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EXECUTIVE SUMMARY 

A laboratory investigation of the leaching of both radioactive and 

hazardous material contaminants from typical ORNL l o w  activity, low-level 

wastes (LLW) was undertaken to support the Central Waste Disposal 

Facility ( O F )  project. The CWDF project was developing a low-level 

radioactive waste disposal site at Chestnut Ridge €or the three plants on 

the Oak Ridge Reservatton. Information on the leachabllity of waste con- 

taminants is useful in identifying the radioactive and hazardous material 

components of representative wastes from the waste generators at each of 

the sites, in identifying wastes that could be segregated or that would 

require enhanced isolation for some disposal option alternatives, in 

quantifying the degree of enhanced isolation provided by alternative 

waste treatment procedures, and in supporting the pathways analysis cal- 

culation of more realistic (i.e*, less conservative) contaminant release 

rates or source terms for disposal options. The CWDF project goals for 

FY 1985 included evaluation of a number of these waste characterization 

aspects, and this work was in support of those goals. 

Standard hazardous material toxicity characteristic leach methodology 

was followed in this work because these methods model the geochemical 

acidity conditions in disposal site french leachates which result from 

anaerobic digestion of organic waste components, and the use of existing 

accepted methodology avoided the need to develop new radioactive waste 

leach methods. Both the current Environmental Protection Agency (EPA) 

Toxic Waste Extraction Procedure (EP) and a proposed EPA Toxicity Char- 

acteristic Leach Procedure (TCLP) were used. These methods involve an 

approximately l-d leach in a pH 5 acetic acid QT acetate-buffered 

solution, followed by filtration and analysis of the leachate, Such 

single-time-point batch leach tests are useful in categorizing waste con- 

taminants as leachablelnonleachable, or in comparing the contaminant 

leach characteristics of various wastes. Quantitative leach rate infor- 

mation is not generated by such methodology. 

V 
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For t h e  i n v e s t i g a t i o n  of the  r ad ioac t ive  contaminants i n  t h e  LLW, 

t h e r e  were t h r e e  gene ra l  experimental  goa ls :  ( 1 )  t o  explore  t h e  

1eachabi l i . ty  of t he  rad ionucl ides  (degree of s o l u b i l i z a t i o n  of t h e  

r ad ionuc l ides  from the  waste i n t o  a t y p i c a l  t rench  l e a c h a t e  s o l u t i o n )  f o r  

r e p r e s e n t a t i v e  wastes, (2 )  t o  compare t h e  e f f e c t s  of t he  waste form on 

t h e  l e a c h a b i l i t y  of t he  r ad ionuc l ides ,  and (3) t o  compare t h e  e f f e c t i v e -  

n e s s  of both the  cu r ren t  EP and t h e  proposed TCLP methods i n  measuring 

t h e  l e a c h a b i l i t y  o f  rad ionucl ides .  For t h e  s tudy  of t h e  hazardous 

materi-al contaminants,  t h e  goa l s  were: ( 1 )  t o  see  i f  i no rgan ic  elements 

were present  i n  r e p r e s e n t a t i v e  wastes which could f a l l  w i th in  Resource 

Conservatfou and Recovery Act (RCRA) hazardous material  t o x i c  waste 

c l a s s i f i c a t i o n s ,  and t o  explore pIRe l e a c h a b i l i t y  of  t hesc  materials, i f  

p re sen t ;  and ( 2 )  to compare the  e f f e c t i v e n e s s  of both the  cu r ren t  EP aiatl 

t h e  proposed TCLP methods i n  measuring t h e  l e a c h a b i l i t y  of these  ino rgan ic  

hazardous materials. 

Because of CWDF p r o j e c t  t i m e  c o n s t r a i n t s ,  only a l i m i t e d  number of 

low-ac-tivity LLW were c o l l e c t e d  from s e l e c t e d  ORNL waste gene ra to r s  and 

leached i n  the l abora to ry .  Wastes c u r r e n t l y  go.Lng t o  the Sol id  Waste 

S torage  Area 6 (SWSA-6) s i t e  f o r  shallow-l.andf ill d i s p o s a l  were sampled 

because t h e s e  wastes l i k e l y  are r e p r e s e n t a t i v e  of t h e  wastes t h a t  could 

be s e n t  t o  t h e  a?DF Chestnut Kidge s i t e  i n  t h e  f u t u r e .  Oaly low-act ivi ty  

wastes (<200-n1rern/h surface a c t f v i t y )  wese sampled. These low-act ivi ty  

wastes account f o r  >90% of t h e  volume of LLW a t  OPSaL. High-act ivi ty  LLW 

(>ZOO-mrem/h - s u r f a c e  a c t i v i t y ) ,  which c u r r e n t l y  go prinnari1.y t o  SWSA-6 

f o r  auger hole  d i s p o s a l ,  w e r e  too  r a d i o a c t i v e  t o  be handled i n  a rad io-  

chemical laborat-ory and were not  s tud ied .  Low-activity wastes such as 

b l o t t e r  paper ,  mops, c l o t h  c o v e r a l l s ,  p l a s t i c  shoe covers ,  s y n t h e t i c  

wipes,  etc.,  were c o l l e c t e d  from va r ious  ORNL waste gene ra to r s .  The 

b u i l d i n g s  sampled included F i s s i o n  Prodiict U t i l i z a t i o n  I so topes  

Product ion ,  High Flux I so tope  Reactor ,  Central. Research Laboratory 

cornpl. ex, and Manipulator Repair  Shop. 

Cesium, both 137Cs and 1 3 4 C s  w a s  p resent  i n  many o f  t h e  waste 

samples. Since much of the cesium handled a t  ORNL is i n  t h e  form of CsCP, 
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i t  was a n t i c i p a t e d  t h a t  cesium would be r e a d i l y  l eachab le  from t h e  

wastes. The r e s u l t s  of both t h e  EP and TCLP tests, however, showed 

otherwise.  The average f r a c t i o n  leached f o r  cesium from a l l  t h e  waste 

samples w a s  only about 0.4. In one l each  rate test t h a t  w a s  extended t o  

96 h, about 0.5 of t he  cesium was leached i n  t h e  f i r s t  hour o r  less, and 

no a d d i t i o n a l  cesium w a s  leached i n  t h e  a d d i t i o n a l  95 h, I n  f u t u r e  work, 

i t  would be i n t e r e s t i n g  t o  exp lo re  t h e  cause of t h i s  p a r t i a l  e x t r a c t i o n  

of cesium and see i f  c r e d i t  could be taken f o r  t h i s  e f f e c t  i n  t h e  gath- 

ways a n a l y s i s  modeling t o  reduce t h e  cesium source term. Poss ib ly  sorp- 

t i o n  onto t h e  bulk waste could account f o r  t h e  l i m i t e d  l e a c h a b i l i t y  of 

ces turn observed. 

Cobal t ,  as 6oCo, w a s  p re sen t  i n  about two-thirds of t he  samples  

t e s t e d .  The a n a l y t i c a l  r e s u l t s  showed cons ide rab le  scatter. Cobalt 

f r ac t ion - l eached  values  ranged from about 0.2 t o  0.7 f o r  va r ious  waste 

samples. Since both coba l t  metal and s o l u b l e  coba l t  sa l ts  are handled a t  

O K ,  i t  seemed reasonable  t h a t  coba l t  could be r e a d i l y  leached from some 

wastes but could be more nonleachable in o the r s .  The TCLP method proved 

n e a r l y  twice as e f f e c t i v e  i n  e x t r a c t i n g  coba l t  as d id  t h e  EP method. One 

sample of an ion-exchange r e s i n  used t o  decontaminate the  HFIR pool water 

w a s  a l s o  t e s t e d .  For t h i s  waste, t h e  coba l t  was e s s e n t i a l l y  nonleachable 

t h e  f r a c t i o n - r e l e a s e d  va lue  was <O.QQOl. The l i m i t e d  information obtained 

sugges t s  t h a t  it might be p o s s i b l e  f o r  t h e  pathways a n a l y s i s  modeling of 

t h e  source term t o  take c r e d i t  f o r  the  lower l e a c h a b i l i t y  of some coba l t -  

con ta in ing  waste streams. 

would be needed t o  i d e n t i f y  t h e  f r a c t i o n  of t h e  c o b a l t  source term t h a t  

could be reduced due t o  t h e  e f f e c t s  of l each  rate.  

Add i t iona l  waste sampling and l e a c h  rate work 

Stront ium, as '"SI", w a s  found i n  a l l  but one of the  waste samples 

t e s t e d .  Considerable scatter was observed i n  t h e  i n d i v i d u a l  a n a l y t i c a l  

va lues ;  however, it appeared t h a t  between one-half to e s s e n t i a l l y  a l l  t h e  

s t r o n t i u m  w a s  leached from t h e  va r ious  wastes. Much of t h e  s t ron t ium 

handled a t  ORNL is i n  t h e  form of Sr612, so ready l e a c h a b i l l t y  seemed 

reasonable .  Pathways a n a l y s i s  modeL1ng of t h e  s t ron t ium source term may 

have to cont inue t o  assume r a p i d  s o l u b i l i z a t i o n  of s t ron t ium i n t o  ground- 

water. 
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Sel.eniurn, as 75Se, was  i d e n t i f i e d  Fn one-halE of t he  waste samples  

s t u d i e d ,  a l though i n  low concent ra t ions  i n  some samples. T h e  presence 

o f  selenium w a s  s u r p r i s i n g ,  s i n c e  selenlum is not l i s t e d  as a rad ionucl ide  

f o r  t he  cu r ren t  LLW d i sposa l  s i t e  nor i n  t h e  eomputer d a t a  base of  t he  

t h r e e - p l a n t  LLW. The f ract ion-leached va lues  f o r  sel.enfum were about 0.2 

f o r  both the  EV and TCLP methods. The r e s u l t s  01 t h e  one leach rate test 

conducted suggest  t h a t  selenium may cont inue slowly leaclaing wi th  t i m e ;  

more work would be needed t o  confirm this s i n g l e  ohseruatfon,  Kvcn 

though the l imi t ed  waste sampling and a n a l y s i s  c a r r i e d  out  i n  t h i s  work 

does riot represent  a comprehensive survey of EJ,W a t  ORNL, the f ind ing  of 

selenium i.n one-half of t hese  samples sugges ts  t h a t  it rimy be i2 preva len t  

waste radionucl ide.  It seeiiis poss ib l e  t h a t  selenlum should be added t o  

the  waste soi.irce term i n  f u t u r e  pathways a n a l y s i s  modeling c a l c u l a t i o n s  = 

Europium, p r e s e n t  as both 152Eu and 154Eu, was identified i n  only 

t w o  of the waste samples. The europium was  e s s e n t i a l l y  nonleachable;  t he  

f rac t lon- re leased  values  were <O. I. Europium oxides  have very low so lu-  

b i l i t i e s  ( s a t u r a t e d  s o l u t i o n  concent ra t ion)  i n  s o l u t i o n s  wi th  near -neut ra l  

p 8 ,  thirs very low e x t r a c t i o n  of enropium by the  ET o r  TCLP l each  methods 

3eems reasonable .  Addi t tona l  work would be neccssziry t o  e s t a b l i s h  i f  t h e  

low l e a c h a b i l i t y  r e s u l t e d  from a s ~ l i i t i o n  s o l u b i l i t y  limlt or n l o w  leach  

ra te  * 

Only a f e w  of the  wzstes s tud ied  contained inorganic  elements at a 

s u f f i c i e n t  eoncentrat€on t o  approach o r  exceed t h e  element toxic eharac- 

t e r i s t i c  l i m i t  i n  t h e  l eacha te  if they were completely ex t r ac t ed .  

Cadmium, chromium, and l ead  were the  only elements detected at: con- 

c e n t r a t i o n s  s u f f i c i e n t  to be of p o t e n t i a l  concern. Only the l e a c h a t e  f o r  

the few wastes so  i d e n t i f i e d  w e r e  analyzed f o r  inorganic  elements.  I n  no 

case did t h e  e x t r a c t  exceed t h e  EPA t o x i c i t y  c h a r a c t e r i s t i c  l i m i t .  I n  

two cases, cadmium i n  a p l a s t i c  shoe cover extract and lead  i n  a synthe- 

t i c  wdpe e x t r a c t ,  t he  l eacha te  concent ra t ion  was one-half t o  two-thirds 

of the  EYA l i m i t .  P a r  a number of the wastes t e s t e d ,  t he  proposed TCLP 

method was more e f f e c t i v e  i n  e x t r a c t i n g  ino rgan ic  elements than was t he  

c u r r e n t  EP method. 
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ABSTRACT 

Leaching of both r a d i o a c t i v e  contaminants and Resource 
Conservation and Recovery A c t  (RCRA) hazardous material 
contaminants from r e p r e s e n t a t i v e  low-level r a d i o a c t i v e  
wastes  generated a t  Oak Ridge Nat ional  Laboratory (ORML) w a s  
i n v e s t i g a t e d  us ing  two d i f f e r e n t  l each ing  methodologies: 
t h e  c u r r e n t  Environmental P r o t e c t i o n  Agency (EPA) Toxic 
Waste Ex t rac t ion  Procedure (EP) and a proposed EPA Toxic i ty  
C h a r a c t e r i s t i c  Leach Procedure (TCLP). Cesium, both 37Cs 
and 134Cs, w a s  p re sen t  i n  many of t h e  waste samples .  The 
average f r a c t i o n  leached f o r  cesium w a s  only 4.4. Since 
much  of the  cesium handled a t  QRNL is i n  t h e  form of C s C l ,  
t h e  l i m i t e d  l each ing  observed w a s  s u r p r i s i n g .  Cobal t ,  as 
6 0 ~ 0 ,  w a s  p re sen t  i n  many samples; t h e  f r a c t i o n  leached 
ran ed from about 0.2 t o  8.7 f o r  va r ious  samples. Stront ium, 
as $OSr, was  present  i n  a l l  but one waste sample. 
w a s  r e a d i l y  leached from most samples; this result seemed 
reasonable  because much of t h e  s t ron t ium handled a t  ORNL is  
i n  the  form of S ~ C I ~ .  
f i e d  i n  one-half t h e  samples  t e s t e d .  This  obse rva t ion  w a s  
s u r p r i s i n g  because selenium is not c u r r e n t l y  l i s t e d  as a 
radioactZve waste component i n  ORNL low-level wastes. The 
selenium f r a c t i o n  leached w a s  only -3Q.2. Chromium, cadmium, 
and l ead  were t h e  only ino rgan ic  elements identiiEied i n  a 
few waste samples a t  s u f f i c i e n t  concen t r a t ions  t o  be of 
p o t e n t i a l  environmental  concern. I n  no case, however, d i d  
t h e  l each  e x t r a c t  exceed t h e  EPA t o x i c i t y  c h a r a c t e r i s t i c  
l i m i t .  For a number of t he  wastes t e s t e d ,  t h e  proposed TCLP 
l each  methodology w a s  more e f f e c t i v e  i n  e x t r a c t i n g  contarni- 
nan t s  than was t h e  c u r r e n t  EP method. 

Strontium 

Selenium, p re sen t  as 7 5 ~ e ,  w a s  i d e n t i -  

1 



1. INTKODIJCTION 

1.1 BACKGROUND 

The Central Tdbaste Disposal Facility (CWDP) project was responsible €or 

the development of a centralized disposal si're for low-level radioactive 

wastes generated at tile three Oak Ridge Keservation plants: Oak Ridge 

Natlonal Laboratory (ORNI, ) ,  the "-12 Production P l a n t  (Y-12), and t h e  Oak 

Ridge Gascous Diffusion Plant (K-25). A candidate site at West Chestnut 

Ridge was selected, and preliminary work to characterize the site geology 

and hydrology, mineralogy, * and geochemistry3 was conducted. A pathways 

analysis to evaluate possible radioactivity re1 eases was compl eted, ' and a 
draft environmental impact statement ( E l S )  was issued. Subsequent t o  

public comment on the draft ELS, the need f o r  additional information to 

support the disposal site design and analysis was identified. 

This work was undertaken because no information was available 

describing the leach rate of low-level wastes ( L L W )  generated at the three 

plants. I n  the draft E I S ,  the pathways analysis modeling of predicted 

radioactivity releases took a conservative approach and assumed rapid 

(instantaneous) leaching of all radionuclides from the wastes to reach t he  

calculated saturated solueion concentration of the respective radionuclide 

species in a typical groundwater composition solution. This solution 

concentration, when multiplied by an assumed groundwater flux through the 

CWDF, w a s  used to calculate the release source term. While technically 

valid and defensible in the absence o f  leach rate data, this conservative 

source-term modeling approach resulted in the calculation of predicted 

releases €or  some radionuclides which were high enough to be of potential 

c~ncern.~ s 5  

realistic (i.e., less conservative) and reducing the calculated release 

rates would be to take credit in thc? analysis for radionucltde leach rates 

from the waste forms. The assumption of instant solubility used in the 

draft E I S  likely is overly conservative, since some radionuclides may be 

only slowly released from some waste forms into the intruding groundwater, 

and the assumption probably results tn unrealistically large calculated 

One means OE making the radioactivity release modeling more 
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release rates f o r  some rad ionucl ides .  Therefore ,  dur ing  the l a t t e r  ha l f  

of kY 1985 a l i m i t e d  l abora to ry  a c t i v i t y  was undertaken t o  explore  t h e  

l e a c h a b l l i t y  of r a d i o a c t i v e  contaminants from some of the ELW a t  OmL. 

IIazardous materials, as i d e n t i f  Ped by the Resource Conservation and 

R ~ C Q V ~ ~ Y  A c t  (RCKA), were a l s o  considered.  For t h i s  work, i t  w a s  assumed 

that c u r r e n t l y  generated LLW would be t y p i c a l  of those t o  be s e n t  i n  t h e  

f u t u r e  from ORNL t o  the CWDP. The l abora to ry  work w a s  l i m i t e d  t o  wastes 

from O N .  The Y-12 P l a n t  conducted similar l abora to ry  i n v e s t i g a t i o n s  

independent ly ,  and t h e  K-25 P lan t  ceased ope ra t ion  during t h e  work 

per iod .  

Curren t ly ,  a l l  low-level r a d i o a c t i v e  wastes generated at OWL are 

disposed  of i n  t h e  Sol id  Waste Storage Area 6 (SWSA-6) si te  by shallow- 

l and  b u r i a l  techniques.  (A d e s c r i p t i o n  of the wastes and s t o r a g e  

p r a c t i c e s  can be found i n  Nat iona l  Research Council, '  Boegly,8 and i n  

Boegly e t  al.9 A summary of t h e  r a d i o a c t i v i t y  s t o r e d  a t  SWSA-6 is  given 

i n  Table  B-3 of r e f .  8. No information appears  t o  be a v a i l a b l e  r e l a t i v e  

t o  the hazardous materials con ten t ,  if any, o r  e x t r a c t a b i l i t y  of t h e  LLW 

generated at ORNL.~ 
low a c t i v i t y  waste (<200 mrem/h su r face  reading) ,  which i s  placed i n  

trenches, and h igh  a c t i v i t y  waste 0 2 8 0  I mrem/h su r face  r ead ing) ,  which 

i s  p r imar i ly  disposed of i n  auger holes .  The leach  work descr ibed  i n  

t h i s  r epor t  w a s  l i m i t e d  t o  the low a c t i v i t y  wastes. These  OW a c t i v i t y  

wastes c o n s t i t u t e  t h e  bulk of t h e  waste volume (>go%) land c o n s i s t  

p r i m a r i l y  of contaminated materials such as c l o t h ,  paper,  wood, metal, 

conc re t e ,  etc. l o  

r ad ionuc l ides  o r  hazardous m a t e r i a l s  i n  t h i s  l o w  a c t i v i t y  LLCJ f r a c t i o n  

would he lp  quan t i fy  t h e  contaminant release performance of t hese  high- 

volume LLW at OWL. The l each  work was r e s t r i c t e d  t o  these  low a c t i v i t y  

wastes, of n e c e s s i t y ,  i n  o rde r  t o  comply wi th  r a d i o a c t i v i t y  s a f e t y  

requirements  f o r  work i n  radiochemical  l a b o r a t o r i e s .  Most of t h e  h igh  

a c t i v i t y  waste is composed of neutron-act ivated r e a c t o r  p a r t s  and 

concent ra ted  f i s s i o n  products .  

t o  s tudy  t h e s e  h igh  a c t i v i t y  wastes, and t h e  CWDF p r o j e c t  t i m e  frame and 

budget d id  not provide f o r  such hot -ce l l  work. 

The LLW are separa ted  i n t o  two broad ca t egor i e s :  

Thus, improved knowledge of t h e  l each  behavior of 

Hot-cell  techniques would be. r equ i r ed  
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A number of programmatic changes occurred as t h i s  l abora to ry  l each  

work w a s  under way during t h e  l a t t e r  ha l f  of FY 1985. As a r e s u l t  o f  

i n t e r a c t i o n s  with t h e  S t a t e  of Tennessee and t h e  Environmental. Pro tec t ion  

Agency (EPA), emphasis on t h e  GWDP candida te  siw. at West Chestziut Ridge 

diminished and both in t e r im  s t o r a g e  and l a r g e  -scale demonstration of 

enhanced d i sposa l  techniques ( techniques o f f e r i n g  greater environmeneal 

i s o l a t i o n  than  shal low land b u r i a l  iwthods) began rccc iv ing  g r e a t e r  

a t t e n t i o n  *, Nonetheless,  information on t h e  rad ionucl ide  leach  ril.te 

remafns important t o  c h a r a c t e r i z e  t h e  wastes, t o  demonstrate the degree 

of i s o l a t i o n  enhancement obtatned by a l t e r n a t i v e  t rea tments ,  and t o  

c a l c u l a h  p o t e n t i a l  f u t u r e  r ad ioack iv i ty  releases f o r  var ious  d i s p o s a l  

or s to rage  methodologies which m y  be considered.  Also, i t  seams 

important t o  cons ider  the poss ib l e  hazardous materials conten t  and 

l e a c h a b i l i t y  of t hese  LLW streams with respec t  t o  KCKA r egu la t ions .  

1.2 EXPERZMENTAL DESIGN 

The experimental  work plan  w a s  deslgned t o  support  t he  CWDF p r o j e c t  

goa l s  by developing information on the rad ionucl ide  and hazardous material 

contaminant content  of s e l e c t e d  l o w  a c t i v i t y  LLW wastes from O W L ,  and by 

developing in f  orrnat ion  on t h e  l e a c h a b i l i t y  o f  t hese  contaminants under 

s i t e - r e l e v a n t  geochemical condi t ions .  This  i n i t i a l  a c t i v i t y  w a s  designed 

t o  provide screening- leve l  eva lua t ion  o f  the  p o t e n t i a l  for release of 

rad ionucl ides  o r  hazardous materials from as many ORNL wastes as poss ib l e  

by t h e  end of September 1985. The information obtained w i l l  he lp  t h e  

CWDF p r o j e c t  t o  i d e n t i f y  wastes t h a t  may be aeceptab le lunaeceptah le  for 

d i s p o s a l  i n  t h e i r  p resent  as-generated form. The screening  tests w i l l  

he lp  focus a t t e n t i o n  on p o t e n t i a l  ways of improving waste a c c e p t a b i l i t y  

such as segrega t ion  by the  gene ra to r ,  improved confinement, o r  development 

of enhanced waste forms. 

Addi t iona l  f u t u r e  work would be required t o  develop accu ra t e  leach-  

rate information f a r  both rad ionucl ides  and hazardous materials t o  

suppor t  t h e  pathways a n a l y s i s  modeling c a l c u l a t l o n s .  Development of 

q u a n t i t a t i v e  d a t a  would be an i t e r a t i v e  process  involv ing  the pathways 
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a n a l y s i s  modeling c a l c u l a t i o n s ,  and t h e  greatest leach-test e f f o r t  would 

be d i r e c t e d  toward those  contaminants and wastes t h a t  appear t o  r ep resen t  

t h e  greatest environmental  concerns.  Both labora tory-  and f i e l d - s c a l e  

experiments involv ing  batch-contact and column-Chromatographic methodology 

would be requi red  i n  some cases  i n  o rde r  t o  o b t a i n  accu ra t e  and d e f e n s i b l e  

release rates. 

Standard leach  methodology €or determining t h e  t o x i c i t y  cha rac t e r -  

i s t ics  of hazardous materials was followed i n  t h e  batch con tac t  work 

completed i n  FY 1985. This methodology was  s e l e c t e d  because i t  probably 

models t he  geochemical cond i t ions  t h a t  may exis t  i n  t h e  waste i n  t r ench  

l e a c h a t e s ,  and because it is gene ra l ly  recognized as a waste l e a c h a b t l l t y  

sc reening  t o o l .  The cu r ren t  EPA Toxic Waste Ex t rac t ion  Procedure (EP) 

(40  CFK P a s t  261.24) and a proposed EPA Toxic i ty  Charac t e r i za t ion  Leach 

Procedure (TCLP) were followed. Both of t h e s e  leach methods (descr ibed  

i n  d e t a i l  i n  Appendix A) employ an approximately 1-d Peach a t  near  pA 5 

i n  acetic ac id  or  an acetate buf fer .  I n  shallow-land-burial  s i tes,  

anerobic  d i g e s t i o n  of t h e  organic  waste components (paper ,  woad, e t c . )  

f r equen t ly  resu l t s  i n  t h e  genera t ion  o f  organ ic  ac ids  and produces mi ld ly  

a c i d i c  l eacha te s .  The pH 5 l each  s o l u t i o n  i s  designed t o  s lmula te  t h e  

t rench  l eacha te  a c i d i t y .  It is l i k e l y  t h a t  t h e  low a c t i v i t y  LLW would 

experience s imilar  condi t ions  i n  t h e  t r enchs  fol lowing d l s p o s a l  p r a c t i c e s  

such as those  followed a t  SWSA-6; t h e r e f o r e ,  t he  use of t he  EPA methodology 

seemed appropr i a t e .  Also, t he  use of both t h e  c u r r e n t  s tandard  and t h e  

proposed new method allowed a comparison of t he  e f f e c t i v e n e s s  of the two 

l each  methods 

2. DESCRIPTION OF LOW-LEVEL WASTES STUDIED 

The f i r s t  series of low a c t i v i t y  LLW w e r e  c o l l e c t e d  Erom Building 

3517, F i s s i o n  Product U t i l i z a t i o n ,  on May 29, 1985. Bui lding 3517 is  a 

hot-cell.  f a c i l i t y .  The primary a c t i v i t y  is the  product ion of r ad ioac t ive  

sou rces ,  p r i n c i p a l l y  "Sr, 6oCo, and 137Cs. Other i so topes  are handled 

occas iona l ly .  The fol lowing samples ,  r ep resen t ing  a v a r i e t y  of t y p i c a l  
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hot -ce l l  wastes were c o l k c t e d  : p l a s t i c  shoe covers ,  c l o t h  c o v e r a l l s  

b l o t t e r  pape r ,  pape r  c o v e r a l l s ,  a coarse  mop, and a fino mop. The m3ps 

W ~ T P  damp since they hsd been used t o  mop up l igui-ds .  The o the r  samples 

were dry. 

A sample of ion-exchange res in  was obtained €ram Building 7900, High 

P1_ux I so tope  Reaxtor ,  on b y  16 ,  1985. T h i s  sample was of used r e s i n  

(used t o  decontaminate th:? r e a c t o r  pool waker) from a shipment s e n t  t o  

t h e  SWSA-6 s to rage  s i t e  fo r  auger hole  d i sposa l ,  The gross surface gamma 

a c t i v i t y  for t h i s  saG.ple was about 180 m.;el;n/h, and w e  were able t o  handle 

%his ma te r i a l  s a f e l y  i n  the  radiochemical l abo ra to ry  with due caut ion.  

No other samples w e r e  col. leeted from Building 7900 a t  t h i s  t i m e ,  since 

most of t h e  waste i s  high a c t i v i t y  neutron-act ivated r eac to r  pa r t s .  

Bt t h i s  p o i n t ,  a change i n  the philosophy of sample c o l l e c t i o n  

became necessary.  I n  order to sample wastes from as many ORKL gcnerti tors 

a5 poss ib l e  and complete the laboraeory l each  work by September 1985, we 

decided ti) l i m F t  the samples t o  a single waste form t h a t  could be handled 

e a s i l y  i n  the labora tory .  Syn the t i c  w l p e s  were chosen s ince  they are 

obtained f r o m  stores for nea r ly  all glove-box o r  hot-cell opera t ions  and 

used t o  clean contaminnled sur faces ,  I n  add i t ion ,  we found t h a t  these  

s y n t h e t i c  wlpes would shred r e a d i l y  i n  the Wiley m i l l  to produce R 

blended waste sample t h a t  could be easily handled i n  the  two l each  test 

methods. Some of the othcr wastes had proven much more d i f f j c u l t  t o  

handle.  Natura l  f iber-based c lo th  materials tended t o  bind tlie i n l l l  and 

r e q u i r e  repeated disassembly of the  dll during the shredding of t h e  

r a d i o a c t i v e  samples  (with concomitant opera tor  exposure) ,  but pulverized 

paper-based materials adsorbed so mich l i q u i d  d u r i n g  the  leach  s t e p  Chat 

leaching  and t h e  subsequent f i l t r a t i o n  proved d i f f i c u l t .  

Syn the t i c  w i p e  samples were then obtained during June, J u l y ,  and 

Ailgust, from a number of additional ORNL genera tors .  The fol lowing 

bu i ld ings  were sampled: ( 1 )  Building 3010, a ho t - ce l l  product ton fac i l -  

i t y  t h a t  has processed apprec iab le  amounts of 233U i n  t h e  p a s t ;  

( 2 )  Bui lding 3047, the. I so tope  P r o d ~ c t i o n  f a c i l i t y ,  where l a r g e  q u a n t i t i e s  

of i so topes  are handled on a rou t ine  b a s i s ;  ( 3 )  Building 7920, t he  
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Transuranium Processsing Facility; ( 4 )  two different laboratories in 

Buildings 4500N and 4501 in the m i n  research laboratory complex; and 

(5 )  Building 3074, the Manipulator Repair Shop. The various facilities 

were chosen to attempt to obtain a somewhat representative cross section 

of typical ORNL low activity LLW in the time available. 

3 e RADIONUCLIDE LEACHING 

3.1 EP AND TCLP TEST RESULTS 

3.1,1 Test Goals 

Three general goals were established for the single-time-point batch 

leach tests performed with the various BRNL low-level waste samples: 

1. T o  explore the leachability of radionuclides (degree of solubiliza- -- __I_-- 

tion from the waste into a typJcal trench leachate solution) for - -----I-- 

re resentative wastes. Laboratory tests were necessary because we 2 ---. ~ 1 _ _ - - 1 _  
were unable to identify published reports that characterized the 

1eachabLPity of any radionuclide from any LLW at O W .  Considering 

the variety of radionuclides and waste forms present in ORNL LLW, 

it seemed likely that some radionuclides that are handled at ORNL 

facilities would be expected to be readily leached or solubilized 

(for example, CsCl OK NHqTcOt,), while others Could be expected to 

be leached relatively slowly or essentially insoluble (for example, 

cobalt metal or radionuclides incorporated within a metal matrix). 

The leach test work described in this report was performed during 

FY 1985 and was designed to screen as many actual QRNL wastes as 

possible in the time available in order to broadly categorize the 

radionuclides as leachable (readily solubilized) or nonleachahle 

(poorly solubilized). 

teristic leach test methodology w a s  chosen in order to avoid the 

need to develop experimental techniques. 

To c-are the effect of the waste form on the leachability of 

radionuclides. The various operations at ORNL praduce a wide 

variety of LLW composed of various bulk waste forms, and it seemed 

The use of standard waste toxicity charac- 

2. 
Y P  I.--------- -- 
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likely t h a t  some wastes might be c h a r a c t e r i s t i c a l l y  leachable  o r  

nonleachable.  Sueh l e a c h a b i l i t y  infor-mation about t h e  var ious  

waste streams generated could h e l p  i n  the segsegat:ion of wascees 

f o r  t reatment  op t ions  such as conversion to enhanced waste forms 

o r  s to rage  in s t ead  of d i sposa l .  

To compare the e f f e c t i v e n e s s  of both the  cu r ren t  EP method and the ..y_ 

~ r o p o s e d  TCLP method i n  measuring the  _..... ~ ...__ l e a c h a b i l i t y  of  rad ionucl ides  .._____-- 

( s e e  Appendix A f o r  a d e s c r i p t i o n  of the l each  met.hods). Since ['to 

s tandard  methodology ex:lsts t o  charactertze the l e a c h a b i l i t y  of 

rad ionucl ides  f rom W&?, this wcrk provided an oppor tuni ty  t o  t e a t  

the app l i . cah i l i t y  of t h e  Et) and TCLP methods f o r  r a d i o a c t i v i t y  

l each ing  performance. 

3 .  -~ .-.1-.1 ~ - - . - ~ - - -  
.l._..^~l_.llll 

-...__II_-~-- ____-____-____ 

The. results of the  rad ionucl ide  t e s t a  are presented i n  the followipg 

s e c t i o n s  by element. This  method of presenKathon w a s  s e l e c t e d  since i r  
seemed p o s s i b l e  t ha t  t h e  le.?chlng behavior might hc doiiiinated by the 

chemical form of the  var ious  elements.  A summary of the d a t a  ( f r a c t i o n  

leached and element balance,  see Sect .  A - 4 )  i s  given i n  the tables i n  

these s e c t i o n s  % and B complete record of all rad ionucl ide  a n a l y t i c a l  

numbers i s  contained i n  kppendix B, Emphaats was given t o  t h e  fraction- 

leached va lue  because that i s  t h e  information of primary i n t e r e s t ,  and 

t o  the  elemcnt  balance because that value  showms t h e  q u a l i t y  of the 

a n a l y t i c a l  va lues  used t o  calcc.11 a te  the  f r a c t i o n  leached - 
3 - 1 . 2  Cesium 

The r e s u l t s  f o r  both 137Cs and 13'Cs were combined and are presented 

i n  Table 3.1. The d a t a  f o r  these two rad ionucl ides  were combined because 

(1) t h e i r  ciieiulstries should be i d e n t i c a l ,  and ( 2 )  they l i k e l y  are i n  the 

same rad ioac t ive  waste component. Much o f  t he  cesium handled at OWL is 

i n  the form of C s C l  f o r  u s e  i n  r a d i a t i o n  sources  and 137Cs i s  nne of the 

major rad ionucl ides  c u r r e n t l y  being discharged t o  the  SWSA-6 s to rage  site 

('Cable B-3 of r e f .  8). CsCl has a high s o l u b i l i t y  ( s a t u r a t e d  s o l u t i o n  

eoncent ra t  Lon) i n  a l l  aqueous s o l u t i o n s  and u s ~ a a l l y  e x h l b i t s  rap td  d isso-  

l u t i o n  rates;  t h e r e f o r e ,  cesium may be expected t o  show apprec iab le  

l e a c h a b i l i t y .  



9 

a, 

(d 
w

r
n

 
o
u
 

m
 

*
a
,
 

v
o

o
 

c
z
 

. W
 

01 
U

 
u
 

4
 

0
 

a
x

 
0

 
0

 
N

 
A

 

v) 
P) 
3
 

--I 
rd 
P

 
cd B 

. a a, U
 

u
 

.rl 

0
 

0
 

0
 

hl 
A

 
ra 
01 
5
 

F
i 

rd 
>

 e 

6
p
 



10 

A s  shown in Table 3.1, cesium was found i n  all hut one of the waste 

samples, For most of the samples from Building 3517 a the element balance 

ranged from 64 8 to  107 * 47%. (FOP these and all following values, 

thc standard deviation (0) nuinbers express the l / 0  statistical variation 

of the values used to compute the average and do not represent amalyiical 

counting errors,) Even though the ideal element balance value should be 

loo%, an element balance in the 70 to 130% range probably should be con- 

sidered adequate for scouting tests. Since the element balance number 

involves combining the results of several analyses on both solid and 

liquid samples, it represents a severe test of the analytical accuracy. 

The element balance for the synthetic wipe samples froin the other waste 

generators was significantly lower, ranging from 33 t 2 to 68 * 3%. No 

reason was apparent f o r  the lower element balance numbers with the 

synthetic wipe samples. For sone of the samples, the standard deviation 

was an appreciable fraction of the value, indicating that the individual 

numbers had a significant spread. 

The fraction-leached values ranged from a low of 0.17 2 0.03 t o  a 

high of 0.57 f: 0.05, but many of the values were close to 0.3. The small 

standard deviation values show that the individual values f o r  the respec- 

tive tests with a given waste yielded a relatively narrow spread of 

results, and suggest that the differences in fraction leached observed 

between the various samples could be significant. The surprisingly low 

leachablilty measured is of more importance. Fraction-leached values 

close to 1.0 ha3 been anticipated, based on the chemistry of CsCl in 

these leach solutions. However, the results show that approximately 

two-thirds of the cesium was not leached. Unfortunately, the laboratory 

work had been completed before this anomalous behavior became apparent 

and it was not explored further. Sorption of cesium onto the waste hulk 

solids could be a plausible, but untested, explanatdon of the results. 

Tn future work, it would be desirable to run additional blanks and control 

samples to attempt to differentiate between actual waste performance and 

systematic experimental or analytical bias. 



11 

No s i g n i f i c a n t  d i f f e r e n c e  was observed between the  EP and TCLP l each  

methodologies. Both showed t h a t  o n l y  about one-third of t h e  cesium w a s  

l eachable .  

3 . 1 . 3  Cobalt 

The r e s u l t s  f o r  6oCo are shown i n  Tables 3.2  and B.10. Cobalt-BO i s  

a l s o  one of t h e  major r ad ionuc l ides  c u r r e n t l y  being discharged t o  t h e  

SWSA-6 s t o r a g e  s i te  [Table B-3 of r e f .  81. Some of t he  coba l t  handled a t  

ORNL is  In t he  form of coba l t  metal f o r  r a d i a t i o n  sources  and might be 

expected t o  be r e l a t i v e l y  in so lub le .  However, some coba l t  s o l u t i o n s  or  

s o l u b l e  salts  are a l s o  used. 

easi ly  leached o r  nonleachable .  It w a s  poss ib l e ,  t h e r e f o r e ,  that  d i f -  

f e r e n t  waste samples might show q u i t e  d i f f e r e n t  coba l t  l each  r e s u l t s .  I n  

a d d i t i o n  t o  the  waste samples  from Building 3517 and t h e  s y n t h e t i c  wipe 

samples  from a number of t h e r  ORNL gene ra to r s ,  a s i n g l e  sample of used 

ion-exchange r e s i n  was  ob ta ined  from Buildtng 7900. This r e s i n  is a very  

d i f f e r e n t  waste form than the  s u p e r f i c i a l l y  contaminated materials from 

the other buildings s i n c e  i t  i s  used t o  scavenge 6oCo and o t h e r  elements 

froin t h e  High Flux I so tope  Reactor (ZIPIK) pool water. Therefore ,  t h e  

6oCo r e s u l t s  f o r  tile resin are repor ted  s e p a r a t e l y  i n  Table B , l O .  

Thus, 6oCo i n  some LLW might be e i t h e r  

Cobalt  w a s  found i n  about two-thirds of t h e  waste samples  t e s t e d  

( T a b l e  3 . 2 ) .  The element balance g e n e r a l l y  w a s  less than 109%; t h e  

results f o r  indivl.dual samples ranged f o r  a low of 47 * 10% to a high of 

119 2 38%. Data for a number of t h e  l e a c h  tests were r e j e c t e d  i n  pre- 

par ing  the results -in Table 3.2 because of u n r e a l i s t i c a l l y  high 0200%)  

element balance va lues ,  It appeared t h a t  =ore d i f f i c u l t y  was encountered 

i n  t h e  a n a l y s i s  f o r  coba l t  than f o r  cesium. Whether t h i s  w a s  due t o  ( 1 )  

uneven d i s t r i b u t f o n  of t h e  coba l t  in t he  waste materials ( i .e*,  a s i n g l e  

p a r t i c l e  of coba l t  metal would not be evenly mixed i n  t h e  shredded and 

blended sample),  o r  ( 2 )  unknown problems i n  t h e  ana lys i s .  

The Fraction-leached va lues  f o r  coba l t  i n  Table 3 . 2  cover a consid- 

e r a b l e  spread: from 0116 * 0.05 to 0.66 f 0.34. This  spread may be 

r e a l i s t i c ,  cons ider ing  t h e  va r ious  p o s s i b l e  chemical forms of coba l t  t h a t  
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could be i n  the  waste samples. The a c t i v i t i e s  i n  Bul lding 3517 p r imar i ly  

involve  50C0 as coba l t  metal, and w e  a n t i c i p a t e d  t h a t  i t  would be poorly 

leached i n  t h e  samples  from t h i s  bu i ld ing ,  The r e s u l t s  show otherwise ,  

however, and i t  i s  p o s s i b l e  t h a t  very small  p a r t i c l e s  of coba l t  metal  may 

be e a s l l y  oxidized t o  s o l u b l e  chemical forms. In gene ra l ,  t h e  r e s u l t s  

show t h a t  6oCo i s  r e l a t i v e l y  leachable  i n  t h e s e  wastes. 

A s u b s t a n t i a l  d t f f e r e n c e  i n  t h e  performance of t h e  EP and TCLP methods 

can be seen i n  Table 3-2.  S i g n i f i c a n t l y  g r e a t e r  amounts of coba l t  were 

leached by t h e  proposed TCLP method (0.44 * 0.30) as compared t o  t h e  

current EP method (0.26 2 0.15). It i s  p o s s i b l e  t h a t  t h e  g r e a t e r  acetate 

anion concent ra t ion  i n  t h e  buf fered  s o l u t i o n  used i n  t h e  TCLP method may 

a i d  i n  the  leaching  of coba l t  as an acetate complex, 

The l each  test  r e s u l t s  wi th  the  ion  exchange r e s i n  (Table B.J.0) also 

showed cons iderable  scatter i n  the  element balance numbers. Addi t iona l ly ,  

d i f f i c u l t y  w a s  experienced i n  t h e  coba l t  analysis f o r  t h i s  sample;  i t  

seems less l i k e l y  t h a t  t he  i o n i c  form of 6oCo i n  the resin would be un- 

evenly d i s t r i b u t e d ,  and thus  the  d a t a  s c a t t e r  may more l i k e l y  be an 

a n a l y t i c a l  problem. Very  l i c t l e  o f  t he  coba l t  w a s  s o l u b f l i z e d  i n  t h e  

l each  tests. The f r ac t ion - re l eased  va lues  ranged from 0.00002 t o  8.00029 

(ice., cobal t  w a s  e s s e n t i a l l y  completely nonleachable) .  Agatn, t h e  TCLP 

method gave g r e a t e r ,  a l though very low, leach  va lues  than the  EP method. 

.e 

3 . 1 . 4  Stront ium 

The leach  test  r e s u l t s  for "§r are g iven  i n  Table 3.3 .  This  

rad ionucl ide  a l s o  is a major con t r ibu to r  t o  the  r a d i o a c t i v i t y  cu r ren t  

discharged by ORNL t o  t h e  SWSA-6 s to rage  s i t e  [Table B.3 of r e f .  81 and 

i s  of p a r t i c u l a r  environmental  concern because O€ i t s  h a l f - l i f e ,  b io log i -  

cal  e f f e c t s ,  and geologic  mobi l i ty .  

i n  the  form of SrC12,  which should be r e l a t i v e l y  so lub le  i n  t h e  l each  

test s o l u t  ions. 

Much of t he  'OSr handled a t  OWL i s  

Stront ium was found i n  a l l  but  one of the  waste samples .  The d a t a  

summary (Table 3.3) shows cons iderable  s c a t t e r  i n  both the  element balance 

and f r a c t i o n  leached values .  Even though the  o v e r a l l  element balance 
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numbers averaged c l o s e  t o  loo%, the  s tandard d e v i a t i o n  values  show t h a t  

t h e  i n d i v i d u a l  values  €o r  each sample had cons ide rab le  scatter.  Thus, 

c a u t i o n  is suggested i n  comparing r e s u l t s  €or var ious  samples.  With the  

ex.zeption of two samples ( t h e  coarse  mop from BuildPng 3517 and t h e  wipe 

from Building 3019),  more than half  to e s s e n t i a l l y  a31 the  s t ron t ium w a s  

leached. This value is c o n s i s t e n t  w i th  t h e  expected s o l u b i l i t y  behavior 

of SrC12. 

Although t h e r e  is cons ide rab le  scatter i n  the d a t a ,  t h e  TCLP method 

appa ren t ly  leached more s t ron t ium (0.75 2 0.36)  t han  d id  t h e  EP method 

(0.49 * 0.27). 

3,1.5 Selenium -- 
Selenium was  i d e n t i f i e d  i n  half  of t h e  samples t e s t e d  (see Table 

3 . 4 ) .  The presence of selenium i n  t hese  samples from throughout t he  O W L  

area was s u r p r i s i n g  because 75Se is  n e f t h e r  l i s t e d  as a r ad ionuc l ide  i n  

t h e  ORNL information for t he  c u r r e n t  SVSA-6 d i s p o s a l  site' nor has i t  

Been incorporated in the c u r r e n t  computer d a t a  base f o r  low a c t i v i t y  LLW 

r ad ionuc l ide  c h a r a c t e r i z a t i o n .  a 
l e a c h a t e  s o l u t i o n ,  selenium would probably be present as a n i o n i c  s e l e n a t e s  

such as SeQ32- or !%Ob2' and could e x h i b i t  app rec i ab le  s o l u b i l i t y  and 

s i te  mobil i ty .  

Under t h e  geochemical cond i t ions  of t he  

The element balance f o r  a l l  t h e  samples  (Table 3 . 4 )  w a s  considerably 

less than 100%. Since no high values  were r e j e c t e d  i n  compiling t h e s e  

d a t a ,  i t  seems p o s s i b l e  t h a t  t h e  low element balance values  could have 

r e s u l t e d  from an a n a l y t i c a l  b i a s  i n  some of the s o l u t i o n  or s o l i d  

ana lyses ,  Nonetheless,  t he  r e s u l t s  are p a r t i c u l a r l y  i n t e r e s & i n g  s i n c e  

75Se may not g e n e r a l l y  be recognized as a r a d i o a c t i v e  contaminant i n  LLW 

streams a t  ORNL 

With only one excep t ion ,  t he  f r a c t i o n  leached was c l o s e  t o  0.2. It 

i s  d i f f i c u l t  t o  know what s i g n i f i c a n c e  t o  a t t a c h  t o  t h i s  r a t h e r  poor 

l e a c h a b i l i t y .  Since w e  do not know t h e  chemical form of selenium i n  t h e  

waste, meaningful p r e d i c t i o n s  of its behavior can not be made. I n  any 

case, the l each  r e s u l t s  were h igh ly  reproducible .  The s t anda rd  d e v i a t i o n  



Table 3 . 4  Summary of r e s u l t s  f o r  ”Se 

- 

Element balance F rac t ion  leached 
Avg. percent  No, Of No. of 

b I d e n t i f i c a t i o n  r l  Q testsa Avg. 1 0 tests 

Waste samples (both l each  methods) 

B l o t t e r  paper ,  Bldg. 3517 
Coarse mop, 131dg. 3517 
Ffne mop, Bldg. 3517 
Cloth c o v e r a l l s ,  Bldg. 3517 
P l a s t i c  shoe covers ,  Bldg. 3517 
Paper c o v e r a l l s ,  Bldg. 3517 
Syn the t i c  wipe, Bldg. 3014 
Syn the t i c  wipe, BPdg. 3920 
Syn the t i c  wipe,  Sldg. 4501 
Syn the t i c  wipe, Bldg. 3074 
Syn the t i c  wipe,  Bldg. 3847 

Leach methods ( f o r  a11 samples) 

EP 
TCLP 

C 

66 I+ 2 
81 2 4 

C 

c 
c 

50 -i 17 
C 

61 +- 10 
7 1  * 8 

4 
4 

4 

4 
4 

C 

0.30 2 0.0% 4 
0.19 * 0.02 4 

t 
c 
c 

0.20 5 0.01 4 
c 

0.25 0.02 4 
0.21 +- 0.01 4 

62 +- 17 LO 0.23 -t 0.04 Pi3 
69 * 9 10 0.23 * 0.04 BO 

“Values >205% omitted. 

balaxes >2.00 omitted.  

“ k t  detec ted .  
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w a s  a lways  low and r ep resen ted  only a small f r a c t i o n  of the f r a c t i o n -  

leached value.  

a d d i t i o n a l  a t t e n t i o n  t o  75Se. 

In f u t u r e  waste l e a c h  work, i t  could be d e s i r a b l e  t o  g ive  

The EP and TCLP l e a c h  methods w e r e  e q u a l l y  effective i n  l each ing  

selenium; the  average f r a c t i o n  leached Faas i d e n t f c a l  f o r  t h e  two methods 

(0.23 0.04). 

3 . 1.6 Europium 

The resul ts  f o r  15*Eu and 154Eu w e r e  combined s i n c e  t h e i r  chemfs t r i e s  

should be i d e n t i c a l ,  and both r ad ionuc l ides  are l i k e l y  p re sen t  i n  t h e  same 

r a d i o a c t i v e  waste component. A s  shown i n  Table 3.5, only two of t he  

samples contained i d e n t i f i a b l e  amounts of europium - t he  two mops from 

Building 3517. While europium rad ionuc l ides  are l i s t e d  as the  l a r g e s t  

source of r a d i o a c t i v i t y  now being discharged by OREJL t o  t h e  SWSA-6 

s t o r a g e  s i t e  [Table B-3 of r e f .  $1, most of the europium from ORNL is 

contained i n  high a c t i v i t y  neutron-act ivated waste components from the 

H F I K  and would not be p re sen t  i n  the  low a c t i v i t y  samples w e  are working 

with.  A t  t he  near-neutral  pW of t h e  test l each  solution, europium oxides  

should have very low s o l u b i l i t i e s ,  thus europiiim might be expected t o  be 

poorly leachable .  

The element balance (Table 3.5) showed t h a t  about t h ree -qua r t e r s  of 

t h e  europium w a s  accounted f o r  i n  t h e  l each  s o l u t i o n  and resldue. For 

both mops, the f r a c t i o n  leached w a s  (0.1. A s  a n t i c i p a t e d ,  europium w a s  

poorly leachable .  The TCLP method appeared t o  give b e t t e r  l each ing  of 

the europium than did the  EP method. However, both fract ion-leached 

values  were so low (0.03 2 0.81 f o r  the EP and 0,08 -1- 0.03 f o r  t h e  TCLP) 

and t h e  s tandard d e v i a t i o n  so g r e a t  t h a t  t h i s  apparent d i f f e r e n c e  may not 

be s i g n i f i c a n t .  Addit ional  work would be necessary t o  confirm t h f s  

observat ion.  



Table 3-5 Summary of results for 152Eu and 15%h 

Element balance Fraction Beached 
Avg. percent No. of No. of 

Identification 2 1  0 tests" Avg. b (5 testsb 

Waste samples (both leach methods) 

Blotter paper, B1dg. 3517 
Coarse mop, Bldg. 3517 
Fine mop, Bldg. 3517 
Cloth coveralls, Bldg. 3517 
Plastic shoe covers, Bldg. 3517 
Paper coveralls, Bldg, 3517 
Synthetic wipe, Bldg. 3019 
Synthetic wipe, Bldg. 7920 
Synthetic wipe, Bldg. 4501 
Synthetic wipe, Bldg. 3074 
Synthetic wipe, BPdg. 3047 

Leach methods (for all samples) 

EP 
TCLP 

C 

82 _+ 12 
74 * 8 

C 

C 

C 

C 

C 

C 

C 
C 

C 

8 0.84 2 0.01 7 
6 0.09 * 0.03 6 

C 

e 
C 

C 

c 
C 

C 

C 

82 f 12 5 0.03 2 0.01 6 
77 +- 10 8 0.08 f 0.03 8 

~~~ -~ -~ 

avalues >200% omitted. 

bValues >2.00 omitted. 

=Not detected. 
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3.2 RATE TEST RESULTS 

While single-time-point leach tests such as those conducted with the 

EP and TCLP methods (Sect. 4.1) were useful in qualitatively categorizing 

radionuclides as leachablefnonleachable in order to scope the behavior of 

as many waste samples as possible in the Limited time available during 

FY 1985, the pathways analysis modeling calculations for the ChBF will 

require actual leach rate values i f  credit is to be taken for slow radio- 

nuclide dissolution kinetics in estimating future site behavior and 

environmental releases. Single-time-point results give. no hint as to 

the dissolution rate as a function of time, nor do they show if the leach 

experiment had reached steady state in the time period of the test. 

Therefore, In future work it is essential t o  include leach rate experi- 

ments for all the important or  key radionuclides and waste forms (and, of 

course, hazardous materials, if any). Selection of the radionuclides and 

wastes to be studied should be made in conjunction with the pathways 

analysis group so that the test work is focused on those radionuclides 

and wastes likely to be of greatest environmental concern. This inter- 

action would be an iterative process, since the information developed in 

the rate tests would help in the pathways analysis identification of the 

key wastes and radionuclides. 

Only a few leach rate experiments were carried out during FY 1985 due 

to the programmatic time constralnts, Two synthetic wipe samples were 

leached for time periods of 1 to 96 h using replicate samples (one for 

each time point) wBth the TCLP method. 

Appendix A. These tests were done to explore the performance of the TCLP 

method with these wastes and to see if the l-d test period (used in the 

single-time-point tests) was sufficient to allow these two wastefleachant 

systems to reach steady state, or if leaching was still continuing after 

the l-d time. Because only two waste samples were tested in the time 

available, it was not possible to draw general cond-usions as to leach 

rates €or other LLW at ORNL. The leach rate work completed was only  

considered sufficient to explore the test methodology. 

The methodology is described in 
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The l e a c h  rate tes t  r e s u l t s  f o r  a s y n t h e t i c  wipe sample from Building 

7920 are given i n  Table B.9. 

144Ce, and 90Sr. For a l l  of t hese  r ad ionuc l ides ,  t he  element balance was 

low; only about one-half t o  two-thirds o f  t h e  amount of each r ad ionuc l ide  

p re sen t  i n  t h e  waste w a s  accounted far i n  t he  l eacha te s  and r e s i d u e s ,  

The cause of t h i s  low element balance i s  not known. Since t h e  element 

balance values  are similar for r ad ionuc l ides  t h a t  have d i f f e r e n t  chem- 

istr ies i n  t h e  l e a c h a t e  s o l u t i o n ,  i t  seems p o s s i b l e  t h a t  a sys t ema t i c  

sampling o r  a n a l y t i c a l  e r r o r  could be responsible .  The f r a c t i o n  leached 

f o r  t he  two cesium i so topes  was e s s e n t i a l l y  i d e n t i c a l  f o r  all t i m e  p o i n t s  

(1, 3 ,  5, 2 4 ,  48, and 96 h)  and showed t h a t  a l l  l eachab le  cesium had been 

s o l u b i l i z e d  by the  f i r s t  t i m e  point  (1 h ) .  The f r a c t i o n  leached va lue  

w a s  c l o s e  t o  one-half, however, and was  nea r ly  the same as t h e  element 

balance value.  Thus, l i t t l e  confidence should be placed i n  t h e  value f o r  

t h e  f r a c t i o n  leached but only i n  t h e  f a c t  t h a t  i t  d i d  not change with 

t i m e .  

r e l e a s e d  was low, less than one-fourth the i n i t i a l  selenium con ten t ,  and 

appeared t o  i n c r e a s e  s l i g h t l y  with t i m e .  The 144Ce content  of t h e  waste 

w a s  l a r g e l y  i n s o l u b l e ,  and t h e  f r ac t ion - re l eased  values  did not show a 

s i g n i f i c a n t  t rend wi th  t i m e .  

t i m e ;  about one-third of t h e  s t ron t ium w a s  leached i n  1 h o r  less. 

The sample contained lS4@s, 137Cs, '%e, 

This  waste sample  a l s o  contained "Se. For selenium, t h e  f r a c c i o n  

The 90Sr  d a t a  a l s o  i n d i c a t e  no t r end  wi th  

A s y n t h e t i c  wipe waste from bu i ld ing  4500N which contained "Tc a l s o  

was leached vs t i m e .  The results (Table A.9), after excluding one obvious 

e r r o r  i n  r e s i d u e  a n a l y s i s ,  show an e x c e l l e n t  element balance (98 * 2%) f o r  

a l l  t i m e  po in t s .  The fract ion-leached values  show t h a t  e s s e n t i a l l y  a l l  t h e  

technetium (0.99) was leached i n  1 h o r  less. Complete and r ap id  l each ing  

is  reasonable s i n c e  t h e  technetium handled i n  t h e  l abora to ry  from which t h e  

sample w a s  obtained i s  NN4Te04, which is known t o  be h igh ly  so lub le .  

The r e s u l t s  of t hese  few i n i t i a l  l e a c h  rate tests were s u f f i c i e n t  t o  

show t h a t  t he  TCLP method o f f e r s  a p r a c t i c a l  and convenient method of 

doing m u l t i p l e  l each  samples at d i f f e r e n t  t i m e  po in t s .  

l eachan t  mixtures i n  t h e  g l a s s  b o t t l e s  can be prepared s imultaneously and 

clamped I n  t h e  r o t a r y  e x t r a c t o r .  Then a t  t h e  d e s i r e d  t i m e s ,  s i n g l e  b o t t l e s  

The va r ious  waste/ 



can be removed from the extractor and filtered. Filtration is much more 

rapid with the TCLP method than with the EP method for some wastes; 

therefore, the filtration time does not contribute significantly to the 

total leach time (time of contact between waste and leachant). 

4 .  HAZARDOUS MATERIAL LEACHING 

4.1 TEST GOALS 

There were two general goals €or the leach tests performed with the 

various ORNL low-activity LLW. These were: 

1. To classify the wastes as RCRA hazardouslnonhazardous from the 
__l-__l^__._l - - 
characteristics of extraction procedures, and to explore the 

leachability of these materials, if present, into a typical trench 

leachate solution. Current ORNE waste dfsposal practices prohibit 

the inclusion of hazardous materials tn low-level radioactive wastes, 

but analytical confirmation of this practice apparently is not 

available. As with the work for  radionudides, screening-level 

categorization ( l eachab le /non leachab~e~  of as many wastes as 

possible was undertaken in the limited time available. The leachate 

composition was compared with the RCRA waste toxicity characteris- 

tics regulation ( 4 0  CFK Part 261.24) .  The inorganic elements listed 

in that regulation are arsenic, barium, cadmium, chromium, lead, 

mercury, selenium, and silver. 

---- 
- -- 

2. To cornpare the effectiveness of both the current EP method and the - I_ --- 
proposed TCLP method in measuring the leachability of hazardous -- 
materials. OWL has been developing the new proposed TCLP methodll --- 
for the EPA and thfs work with actual waste samples provided an 

excellent opportunity to compare the two methods e 

Because of the limited time available during x;'y 1985, it was possible 

to gather on ly  preliminary information on a few waste samples. The results 

are presented in summarized form in this section, but all analytical values 

obtained are presented in Appendix C. 
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4.2 ANALYSLS OF WASTE SAMPLES 

A few of the waste samples contained amounts of elements listed in 

40 CFK Part 262.24, which could approach or exceed the toxic charac- 

teristic limit for the element in the leachate i f  the element was par- 

tially or completely leached Lnto the test extract. These wastes and 

their analyses are sho-wn in Table 4.1. (The complete analysis for all 

the wastes is given in Table C.1.) The analysis of EP and TCLP leach 

tests for these metals were subsequently carried out only 011 the leachate 

of these waste samples. The other wastes were considered to be of no 

interest for the hazardous materials studies. Cadmium, chromium, and 

lead were the only elements detected in concentrations in the waste 

samples to be of potential concern (i*e., these elements could approach 

or exceed the EPA concentrations f o r  toxicity characteristics in the 

leachate solutions). 

4 . 3  TOXICITY CUARACTEKLSTICS OF WASTE EXTRACTS 

Both EP and TCLP leach teses were run in duplicate on the wastes. 

The results of the leach tests are given in Table 4.2 f o r  only those ele- 

ments o f  interest. A complete analytical record is presented in Table 

C.2.  In no case did the extract concentration exceed the EPA toxicity 

characteristic limit; however, in two cases the concentration was an 

appreciable fraction of the limit, Cadmiuiu i n  the plastic shoe cover EP 

and TCLP extracts was about one-ha1.f the EPA limit, but lead in the TCLF 

extract from the wipe from Building 3019 was about two-thirds of the 

limit. 

Because of the very limited sampling of LLW that was conducted at 

ORNX, during the time available, it is not possible to draw general con- 

clusions as to the hazardous material content or potential toxicity of 

these wastes. Even though none of the extracts o f  the few samples tested 

exceeded the EPA limits, in a small percentage of the elements, the 

leachate concentration was a significant fraction of the limiting con- 

centration. If there is interest in the future in studying the hazardous 

material content of LLW at ORNI,, then a much more extensive sampling and 

analysis program would be required, 



Table 4.1 Toxic element concentration in waste samplesa 
(all analyses are in rrg/g) 

Bldg. 3517 Bfdg. 7920 Bfdg. 3019 
Elementb Plastic shoe cover Paper coveralls Fine mop Wipe Wipe 

As 

Ba 

Cd 

C 

C 

890 

7ao 

110 

C 

C 

C 

c 

e! 

40 

C 

C 

13 

- 

C 

C 

C 

70 31 C 

52 C 210 

6: C e! 

c C S 

C C C 

%nly samples and elements having potentially significant concentrations are 

bFrsm 40 CFS Part 261.24. 

shown in this table. A complete analytical record is given in Table C.1. 

N 
W 

CVaPue too l o w  to be significant in leachate. 



Table 4.2 Analyses of Haste ex t rac tsa  
( a i !  analyses i n  @/g) 

Bldg. 3517 Bldg. 7920 Bldg. 3019 

E I ement I lmit s EPC VCLPC EPC TCLPC EPC TCLPC EPC TCLP' EPC TCLPc 

As 5.0 d d d d d d d d d d 

Tox I c character stYc P l a s t i c  s h o e  cover Paper coveral l s  Fine  mp Wlpe Wipe 

Ba 100.0 d d d d d d d d d d 

Cd 1 .o 0.57 0.50 0.011 0.041 0.10 0.17 d d d d 

C r  5.0 10.02 0.26 d d 4-02 (0.02 d d 

Pb 5.0 10. 2 1.7 d d 10.2 0.35 d d 0. 35 3.9 

% 0.2 d d d a 3 d d d d 3 

Se 1 .Q d d d d d d d d d d 

&! 5.0 d d d d d d a d d d 

10.02 0.026 

aSurnrnary data In t h i s  Table are i l rn l ted to elements of p o t e n t i a l  concern. 

bData taken from 40 CFR Par? 259.24. 

'AI I va! ues are an average of -two dup i i c a t e  tests. 

d l n s u f f i c l e n t  amount in sol I d  waste t o  represent potential concern. 

Complete analysis Is given i n  
Table C.2. 
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The data  in Table 4.2 show t h a t  i n  s e v e r a l  cases the  proposed TCLP 

method was more ag res s ive  than t h e  c u r r e n t  EP method i n  e x t r a c t i n g  toxic 

elements from the  waste. For example, t he  chromium concen t r a t ion  i n  t h e  

p l a s t i c  shoe cover EP method extract w a s  (0.82 ug/g, but t he  TCLP extract 

was 0.26 urg/g. The l ead  concen t r a t ion  in t h e  extract from the f i n e  mop 

was (8.02 ug/g f o r  the EP l each  but  w a s  0.35 ug/g for  the  TGLP leach.  

e x t r a c t s  f o r  t h e  s y n t h e t i c  wipe from B u i l d i n g  3019 contained 0.35 Pg/g 

Lead by t he  EP method and 3.9 ug/g by t he  " T P  method. 

The 

The au thors  wish t o  acknowledge the  con t r ibu t ion  of the  ope ra t ing  

s t a f f  of many of t h e  OWL bu i ld ings  in helping select  and supply samples 

of POW a c t i v i t y  low-level wastes for t h i s  study. C. W. FranePs provided 

guidance i n  s e t t i n g  up the TCLP l each  equipment. Courtney East aided 

wi th  the  cons ide ra t ion  of hazardous materials. The au thor s  a l s o  w i s h  t o  

express  apprec i a t ion  fo r  the e f f o r t  of the Analy t i ca l  Chemistry Division 

s t a f f  who performed t h e  many analyses for rad ionucl ides  and hazardous 

materials. The au thor s  a l s o  wish t o  thank Janice Shannon and 

Carol Johnson for s e c r e t a r i a l  support  and G a t h e r h e  N, Shapperl: for 
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APPENDIX A - EXPERIMENTAL MEWQDS 

A . l  SAMPLE PmPARATION 

The samples of waste rece ived  from t h e  var ious  OWL genera to r s  w e r e  

shredded and blended t o  o b t a i n  a homogenous s t a r t i n g  material f o r  t h e  

l e a c h  tests. Because d u p l i c a t e  tests of two l each  methods w e r e  eaployed 

wi th  many of the  wastes, i t  w a s  considered important  t o  gene ra t e  a 

blended s t a r t i n g  material from t h e  va r ious  waste samples, It seemed 

u n l i k e l y  t h a t  any contaminat ion would be evenly d i s t r i b u t e d  throughout 

t h e  samples ( r a g s ,  mops, c o v e r a l l s ,  e t c . )  as  received.  Each e n t i r e  waste 

sample (wi th  t h e  except ion  of t h e  ion-exchange r e s i n  from Building 7900) 

was shredded i n  a No. 4 Wiley mi l l .  Because of t h e  l e v e l  of radioac-  

tivity in many of the samples, t h e  d l 1  w a s  placed i n  a radiochemical  

hood, and appropr i a t e  p r o t e c t i v e  c lo th ing  and appara tus  were worn by t h e  

o p e r a t o r  ( s e e  Fig. A.1) .  The d.11 was smeared and counted between 

samples.  No t r a n s f e r a b l e  counts  were de tec t ed ,  so we assume! cross con- 

tamina t ion  between samples d id  not occur i n  t h e  m i l l .  The shredded 

samples were discharged from t h e  Wiley m i l l  i n t o  a l a r g e  p l a s t i c  bag and 

f u r t h e r  blended by shaking and tu rn ing  the plast ic  bag. An a l i q u o t  of 

t h e  blended sample w a s  submit ted f o r  analysis. 

A . 2  EPA LEACH METHODS 

Two ba tch  leaching  methods were used t o  measure t h e  e x t r a c t a b i l i t y  

of t h e  r ad ionuc l ides  and hazardous materials i n  t h e  waste samples 

c o l l e c t e d  from t h e  va r ious  genera tors .  The methods used were the 

fol lowing:  (1) t h e  c u r r e n t  EPA waste tox icd ty  e x t r a c t i o n  procedure,  4Q 

CFB P a r t  261.24, i d e n t i f i e d  i n  t h i s  r e p o r t  as 'Wag t o x l c i t y  c h a r a c t e r i s -  

t i c  tes t ,  and (2) a proposed modified t o x i c i t y  c h a r a c t e r i s t i c  leaching  

procedure being developed for t h e  EPA,ll i d e n t i f i e d  as, "TTCLP" i n  t h i s  

r e p o r t  . 
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PT- m 

Fig. A.1. Operator feeding waste sample into the Wiley mill munted 
in a radiochemical hood. 
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EP T o x i c i t y  T e s t  Procedure A.2.1 

A 100-g a l i q u o t  of shredded and blended waste w a s  weighed i n t o  a 

1-gal g l a s s  b o t t l e ,  and 1600 mL of d i s t i l l e d  water was added. The mix- 

t u r e  w a s  then s t i r r e d  by a motor-driven four-blade paddle. ( I n  some 

cases, a g r e a t e r  water-to-waste r a t i o  had t o  be employed i n  o rde r  t o  

a l low t h e  sample t o  stir.) The experimental  s e t u p  is  shown i n  Fig.  A.2. 

S u f f i c i e n t  0.5 M acetic a c i d  was added from t h e  b u r e t t e  over about 10 t o  

30 min t o  a d j u s t  t h e  pH t o  5.0. The pH of the  s o l u t i o n  w a s  then main- 

t a i n e d  a t  5.0 wi th  a Chemtrix a u t o t i t r a t o r  f o r  t h e  e n t i r e  l each  period. 

A l l  l e ach ing  w a s  a t  ambient temperature (25OC). Leaching w a s  terminated 

a f t e r  t h e  waste had s t i r r e d  f o r  24 h a t  pH 5.0, at which t i m e  a d d i t i o n a l  

d i s t i l l e d  water w a s  added t o  b r ing  t h e  t o t a l  volume of l i q u i d  added t o  

2000 mL. 

r equ i r ed  a d d i t i o n a l  l i q u i d  i n i t i a l l y  t o  permit s t i r r i n g . )  The l e a c h  

s o l u t i o n  and s o l i d  were then promptly sepa ra t ed  by a Mi l l i po re  f i l t e r  

appa ra tus ,  as shown in Fig. A.3. The f i l t e r  medium was 0.45-m-pore 

s i z e  M i l l i p o r e  No. 142/50. Air p res su res  as high as 85 p s i  were used 

i n  some cases t o  f o r c e  t h e  s o l u t i o n  through t h e  f i l t e r .  The l e a c h a t e  

s o l u t i o n  w a s  s t o r e d  a t  4OC u n t i l  i t  w a s  analyzed. The s o l i d  r e s i d u e  on 

t h e  f i l t e r  was submitted f o r  a n a l y s i s .  The water content  of t h e  w e t  

r e s i d u e  w a s  c a l c u l a t e d  from t h e  weight l o s s  on drying.  

- 

(This  a d d i t i o n  w a s  no t  made f o r  t hose  samples which had 

A.2.2 TCLP Tox ic i ty  C h a r a c t e r i s t i c  Leaching Procedure 

A 100-g a l i q u o t  of t h e  shredded and blended waste w a s  placed i n  

a s p e c i a l  screw-top b o r o s i l i c a t e  g l a s s  b o t t l e  ( s e e  Fig. A.4).  Then 

2000 mL of a 0.1 M sodium acetate-acetic a c i d  b u f f e r  at pH 4.8 (prepared 

by d i l u t i n g  10.50 g of anhydrous sodium acetate and 4.12 mL of g l a c i a l  

acetic a c i d  t o  a f i n a l  volume of 2000 mL with d i s t i l l e d  w a t e r )  w a s  added 

t o  t h e  b o t t l e .  

obtained a pH of 4.8 r a t h e r  than 5.0 as i n d i c a t e d  i n  t h e  reference.  The 

b o t t l e  was capped, clamped i n  t h e  r o t a r y  e x t r a c t o r ,  and r o t a t e d  a t  30 rpm 

f o r  18 h a t  ambient temperature (25OC). After completion of t h e  l each ing  

p e r i o d ,  t h e  s o l u t i o n  and s o l i d s  were sepa ra t ed  by f i l t r a t i o n  wi th  t h e  

- 

The b u f f e r  s o l u t i o n  w a s  prepared as d e s c r i b e d , ”  but  w e  
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Millipore apparatus. The filter 

glass filter No. EPM 2000) which 

pressure was needed to force the 

medium was 0.6-um (Whatman borosilicate 

contained no binder. Very little air 

liquid through the filter. The solution 

was stored at 4°C until it was analyzed. The solids were submitted for 

analysis. The water content of the wet residue was calculated from the 

weight loss after drying. 

A.2.3 Rate Experiments 

A few experiments were carried out to explore the rate of solubili- 

zation of some of the radionuclides. These tests followed the TCLP 

method with the exception that a series of six replicate leach mixtures 

were prepared and tests run for leach periods of 1, 3, 5, 24, 48, and 
96 h. 

A.3 SAMPLE ANALYSIS 

A l l  analytical work was performed by the ORNL Analytical Chemistry 

Division. 

A.3.1 Initial Waste Samples 

An aliquot of each of the shredded and blended wastes was analyzed 

as follows: (1) by inductively coupled plasma spectrometry (ICP) for 31 

elements (see Table C.l for a listing of the elements), (2) by atomic 

absorption (&I) for mercury and selenium, ( 3 )  for gross alpha activity 

using a gas flow proportional alpha detector, (4) when a significant 

level of gross alpha activity was detected, the alpha emitters were 

identified by alpha spectrometry using a multichannel analyzer, (5) for 

gross beta activity by a gas flow beta proportioning counting technique, 

( 6 )  when beta activity was detected, a "Sr analysis was performed by 

chemically separating the strontium and counting the "Sr beta activity 

using a low-background gas flow beta proportional counter, and, ( 7 )  by 
gamma spectrometry employing a Ge(Li) detector with a multichannel 

analyzer to identify and quantify the gamma-emitting radionuclides 

present. A s  appropriate, a portion of the solid samples was solubilized 

before the respective analyses. 
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A.3.2  Leach Test Solutions and Residues 

Each leach test solution and residue was analyzed for the radio- 

nuclides present in the initial waste sample. The solutions and 

residues were analyzed by ICP and AA for all the hazardous materials. 

The analytical methods used were those described for the starting 

materials. 

A.4 CALCULATION OF FRACTION SOLUBILIZED AND ELEMENT BALANCE 

The data for the radionuclides were reported by ORNL Analytical 

Chemistry Division as Becquerels (Bq) per 1000 mL or 1000 g of sample; 

the nonradioactive inorganic elements were reported as vg/g. The total 

amount of a given element in a liquid or solid sample was then calcu- 

lated by multiplying by the appropriate sample volume or weight. The 

amount of element in the leached residue was calculated by first 

determining the concentration for the dry residue and then the total 

amount in the dry residue by the following equations: 

where 

a = concentration of element per 1000 g dry residue, 

b = residue analysis value, 

c = liquid analysis value, 

d = fraction of water in sample, 

e = fraction of solid in sample (1.00 - d) , 
F = amount of element in dry residue, 

g = weight of starting material. 

The fraction leached was calculated by dividing the total amount of 

element in the solution by the total amount in the starting sample. 

The element balance then was the sum of the amount of the element in 

the solution and residue divided by the amount in the starting sample. 
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Note that the radioactivity values in the tables have been rounded to 

two significant figures for presentation, but in some cases where the 

analytical precision was adequate, three significant figures were used 

in the calculation of the element balance and fraction leached. 





APPENDIX B - DATA FOR RADIONUCLIDES 

The analytical data for the radioactive elements and the calculated 

concentration in the leachate, analytical element balance, and fraction 

leached are given in the following tables. 
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Table 6.1 137Cs leach r e s u l t s  f o r  samples from f i s s i o n  product u t i l i z a t i o n  b u i l d l n g  
low-level waste (Bu i l d ing  3517) 

S t a r t i n g  Leach a t e  E I ement Test condi t ions 
Waste Leach Test Waste Leachate le Res due ba I ance F rac t  ion 

I eached samp 1 e method No. (9) (mL) (ci3q) ( I B q )  m l / L  ( I B q )  (%) 

B l o t t e r  paper EP 
(BP052985) EP 

TC LP 
TC LP 

Coarse imp EP 
(CM052985 1 EP 

TCLP 
TCLP 

100 
100 
100 
100 

100 
100 
100 
100 

F ine mop EP 1 100 
(FM052985) EP 2 100 

TCLP 1 100 
TC LP 2 100 

C lo th  cove ra l l s  EP 1 too 
(cC052985) EP 2 100 

TC LP 1 100 
TC LP 2 100 

2000 
2000 
2000 
2000 

2683 
2675 
2000 
2000 

2000 
2000 
2000 
2000 

2412 
2412 
2000 
2000 

P l a s t i c  shoe Ep 1 100 2000 
covers EP 2 100 2000 

(PCSO52985) TC LP 1 100 2000 
TC LP 2 100 2000 

Paper coveral I s  EP 1 75 2000 
(PCC0529851 EP 2 75 2000 

TCLP 1 i 00 2000 
TC LP 2 100 2000 

5.4E4 

5.4E4 
5.4E4 

5.4E4 

7.1E2 
7.1E2 
7.1E2 
7.1E2 

8.6€2 

8.6E2 
8.6E2 

8.6E2 

3.1El 
3.1El 
3.1El 
3.1El 

1.3E4 
1 -4E4 
1 9E4 
1 9E4 

1 9E2 
1.9E2 

2.2E2 

1 . 5E2 

2.2E2 

1 4E2 
2.OE2 
20OE2 

3.6EO 
5.6EO 
6.4EO 
5.6EO 

3.1E2 2.2E2 
3.1E2 8.4E1 
3.1E2 l o  2E2 
3.1E2 1.3E2 

3.5E4 1.1E4 
3.5E4 1.3E4 

4.7E4 1 . 6E4 
4.7E4 1 5E4 

1 3E-11 
1.4E-11 
1.9E-11 
1.9E-11 

1.4E-13 
1 -4E-13 
2.2E-13 
2.2E-13 

1 . 5E-13 
1.4E-13 
1.9E-13 
2.OE-13 

3.OE-15 
4.6E-15 
6.4E-15 
5.6E-15 

2-26-13 
8.4E-14 

1.3E-13 
1.2E-13 

1.1E-11 
1.3E-11 
l.5E-11 
1.6E-11 

2.OE4 63 0.24 

2.OE4 71 0.35 
1 EE4 69 0.35 

2.6E4 74 0.25 

72 3.2E2 
1.OE3 173 

0.27 
0.27 

1.7E3 267 0.26 
3.2E2 76 0.26 

4.2E2 
4.7E2 

4.2E2 
4.7E2 

3.1El 
2.8E1 
1.1El 
1.QEl 

67 
71 
77 
72 

112 
109 
56 
49 

0.37 
0.16 
0.23 
0.23 

0.12 
0.18 
0.21 
0.18 

1.8E2 129 0.71 
1 7E2 82 0.27 
1 .2E2 77 0.38 
1.1E2 77 0.43 

1 7E4 80 0.33 
1 . 3E4 75 0.38 
2.1E5 652 0.32 
2.0E4 102 0.35 



Table 8.2 13ks leach resuits for sampfes from f ission product utilization building 
low-level waste tBui lding 3517) 

~~~~~ ~ ~ ~ _ _ _  ~ 

S t a r t i n g  Leachate Element Test cond it ions 
Leach Test Waste Leachate Residue balance Frac t i on  

NO. ( a )  CmL) (%!SI Cb) mf/L (kQ) t % )  I eac hed Waste Sam0 I ea method 

1.9E1 3.9EO 2.3E-16 8.8EO 62 0-16 - 3.6EO 
TC LP 1 100 2000 1.9Et 5.4EO 4.2E-16 3.8EO 48 0*28 
TC LP 2 100 2000 1.9E1 6.4EO 5.E-16 5.3EO 62 0.32 

- - 100 2000 Blotter paper EP 1 
(SP052985 1 EP 2 130 2000 l.9E1 b 

?*4E1 b - 9.5EO - - 
TC LP 7 100 2000 1.7E1 b - 5.6E1 - - 
TC LP 2 100 2000 1.7E1 7.8EO 6.1E-16 7.6EO 81 0.46 

- - Paper covera I I s EP 1 75 2000 
(PCC052985 1 EP 2 75 2000 1.4E1 2.8EO 2.2E-15 b 

'Amounts of I 3 k s  was below detection level In  al l  other samples. 

bNo data. 
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Table 8.4 75Se !each results for  samples from fission product u t i l i z a t i o n  building 
low-ievel waste (Building 3517) 

Leach ate  E 1 ement Test wnd I t  I on5 Star t  1 ng 
Waste Leach Test Waste Leachate Residue balance Fraction 

samp I ea method NO. fg ) (mL) (pkl) (pq) ml/L (pw ( % I  leached 

Coarse mp EP 1 100 2683 1 5E3 4.6E2 4.2E-15 5.OE2 63 0.30 
(CM052985) EP 2 100 2678 1.5E3 4 .E2 2.tE-15 5o6E2 58 0.30 

TCLP 1 100 2000 10 5E3 4.4E2 5.5E-15 5.3E2 65 0.29 
TCLP 2 100 2000 1o5E3 4.4E2 505E-15 6.OE2 69 0.29 

Fine m p  EP 1 100 2000 9.1E2 2,OEZ 2.4E-15 5.E2 76 0.22 
(FM0529851 EP 2 100 2000 9.1E2 1.8E2 2.3E-15 5.2E2 77 0.20 

TC LP 1 100 2000 9.1E2 1.6E2 2.E-15 6.3E2 87 0.18 
TC LP 2 I00 2000 901E2 1.6E2 ZOO€-15 5,9€2 82 0.19 

a75Se was below detection l i m i t  In  a l l  other samples. 

c 
w 



Table 8.5 leach results for samples from f i ss ion  product UT!! ination b u i l d i n g  
low-level waste (Bu! ! d i n g  3517) 

Coarse mop EP 1 9 00 2683 9.4E2 2.3EI 7.3E-75 7.OE2 77 0.92 
(CF1052985 1 EP 2 100 2675 9.4E2 1.6E1 5.8E-15 b 0.02 

TC LP 1 100 2000 9.4E2 4.4EI 2.E-114 5.8E2 63 3.05 
TC LP 2 100 2000 9.4E2 3.8E1 1.8E-14 S.OE2 79 3.04 

F i n e  m p  EP 1 100 2000 4.5E2 1.3E1 6.3E-15 3.1E2 ?I 0.03 
(FMO52985 5 EP 2 100 2090 4.5E2 2.2E1 '1.1E-I4 2.9E2 70 0.05 

re LP 1 100 2000 4.5E2 5.4E1 2.6E-14 3.5E2 93 0.12 
TC LP 2 100 2000 4.5E2 5.OE1 2.5E-14 2.6E2 70 9.17 

a15%u was below dePectlon IlmlP I n  all other samples. 

"NQ data. 
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Table 5.6 I5%u leach r e s u i t s  for samples from Fission Product S t 1  I ization bul i d i n g  
low-level waste (Bul l d i n g  3517) 

~ 

Star t  I ng Leach a t  e E I emen t Test con4 I t  ions 
Waste Leach T e s t  Waste Leachate Residue bat ance Fraction 
samp I ea method No. [g)  ( m i )  (IBq) QBS, mI/L (ZBq)  ( % I  leached 

Coarse mop EP I 100 2683 5.6E2 2.6E1 6.2E-15 5.3E2 100 Oe05 
(CM0.52985) EP 2 too 2675 586E2 1.6E1 3.E-15 4.9E2 90 0.03 

TC LP I 100 2000 5.6E2 2.OE1 6.5E-15 3.9E2 74 0.04 
TC LP 2 100 2000 5. sE2 L O E 1  9.7E-15 4.9E2 93 0.05 

2.9E2 b - 1.9E2 - - 2.9E2 - - - F i n e  mop EP 1 1 BO 2000 
(FW052985) EP 2 100 2000 2.9E-2 b 

TC LP I 100 2000 2.9E2 3.2E1 1.6E-14 2.3EZ 78 0.11 
TCLP 2 100 2000 2.9E2 208E1 9.1E-iT 1e9E2 65 0.10 

a 15ku was below detection I i m i t  i n  ai I &her sarnpies. 

'NO data, 



Table 5.7 '%r leach r e s u l t s  for sampJes from Fisslon Product W1I1zat ion  building 
low-level waste (Bullding 3517) 

Leachate E I w e n t  Test conditions S t a r t i n g  
Waste Leach ~ 0 s ~  Haste Leachate sampre Resf d u e  balance  action 
samp I e methiad NO. &I) (mL) C ~ W )  m l / L  (CBqE ( 9 s )  leached 

Blotter paper 
(W052985 1 

Coarse mop 
(CMOS2935 1 

Fine mop 
(FM052985) 

c 10th 
covera I I s  

(cC052985) 

P l a s t l c  shoe 

(PSC052965 3 
covers 

Paper 
covera I i s  

(PCCO52985) 

EP 
EP 
TCLP 
TC LP 

EP 
EP 
TC LP 
TC LP 

EP 
EP 
TCLP 
TC LP 

EP 
EP 
TC LP 
TC tP 

EP 
EP 
TC LP 
TCLP 

EP 
EP 
TC LP 
TCLP 

1 
2 
I 
2 

1 
2 
1 
2 

'I 
2 
I 
2 

1 
2 
1 
2 

1 
2 
1 
2 

1 
2 
1 
2 

100 
100 
150 
9 05 

9 00 
100 
150 
100 

too 
too 
1 00 
150 

100 
7 05 
100 
100 

7 Oil 
7 00 
4 00 
100 

75 
75 

100 
100 

2000 
2000 
2005 
2000 

2683 
2675 
2050 
2000 

2000 
2000 
2500 
2000 

2412 
2412 
2000 
2000 

2000 
2000 
2000 
2000 

2000 
2050 
2000 
2000 

5.1E3 

5.1E3 
5.1 E3 

5.1E3 

8.4E3 
8.4E3 
8.4E3 
8.4E3 

4.2E2 

4.2E2 
4.2E2 

4.2E2 

3.5E3 
3.5E3 
3.5E3 
3.5E3 

5. %E2 
5.8E2 
5.3E2 
5.8E2 

1.4E4 
1.4E4 
1.8E4 
1 8E4 

1.8E3 1.9E-12 
1 0  9E3 2.5E-12 
5.5E3 5.3E-32 
4.6E3 4.E-32 

1.9E3 1.5E-I2 
2.1E3 1.6E-12 
2.6E3 2.7E-12 
2.6E3 2.7E-12 

3.2E2 3.3E-13 

3.6E2 3.8E-I3 
3.2E2 3.3E-13 

3.6E2 3.8E-13 

2.3E3 2.OE-12 
2.7E3 2.3E-12 

4.OE3 4.2E-12 

4.GE2 4.2E-13 

t.5E2 1.S-12 

3- 8E3 4.5E-12 

4.8E2 5.OE-13 

5.2E2 5.4E-13 

5.6E3 5.8E-t 2 
6.4E3 6.7E-12 
1.1E4 1.lE-11 
1.2E4 1.X-11 

5.6E2 
a 

i.4E4 

1.4E3 

1.3E3 

8.8E2 

6.2E3 

3.1 E3 

l.lE2 
:. I E 2  
B.4E I 
1.8E2 

2.9E3 
2.7E3 

3.OE3 

3.7E2 
1 . DE3 
4.0E2 
2.QE2 

4.1E3 

6.3E3 
1 9E3 
1 8E3 
1.9E3 

47 0.36 
Is 0.37 

225 1.08 
365 0.90 

39 0.23 
99 0.25 
46 0.31 
ti8 Q.31 

102 5.76 
t 02 0.76 
106 0.66 
129 0.86 

148 0.65 
1 53 0.76 
226 1.09 
200 1.'14 

133 5.67 
254 0.53 
32 7 2.59 
124 0.90 

88 0.42 
62 0.47 
69 0.59 
TI 0.67 

%o data. 



Table B.8 Leach resul-ks for synthetlc # I p s  samples from 
But l d i nys  3019, 7920, 450UN, 4501, 3074, and 3470 

Leachate E I ement  Test cond it ions Start 1 ng 
Leach Test Waste Leachate balance Fraction 

Bul  ldlng method No. (g) h L )  (LBq) m l / L  (1%) ( % I  leached 

Results f o r  13%s 

3019 
t W072385) 

7920 
(W061285 1 

4501 
(W080585 1 

3074 
( WO80985 1 

EP 
EP 
TC LP 
TC LP 

EP 
EP 
TCLP 
TC LP 

EP 
EP 
TCLP 
TCLP 

EP 
EP 
TCLP 
TCLP 

Resu I t s  for I 3 k s  

7920 EP 
(WO81265 1 EP 

TCLP 
TC LP 

4501 EP 
c ~080585) EP 

TCLP 
TCLP 

3074 EP 
(WO80985 S EP 

TCLP 
TC LP 

1 
2 
1 
2 

1 
2 
1 
2 

1 
2 
1 
2 

1 
2 
1 
2 

1 
2 
1 
2 

1 
2 
1 
2 

7 
2 
1 
2 

100 
I00 
100 
100 

100 
100 
100 
100 

100 
too 
100 
100 

too 
100 
100 
100 

100 
100 
100 
too 
1 a0 
100 
100 
1 00 

100 
100 
100 
100 

280 t 
280 1 
2000 
2000 

2000 
2000 
2000 
2000 

2000 
2000 
2000 
2000 

2000 
2000 
2000 
2000 

2000 
2000 
2050 
2000 

2000 
2000 
2000 
2000 

2000 
2000 
2000 
2000 

8.M 1 
8.6E 1 
6.6€1 
8.6E1 

2.1E5 
2.1E5 
2.1E5 
2.1E5 

2.3E5 
2.3E5 

2.3E5 

2.OE3 
2.OE3 
2.oE3 
2,0E3 

2.3E5 

8.1E3 
&\E3 
8.1E3 
8 s  1E3 

4.1E4 
4 . m  
4.1E4 
4.7E4 

2.4E2 
2.4E2 

2.4E2 
2.4E2 

4.8E1 3.4E-t4 2.OE1 
1.OE1 7.E-15 9.7EO 
4.6E1 4.6E-14 a 
2,OEI 2.OE-14 2.3E1 

5.8E4 5.8E-11 B e t E 3  
6.6E4 6.6E-17 7.7E3 
L 4 E 4  6.4E-11 0 
?.E4 7.6-11 1.7EJ 

1.2E5 1.3E-10 5.9E7 
1.3ES 1.3E-10 6.OE7 
1.5E5 1.5E-10 1.6E4 
1.4E5 1.4E-10 1.4E4 

7,a~2 7.8~-13 6.4~2 
6.8€2 &BE-13 6.1E2 
9.4E2 9.4E-13 4.2E2 
t.3E3 1.3E-12 5.4E2 

2.2E4 1.7E-12 2.7E3 
2,4€4 1.9E-12 2.5E3 
2.4E4 1.9E-12 0 
2.6E4 2.E-12 3.7E1 

2.OE4 t.6E-12 1.OE7 
2,2E4 1.E-12 1.OE7 
2.6E4 2.E-12 2.7E3 
2.4E4 1.X-12 2.4E3 

5.6E1 4.4E-15 3.7E1 
9.6E1 7.5E-15 3.8E1 
l.lE2 8,6E-15 1.5E1 
1.2E2 9.2E-15 1.7E1 

79 
23 

50 

32 
35 
31 
34 

26,000 
26,000 

71 
67 

71 
65 
68 
90 

-- 

304 
32 7 
296 
321 

25,000 
25 a 000 

70 
64 

39 
56 
52 
56 

0.55 
0.12 
0.53 
0.23 

0.28 
0.31 
0.30 
0.33 

0.51 
0,56 
0.64 
0.61 

0.39 
0.34 
0.47 
0.8 

2.71 
2.96 
2.96 
3.21 

0.49 
0.54 
0.63 
0.59 

0.23 
0.40 
0.46 
0.49 



Table B.8 (continued) 

~~~~ ~~~ ~~~~ -~ ~ 

Leachate E I emen? Test a n d  it ions S t a r t  1 ng 
Leach Test Waste Leachate e Residue balance Frac t ion  

Bul ld ing  method 8%. !g) (mL) (I€%) C ~ s S l  m l / L  (CBq) ( % I  I eac hee: 

Results for 7'se 

3047 
(W060685 1 

301 9 
id072385 a 

45011 
< WO80585) 

3074 
(WO80985 i 

Results for 6b 
3 047 
(WO60665 1 

EP 
EP 
TCLP 
TC LP 

EP 
EP 
TCkP 
TCLP 

EP 
EP 
TCLP 
TCLP 

EP 
EP 
TC LP 
TC LP 

E? 
E? 
TCLP 
TC L? 

EP 
EP 
TCLP 
TC LP 

EP 
EP 
TCLP 
TC LP 

I 
2 
1 

1 
2 
I 
2 

1 
2 
1 
2 

100 
100 
100 
100 

I00 
i 00 
I00 
100 

100 
100 
100 
100 

7 00 
100 
100 
100 

100 
7 00 
100 
100 

100 
100 
100 
100 

9 00 
900 
100 
t 00 

2005 
2006 
2000 
2000 

2000 
2000 
2000 
2000 

2000 
2000 
2000 
2000 

2000 
2000 
2000 
2000 

2005 
2306 
2000 
2000 

2801 
280 1 
2000 
2000 

2000 
2000 
2000 
2000 

8.1E5 
8.1E5 
8.1E5 
8.1E5 

6.2E3 
6.2E3 

6.2E3 
6.2E3 

a 
a 
a 
a 

6.OE2 
LOE2 
6.0E2 
6.OE2 

2.4E4 
2.4E4 
2.4E4 
2.4E4 

2.1E2 
2. IE2 
2.1E2 
2.1E2 

6.6E1 
6.M1 
6.6E1 
6.6E1 

1.7E5 2.1E-12 

1.7E5 2.1E-12 
7.6E5 2.OE-12 

t.8E5 2.3E-12 

l.lE3 1.4E-94 
ie2E3 7.5E-14 
te3E3 1.6E-14 
I.4E3 le$€-14 

5.8E2 7.2E-15 

6.8E2 8.5E-15 
5.4E2 6.7E-I 5 

5.2E2 6.5E-15 

1.6E2 2.OE-15 

1.6E2 2.E-I5 
1.3E2 1.6E-15 

1.5E2 1.8€-?5 

4.OE5 
4.9E5 
3.1E5 
41E5 

9. BE2 
'7.4E2 
2.6E3 
2.9E3 

8.4E5 
1.1E6 
4.4E2 
5.1E2 

2.7E2 
'i.5E2 
1.9E2 
2.5E2 

\. 7E4 
1.5E4 
3. 5E3 
2.2E3 

4.7E 1 
2.9E 1 
3.7E 4 
3.6E 1 

2.7E I 
4.2E 1 
3.4EI 
3.7E 1 

71 

59 
70 

34 
32 
63 
70 

83 

73 
46 
59 
67 

78 
59 

11c 
76 

58 
35 
50 
44 

73 
9 27 
% 

177 

0.21 
0.23 
0.21 
0.20 

0. I8 
0.20 
0.20 
0.20 

0.27 

0.26 
0.25 

a. 22 

0.08 
0.04 
1.00 
0.57 

0.36 
0.21 
0.32 
0.27 

0.36 
0.63 
0.42 
'5.21 



Table B.8 (continued) 

Leachate E I emen t Test cond It Ions Starting 
Leach Test Waste Leachate sa2pI e - Residue balance Fraction 

No. (9) (mL 1 (ZBq9 (&q)  m l / L  (pq) ( 8 )  leached Building method 

Results for 9%r 

4501 EP 1 IO0 2000 4.6E2 5.5E2 5.7E-13 7.6E2 283 I. 19 
(W0805B5) EP 2 t 00 2300 4.6E2 2.1E2 2.2E-13 5.0E2 153 0.45 

TCLP 3 I00 2000 4.652 5.2E2 5.4E-13 6.OE2 243 1-13 
TCLP 2 100 20oQ 4.6E2 5.OE2 4.E-33 8.6E2 295 1.08 

3074 €P 1 I 00 2000 1.2E3 5.GE2 5oBE-13 5.9E2 92 0.45 
< WS80985 1 EP 2 100 2000 1.2E3 4.4E2 4.E-13 2.6E2 56 0.35 

TC LP 1 100 2000 1.2E3 8.2E2 8.5E-13 4.4E2 70 0.6G 
TCLP 2 100 2000 1 2E3 1.6E3 1.7E-12 1.2E2 139 1.29 

3043 EP 1 100 2005 7. BE2 3.3E2 3.5E-13 1.2E3 190 0.43 
(WO6O685 1 EP 2 100 2006 7.8E2 2.9E2 3.OE-13 l.lE3 1 74 0.36 

TCLP 1 1 00 2000 708E2 9.2E3 9.6E-12 2.1E3 146 11.80 
TCLP 2 1 OB 2000 7. BE2 4.1E2 4.3E-13 5.1E2 118 0.52 

301 9 EP 1 100 280 1 4.1 E2 1.9E1 1.4E-14 3.9E2 98 0.05 
(NO723851 EP 2 i o0  2301 4.1 E2 2.5E1 ;.BE-14 3.1E2 80 0.06 

TC LP 1 IO0 2000 4.1 E2 4.8E1 5.OE-14 3.1E3 765 0.12 
TCLP 2 100 2000 4.1E2 3.OE1 3.1E-14 1.8E3 430 0.07 

data. 
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Tabla 8.9 Leach ra te  results for selected synthstlc wipe sarnplss 
-~ ~ 

E I men t 
Res due balanco Fractlon 

Buildlng method (g )  (mL) t i m e  (h) (131) (IBql (mol/L) ( iEQ) ( $ 1  leached 

Start I iiy Test cond 1 t I ons 
Laachate Leach Waste Leachata Sample - 

Rosults for  137Cs 

7920 TCLP 
(W081285 1 TCLP 

TC LP 
TCLP 
TC LP 
TCLP 

Resu I ts for  I 3 k s  

7920 TCLP 
(W08 1 285) TCLP 

TCLP 
TC LP 
TC LP 
TCLP 

Results for  7%3- 

7920 TC LP 
(W081285) Tc LP 

TCLP 
TCLP 
TCLP 
TCLP 

Results for  l4'(C0_ 

7920 rc LP 
(W081285) TC LP 

' r c ~ p  
TC LP 
TCLP 
TC LP 

Resul ts for  9%c 
4500N TC LP 
( WO82085 1 TCLP 

TC LP 
TCLP 
TC LP 
TCLP 

- Results for '$I- 
7920 TCLP 

TCLP 
TCLP 
TCLP 

( woa 1 285) 'rc LP 

100 
100 
100 
1 00 
100 
100 

100 
1 OD 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 

100 
loa 
100 
100 
100 

2000 
2000 
2000 
2000 
2000 
2000 

2000 
2000 
2000 
2000 
2000 
2000 

2000 
2000 
2000 
2000 
2000 
2000 

2000 
2000 
2000 
2000 
2000 
2000 

2000 
2000 
2000 
2000 
2000 
2000 

2000 
2000 
2000 
2000 
2000 

1 
3 
5 

24 
48 
96 

1 
3 
5 

24 
48 
% 

1 
3 
5 

24 
48 
96 

1 
3 
5 

24 
48 
96 

1 
3 
5 

24 
48 
95 

1 
3 
5 

24 
48 

1.3E4 
1.3E4 
1.3E4 
1.3E4 
1.3E4 
1.3E4 

5.2c3 
5.2E3 
5.2E3 
5.2E5 
5.2E3 
5.2E3 

2.8E2 
2.8E2 
2.RE2 
2.8E7 
2. $E2 
2.8F2 

4.9E4 
4.3E1 
4.9E4 
4.9E4 
4.9E4 
4.9E4 

9.2E5 
9.2E5 

9.2E5 
9.2E5 
9.2E5 

9.2E5 

3,1E3 
3.1E3 
3.1E3 
3.1E3 
3.1E3 

7.0E3 
6.8E3 
7.OE3 
7.2E3 
6.8E3 
6.6E3 

2.6E3 
2.6E3 
2.5E3 
2.6E3 
2.6E3 
2.6E3 

4.4E 1 
3.8E1 
4.4E1 
7.OE1 
&Oil 
6.4E2 

1.9E3 
1.623 
2.OE3 
2.2E3 
2.4E3 
2.6E3 

9.1E5 
9.OE5 
8.9E5 
9.1E5 
9 .0s  
8,7E5 

9.OE2 
l.OE3 
7.6E2 
8.4E2 
l.OE3 

7.OE-12 
6.8E-12 
7.OE-12 
7.2E-12 
6.E-12 
6.6E-t 2 

2.OE-13 
2. OE -1  3 
2. OE -1 3 
2. OE -1 3 
2.OF-13 
2.OE-? 3 

5.5E-16 
4.7E-16 
5.E-16 
8,7F-16 
1.OE-15 
8. OE -1 6 

5.5E-14 
4.7E-14 
5.9E-14 
6, E - 1  4 
7.1E-14 
7.7E-14 

7.3E-6 
7.2E-6 
7.2E-6 
7.3c -6 
7.K-6 
7.OF-6 

9.4E-13 
2.OE-12 
7. 9E--1 3 
A. 8E-I3 
1.1E-12 

7.2E2 
6.7E2 
6.562 
5.052 
3.7E2 
6,6E2 

3.0E2 
2.5E2 
1.9E2 
2,4E2 
2.9E2 
2"1E2 

1.5E2 
1.4E2 
1.1E2 
1.5E2 
1.7E2 
1.5E2 

2.4E4 
2.4E4 
2.1E4 
2.3E4 
3.2E4 
2. BE4 

0 
0 
4.7E6 
0 
0 
0 

9.OE2 
2.OE2 
7.OE2 
1.9E2 
1.7E3 

59 
58 
59 
59 
55 
56 

56 
55 
54 
55 
56 
54 

69 
63 
56 
79 
89 
76 

53 
52 
45 
52 
71 
63 

99 
98 

60 7 
99 
98 
95 

58 
39 
47 
33 
87 

0.54 
0.52 
0.54 
0.55 
0.52 
0.51 

0.50 
0.50 
0.50 
0.50 
0.50 
0.50 

0.16 
0.14 
0.16 
0.25 
0.29 
0.23 

0.04 
0.03 
0. aa 
0.05 
0.05 
0.05 

0.99 
0.98 
0.98 
0.99 
0.98 
0.95 

0.29 
0.32 
0.24 
8.27 
0.33 



Table B.10 Leach r e s u l t s  for used Ion-exchange res in  from Bui ld ing  7900 

Test  cond i t i o n s  S t a r t i n g  Leachate E I w e n t  
Leach Test Haste Leachate - balance Fract ion sa?ple 

%o EP 1 100 2000 8. YE6 9.9E2 3.7E-14 3.9E3 43 5 0.00002 
EP 2 100 2000 8.9E6 3.2E2 6.3E-14 L7E6 42 0.00004 
TC LP t 100 2000 8e9E6 1.3E4 2.6E-12 1.OE7 113 OoO0015 
TCLP 2 100 2GOO 8.9E6 2.6E4 5.1E-12 1.7E7 195 0.00029 





APPENDIX C - DATA FOR HAZARDOUS MATERIALS 

The analytical data for the hazardous material elements are given i n  

the  following tab les .  
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Table C.2 Analyses of selected waste leach solutions and V3SidLIeSa 
( a l l  results i n  1&/g) 

E I sment 

A1 
As 
8 

Y 
Z7i 
Zr. 

Plastic shoe cover, Bldg. 3517 (PSCO52985) 
EP leach TCLP leach 

Leachate Res 1 due Leachate Res! due Leachate Res 1 due Leachate Res 1 due 

(0.07 a . 3  <3.07 <3.7 (0.07 (1 e 4  (0 .07 < I  .5 
(0.2 250 (0.2 150 (0.2 180 (0.2 150 
a . 2  4 . 6  (0. 2 (7.4 (0. 2 2.7 <0.2 (2.9 
(0.1 (3.7 (0. 1 (5.9 (0.1 (2.2 <o. 1 (2.4 
0.61 98 0 0.59 1,000 0.63 1,000 0.515 1,000 
a. 002 (0. 092 (0.002 (0.15 <0.002 (0.054 <0.002 (0.059 
34 9,900 33 I0,OOO 45 9,100 45 8,700 
0.58 67 0 0.56 72 0 0.54 680 0.45 630 

(0. 02 4 . 7  a. 02 1.4 (0.02 0.97 (0. 02 1.0 
(0.02 700 (0.02 720 0.26 67 0 0.25 640 
a.02 1.4 C0.02 C1.5 0.023 (0. 54 0.046 (0. 59 

0.41 150 0.33 83 0.48 94 0.52 85 
(0.5 <'I 4 CO.5 a 2  <o. 5 (8.4 (0.5 (8.3 
(0.2 (9.2 (0.2 (15 <0.2 <5.4 (0. 2 (5.9 

2.5 2,300 2.1 2,600 9.7 2,000 9.7 1 * 900 
0.025 3.0 0.024 2.6 0.026 2.2 0.026 2.1 

a.02 1.9 (0 .02 (2.9 <o .02 2.1 (0 .02 2. I 
(0.5 118 (0. 5 (37 b 170 b 170 
(0.06 <2.8 (0 .06 (4.4 (0.06 ci.6 (0s 06 <!.e 

0.47 480 0.46 480 0.64 48 0 0.66 480 
(0.2 3,700 (0.2 3,800 1.7 3,500 1.7 3,400 
(0.3 39 c0.3 37 (0. 3 35 (0.3 35 
(0.4 (9.2 <0.4 < I  5 (0.4 5.6 (0.4 (5.9 
(0. Q8 (9.2 0.08 < I  5 (0 08 (5.4 0.082 (5.9 
<ir.013 25 0.013 27 0.014 27 0.013 26 
(0.02 37 (0 .02 17 <G .02 23 c0.02 2'1 
(0 03 3.9 (0. 03 4.0 (0.03 2.3 (0 03 2.4 
3.93 98 0.17 98 0.14 57 0.21 97 

4.G5 1.8 (0.06 (1 e5 (0.06 1.3 <C.06 0.65 



. 

Table C.2 (cantlnued) 

EP leach TCLP leach 
E I ement Leachate Residue Leachate Residue Leachate Resldua Leachate Residue 

Ag 
AI 
As 
B 
Ba 
Be 
Ca 
Cd 
Co 
Cr 
CU 
Fe 
Ga 
Li 

Mn 
Mo 
Na 
Ni 
P 
Pb 
Sb 
Se 
S i  
S r  
T i  
Y 
Zn 
Zr 

Mg 

<0.07 
<o. 2 
<0.2 
5.8 
0.092 
0.002 

15 
<o. 009 
<o . 02 
(0.02 
<o .02 

0. I5 
(0.5 
c0.2 
2.7 
0.033 

(0.02 
9 

<Oo 06 
0.48 

4.2 
(0.3 
<0.2 
0.28 
1.1 

<O. 02 
(0.03 
0.78 

(0.06 

co.32 
60 
<O. 64 
3.3 
31 
c0.013 
I20 
19 
0.089 
1.2 
1.3 

42 
< l  .9 
(1 03 
I7 
1.3 
0.94 

0.58 
20 

45 
4.8 

< I  03 
(1 - 3  
1.6 
5.2 
7.8 
0.078 
62 
(0.13 

<Om 07 
<0.2 
(0.2 

5.9 
0.098 

<O.oQ2 
15 
0.014 

<o . 02 
10” 02 
<o. 02 
0.2 

<O. 5 
<0.2 

2.8 
0.033 

<o. 02 
9.2 

<0.06 
0.63 

<0.2 
CO.3 
(0.4 

0.29 
1 . 7  
a. 02 
<0.03 

1.1 
<O. 06 

X0.32 <0.07 
57 <0.2 
<0.64 <0.2 
4.3 7.4 

37 0.15 
<0.013 <0.002 
140 23 
23 0.038 
0.066 <Ow02 
1.1 <0.02 
1.6 <0.02 

55 0.54 
(1.9 <0*5 
<1.3 a.2 
18 4 
i 04 0.052 
1.0 <0.02 

0.56 <0.06 
52 0.76 
3.5 qo.2 

C1.3 <0.3 
c1.3 <0.4 

18 1,500 

2.6 0.55 
5.8 1.7 
9.9 <0.02 
<0.064 (0.03 
74 1.9 
0.15 <O.O5 

<o. 35 
37 
<O. 70 

4.8 
28 
<0.014 
77 
16 
<O. 07 

0.91 
1.1 

35 
a. 1 
c1.4 
1 1  

1,100 

0.93 
1.0 

(0 42 
38 

3.6 
<lo4 
(1.4 
2.5 
2.5 
5.7 
<0*07 
60 
(0.14 

<Om 07 
c0.2 
e0.2 

7.5 
0.15 
a. 002 
24 
0.044 

<0.02 
<o. 02 
<o. 02 
0.53 
(0.5 
(0.2 
4 
0.052 

<0.02 

CO.06 
0. 76 

a . 2  
(0.3 
<Ow4 
0.38 
1.7 

(0.02 
<0.03 

1.9 
(0.06 

1,500 

<O 32 
37 
<Os65 
5.0 
25 
<0.013 
73 
14 
0.072 
1.1 
1.1 

35 
<1.9 
<l u3 
1 1  
1.0 
0.74 

1,200 
0.46 
36 

2.3 
1.5 

<I u 3  
3.0 
2.6 
5.6 

<O. 065 
50 

VI 
w 



Table C.2 (continued) 

Fine nap, Bidg. 351? (FM052985) 
EP leach TCLP ieach 

E 1 ement Leachate Residue Leachate ResEdue Leachate Residue L%acha*e Resjdus 

(0.07 
0.85 

Ag 
A I  
AS (0.2 
8 0.19 
aa 0.19 
Be (0. 002 
Ca 91 
Cd 0.099 
CO (0.02 
Cr (0 .02 
CU 0.32 
F8  0.2 
Ga (0.5 
LI (0. 2 
Mg 15 
Mn 0.58 
Mo (0.02 
Na 37 
MI 0.07 
P 4.5 
Pb <0.2 
Sb (0.3 
Se (0.4 
s i  2.8 
Sr 0.13 
T i  (0. 02 
V <O 03 
Zfi 6.8 
Zr <o.oa 

0.52 

(0.64 
2. I 
5.9 

(0. 01 3 

9.72 
0.36 
7.0 

140 

560 

52 
570 

(1 09 
a . 3  

5.3 
1.4 

5.1 

9 80 

28 

110 
24 

1.3 
(1.3 
13 
0.89 
4.4 
0.54 

2.0 
24 

(0.07 
0.89 

(0.2 
(0. 19 
0.2 

<o .002 
IO0 

0.1 
4.02 
(0 .02 

0.33 
0.32 

(0. 5 
(0.2 
16 
0.59 

(0.02 
37 
0. 067 
4.5 
<0.2 
43.3 
a . 4  
2.8 
3.14 

(0.02 
<0.03 

(0.06 
7 

1.5 

(0.68 
2.9 
7. I 

<De014 

I .4 
0.63 

200 

86 0 

11 

570 
3a 

Q.O 
4 . 4  

7.3 
2.0 

8.6 

240 

34 

120 
31 

1 7  
1. I 

1.7 

1.2 
6.9 
0.77 

I .7 

I t  

30 

a. 07 Io 1 <O. 07 ? 02 
0.59 190 0.6 230 

a .2  (0.67 (0.2 (0. 67 
0. I9 2.6 9.19 3. i 
8.18 6.9 0.18 8.; 

(0. 002 (0.013 <0.002 (0o013 
150 

0.17 
a . 0 2  

0.28 
0.026 

1.6 
(0. 5 
(0.2 
15 
0.65 

(0.02 
b 
0.093 
1.2 
0.36 

(0. 3 
(0.4 
2.5 
0.18 

(0.02 
<o. 03 

7.3 
(0.06 

470 
0.72 
0.50 

1 1  
180 
61 0 

c2.0 
(1.3 

7.0 
4.6 

220 

970 

180 
26 

2.7 
(1.3 
12 

8.3 

0.79 
6.3 
0.78 

2. 'I 
25 

153 
0.76 
(0. 02 
0.925 
0.29 
2 

(0. 5 
a . 2  
15 
0.67 
<0.02 

1,600 
0.098 
0.94 
9.34 
a. 3 
a . 4  
26 
0.18 

(0 .02 
(0. 03 

7.4 
(0.56 

52 0 
0.76 
0.66 
13 

140 
850 

Q.0 
(1 . 3  

8.8 
2.4 

260 

950 
10 

190 
33 

1.9 
(1 .3 
15 
0.94 
1.3 
0.93 

0.71 
27 



Table c.2 (continued) 

Wipe, Bldg. 7920 (W081285) 

EP leach TCLP leach 
E 1 ement Leachate Resldue Leachate Residue Leachate Residue Leachate Residue 

A9 
A I  
As 
B 
Ba 
Be 
Ca 
Cd 
co 
Cr 
cu 
Fe 
Ga 
L i  

Mn 
MO 
Na 
N i  
P 
Pb 
Sb 
St3 
S i  
Sr 
T I  
v 
ZTI 
Zr 

Mg 

(0.07 
00 33 

<0.2 
0.1 ? 
0.08 

(0.002 
37 
0.029 

<o. 02 
<o I02 

0.23 
0.24 

<0.5 
4 . 2  
14 
0.25 

<o. 02 
b 

<O. 06 
6 
0.65 
(0.3 
(0.4 

1.4 
0.14 
(0.02 
<O* 03 

I .7 
<O. 06 

<0.35 

<O. 69 
<O. 56 
5.2 

<0.014 

0.24 
0.20 
2.3 

30 

21 0 

120 
160 
(2.1 
(1.4 
44 

3.2 
0.60 

1.2 
62 

69 
68 
7.8 

4 . 4  
2.7 
0.87 
3.0 
0.085 
22 
<O. 14 

<O. 07 
0.37 

eo. 2 
0.11 
0.08 1 

<o .002 
37 

0.035 
<o. 02 
eo. 02 
0.23 
0.35 

<O. 5 
<0.2 
14 
0.24 

eo. 02 
b 

cot 06 
6.1 
0.73 

x0.3 
<0.4 

1.5 
0.14 

(0.02 
<Os 03 

1.6 
<0.06 

<o. 33 
24 
<O. 65 
0.52 
4.5 

(0.013 
190 

0.67 
0.19 
2.2 

96 
170 
<2.0 
<l e 3  
48 

2.9 
0.54 

1.2 
69 

60 
210 

6.9 
(1.3 
3.2 
0.78 
2.6 
0.089 

20 
<o. 13 

<O. 07 
0.57 

<0.2 
0.14 
0.14 

<0.002 
51 
0.047 

<o . 02 
a. 02 

0.25 
0.61 

<O. 5 
C0.2 
18 
00 33 

<0.02 
b 

<Os 06 
8.2 
3.1 

CO. 3 
(0.4 
2.1 
0.21 
0.042 
0.032 
2.1 
(0.06 

c0.35 
36 
(0.71 
0.71 
5.2 

C0.014 
230 

48 
0.18 
1.6 

35 
180 
a. 1 
<l.4 
51 

1,300 

49 
140 
12 
< I  .4 
4.4 
0.84 
3.8 

3.0 
0. 58 

0.86 

0.15 
22 

0.15 

(0.07 

(0.2 
0.48 

0.13 
0.14 

<0.002 
51 
0.038 

<o .02 
C0.02 
0.25 
0.53 

<o. 5 
C0.2 
18 
0.33 
<0.02 

4.06 
0.1 
3.5 

<0.3 
<Om4 

1.9 
0.21 
0.03 
0.033 
2.2 
(0.06 

1,700 

0.54 

(0.67 
0.58 
4.6 

50 

(0.013 
230 
0.38 
0.21 
1.6 
96 

1 BO 
Q. 0 
4 . 3  
51 
3.2 
0.64 

0.85 
1,400 

74 
130 

7.8 
< l e 3  
2.5 
0.92 
4.6 
0.12 

0.16 
24 
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