1.5 
4.02 

<O. 05 
4 . 2 0  
<0.10 
<O. 08 
Q * 1  
44 
0.012a 

<o. 01 
<O e 04 
4 . 0 2  

2 . 2  
<o 20 

9.8  
0.048 
4.04 
21 
<O e 06 

3 . 5  
<o. 20 
<o. 20 
<o 9 20 
2.5 
0.092 

<o 02 
a. 01 
<Q. 82 
1 

<o. 05 
<O. 20 
co.10 
<o .08 
0.11 
47 
<o. 085 
<O.Ol  
4 . 0 4  
<o. 92 
2.7 

4 . 2 0  
6.7 
0,048 

4 . 9 4  
15 
<O . Q6 
1.7 

4 . 2 0  
<o. 20 
4 . 2 0  
4.2 
8.086 

4 . 0 2  
<o .Ol 
0.42 

<o. 02 

aconcentratlon in excess o f  the groundwater quality 
criteria f o r  metals lSsted i n  Table 4. 
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Table 12A. Concentrations (pg/Llof organic c 
i n  leachate collected f s  

Day 
7 1 1  14 a 5fe 

I 

Drm 1 

Chl oroforn 

T r i ch 1 orwthene 
l,l,l-Trichloroethane 
1,1,2--Trichloroethane 

FPhenQl 

1,2.-Di chlsrmthane 

B r m d i  chl oraethane 
C h 1 orad t b r a f i e  t ham 
Chl orcfom 
T r i  chlorsethenc 
1.1,l-Trichloroethane 
1,2 -0i chl oroethane 

Chl orcsdibrmKmthane 
Ghl orofom 
O i  ethyl phthal ate 
Phenol 
Ti-1 @h lomthens 
l,l, 1-Trichloroethane 
1 ,2-Bichlorwthane 

Bromodichlarmthane 
Chloroform 
Phenol 
T r i  chloroethene 
l,l, l-Tr~chlorwthane 
1,2--Dichloroethane 

21 
<1 
51 

1398 
21 
25 
17 
25 

21 
<1 
52 
21 
68 
MI 

18 
<1 
35 
<10 
429 
10 
8 
8 

<1 
<1 
<1 
<1Q 
<1 

<10 
<lo 
<10 

211 
1 

63 
21 
26 
26 

14 
<1 
46 
<10 
<10 
14 

<1Q 
<lo 

5 42 
<1 1 
20 65 
21 14 

584 2882 
5 42 

<10 <10 
<10 <10 

7 2 <1 <1 ND 
41 44 24 41 #D 
42 7 <10 162 87 151 

7 2 <1 <1 D 
28 10 <10 <lo ND 
28 10 <10 <10 ND 
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Table 12A. (continued) 

Drum and chemical Day 
5 1 1  14 18 58s 

Drum 5 

Bmnodi chlomthane 
Ch? orod i bmmmethane 
Ch 1 oroform 
Phenol 
Tr i ch 1 orw t hene 
1, 1 , 1-Trichloroethane 
ls2-D~ch?or~thane 

Drum 6 

Brollodi chl oranethane 
Chloroform 
Tri chloroethene 
1,1,2-Trichloroethane 
1 .Z-Dichloroethane 

Drum 7 

Bramodi chloromethane 
Chlorodibromamethane 
Chloroform 
Tetrachloroethene 
Tr i chl oroethene 
1 1 1-Trichloroethane 
1,2--Dichloroethane 

Drum 8 

B i  s(2-ethyl hexyl )phthalate 
Bromodi chloromethane 
Chl orodi bramamethane 
Chloroform 
Phenol 
Tr i chl oroethene 
1 1,l-Trichloroethane 
ls2-Dichloroethane 

7 
<1 
27 
<10 

5 
8 
E 

l E  
4c 
1E 
‘4 
6 

21 
1 

61 
<IO 
21 
12 
12 

6 
23 
6 

<10 
<10 

14 
<1 
36 

<10 
14 
12 
12 

8 
27 
8 

<10 
<lo 

22 
1 
58 

<lo 
22 
12 
12 

20 
44 
20 

<10 
<lo 

ND 
ND 
N5 

~ 2 0 0  
ND 
ND 
NO 

ND 
ND 
ND 
ND 
ND 

4.7 5 226 10 ND 
<1 <1 28 <1 ND 
17 22 133 29 ND 
<1 <1 3 <1 ND 
2 5 226 10 ND 

1 Cl <lo 184 <lo ND 
1 Ci (10 184 <IO ND 

< l o  34 
cL.2 5 
4 <1 
13 24 

<1CI 73 
C1.9 5 
4 <10 
4 c10 

24 
25 
2 
55 
348 
25 
43 
43 

<10 
3 

(1 
21 
242 
3 

<lo 
<lo 

<10 
ND 
ND 
ND 
153 
MD 
ND 
ND 
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Table 12A. (continued] 

Drum and Chemical 

Bis(2-ethyl hexyl )phthalate 
Brsmodi chlormethane 
Chl orofom 
Phenol 
Tr i chl orwthene 
l,l, 1-Tsichlorwthane 
1.2-Dichlorwthane 

D F i D  10 

<10 
2 
18 
320 
2 

<10 
<10 

<lo 
2 

19 
416 
2 

27 1 
27 1 

18 
<1 
<1 

516 
<1 
<lo 
<10 

39 
9 

40 
1315 

9 
915 
915 

<lo 
2 
19 

416 
2 

271 
27 i 

17 
4 

25 
364 

4 
317 
317 

Cmncentrations reported for day %I are those concentrations in the 
interstitial leachate after standing for 31 days without fresh influent pimped 
into the drm. 

$ 3 ~  = not determined. 
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