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FOREWORD 

Today's rapidly devel opi ng and changing technol ogi es and industrial 
products and practices frequently carry with them the i ncreased generati on of 
materi a l s  that , i f  i mproperly deal t with , can threaten both publ i c  health and 
the env i ronment .  The U;S . Envi ronmental Protection Agency (USEPA) i s  charged 
by Congress  w i th protecting the Nati on's l and, air , and water resources . 
Under a mandate of national environmental l aws , the Agency stri ves to 
formul ate and implement actions l eadi ng to a compatible bal ance between 
improvi ng the qual i ty of l i fe and mi n im iz ing the risks to the envi ronment.  
These l aws  d i rect the USEPA to perform research to define our envi ronmental 
probl ems , measure the impacts ,  and search for sol uti ons . 

The R isk  Reduction Engineering Laboratory (RREL) is  respons ibl e  for 
pl ann i ng ,  i mpl ementing ,  and managi ng research,  devel opment , and demonstration 
programs in order to  provide authoritati ve and rel i abl e i nformation that can 
be used by both regul ators and the regulated in the i r  common efforts to 
protect the environment from the hazards of industri al and mun i cipal waste . 
In  add i t i on ,  RREL i s  al so responsibl e for coordi nat i ng and d i s seminating the 
l atest engi neering and scient i fi c  technol ogy devel opments aimed at mi t igating 
the harmful effects of environmental contaminants . 

Thi s  Technical Resource Document contains the l atest i nformation on 
the use of sol i d i fi cation/stab i l izat i on for the treatment of hazardous waste , 
assembl ed for EPA by Battel l e  i n  cl ose consul tat i on wi th a di stingui shed panel 
of experts emi nently renowned in this fi el d .  I t  addresses several i ssues 
incl uding such important questi ons as to when th i s  technol ogy i s  appropri ate 
for a spec i fi c  waste and when it i s  not . Our goal i s  to provide the user 
communi ty w i th the most comprehens i ve information ava i l abl e to enabl e them to 
manage the i r  waste in the most efficient , feas i ble , and safe manner and to 
mainta i n  a harmon i ous rel at i onship between man and h i s  envi ronment . 

E. Timothy Oppel t ,  Di rector 
Ri sk Reducti on Engineeri ng Laboratory 
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ABSTRACT 

Stabi l i zati on/sol id i ficat i on (S/S ) processes are effect ive i n  
treating a vari ety of d ifficult to manage waste materi al s for reuse or 
di sposal . SIS has been i dent if ied as the Best Demonstrated Ava i l abl e 
Technol ogy for treat i ng a wide range of Resource Conservati on and Recovery Act 
(RCRA) non-wastewater hazardous waste subcategori es .  SIS has been sel ected as 
the treatment technol ogy of choice for 26% of the remedi al act i ons complete at 
Superfund s i tes  through fi scal year 1992 . 

The standard bul k material handl i ng and mixing equi pment used i n  
many SIS processes make the technol ogy appear s i mpl e .  However ,  there are 
signi ficant chal l enges to the successful appl i cat i on of SIS processes . The 
morphol ogy and chemi stry of SIS-treated �aste are complex.  Sel ecti on of the 
b inder requi res an understandi ng of the �emi stry of the bul k material , the 
contami nants ,  and the bi nder . The SIS user must be ful l y  aware of the complex 
i nteracti ons among the vari ous components to ensure effic i ent and rel i abl e 
resul ts . 

Battel l e ,  under the d i rect i on of the U . S .  Envi ronmental Protection 
Agency , has prepared th i s  Technical Resources Document (TRD) as a resource for 
the SIS user corranuni ty and a guide to promote the best future appl i cat i on of 
SIS processes .  , An extensive body of i nformat i on i s  ava i l abl e descr ib i ng the 
theory and practi ce of SIS processes . However, no one document exi sted 
comb in i ng theory, pract ice,  and regul atory aspects of SIS appl i cation to RCRA, 
Superfund , and s imi l ar waste mater i al s . Thi s TRO pul l s  a d i verse range of 
materi al s  i nto one comprehensive reference . 

The TRO i s  i ntended for s ite  managers cons ideri ng SIS as an opt ion 
for treati ng hazardous wastes . It provi des  technol ogy transfer to persons 
respons i bl e  for sel ect i on and des ign of SIS treatment methods . Information 
about SIS technol ogy i s  presented i n  deta i l ed text descripti ons  supported by 
surranary tabl es , checkl i sts ,  and figures . It g i ves the user a surranary of 
current SIS technol ogy. The technol ogy areas covered are bi nders and the ir  
bi ndi ng mechan i sms , waste i nterferences wi th SIS processes , SIS treatment of  
organi c contaminants , ai r emi ss ions for SIS processes , l each i ng mechan i sms , 
l ong-term stab i l i ty, reuse and di sposal of SIS -treated waste, and economi cs .  
Informati on i s  al so provided to cl ari fy the l imi tations of SIS technol ogy and 
ongOi ng research to ful fi l l  future devel opment needs . 

Thi s  TRO was submi tted i n  ful fi l l ment of Work Ass ignment 0 - 1 5  of 
Contract #68-CO-0003 with Battel l e ,  Col umbus, under sponsorshi p of the USEPA. 
It covers a peri od from 1 1/01/90 through 05/30/92 . 
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1 INTRODUCTION 

Solidificationlstabilization (SIS) processes are effective in 

treating a variety of difficult-to-manage waste materials for reuse or 

disposal. They are flexible enough to accommodate mixtures of contaminants 

and economical enough to be used for large volumes of waste. Some common SIS 

applications are incinerator ash, wastewater treatment sludge, and low-level 

waste from nuclear power plants. SIS has been identified as the Best Demon­

strated Available Technology (BOAT) for treating a wide range of Resource 

Conservation and Recovery Act (RCRA) nonwastewater listed and characteristic 

wastes. SIS has also been the treatment technology of choice for 26% of the 

remedial actions completed at Superfund sites through fiscal year 1992 (U.S. 

EPA, 1992). 
This document is a technical resource for the SIS user community and 

a guide to promote the best future applications of SIS processes. The 

standard bulk materials handling and mixing equipment processes used in SIS 

processes make the technology appear simple. However, there are significant 

challenges to the successful application of SIS processes. This Technical 

Resources Oocument {TRO} describes SIS process screening procedures and 

summarizes the status of SIS processes to assist users and reviewers in their 

selection, planning, and application of SIS technology. 

SIS is frequently the technology of choice for immobilizing soils 

and sludges containing one or more metal contaminants. SIS is often chosen 

also for waste with poor handling quality (e.g., a dense, viscous sludge) or 

for large volumes of waste that are difficult to treat using other technolo­

gies (e.g •• power plant desulfurization sludge). 

The morphology and chemistry of SIS-treated waste are complex. 

Therefore, selection of the binder requires an understanding of the chemistry 

of the bulk material. the contaminants, and the binder, as well as of the 

complex interactions among the various components. to ensure efficient and 

reliable results. Although there is no sure prescription for selecting a 

successful binder. a well-structured testing program guided by an understand­

ing of the mechanisms involved in SIS systems will reduce uncertainty in the 

selection process. 
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1.1  BACKGROUND 

1.1.1 Defini t i on of Sol id if icati on and Stabi l i zation 

The term " sol i d i fi cati on/stabil i zat i on" (S/S) refers to a category 

of waste treatment processes that are be i ng used i n creas i ngly to treat a wi de 

vari ety of wastes-both sol id  and l i qu i d .  General ly ,  SIS processes are 

des igned and used to accompl i sh one or more of the fol l owi ng object ives :  

• Reduce contaminant/pol l utant mobi l i ty or  sol ubi l i ty 

• Improve the handl i ng and physi cal characteri stics of 
the waste by produc i ng a sol i d  wi th no free l i qu id  

• Decrease the exposed surface area across whi ch trans­
fer or loss of contami nants may occur. 

Numerous other terms , such as " i mmobil i zat i on" and "fixat i on , " have 

been used to refer to SIS technol ogy. "Sol i d i ficat i on" and " stabi l i zati on"  

are preferred here because they encompass the vari ety of  mechan i sms that may 

contri bute to contaminant immobi l i zat i on by thi s technol ogy. "Sol id i fi cation" 

refers to a process i n  whi ch materi al s are added to the waste to produce a 

sol i d .  Th i s  may or may not i nvolve a chemi cal bond i ng between the tox i c  con­

taminant and the add i t i ve. "Stab i l  izat i on"  refers to converti ng a waste to a 

more chemi cal ly  stabl e form. Thi s convers i on may i ncl ude sol i d i fi cation ,  but 

i t  al most always i ncl udes use of a physi cochemi cal reacti on to transform the 

contami nant to a l ess mobi l e  or l ess tox ic  form . Note that b i ologi cal 

processes such as bi oremed i ation are not i ncl uded i n  th i s  defin i t i on of SIS 

(W i l es, 19B7) . 

1 . 1 . 2  Pos i t i on of SIS i n  the U . S .  EPA 
Environmental Management Opti ons Hi erarchy 

The U . S .  Envi ronmental Protect i on Agency ' s  ( U .S .  EPA) h i erarchy of  

hazardous waste management is  s hown i n  F igure 1-1 . The h i erarchy l i st s ,  in  

descendi ng order of  emphasi s ,  techn i cal al ternati ves for the management of 

hazardous waste . Pol l ut i on preventi on and waste mi n imi zat i on programs should 

be inst i tuted to reduce the vol ume o f  waste at the source or to recover, 

reuse,  or recycl e the waste.  If the waste cannot be el im inated or reduced, 

destruct ive treatment methods shoul d then be exami ned . For degradabl e contam­

i nants ,  treatment technolog ies that destroy the contaminant are preferred . 
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First Choice (Pollution Prevention): 
Reduce/Eliminate Waste Products at the Source 

• Design Long-Lived, Low-Impact Products 
Use Less-Hazardous Input Materials 
Minimize Use of Non-Recoverable Input Materials and of Water • Conserve Energy in Production Operations and Facility Operalion 
Improve Process Technology and Practices 

Second Choice (Pollution Prevention): 
Reuse (Closed-Loop Recycling) 

• Recover Chemicals • Reuse Water • Recover Waste Heat 

Third Choice: 
Recycle Off-Site 

• Ensure Safe Transport to Recycling Operation • Select Environmentally-Sound Recycling Technology 

Faurtn Coolce: 
Treat and Dispose of Unavoidable Wastes Safely 

Minimize Volume and Toxicity of Wastes • Dispose of Safely 

FIGURE 1-1 . U_S_ ENVIRONMENTAL PROTECTION AGENCY' S HIERARCHY 
OF HAZARDOUS WASTE MANAGEMENT 
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However, SIS processes have an important pl ace i n  the h i erarchy because of 

thei r  abi l i ty to treat otherwi se i ntractabl e wastes .  

1.1.3 Appl i cati on of Sol idificati on/Stabi l i zati on 

SIS processes are used to manage numerous types of wastes ,  such as 

those covered by Comprehens ive Envi ronmental Response , Compensat i on ,  and 

L i abi l i ty Act ( CERCLA) remedi ati on projects .  As shown i n  Tabl e 1 - 1 ,  SIS 

processes have been i dent ifi ed as the Best Demonstrated Ava i l abl e Technol ogy 

( BOAT) for a vari ety of Resource Conservati on and Recovery Act ( RCRA) non­

wastewater wastes . SIS processes have been appl i ed to a vari ety of wastes , 

s uch as nucl ear, mun i ci pal ash, and wastewaters and sl urri es .  

I n  the case of  contami nated soi l s  and debri s ,  SIS i s a rel ati vely 

i nexpen s i ve and versat i l e  method of treati ng l arge amounts of materi al wi th a 

vari ety of contami nants . For examp le ,  a revi ew of 4B7 Records of Deci s i on 

( RODs )  from the 1980s showed that 53 s i tes ( 1 1%)  documented SIS as at l east 

one component of the source control remedy ( U . S .  EPA, 1989a) . In fi scal year 

( FYj 1 988 , SIS processes were used at 25% of the acti ve Superfund s i tes ( U . S .  

EPA, 1 989b) . Waste types treated i n  these projects i ncl uded soi l , sediment, 

sl udges , l i qu ids ,  and debr i s .  Contami nant types i ncl uded vol ati l e  organi c  

compounds (VOCs) at 2 1  s ites , polychl ori nated biphenyl s ( PCBs ) at 1 9  s i tes , 

and i norgan i cs ,  i nc lud ing metal s ,  asbestos and cyan ide, at 43 s i tes ( U . S .  EPA, 

1 989a ) . It should be noted that more than one type of contami nant may have 

been present at a gi ven s i te .  

The ROD analysi s i ndi cated that , wh i l e  wastes contai n i ng some VOC 

contami nat i on are treated by SIS processes ,  the VDCs were not the prime 

target . Low l evel s of VDCs can be i ncorporated coi ncidental ly  i n  a waste 

treated to i mmobi l ize i norgan i c  contami nants ( see Secti on 4 . 4 . 3 ) . However, 

whenever VOCs are present , the poss i bi l i ty of the i r  rel ease as air emi ss i ons  

during treatment needs to  be consi dered . S i tes contami nated w i th h igh l evel s 

of VOCs requi red pretreatment prior to SIS treatment .  Of the s i tes us i ng SIS 

processes on wastes with VDC contami nation ,  33 percent reported us i ng pre­

treatment; of those wi thout VOCs ,  only 3 percent used pretreatment . 

As shown i n  Tabl e 1 - 1 , SIS processes c an be used for a number of 

types of sl udge that conta in  i norgan i c  contami nants and , i n  some cases ,  

i norgan i cs mixed wi th organ i c s .  In  cases where h igh l evel s of organ i cs are 

present , the waste i s  typ i cal l y  i nci nerated i n i t i al ly .  SIS processes can be 
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TABLE 1-1. RCRA WASTES FOR WHICH SOL IDIFICATION/STABI LIZATION IS IDENT I F I ED 
AS BEST DEMONSTRATED AVAILABLE TREATMENT TECHNOLOGY (BOAT) 

Code 

0001 

0002 

0003 

0005 

0006 

0007 

0008 

0009 . 

0010 

001 1  

FOD6 

FOO7 

FOOS 

Waste Descript i on 

I gnitabl e (40 CFR 
261 . 2 1  (a}{2» 

Other corros ives (40 CFR 
261 . 22 (a) (2» 

Reactive sul fides 
261 . 23 (a) (5» 

Bar i um 

Cadm i um 

Chromi um 

Lead 

Merc ury ( subc l ass) 

Sel eni um 

S i l ver 

(40 CFR 

Some wastewater treatment 
sl udges 

Spent cyanide pl ating bath 
sol uti ons 

Pl at i ng sl udges from 
cyanide processes 

BOAT Treatmentl 
Treatment Tra i n  Reference 

SIS (one al ter- 55 FR 22714 
nat ive) 

SIS (one 55 FR 22714 
al ternative) 

SIS (one 55 FR 22714 
alternat i ve)  

SIS (one 55 FR 22561 
al ternative) 

SIS (except 55 FR 22562 
batteri es) 

SIS (one 55 FR 22563 
a l ternat i ve) 

SIS 55 FR 22565 

SIS «260 mglkg 55 FR 22572 
total Hg) 

SIS 55 FR 22574 

SIS 55 FR 22575 

Al kal ine 54 FR 26600 
Chlorinat ion + 
Prec i p i tat i on + 
SIS 

Al kaline 54 FR 26600 
Chlorination + 
Preci pitat i on + 
SIS 

Alkal i ne 54 FR 26600 
Chlori nat ion + 
Precipitation + 
SIS 
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TABLE 1-1. RCRA WASTES FOR WHICH SOLIDIFICATION/STABI LIZATION I S  IDENTIF IED 
AS BEST DEMONSTRATED AVAILABLE TREATMENT TECHNOLOGY (Conti nued) 

BOAT Treatment/ 
Code Waste Descri pti on Treatment Tra i n  Reference 

FOO9 Spent stri pp i ng and Al kal i ne 54 FR 26600 
cl ean i ng sol ut i ons from Chl ori nat i on + 
cyan i de processes Preci p i tat i on + 

SIS 

FOIl Spent cyani de sol uti ons Electrolyti c  54 FR 26600 
from sal t bath clean i ng Oxidat ion + 

Al kal i ne 
Chl ori nati on + 
Prec i p i tation + 
SIS 

F01 2  Quenchi ng wastewater El ectrolyti c  54 F R  26600 
treatment sl udges from Oxidati on + 
cyanide processes Al kal i ne 

Chl ori nat i on + 
Prec i p i tat i on + 
S/S 

FOI9 Wastewater treatment S/S 55 FR 225BO 
s l udges from coat i ng of 
al uminum except for some 
z i rcon i um phosphat i ng 
processes 

F024 Process wastes from the Inci nerat i on + 55 FR 22589 
product i on of certain  S/S 
chl orinated aliphatic 
hydrocarbons 

F039 Leachates from l i sted S/S (metal s )  5 5  F R  22607 
wastes 

KOOI Bottom sed i ment sl udge from Inci nerat i on + 54 FR 3 1 153 
the treatment of waste- SIS 
waters from wood preserv i ng 
processes that use creosote 
and/or pentachl orophenol 

K006 Wastewater treatment sl udge S/S (hydrated 55 FR 22583 
from the product ion of form only) 
chromi um oxide green 
p i gments ( anhydrous or 
hydrated) 

1-6 

• 

• 

• 

e 



e 

TABLE 1-1. RCRA WASTES FOR WHICH SOLIDIFICATION/STABILIZATION IS IDENTIFIED 
AS BEST DEMONSTRATED AVAILABLE TREATMENT TECHNOLOGY (Conti nued) 

BOAT Treatment/ 
Code Waste Descripti on Treatment Train Reference 

K015 Sti l l  bottoms from Inci neration + 55 FR 22535 
di sti l l at i on of benzyl SIS 
chl oride 

K022 Disti l l ation bottom tars Inci nerati on + 53 FR  3 1 156 
from the production of SIS 
phenol /acetone from cumene 

K028 Spent catalyst from the Inci nerati on + 55 FR 22589 
hydrochl ori nator reactor i n  SIS 
the producti on of 1,1,1-
tri chl oroethane 

K046 Wastewater treatment Reacti ve - 55 FR 22593 
s l udges from the Deacti vation 
manufacturi ng, formul at i on ,  Stab i l i zation 
and l oadi ng of l ead-based 
i n i t i at ing compounds Nonreactive -

Stabi l i zat i on 

K048 Di ssol ved a ir  fl otat i on Inci nerat i on + 53 FR 31 160 
fl oat from the petrol eum 
refin i ng i ndustry 

SIS 55 FR 22595 

K049 Slop o i l  emu l s i on sol ids Ineinerati on + 53 FR 31160 
from the petroleum refi n i ng SIS 55 FR 22595 
i ndustry 

KOSO Heat exchanger bundl e I nei nerat i on +. 53 FR 31160 
cl eani ng sl udge from the SIS 55 FR 225 95 
petroleum refi n i ng industry 

K051 API separator sl udge from Inci neration + 53 FR 3 1 160 
the petrol eum refi n i ng 
i ndustry 

SIS 53 FR 22595 

K052 Tank bottoms ( l eaded) from I ncineration + 53 FR 3 1 160 
the petroleum refi n i ng 
i ndustry 

SIS 55 FR 22595 

K05 I  Emi s s i on control SIS «15% Zn) 55 FR 22599 
dust/sl udge from primary 
steel production i n  
el ectr i c  furnaces 
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TABLE 1-1. RCRA WASTES FOR WHICH SOL IDIFICATION/STABILIZATION IS IDENTIFIED 
AS BEST DEMONSTRATED AVAI LABLE TREATMENT TECHNOLOGY (Conti nued) 

BOAT Treatment/ 
Code Waste Descri pti on Treatment Tra i n  Reference 

K069 Emi ssion control SIS 55 FR 22568 
dust/sl udge from secondary 
l ead smel t i ng 

K083 Di sti l l ati on bottoms from Inci nerati on + 55 FR 22588 
ani l i ne production  SIS 

K087 Decanter tank tar s l udge Incineration + 53 FR 3lHi9 
from coking operati ons SIS 

K100 Waste l eachi ng sol uti on Prec ip i tat i on + 55 FR 22568 
from aci d  l eachi ng of SIS 
emi ss ion control dust/ 
s l udge from secondary l ead 
production 

K115 Heavy ends from the purifi- SIS 55 FR 26601 
cat i on of tol uenedi amine i n  
the producti on of tol uene-
d i ami ne v i a  hydrogenati on 
of dini trotol uene 

U051 Creosote Inci nerati on + 55 FR 22582 
SIS 

U144 Lead acetate SIS 55 FR 22565 

U145 Lead phosphate SIS 55 FR 22565 

U146 Lead subacetate SIS 55 FR 22565 

U204 Sel enious acid SIS 55 FR 22574 

U205 Sel eni um d i sul fide SIS 55 FR 22574 

U214 Thal l i um ( I )  acetate SIS or Thermal 55 FR 3891 
Recovery 

U215 Thal l i um ( I )  carbonate SIS or Thermal 55 FR 3891 
Recovery 

U216 Thal l i um (1) chl ori de SIS or Thermal 55 FR 3891 
Recovery 

1-8 

;-,1; 

:� 

• 

e ,  



TABLE 1-1. RCRA WASTES FOR WHICH SOLIDIFICATION/STABILIZATION IS IDENTIFIED 
AS BEST DEMONSTRATED AVA I LABLE TREATMENT TECHNOLOGY (Conti nued) 

BDAT Treatment/ 
Code Waste Descri ption Treatment Tra in  Reference 

U217 Thal l i um (I) n i trate SIS or Thermal 55 FR 3891 
Recovery 

P074 Nickel cyanide El ectrolyti c  55 F R  26600 
Oxidat i on + 
Al kal i ne 
Chl ori nat ion + 
Prec i pi tati on + 
SIS 

P099 Argenate ( 1 -) ,  b i s ( cyano- El ectrolyti c  54 FR 26600 
C )-potass i um Oxi dati on + 

Al kal i ne 
Chl orinat ion + 
SIS 

P013 Bari um cyanide SIS ( one S5 FR 22561 
al ternative) 

PI03 Sel enourea SIS 55 FR 22574 

PI04 S11 ver cyan i de El ectrolyti c  54 F R  26600 
Oxidat ion + 
Al kal i ne 
Chl ori nation + 
Prec ip i tation + 
SIS 

P l IO Tetra ethyl l ead Inci neration + 55 FR 22568 
SIS 

P1I3 Thal l i c oxide SIS or Thermal 55 FR 3888 
Recovery 

P1I4 Thal l i um (I )  sel en i te SIS 55 FR 22574 

P1 I 5 Tha 11 i urn ( I )  sul fate SIS or Thermal 55 FR 3888 
Recovery 

P1l9 Ammoni um vanadate SIS 55 FR 3888 

PI20 Vanadi um pentoxide SIS 55 FR 3889 
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appl i ed to decrease contaminant mobi l i ty i n  i nc inerator ash , i f  necessary .  

SIS i s ,  i n  many cases ,  the only technol ogy that can be appl i ed to a di ffi cul t 

waste form. SIS processes can treat contaminated soi l  or l agoon s l udge e ither 

i n  s i tu or after the material i s  excavated and have been successfu l ly  appl i ed 

i n  the fi el d to treat waste.  SIS processes general ly  use s i mpl e ,  rel atively 

i nexpens ive equi pment and are cost-competi t ive w ith other treatment opt i ons .  

Avai l abi l i ty of servi ces from a number of  vendors and an establ i shed record of 

fi el d performance hel p mi n imi ze management and regul atory barri ers to accep­

tance of the technol ogy . 

Laboratory experiments and fi el d  experi ence have demonstrated the 

abi l i ty of the SIS matrix to decrease contami nant mobi l i ty by a combi nati on of 

phys i cal and chemi cal mechan i sms . The exact nature of these mechani sms i s ,  

however, not wel l understood . Long-term test i ng i s  d i ff i cul t because envi ron­

mental factors affecti ng the wastes are not defi ned . The measurement of l ong­

term envi ronmental exposure i s  cumbersome at best .  Accel erated test s ,  i f  

avai l abl e ,  are not cal i brated agai nst real envi ronmental effects . Methods 

need to be developed for measuring the combined effects of envi ronmental 

factors . However,  the ma i n  d i ffi cul t ies are the broad vari ety of wastes to be 

treated and the commerci al secrecy surroundi ng some of the bi nder systems 

avai l abl e on the market . Wi thout an understandi ng of the mechan i sms and 

chemi stry i nvol ved , i t  i s  d i ffi cul t to predi ct the l ong-term performance of a 

b i nderlwaste combi nat i on . 

Despi te i ts  fl exi bi l i ty and broad appeal , SIS treatment i s  not 

appropri ate for al l wastes . I t  i s  general ly  appropri ate as a treatment 

al ternative for mater ial contai n i ng i norgan i c s ,  semivol at i l e  andlor non­

vol at i l e  organ ics . SIS treatment i s  typi cal ly  not the preferred cho ice  i n  

technol ogi es for treati ng wastes conta i n i ng onl y vol ati l e  organi cs ( see 

Sect i on 4 . 4 . 3 ) . Sel ect ion of SIS treatment for waste conta i n i ng semi vol ati l e  

and nonvol at i l e  organ i cs requ i res a s i te-spec i fi c  treatabi l i ty study or non­

s i te-speci fi c  treatabi l i ty study data generated on waste whi ch i s  very s imi l ar 

( i n  terms of type of contami nant , concentrat ion ,  and waste matrix)  to that to 

be treated . The use of an aqueous l each i ng methodol ogy such as the TCLP i s  

c l early not a meani ngful i nd ication of the degree of immobi l i zat i on for l ow­

solubi l i ty organi c  contami nants . Therefore , the use of a nonpol ar sol vent 

extract i on { e . g . , the Total Waste Anal ys i s  (TWA» has been recommended . 

However, th i s  recommend at i on is st i l l  under cons i derat i on by EPA because i t  i s  

1- 1 0  

. '-.: 



uncl ear how the results of a sol vent extract i on rel ate to  the envi ronmental 

mobi l i ty of a contami nant i n  groundwater . Al so ,  there are few i f  any data 

that demonstrate that the chemi cal i nteract i on between an SIS bi nder and an 

organic  contami nant i s  strong enough to res i st l each i ng by an aggressi ve 

nonpol ar extractant . Therefore , one of the potenti al p i tfal l s  of  u s i ng SIS 

technol ogy to treat waste wi th s igni fi cant nonpol ar organi c  contami nants i s  

the i nabi l i ty to adequately assess the extent of contami nant immobi l izat i on 

caused by SIS treatment . 

A careful treatab i l i ty testi ng program, gui ded by expert knowl edge , 

i s  typi cal l y  requi red to formul ate , tes t ,  and apply an SIS treatment system. 

The need for treatabi l i ty study data and the importance of conducti ng appro­

pri ate l eachabi l i ty tests as part of the study, are mandatory i f  organ i cs are 

present i n  the waste . 

1 . 2  PURPOSE AND SCOPE 

I . Z . 1  Objecti ves 

Thi s Techni cal Resources Document (TRD) i s  i ntended to be a user ' s  

guide ,  emphas iz i ng technol ogy transfer and promoti ng the best pos s i bl e  future 

uses of SIS processes . It addresses the fol l owi ng quest ions :-

• When are SIS processes the preferred treatment technol ogy? 

• How do I eval uate al ternat i ve SIS processes to sel ect the 
correct one? 

• What are the correct and i ncorrect ways of using SIS processes? 

• How do I design the correct process? 

The spec i fi c  deta i l s and approach of each waste treatment project 

vary , depending on the needs and c i rcumstances of the spec if i c  project . It  i s  

not poss i bl e  to prescribe the detai l s  of a spec if ic  SIS project because there 

are so many vari abl es .  However, some general i zed procedures for SIS impl emen­

tati on can be defi ned . Applying these procedures wi l l  enhance uni form i ty and 

cons i stency ,  thus hel p i ng to overcome d i ffi cul t i es sometimes encountered 

during the appl i cation Df SIS technol ogy . As the phrase "Techni cal Resources 

Document" impl i e s ,  th i s  document i s  a techn i cal resource for the SIS user 

communi ty .  Techni cal informati on rel at i ng to SIS i s  summari zed throughout the 
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text . Where the i nformati on i s  l engthy, references are provided to other 

documents to al l ow the reader access to more detai l ed background and techni cal 

i nformati on pertaining to SIS . 

The document provides gui dance i n  conducti ng SIS treatabi l ity 

stud ies i n  Chapter 2 .  Hi gh-qual i ty treatabi l i ty stud i es are an important step 

i n  the sel ection and opt imi zati on of an SIS treatment technology. Chapter 2 

addresses the fol l owing aspects of each phase of an SIS treatabil i ty study, 

start i ng with the sampl i ng and waste characteri zat i on phase and endi ng wi th 

the fi e ld  demonstrat ion phase : 

• Informati on requi rements 

• Acceptance criter i a  

• Technol ogy screeni ng and testi ng procedures 

• Sequence of act iv i t i es 

• Deci s i on poi nts 

Chapter 3 i s  a review of anal ys i s  and test methods . Chapter 4 i s  a 

comp i l at i on of techn i cal resources i nformati on on SIS processes,  d i v ided i nto 

10 d i fferent sect i ons .  Chapter 5 i s  a d i scuss i on of SIS technol ogy shortcom­

i ngs and l i mi tati ons . Chapter 6 i s  a descr ipt ion of ongoi ng research and a 

d i scuss i on of fru i tful areas for further research . Chapter 7 provides bibl io­

graph i c  data for the references c i ted i n  the text . Appendix  A con s i sts of 

i n formati on checkl i sts to prov ide users wi th gui dance i n  pl anning and conduct­

i ng SIS treatab i l i ty stud ies .  

Overal l ,  the  TRD g i ves an appra i sal of SIS technol ogy, w ith a "how­

to" theme for technol ogy screen i ng .  I t  does not address des ign i ssues or 

provide deta i l ed i nstruct i ons ,  because these are project-speci fic  and cannot 

be prescri bed based on generic i nformat i on .  For example ,  the TRD descri bes 

the opt i ons for pretreat i ng waste to deve l op mater ial wi th part i cl e  s i ze 

d i str ibuti on and other propert i es sui tabl e to SIS treatment .  However, 

sel ect i on of the pretreatment approach i s  s i te spec if i c .  
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1 . 2.2 � 

Thi s  s ec ti on broadl y  characteri zes the categori es of wastes and the 

types of processes covered in thi s  document . 

1 . 2 . 2 . 1  Waste Types 

As s tated i n  Sect i on 1 . 1, SIS processes have been appl i ed to a w i de 

vari ety of wastes , both hazardou s and nonhazardous, nucl ear and nonnucl ear, 

inorgan i c  and orga n i c ,  l iqu i d  and sol i d .  

The primary wastes o f  i nterest i n  thi s  document are wastes regu l ated 

under CERCLA, RCRA, and other envi ronmental l aws or act s .  CERCLA soi l s  and 

sl udges are emphasi zed because CERClA technol ogy screeni ng and performance 

requ i rements are the most deta i l ed .  RCRA i s  d i s cu ssed because SIS treatment 

i s  i dent i fi ed as BDAT for many RCRA was te s  (Tabl e 1-1).  

Because the princi pal aim of th i s, document i s  to  provi de i n formati on 

on mate r i al s  covered py envi ronmental regul a t i o n ,  some cl asses of wastes are 

not addressed. Aqueous wastes contaminated with organ i cs and/or metal s are 

not covered . Nucl ear wast e s ,  whi ch are regul ated by the U . S .  Nucl e ar Reg ul a­

t ory Comm i s s i on (NRC) rather than the U . S .  EPA, are not spec i fi c a l l y  addressed 

i n  the TRD. However, the l arge body of l i terature on n uc l ear SIS technol ogy 

provi des an i mportant resource (Ki bbey et al . ,  1978) , and much of the SIS 

technol ogy devel oped by the nucl ear community i s  appl icabl e to EPA-reg ul ated 

wastes . M i xed wastes are not spec i f i cal l y  d i scussed i n  this document ;  

however,  SIS technol og i e s may b e  appl i c abl e t o  these wastes .  For exampl e .  

l i quid radi oact i ve and hazardous tank wa stes have been stabi l i zed wi th a 

cement-based system that s at i s f i e s  EPA' s hazardous waste regu la t i ons and U . S .  

Department o f  Energy l ong-term performance cri teri a ( Peek and Woodri c h ,  1990) . 

1 . 2 . 2 . 2  Processes 

SIS teChnol ogy i ncl udes many cl asses of i mmob i l izati on systems and 

appl i cat i on s ;  exampl e  cl asses i ncl ude i norgan i c  b i nders or organ i c  b i nders , 

l ow-temperature processes (e . g . , pozzo l an i c )  or h i gh-temperature proces s e s  

( e . g . , v i tr i ficat i o n ) , i n  s i tu appl i cat i on s  or ex s i tu appl i ca t i o n s .  and SIS 

as a sol e  treatment technol ogy or as a component of a treatment tra i n .  The 

scope of t h i s  lRD spec i f i cal ly excl udes onl y v i tri f i c at i on and the format i on 

o f  ceram i c s ,  wh i ch i nvol ve the appl i ca t i on of very h i g h  temperatures 
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(>1, 500- ' F ) . Vi tri fi cat i on i s  di scussed i n  a separate U . S .  EPA gui dance 

document currently under preparation [bi bl i ographi c  c itat i on needed] . 

1.2. 3  Audience 

Th i s  document i s  i ntended for persons pl ann ing or applyi ng SIS 

processes to hazardous waste management . The document descri bes the treat­

abi l i ty test i ng and project pl ann i ng approach l eadi ng to sel ecti on of an 

effecti ve SIS technol ogy and g i ves techni cal background on SIS treatment 

methods . It i s  i ntended to provide technol ogy t ransfer to persons respons ibl e  

for sel ecti on and design of SfS treatment methods . Information about SIS 

technol ogy i s  presented in detai l ed text descri pti ons supported by summary 

tabl es , checkl i st s ,  and fi gures to introduce users who are unfami l i ar wi th SIS 

technol ogy to the key concepts .  The tabl es ,  checkl i sts ,  and fi gures al so 

serve as a ready reference for experts .  

1 . 2. 3 . 1  CERCLA Appl i cations 

For CERCLA projects , the users of the TRD may i ncl ude respons i bl e  

part i es ( RPs) , Remedi al Project Managers (RPMs ) , contractors , and technol ogy 

vendors . Each has a di fferent rol e i n  des igning, conducti ng ,  
"
and eval uat i ng 

SIS process testi ng and sel ect i on under CERCLA, as descri bed bel ow . 

Currently,  RPs pl an and manage cl ean up at approximately hal f of the 

Superfund s i tes . At enforcement s i tes ,  RPs are respons i bl e  for pl anning and 

executing SIS process test i ng and eval uati on under federal or state overs ight . 

RPMs perform pl anni ng and oversi ght of the remed i at i on .  Thei r  rol e 

i n  treatabi l i ty i nvest igati ons depends on the des i gnated l ead organi zation 

(federal , state , or pri vate) . Thei r acti vi t i es general l y  i ncl ude scop i ng the 

treatabi l i ty study, establ i sh i ng the data qual i ty objecti ves , sel ect i ng a 

contractor, i ssuing a work assignment , overseei ng the execut i on of the study, 

and i nform i ng or i nvol v ing the publ i c  as appropri ate . 

Treatab i l i ty studies for SIS process test ing and eval uat i on are 

general ly  performed by remedi al contractors or technol ogy vendors . Thei r  

rol es i n  treatabi l i ty i nvesti gat i ons i ncl ude preparing work pl ans and other 

support i ng documents ,  complyi ng wi th regul atory requi rements ,  executing the 

study, analyz i ng and i nterpret i ng the data, and reporti ng the resul t s .  
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The RPs , RPMs , contractors , and vendors parti c i pate i n  i dent i fi ca­

t i on of proposed response act i on ,  technol ogy screeni ng ,  devel opment of 

remedi al acti on al ternat i ves ,  and eval uat i on of remedi al act i on al ternat i ves . 

The TRO provi des SIS process-speci fi c i nformation to assi st users through the 

CERCLA pl anning process . 

1 . 2 . 3 . 2  RCRA Appl i cati ons 

Technol ogy screening at RCRA treatment facil i t i es i s  driven by the 

regul at i ons , the spec i fi c  technol og i es ava i l abl e at the faci l i ty ,  and the 

permi t cond i t i ons . A treatment fac i l i ty probabl y has one or more spec i fi c  

immobi l i zat i on technol og i es i n  pl ace with  a menu of permitted treatment 

opti ons  ava i l abl e (U . S .  EPA, 1989b) . Consequently, screen ing at a RCRA TSD 

faci l i ty means determi n ing whether each proposed waste i s  treatabl e by the 

avai l abl e permi tted immobi l izati on technol ogy . The criteri on for sat i s factory 

treatabi l i ty i s  the abi l i ty of the treated waste to pass al l the requi red 

tests for acceptance for d i sposal . The TRO wi l l  hel p RCRA TSD fac i l i ty 

operators and engi neers match wastestreams to SIS treatment opti on s ,  des i gn 

treatabi l i ty stud ies ,  and sel ect test methods . I t  al so wi l l  hel p generators 

of characteri sti cal l y  hazardous waste who treat the ir  waste to remove the 

requi rements for Subpart C d i sposal . 

1 . 3  REGULATORY CONSIDERATIONS 

Thi s  sect i on i s  i ntended to provide a bri ef i ntroduct i on to the 

major regul atory consi derati ons for SIS . Due to the compl exi ty of the 

regul at i on s ,  thi s d i scuss ion does not attempt to be comprehens ive,  but rather 

prov ides an overview of the regul atory framework wi thi n whi ch SIS i s  general ly  

appl ied .  I t  i s  very important for anyone cons ideri ng the use of SIS treatment 

to consul t the regul atory agenc ies that have authori ty over that waste. State 

and l ocal regul at i ons may vary wi dely ,  and impl ementat i on of regul atory 

requi rements i s  often devel oped on a s i te-spec i fi c  basi s ,  part icul arl y in  the " 

case of Superfund s i tes .  

1 . 3 . 1  Regul atory Framework 

Cl eanup and d i sposal of hazardous wastes are regul ated primari l y  by 

two federal l aws and the ir  amendments .  
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Fi rst i s  the Resource Conservati on and Recovery Act of 1976 ( RCRA) , 

as amended by the Hazardous and Sol i d  Waste Amendments of 1984 (HSWA) . These 

gi ve EPA authority to regul ate d i sposal of hazardous waste and set standards 

for treatment . 

The second major l aw regul at i ng hazardous waste i s  the Comprehens ive 

Envi ronmental Response Compensation and li abi l i ty Act (CERClA) of 1980 , as 

amended by the Superfund Amendments and Reauthori zat i on Act (SARA) of 1986 . 

CERCLA regul ates the cl eanup of sp i l l ed mater ial s  and abandoned hazardous 

waste s i te s .  

General ly ,  CERCLA s i tes are not regul ated by RCRA d irectl y .  

However, CERCLA Secti on 121 (d) ( 2 )  requires that Superfund response acti ons 

comply with other envi ronmental l aws that are appl i cabl e or rel evant and 

appropri ate requi rements (ARARs) ( U . S .  EPA, 1989c ) . Determinat i on of ARARs i s  

s i te-spec i fi c .  I f  porti ons of RCRA regul at i ons consti tute ARARs , then these 

regul at ions apply to the Superfund s ites . 

1 . 3 . 2  RCRA Land Di sposal Restri cti ons 

The part of RCRA that most affects the use of SIS i s  that rel ated to 

the Land Di sposal Restri cti ons ( LDRs) , al so referred to as " l andban . "  The LDRs 

were i nc l uded in RCRA as part of the Hazardous and Sol i d  Waste Amendments 

(HSWA) of 1 984 fol l owing a growi ng concern that hazardous waste being di sposed 

i n  the ground (such as in a l andfi l l )  would  eventual l y  be rel eased i nto the en­

vi ronment desp ite contai nment efforts .  Under HSWA, l and di sposal of hazardous 

waste i s  prohibi ted unl ess i t  has been treated fi rst . U . S .  EPA i s  requ i red to 

establ i sh treatment standards for each type of RCRA hazardous waste . The RCRA 

defi n i t i on of " l and di sposal , "  or "pl acement , "  i ncl udes but i s  not l i mi ted to: 

any "pl acement"  of hazardous waste in a l andfi l l ,  surface 
impoundment ,  waste pi l e ,  i nject i on wel l ,  l and treatment 
fac i l i ty,  sal t dome formation ,  sal t bed formation,  under­
ground m ine  or cave,  and concrete bunker or vaul t .  
(RCRA 3004 ( k» 

LDRs apply only to wastes that are l and-di sposed after the effecti ve 

date of the restri ct ions . That i s ,  the LDRs do not requ i re that wastes l and­

di sposed pri or to the date of the restr i ct i ons be removed and treated. 
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However, wastes bei ng treated under CERCLA remedi al response act i ons may sti l l  

fal l under the l and di sposal restri cti ons i f  RCRA regul at i ons appl y as ARARs . 

As di scussed above , U . S .  EPA has establ i shed three types of LOR 

treatment standards ( U . S .  EPA, 19B9c) ,  spec i fi ed i n  40 CFR Part 268 : 

a .  A concentrati on l evel to be achi eved prior to. d i s­
posal of the waste or treatment res idual ( the most 
common type of treatment standard) 

b. A spec i fi ed technol ogy to be used pri or to di sposal , 
or 

c. A "no l and d i sposal " des ignati on when the waste i s  
no l onger generated, i s  total l y  recycl ed , i s  not 
currently bei ng l and di sposed, or no res i dual s are 
produced from treatment . 

Treatment standards are establ i shed on the bas i s  of the Best Demon­

strated Ava i l abl e Technol ogy ( BOAT) rather than on r i s k-based or health-based 

standards .  "Best" i s  defi ned as  the technol ogy that offers the greatest re­

ductlon of tox i c i ty,  mob i l  i ty ,  or vol ume of the waste. To be "demonstrated , ·  

a treatment technol ogy must be demonstrated to work at a ful l -scal e l evel , as 

opposed to bench-scal e or p i l ot-scal e .  "Avai l abl e"  means that a technol ogy i s  

commerc i al l y  avai l abl e .  SIS has been i dent i fi ed a s  BOAT for a vari ety of  

waste code s .  These waste codes are l i sted i n  Tabl e 1-1. 

The majori ty of LOR treatment standards promul gated to date speci fy 

concentrati on l evel s .  For wastes w ith treatment standards expressed as 

concentrat i ons , any technol ogy that can ach i eve the requi red concentration­

based l evel s may be used ( i . e . , the BOAT used by U . S . EPA to set t he standards 

i s  not the requi red technol ogy) . To establ i sh a concentrati on 1 eve1 ( s }  for a 

spec if i c  waste code , U . S .  EPA sel ects a subset of the hazardous consti tuents 

found in the waste ( known as "BOAT const i tuents" )  and sets treatment standards 

for each of these consti tuents . Al though the waste may contain  add i t i onal 

const i tuents ,  on ly  the treatment standards for the "BOAT consti tuents" must be 

met before the wastes can be l and-di sposed . The res i dues from treatment of an 

ori g i nal ly l i sted waste ( e . g . , ash or scrubber water) are al so l i sted RCRA 

hazardous wastes ( because of the "deri ved from" rul e) , and are therefore al so 

proh i b i ted from l and d i sposal un less they meet the treatment standards for the 

waste code of the ori g i nal l i sted waste from wh i ch they derive ( U . S .  EPA, 
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1989d) . Separate standards are establ i shed for wastewaters and nonwaste­

waters . 

I f  a treatment standard i s  promulgated as a speci fi ed technol ogy , 

that technol ogy must be used to treat the waste unl ess an Equ i val ent Treatment 

Method Pet i t i on i s  approved by U . S .  EPA . To be granted , the pet i t i on must 

demonstrate that the al ternati ve technol ogy achi eves an equ i val ent measure of 

performance . 

Someti mes , both a concentrati on standard and a treatment standard 

apply to the same waste code.  When this is  the case,  the two standards 

usual l y  address d i fferent contaminants i n  that waste . Genera l ly ,  the technol­

ogy-based treatment is  appl i ed fi rst , then the waste is  tested for the 

concentrat i on and further treatment i s  appl i ed i f  necessary to meet the 

concentrati on-based standard . 

U . S .  EPA recogni zed that not al l wastes can be treated to the LOR 

treatment standards and that al ternati ve treatment standards and methods of 

l and d i sposal may provi de s ign ifi cant reduct i on in the tox i c i ty ,  mobi l i ty ,  or 

vol ume of wastes and may be protect i ve of human heal th and the envi ronment . 

The LORs therefore prov ide the fol l owing compl i ance opt ions to meeti ng the 

restr i ct i ons  d i scussed above:  

• Treatab i l i ty Vari ance : Th i s  opti on i s  avai l abl e 
when U . S .  EPA has set a treatment standard as a 
concentrati on l evel , but because a generator ' s waste 
d i ffers s i gn i fi cantly from the waste used to set the 
standard , the promul gated treatment standards cannot 
be met or the BOAT technol ogy i s  inappropri ate for 
that waste . ( For the purposes of the LORs , CERCLA 
s i te managers are consi dered generators of hazardous 
waste . )  Under a treatab i l ity vari ance , U . S .  EPA 
approves an al ternati ve treatment standard that must 
be met before that waste can be l and-di sposed . 

• Equi val ent Method Pet it ion :  Th i s  opti on i s  ava i l ­
abl e when U . S .  EPA has set a treatment standard that 
spec i fi es a technol ogy ( e . g . , i nc i nerat i on) . Gener­
ators may use a di fferent technol ogy ( e .g . ,  chemi cal 
treatment) if they can demonstrate that th i s  tech­
nol ogy wi l l  ach i eve a measure of performance equ i va­
l ent to that of the spec i fied technol ogy . 

• No Mi grat i on- Pet i t  i on:  Thi s opt i on may be used to 
meet any of the four types of LOR restri ction . Gen­
erators may l and-d i spose of wastes that do not meet 
the LOR restr ict ion i f  they can demonstrate that no 
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hazardous consti tuents above heal th-based l evel s 
wi l l  mi grate from the d i sposal unit  or i nject ion 
zone for as l ong as the wastes remai n  hazardous . 

• Oel i st i ng :  Th i s  opt ion may be used to demonstrate 
that a waste i s  nonhazardous and therefore not 
subject to any of the RCRA subt i tl e  C hazardous 
waste regul at i ons ,  i ncl udi ng the LORs . Del i st ing 
only appl ies  when the CERCLA waste i s a l i sted RCRA 
hazardous waste .  Characteristic  wastes need not be 
del i sted , but they must be treated to no l onger 
exh i bi t  the characteri st i c before they can be 
considered nonhazardous . Generators must 
demonstrate that ( 1 )  the waste does not meet any of 
the cri teri a for whi ch the waste was l i sted as a 
hazardous waste; and { 2 }  other factors , i ncl uding 
add it ional consti tuents , do not cause the waste to 
be hazardous. 

1.3.3 Appl i cati on of Land Di sposal Restrictions to e£leLA Si tes 

CERCLA Secti on 121 {d) ( 2) speci fi e s  that on- s i te Superfund remed i al 

act ions shal l attai n "other Federal standards requ i rements ,  criter ia ,  l imi ta­

t i ons,  or more stri ngent State requ i rements that are determined to be l egal l y  

appl i cabl e or rel evant and appropri ate (ARAR) to the speci fi ed ci rcumstances 

at the s i te" ( U . S .  EPA , 1989d) . In add i t i on,  the Nati onal Oi l and Hazardous 

Substances Conti ngency Pl an (NCP) requ i res that on-s ite removal acti ons  att a i n  

ARARs to the extent pract i cabl e .  Off-s i te removal and remedi al act i ons must 

comply wi th l egal ly appl i cabl e  requi rements . 

For LORs to be appl i cabl e to a CERelA response , the act ion must 

consti tute pl acement of a restri cted RCRA hazardous waste . Therefore, the 

CERCLA s i te manager must answer these three quest i ons :  

1 .  Does the response act i on consti tute pl acement? 

2 .  I s  the CERCLA substance be i ng pl aced al so a RCRA 
hazardous waste? 

3. Is the RCRA waste restr i cted under the LORs? 

W i th respect to the fi rst Questi on , i f  the waste i s  transported off 

s i te and pl aced i n  a l and di sposal unit as defi ned by RCRA ( l andfi l l , s urface 

i mpoundments , waste p i l e ,  i njecti on wel l ,  l and treatment faci l i ty,  sal t dome 

format i on ,  underground m ine or cave, concrete bunker , or vaul t) ,  pl acement 
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occurs . On-s ite di sposal of wastes i s  often l ess  wel l defined. u . s .  EPA uses 

the concept of " areas of contaminat i on "  (ADCs) ,  wh i ch are vi ewed as the 

equi val ent of RCRA uni ts to determine i f  LDRs apply. An AOC i s  del i neated by 

areal extent of conti guous contaminat i on .  Such contami nat i on must be conti nu­

ous,  but may contain varying types and concentrati ons of hazardous substances 

(for exampl e ,  a waste source such as a waste pi t ,  l andfi l l , or p i l e , and the 

surroundi ng contaminated soi l ) .  For on-s ite di sposal , pl acement occurs when 

wastes are moved from one AOC i nto another. Exampl es of pl acement i ncl ude 

consol i dat i on of wastes from di fferent AOCs i nto a s i ngle AOC , or excavat i on 

from an AOC for t reatment i n  a separate un i t  such as an inc inerator or tank 

t hat is within the AOC fol l owed by redeposit  i nto the same AOC . Pl acement 

does not occur when wastes are l eft i n  pl ace or moved wit h i n  a s i ngl e ADC ( for 

exampl e ,  treatment in s i tu ,  cappi ng i n  pl ace , or processing w i th in  the AOC -­

but not i n  a separate unit  such as a tank -- to improve structural stabi l ity) . 

The second quest i on entai l s  determi n i ng whether the CERCLA substance 

i s  a RCRA hazardous waste. S i te managers are not requi red to presume that a 

substance i s  a RCRA hazardous waste unl ess there i s  affi rmati ve evi dence to  

support such a f i nding.  There are two types of RCRA wastes :  l i sted wastes 

(those waste types or compounds spec i fical l y  l i sted i n  40 CFR Part 261 ) and 

characteri st ic  wastes (wastes exh i bi t i ng the characterist ics  of igni tabi l i ty ,  

corros i v i ty ,  react iv i ty ,  or tox ic i ty,  as defi ned i n  4 0  CFR Part 261 ) .  Infor­

mat i on on the source , prior use,  and process type i s  usual l y  requi red and can 

be obtai ned from fac i l i ty busi ness records or exami nati on of processes used at 

the faci l ity . 

In add i t i on to the two categories of RCRA wastes , three pri nciples  

may appl y :  

• The "deri ved from" rul e 

• The "mi xture rul e" 

• The "contai ned i n "  i nterpretat i on 

F i rst ,  the "deri ved from" rul e (40 CFR 261 . 3 (c) ( 2» states that any sol id 

waste deri ved from the treatment , storage, or di sposal of a l i sted RCRA waste 

i s  al so a l i sted waste , regardl ess of the concentrat i on of hazardous consti tu­

ents . For exampl e ,  ash and scrubber water from inci nerat i on of a l i sted waste 
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are hazardous on the bas i s  of the deri ved-from rul e .  However , wastes deri ved 

from a characteri st ic  waste are hazardous only i f  they exh i b i t  the character­

i st i c .  

Another princ i pl e  i s  the "mi xture rul e "  ( 40 CFR 261 . 3 (a) (2» . Under 

thi s  rul e ,  when any sol i d  waste and a l i sted hazardous waste are mi xed , the 

ent i re mixture i s  a l i sted hazardous waste. Mi xtures of sol i d  wastes and 

character i st i c  hazardous wastes are hazardous only i f  the mi xture exh i b i ts  a 

characteri st i c .  

The third pri nci pl e i s  the "contai ned i n "  i nterpretati on (Offi ce of 

Sol i d  Waste Memorandum dated November 13 , 1986) . Under t h i s  i nterpretat i on ,  

any mi xture of a nonsol i d  waste and a RCRA-l i sted hazardous waste must be 

managed as a hazardous waste as l ong as the material conta ins ( i . e . , i s  above 

heal th-based l evel s of) the l i sted hazardous waste .  For exampl e ,  i f  soi l or 

groundwater contai ns a l i sted hazardous waste,  that soi l  or groundwater must 

be managed as a RCRA hazardous waste as l ong as i t  ·conta ins "  the waste . 

I f  a waste i s  a RCRA-l i sted hazardous waste, a "deri ved from" waste, 

or a .mixture of a l i sted waste and a sol id  waste, the waste must be del i sted 

i n  order to be exempted from the RCRA system. Characteri st i c  wastes need not 

be del i sted , only treated to no l onger exh i b i t  the characteri s t i c .  A 'con­

tai ned i n " waste al so does not have to be del i sted; i t  only has to no l onger 

"contain"  the hazardous waste . 

I f  the answers to  the fi rst two quest i ons determined that pl acement 

wi l l  occur and that the waste i s  a RCRA hazardous waste,  the th i rd step i s  to 

determi ne appl i cabi l i ty of the l andbans as spec i fied by the treatment stan­

dards promul gated i n  40 CFR Part 268 . I f  treatment standards have been 

promul gated for the waste i n  quest i on ,  the l andbans apply  and the waste must 

be treated i n  accordance w i th these standard s .  For several o f  these standards 

the BOAT used to deri ve the standard i s  SIS.  

1 . 3 . 4  Tox ic  Substances Control Act 

The Toxi c  Substances Control Act (TSCA) regul ates numerous tox ic  

chemi cal s ,  many o f  wh i ch a r e  not commonly encountered i n  hazardous waste . 

However, one group of  compounds that i s  regul ated under TSCA -- polych l or i nated 

bi phenyl s ( PCBs ) -- i s  a fa i rly common type of contami n ant at Superfund s i te s .  

PCB-conta i n i ng wastes ( other than the Cal i forn i a  L i st Wastes)  -- for exampl e ,  

l i q u i ds that conta i n  both PCBs above 50 ppm and RCRA hazardous wastes --
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general l y  requ i re cl eanup when t he total PCB l evel s are greater than 50 ppm. 

However, 40 CFR 761 . 120 (a ) ( l )  excl udes sp i l l s  that occurred pri or to May 4 ,  

1987,  from the scope of the U . S .  EPA ' s  PCB Spi l l  Pol i cy .  The U . S .  EPA 

recogni zes that o ld  spi l l s  requ i re s i te-by-s ite eval uat i on because of the 

l i kel i hood that the s i te i nvol ves more pervasi ve PCB contaminat i on than fresh 

spi l l s ,  and because o ld  sp i l l s  are general ly  more d i ffi cul t to cl ean up than 

fresh spi l l s  (part i cul arly on porous surfaces such as concrete) . Therefore , 

spi l l s  that occurred before May 4 ,  1987 , are to be decontami nated to requ i re­

ments establ i shed at the d i screti on of the U . S .  EPA, usua l l y  through i ts 

regi onal offi ces . 

1 . 3 . 5  Other Environmental Regul ati ons 

I n  add i t i on to RCRA, C ERCLA and TSCA, other envi ronment al l eg i s l a­

t i on may be appl i cabl e to the use of SIS: 

• The Cl ean Water Act regul ates the d i scharge of l i qu id  
effl uents to  waters of  the U . S .  

• The Cl ean A ir  Act regul ates the rel ease of pol l utants 
i nto the a i r .  

• The Safe Dri nki ng Water Act control s l evel s  of 
pol l utants in dri nki ng water and regul ates underground 
i nject i on wel l s .  

• The Occupat i onal Safety and Heal th Act regul ates 
exposure of workers to tox i c  substances and harmful 
work pract i ces . 

• State andlof l ocal regul at i ons perta i n i ng to hazardous 
wastes , wh i ch may be more stri ngent than the federal 
regul ati ons .  

In  the event that SIS produces effl uents or cond i t i ons whi ch fal l 

under the j uri sd i ct i on of one or more of  these acts ,  compl i ance woul d be 

requ i red . As noted at the beg i nn i ng of th i s  sect i on ,  consul tat i on with al l 

cogn i zant regul atory offi c i al s  respons i bl e  for a part i cul ar waste or s i te i s  

adv i sed before undertak ing treatment . 
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2 SOLIDIFICATION/STABILIZATION (SIS) 
TECHNOLOGY SCREENING PROCEDURES 

2 . 1  INTRODUCTION 

2 . 1 . 1  Overview 

The process of technol ogy sel ection ,  eval uation ,  and optimization i s  

frequently referred to as " technol ogy screeni ng . " A treatment technol ogy that 

has been properly screened pri or to ful l -scal e impl ementati on has the h i ghest 

probabi l ity of success in the fi el d .  
Thi s  chapter provides gui dance on the SIS technol ogy screeni ng 

process  and the steps needed to sel ect and test an appropri ate SIS process for 

each waste type . F i gure 2-1  shows the major steps i n  the technol ogy screeni ng 

process and the ir  order of i mp lementat ion .  Sections 2 . 2  through 2 . 8  corre­

spond to each of these major steps . 

Secti ons 2 . 2  through 2 . 4  descr ibe act iv it ies that must be undertaken 

before conduct i ng treatabi l i ty stud ies .  Sect ion 2 . 2  d i scusses the fundamental 

i nformation requi rements for characteriz i ng the waste, i ncl ud ing guidance on 

waste sampl i ng .  An exampl e of a Sampl ing  and Analys i s  Pl an i s  provided i n  

Appendi x  B .  Sect i on 2 . 3  addresses the need for , and i ssues rel ated to, 

establ i sh ing SIS treatab i l i ty performance objecti ves or acceptance criteria .  

Regul atory , techn i cal , and i nstitut i onal requi rements are di scussed, and an 

approach for sett i ng performance cri teri a i s  presented . Section 2 . 4  overvi ews 

the generic technol ogy screen i ng process l ead i ng to the sel ect ion of SIS 

rather than other types of technol ogi es and references documents offeri ng more 

deta i l  on th i s  subject . 

Sect i ons 2 . 5  through 2 . 8  descri be in detai l  each of t he tiers of 

treatabil i ty test ing  for SIS proces ses . Sect i on 2 . 5  addresses wastelbi nder 

compat i bi l i ty screen i ng .  Sect ion 2 .6 di scus ses l aboratory screening  of 

waste/bi nder mixtures , i ncl uding bi nder screen ing and optimi zation .  Sec-

t ion 2 . 7  addresses bench- scal e performance test ing ,  and Section 2 . 8  di scusses 

p i l ot-scal e test i ng .  During each sequent i al t i er of treatabi l i ty test i ng ,  the 

test i ng becomes more spec if ic  to the i nd i v idual waste form . 

Three poi nts rel at i ng to the technol ogy screeni ng process 

( F i gure 2-1 )  are emphas i zed:  

• The screening process often requires several 
i terat i ons through some or al l of the steps .  
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A dec i s i on po i nt occurs at the end of  each step , 
and , dependi ng on the outcome of the analys i s ,  i t  
may be necessary to return to an earl i er stage of 
the screen i ng process ,  mod i fy the approach,  and 
repeat one or more steps . 

• The screen i ng process must be fl exibl e .  Project­
spec i fi c  c i rcumstances requi re a flexi b le  approach 
because not al l projects have the same set of needs 
and resources . Under certai n  c i rcumstances i t  may 
be prudent to ski p steps or ent i re sequences of 
steps . For exampl e ,  min imal or even no treatabi l i ty 
testi ng might be required for a wel l -devel oped SIS 
process appl i ed to a simpl e waste.  Project-speci fi c  
resource l i mi tat i ons may al so i ndi cate the need to 
el imi nate certain  steps.  I n  deSigni ng each t reat­
abi l i ty study, procedural dec i s i ons wi l l  have to be 
made based on the trade-offs of the var i ous al terna­
ti ves . El i mi nat i ng various steps i n  the technol ogy 
screen i ng procedure can reduce the l i kel i hood of 
successful technol ogy appl i cation ;  the party respon­
s ibl e  for the treatabi l i ty study must eval uate the 
r i sk  associ ated w i th el im inat i ng such steps . 

• In  the event that , duri ng treatabi l i ty test i ng ,  SIS 
appears not to be feas ib le  ( i . e . , certain  cri t i cal 
performance goal s are not be i ng achieved) ,  then i t  
may be adv i sabl e t o  return to an earl i er step i n  the 
screeni ng process and repeat the screeni ng procedure 
us i ng a d i fferent approach or a d i fferent set of 
assumpti on s .  For exampl e ,  perhaps a compl ete ly  
di fferent bi nder type shoul d be  tested , or  the waste 
should be pretreated prior to SIS . Unsuccessful SIS 
treatabi l i ty stud i es are not uncommon , but techn i cal 
defi c i encies can frequently be overcome by testi ng 
d i fferent b inders or by mod i fy i ng the SIS process . 

2 . 1 . 2 The Need for Treatabi l i ty Studi es 

Treatabil i ty studi es provi de val uabl e s i te-spec i fi c  data needed to 

sel ect and implement the appropr i ate remedy. The Remedi al Invest igat i on/ 

Feas i bi l i ty Study ( RI/FS)  i nter im  fi nal guidance document ( U . S .  EPA , 1988a) 

speci fies n i ne eval uat i on c r i teri a for use i n  anal yz i ng al ternat i ves . 

Treatab i l i ty stud i es can address seven of these cri teri a :  

• Overal l protect i on of human heal th and the 
env i ronment 

• Compl i ance with appl icabl e or rel evant and 
appropri ate requ i rement s (ARARs) 

2-3 



• Impl ementabi l i ty 

• Reducti on of toxi c ity ,  mobi l i ty , or vol ume 

• Short-term effect i veness 

• Cost 

• long-term effect i veness 

The other two cri teri a affect i ng the eval uat i on and sel ect ion of the 

remedi al al ternat i ve - commun ity and state acceptance - can i nfl uence the 

dec i s i on to conduct treatab i l i ty stud ies on a particul ar  technol ogy . 

Treatabi l i ty stud ies shoul d be conducted by ind iv idual s or groups 

w i th the proper experti se and tra i n i ng .  These may i ncl ude research l aborato­

r ies , un i versi t i es , SIS vendors,  or treatabi l i ty vendors . EPA ( 1 990a) 

provides a comp i l at i on of vendors qual i fied to perform SIS treatab i l i ty 

stud ies and i ndi cates the types of medi a  and contaminant groups i n  wh i ch the 

fi rms are experi enced . 

Several documents provide varying l evel s of guidance on the desi gn 

and conduct of treatabi l i ty stud ies .  For exampl e ,  U . S .  EPA ( 1 98ge) provides 

generic  gu idance for conducti ng treatabi l i ty studi es under the Comprehens ive 

Envi ronmental Response ,  Compensation ,  and l i abi l i ty Act ( CERClA) i n  the 

context of the RIIFS process and the preparat ion of the Record of Dec i s i on 

( ROD) . The guidance , wh i ch i s  not specif ic  to any technol ogy, i ncl udes a 

di scussion of pl ann i ng documentati on and data qual i ty object ives . A rel ated 

draft document ( U . S .  EPA , 1990b) provi des generi c  treatabi l ity study guidance 

under C ERClA on SIS technol ogy for i norgani c  contami nant s .  Other techno1 0gy­

speci f i c  treatabi l i ty guides have been or are i n  the process of bei ng pub­

l i shed for soi l wash i ng ,  aerobi c  bi odegradati on ,  soi l vapor extraction,  

chemi cal dehal ogenat i on ,  sol vent extraction ,  and thermal desorpti on. An 

example  of a faci l i ty-spec if ic  gui dance document i s  Barth and McCandl ess 

( 1989) , wh i ch outl i nes SIS treatabi l ity testi ng procedures for U . S .  EPA' s 

Center H i l l  Research Faci l i ty .  Al l of these documents suppl ement i nformation 

contai ned i n  th i s  chapter and shoul d be consul ted for appropri ate l evel s of 

gui dance. 
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2 . 2  SITE-SPECIFIC BASELINE INFORMATION REQUIREMENTS 

The purpose of t h i s  secti on i s  to d i scuss the information require­

ments for technol ogy screen ing ,  wh i ch are presented i n  f ive subsection s :  

Waste Sampl i ng ,  Waste Acceptance (the acceptabi l i ty o f  the waste a t  the 

treatabi l i ty or analyti cal l aboratory in terms of compl i ance wi th appl i cabl e 

permits  and other requi rements ) , Waste Characteri zati on , S i te Characteri za­

t ion ,  and Qual i ty Assurance/Qual i ty Control (Sect ions 2 . 2 . 1  through 2 . 2 . 5 ) . 

Fi gure 2-2 presents the sequence of i nformation col l ect ion steps.  In i t i al ly .  

prel im inary characteri zation of the waste i s  needed to  support prel iminary 

dec i s i ons about the use of SIS and waste acceptab i l i ty at the test faci l i ty .  

Thi s  i nformati on i s  al so used to determi ne appropri ate worker protecti on 

prov i s i ons for waste sampl i ng .  I nformati on for prel imi nary characteri zation 

i s  usual ly avai l abl e from remedi al i nvesti gati on (R I )  stud i es i f  the waste i s  

from a CERCLA s i te or from other h i stori cal records or test i ng .  The R I  

stud ies  general ly  do not provide enough i nformation to  determi ne appropri ate­

ness of SIS ; therefore , add it ional waste sampl i ng i s  requi red to support a 

waste�speci fi c  determi nat ion of the appropri ateness of vari ous treatabi l i ty 

approaches .  I f  the waste i s  not acceptabl e at the testi ng faci l i ty ,  the 

project cannot proceed unti l  the probl em i s  resol ved . In  Section 2 . 2 . 6 ,  Tabl e 

2-6 briefl y  outl i nes gui dance on s ite-spec i fi c  basel ine  informat ion needs .  

2 . 2 . 1 Waste Sampl ing 

The principal objecti ve  of waste sampl i ng i s  to obtain waste sampl es 

for anal ys i s  and treatabi l i ty test i ng that are representati ve both of the 

waste as a whol e ,  and of the extremes of waste compos ition ( " hot spots" ) ,  

whi ch ·  can be used for worst-case testi ng . Th i s  can be accompl i shed i n  several 

ways , as descri bed i n  Sect ion 2 . 2 . 1 . 1 .  I t  i s  a l so i mportant to obtain  a 

suff ic ient number of samples and vol ume of samp l e  to sati sfy the analyti cal 

and bench-scal e testing requi rements , because repeat sampl i ng can be expensi ve 

and undes i rabl e .  

2 . 2 . 1 . 1  Composites vs . Hot Spots 

Many factors affect s i te sampl ing . Th i s  document is not i ntended to 

provi de compl ete coverage of the many reports that shoul d be referred to for 

gui dance regard i ng sampl i ng strateg i es and col l ect i on and preservat ion 
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requi rements . Such documents i ncl ude an EPA soil  sampl i ng qual i ty assurance 

document ( U . S .  EPA, 1989f) , EPA ' s Sol id Waste Test Method Manual , commonly  

referred to as SW-846 (U .S .  EPA, 1986a) , Conner ( 1 990, Chapter 17) , and U .S .  

EPA ( 198ge) . A sampl i ng techn i que devel oped by U . S .  EPA Regi on 10  espec ial ly  

for SIS treatab i l i ty studies  has  been shown to be very effective ( U . S .  EPA 

Regi on 10 ,  1200 Sixth Avenue, Seatt le ,  WA , (206) 442-5810) . The d i scussion 

that fol l ows emphas i zes several i s sues appl i cabl e to sampl i ng for SIS treat­

abi l  i ty studies . 

Pri or to deta i l ed sampl i ng ,  hi stori cal records or a grab sampl e 

shoul d be used to determi ne whether the waste can be sampl ed safel y .  The 

waste materi al shoul d be surveyed to determi ne the necessary sampl i ng appara­

tus and the procedures that must be used . Al so,  some analyt i cal data shoul d 

be ava i l abl e at th is  poi nt to determi ne the appropri ate l evel of personal 

protect ive equ i pment . 

As i nd i cated i n  Section 2 . 2 . 1 ,  the pri nc ipal objecti ve of the 

sampl i ng act iv i ty i s  to obtai n waste sampl es that are representati ve of the 

waste . as a whol e ( i n  terms of both chemi cal and physi cal characteri st i cs )  and 

that are col l ected i n  suffi c i ent quant i ty to permi t al l  the necessary analyt i­

ca l  tests to  be  conducted . Representati veness i s  cruci al but d i ffi cul t to 

quant i fy (U . S .  EPA, 1989f) . The two approaches to ach ievi ng representative­

ness are as fol l ows : 

• Comb i ne sampl es from a wide range of sampl i ng 
l ocat i ons both vert i cal ly and spat i al ly to produce a 
s i ngl e compos i te sample that represents the "overal l 
average . "  A var i at ion of th i s  approach wou l d  
i ncl ude compos i t i ng the subset o f  sampl es wi th the 
h i ghest target contami nant l evel s to produce a 
"worst-case compos i te" for bench-scal e test ing .  
However, i f  SIS treatment i s  appl i ed i n  batches ,  
comb i n i ng samples  woul d not represent high­
concentrat i on areas that coul d occur in a part i cular 
batc h .  

• Col l ect sampl es from a wide range o f  locat i ons but 
do not compos i te .  Analyze sampl es i nd i vidual l y  and 
sel ect the "hot spots"  for subsequent bench-scal e 
test ing .  

Both approaches have advantages and di sadvantages . Compos i t i ng 

sampl es  may be more appropri ate when ( 1 )  a batch-mi x i ng system i s  to be used 
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i n  the f ie ld  or treated samples are to be composi ted prior to analys i s  or (2) 

the pri mary purpose in conduct i ng the treatabi l i ty study i s  to compare stabi l ­

i zat i on wi th some other compl etel y d i fferent treatment process . I n  the l atter 

case , the waste needs to be uni form to ensure comparabi l i ty .  Al so , wastes 

that are al ready contai ned in barrel s are usual ly  sampl ed by compo s i t i ng .  

The " hot spot" approach may be more appropri ate when a cont i nuous 

fl ow-through mix ing system such as a pug mi l l  i s  empl oyed , or when the process 

wi l l  be appl i ed to i n  s i tu waste . The compos i te approach ri sks overl ooking 

the zones of unusua l ly  e l evated contami nant or i nterferant concentrat i ons that 

may cause the process to fai l  to sat i sfy i ts  performance cri ter i a .  On the 

other hand , the "hot spots" may be d i ffi cul t to define for compl ex waste forms 

and may l ead one i n  the d i rect ion of an unnecessar i ly  expens i ve SIS process . 

The i s sue i s  suffi ci ently compl ex that an expert system wou ld  be needed to 

sort out al l the var i abl es and point to the preferred approach for e ach 

i nd iv idual case . The l ogic  used in sel ect i ng sampl es for treatabi l i ty studies  

wi l l  be  exami ned by the  regul atory authori ty before accepti ng test resu l t s .  

The amount o f  sampl e col l ected should  be adequate t o  sat i s fy the 

needs of the waste acceptance , waste characteri zat ion ,  bench-scal e screeni ng ,  

and performance testing act i v i t i es and shoul d i ncl ude a sui tabl e quant i ty to 

be archi ved for poss i bl e  l ater use.  One RCRA-permi tted fac i l i ty typi cal l y  

uses 130 kg a s  the rul e o f  thumb (Barth and McCand less ,  1 989 ) . Th i s  i ncl udes 

about 1 1 0  kg for test i ng and an add i t i onal 20% safety marg i n .  

Nonpermi tted fac i l i t ies can perform treatabi l i ty tests under the 

treatabi l i ty study exempt ion (40 CFR 261 . 4 ) . However, these fac i l i t i es are 

l i mi ted to a total of 1000 kg of waste i n  the fac i l i ty at one t i me .  There­

fore , the testi ng fac i l i ty may be rel uctant to accept unnecessar i l y  l arge 

quanti t i es of sampl e ,  part i cul arly i f  they are perform ing treatab i l i ty stud i es 

for more than one cl i en t .  

One poss i bl e  sol ution that al l ows col l ect i on o f  l arger quant i t i es of 

sample i s  to hol d the sampl e at the s i te and sh i p  batches to the test fac i l i ty 

as needed . General ly ,  at l east 10 kg of samp le  i s  needed to provide enough 

sample  to test;  however , it i s  important to be sens i t i ve to the 1000 kg 

1 i mi t .  

In  practi ce ,  sampl e quant ity needs wi l l  vary from project to 

project , depend i ng on the s ize of the waste materi al , the compl exi ty of waste 
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chemi stry, QA/QC requi rements,  and the bi nder to be used . other factors 

affect i ng sampl e vol ume requi rements cannot be known beforehand .  

2 . 2 . 1 . 2  Stat i sti cal Approaches 

It shou ld  be emphasi zed that sampl i ng i n  support of SIS treatabi l i ty 

stud ies encompasses more than the usual soi l or waste sampl i ng undertaken i n  

R I  stud ies at a Superfund s i te .  It  i s  i mportant that the sampl es are ade­

quately  s ized and representati ve .  S i nce wastes may be found i n  d i verse 

l ocat i ons and physi cal states,  each sampl i ng rout ine shou ld  be designed to fit 

the waste and the s i tuat ion .  Wastes to be treated w ith SIS may occur as 

nonhomogeneous mi xtures in  strat i fi ed l ayers or as poorly mixed congl omerates .  

For such wastes i t  i s  part i cul arly i mportant to have a careful l y  assessed, 

wel l -pl anned , and wel l -executed sampl i ng routi ne to ensure that sampl es are 

representat ive .  For exampl e ,  wastes stored i n  surface i mpoundments with 

strati fi ed s l udges and covered by wastewater, would  probably requ i re samples 

of the wastewater, the sl udges,  and the soi l beneath the sl udge s .  Add it i onal 

informati on on sampl i ng pl ans can be found i n  the ASTM Standard Guide for 

General Pl ann i ng of Waste Sampl i ng (ASTM-D-4687-B7 ) . 

Cost i s  an important factor i n  determ i n i ng the extent of sampl i ng .  

Invol vement of a stat i st i c i an knowl edgeabl e i n  sampl e des i gn can hel p to 

minimize cost by ensuri ng that the sampl es are co l l ected i n  the most effi c ient 

way so as to provi de adequate i nformati on for stat i st i cal analys i s  of the 

resul ts .  

Sampl i ng for SIS must address four areas ,  dependi ng on  the  spec ifi c  

needs of the treatabi l i ty study and regul atory requi rements : 

• Chemi cal compos i t i on of the untreated waste 

• Phys i cal propert ies of the untreated waste 

• Process control sampl ing (U . S .  EPA , 1 990b) 

• Qual i ty assurance/qual i ty control (QA/QC) 
representati veness and accuracy 

The fi rst two areas of sampl i ng apply to al l SIS treatabi l i ty 

stud ies .  However , sampl i ng for process control appl ies  only to pi l ot-scal e 

studies and to the actual SIS remed i al operat ion .  
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Assessment of  the chemical composi t i on and physi cal propert ies of 

wastes in SIS treatabi l ity stud i es typ i cal l y  i s  based on a l imi ted number of 

field measurements .  However, the vari abi l i ty of  f iel d measurements can be  

quite compl ex . This vari abi l ity i s  compounded by several factors such as 

measurement uncertai nty, fi eld heterogenei t i es (e . g . ,  in soi l and water 

propert ies ) , and sampl i ng vari abi l i ty .  In cases where dec i s ions must be made 

from h ighly vari abl e data , i t  i s  cruci al that the i nformati on upon whi ch the 

dec i s i ons are based be obtai ned from samples that are sel ected through the use 

of stat i s t i cal sampl i ng des i gn procedures . There are at l east three important 

purposes for stat i st i cal sampl i ng des ign :  

• to ensure that the sampl i ng i s  representati ve 

• to provi de numeri cal estimates for dec i s i on maki ng 
that have quanti fi abl e error l i mits 

• to improve sampl i ng efficiency ( i . e . ,  to provide  
estimates that are prec i se enough at  the l owest 
possi bl e  cost)  

The design steps for sel ect ing fi e ld  sampl i ng l ocat ions,  measure­

ments ,  and data analyses for SIS treatabi l i ty stud ies  are s i mi l ar to those 

descri bed by other authors for envi ronmental moni tori ng of chemical s (Ke i th, 

1988 ; G i l bert ,  1987 ) .  These f ive steps can be summari zed as fol l ows : 

1 .  Define the sampl i ng zones ,  sampl i ng frames , and 
vari abl es ( s }  of i nterest. 

2.  Defi ne a general sample  col l ect i on strategy for each 
sampl ing zone.  

3 .  Develop a stat i sti cal model and stat i st i cal sampl i ng 
object i ves for each sampl i ng zone .  

4 .  Speci fy the  est imati on and/or test i ng procedures to  
be empl oyed and the i r  desi red stat i sti cal 
properti e s .  

5 .  Sel ect the sampl i ng des ign parameters t o  achi eve the 
des i red stat i st i cal propert i es .  

The " sampl i ng zone" refers to the spec i fi c  waste area that must be 

characteri zed , typ i cal l y  a contami nated soi l body or waste accumul at ion .  The 
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"sampl i ng frame" then refers to the compl ete set of potenti al sampl i ng un its  

( e . g . ,  soi l  grab sampl es or core samples )  that make up the sampl i ng zone . 

Each sampl i ng objecti ve must be rel ated to a spec i fi c  var i abl e that can be 

measured on every sampl i ng un i t  ( e . g . , waste sampl e ,  soi l sampl e ,  water 

s ampl e) . In  th i s  way, each object i ve can be stated i n  terms of the measured 

var i abl e and some summary val ue across the ent i re sampl i ng zone ,  such as an 

average val ue or a maximum val ue .  General ly ,  a vari ety of  physi cal , chemi cal , 

and bi ol og i cal propert i es ( e . g . ,  soi l mo i sture, pH, and chemi cal concentra­

t i ons)  can be measured on each col l ected sampl e .  

The " sampl i ng strategy" spec i f i es the general method , such as 

systemati c ,  random, or strati fi ed random , by wh i ch sampl i ng l ocati ons wi l l  be 

sel ected . However, establ i sh i ng the sampl i ng strategy for a part i cul ar zone 

descri bes the fi nal sampl i ng p lan only i n  general terms . To l ay out the 

spec i fi c  sampl i ng pl an in each zone, the number and locati ons of samples need 

to be cl early defi ned i n  terms of several sampl i ng des ign parameters . The 

" stat i st i cal propert i es" of the sampl i ng des ign , such as est imati on prec i s i on ,  

are then a funct i on of these parameters . Exampl es of des i gn parameters for a 

mon i tor i ng program are as fol l ows : number of sampl i ng l ocat i ons ,  number of 

repl i cat i ons , grid  confi gurat i on and orientat i on ,  sampl i ng t i mes ,  and measure­

ment prec i s i on .  I f  wastes are present i n  strat i fi ed l ayers such a s  i n  a 

l agoon or waste p i t ,  the depths at whi ch sampl es are taken wi l l  be i mportant 

to the sampl e des i g n .  

After establ i sh i ng the sampl i ng frame and vari able ( s )  of i nterest 

for each sampl i ng zone,  an appropri ate mathemat i cal model shou l d  be sel ected 

to descr i be the ant i c i pated stat i st i cal propert i es of the measured val ues .  I t  

i s  i mportant that a knowl edgeabl e stat i st i c i an be i nvol ved i n  both samp le  

des i gn and model sel ect i on .  The sampl i ng objecti ves for each zone can then be 

refi ned and restated i n  terms of the var iabl es and parameters of the stat i st i­

cal  model . For every sampl i ng object ive ,  the est i mation and i nference 

procedures to be empl oyed must be stated cl early and referenced . General ly ,  

these procedures wi l l  i nvol ve e i ther est imat i ng of  parameter val ues for the 

stat i st i cal model or test i ng a stat i st i cal hypothes i s  about the parameter 

val ue s .  

Some exampl es o f  mathemat i cal model s commonly used i n  envi ronmental 

as ses sments and SIS treatabi l i ty stud i es are l i sted bel ow: 
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• Gaus s i an ( Normal ) Model - used to estimate the 
average of some characteri st ic  of the waste { e . g . , 
average concentrati on i n  soi l of a speci fi ed 
contaminant } ;  estimator i s  the ari thmeti cal average 
of the measured data .  

• Lognormal Model - used to  esti mate the medi an of  
some characteri stic  of  the waste; th i s  model i s  l ess  
sensi t i ve to  outl i er data than the Gauss i an model ; 
est imator i s  the ant i l og of  the average of the 1 09-
transformed data. 

• Bi nomia l  Model - used to est i mate proport i on s  of 
some characteri st ic  of the waste (e . g . ,  fract i on of 
the waste where the concentrati on of a contam i nant 
is above a speci fied threshol d) ; estimator i s  a 
sampl e proporti on cal cul ated by compari ng measured 
data to the spec if ied threshol d .  

Data qual i ty objectives can then be establ i shed at l evel s that make 

poss i bl e  rel i abl e dec i s i on-making about the chemi cal and phys i cal properti es 

of the waste from the sampl i ng resu lts . From a sampl i ng desi gn poi nt of v i ew,  

determin ing the des i red qual i ty of the data amounts to  sett i ng requ i rements 

for the stat i sti cal performance of the sel ected estimat i on and i nference 

procedures . Once the data qual i ty objecti ves have been determi ned , the 

speci f ic  sampl i ng pl an can be establ i shed by sett i ng the number of sampl es ,  

repl i cat i on s ,  etc . requi red to  sati sfy the data qual i ty objecti ves .  

For examp le ,  a data qual i ty object i ve for a part i cul ar study m ight 

be to assess the waste for the average concentrati on of a tox ic  metal ( e .g . ,  

mercury) i n  the waste to within  an error of pl us-or-mi nus 20% . Usi ng the 

propert ies  of the mathematical model , the stat i st i c i an can eas i l y  determ i ne 

the m in imum number of samp les requi red to sat i s fy the data qual i ty objecti ve . 

It  i s  often useful to have the stat i st i c i an prepare a tabl e rel at i ng d i fferent 

sampl e s i zes to the correspond i ng stati sti cal confi dence l evel s ,  so that 

sampl i ng costs can be control l ed by trading off resources ava i l abl e agai nst 

confidence requ i red . 

2 . 2 . 2  Waste Acceptance 

Waste acceptance i nvol ves analyz i ng a representat i ve subsampl e to 

determi ne compl i ance wi th exi sti ng fac i l i ty permits for the l aboratory where 

subsequent anal yti cal and bench-scal e test i ng i s  to occur and to screen waste 

for the safety of faci l i ty personnel . The primary i ssue here i s  that SIS 
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treatment i n  the fi el d usual l y  i nvol ves c lose contact between workers and the 

wast e ,  and there are types of waste that may be too toxi c to perm i t  e i ther the 

l aboratory or fi e ld  operat i ons to be conducted safely .  Such wastes are 

screened from further consi derati on as a candi date for SIS treatment at thi s  

poi nt . Less tox i c  mater i al s can be handl ed by nonpermi tted faci l i t i es i f  

they have a treatab i l i ty study exempti on (40 CFR 261 . 4  (f) (4 » . 

A representat i ve subsamp l e  of the untreated waste must undergo 

chemi cal analys i s  before be i ng shi pped to the anal yti cal  or bench-scal e 

test i ng faci l i ty (or fac i l i ti es )  to meet U . S .  Department of Transportati on 

(DOT) s h i pp i ng requ i rements and to demonstrate compl i ance w i th exi s t i ng 

faci l i ty permi t s ,  permit exc lus ions for treatabi l i ty studies ,  and/or Heal th 

and Safety Pl ans . Probl emat ic  consti tuents i ncl ude d i ox i n s ,  furans ,  rad io­

nucl i d e s ,  and exces s i ve l evel s of PCBs or cyan i de .  I n  add i t i on ,  there may be 

appl i cabl e DOT pre-sh i pment requ i rements and hazardous waste man i fest or 

dri ver cert i fi cati on requ i rements that must be sat i sfied dur i ng sh i p p i ng .  In 
add i t i on ,  even i f  the waste does not present an unacceptabl e degree of hazard 

at a permi tted l aboratory or test fac i l i ty ,  i t  may present hea l th or safety 

problems for workers i n  the fi e l d  duri ng the fu l.l -sca l e  SIS treatment . The 

potent i al for th i s  type of s i tuat i on shoul d al so be assessed ( U . S .  EPA , 

1990b) . 

2 . 2 . 3  Waste Characteri zation 

The purpose of thi s sect i on i s  to provide a brief overvi ew of the 

vari ous waste types and contami nants and t he ir  sui tab i l i ty for treatment with 

SIS technol ogy . Industri al was tes i ncl ude a wi de var i ety of materi al s ,  both 

hazardous and nonhazardous .  The wastes may come from various types of 

i ndustri es such as manufacturing ,  chemi cal production , petrol eum refi ner ies ,  

or  power product i on .  These wastes typ i cal ly i ncl ude materi al s such as  

s l udges ,  spent cl ean i ng material s , pi ckl e l i quors , pl at i ng waste s ,  and 

combust ion res i dues . Many of these wastes are compl ex mi xtures that cannot · be 

categori zed eas i ly .  Tabl e 2-1 l i sts generi c wastes under broad i ndustri al 

group i ngs . These gener iC  waste types are not a l l  amenabl e to SIS treatment 

but are presented to i l l ustrate the types of i ndustri al wastes encountered i n  

practi ce .  SIS processes are general l y  used to treat sl udges or contami nated 

soi l s .  Major producers of hazardous sl udge i ncl ude private i ndustr i es , 

2- 13 



TABLE 2-1 .  GENERAL INDUSTRIAL WASTE CATEGORIES 

I ndustry 

Automobi l e  

Chemi cal 

Chemi cal cl ean i ng 
Dredgi ng 
Food processing 
Leather tann i ng and fi n i shing  

Metal fi n i s h i ng and major 
app 1 i ance 

Mun i c i pal 

Nonferrous metal s 

Paint and pai nti ng 

Pharmaceuti cal 

Pl asti� and rubber 

Pol l ut i on control 

Power 

Pul p . and paper 

Refi nery and petrochemi cal 

Sani tary l andfi l l  
Steel 

Text i l e  

Waste category or source 

Automobi l e  assembly wastes , foundry 
pl ant wastes , neutral i zed p i ckl e 
l i quors , treated pl ati ng wastes , 
treatment pl ant wastes 

Aci ds ,  al kal i es ,  metal -conta i n i ng 
s l udges,  treatment pl ant sl udge 

Spent cl ean i ng sol uti ons 
Contami nated dredge spoi l s  
B i o l og i cal treatment sl udges 
B i ol ogi cal treatment s l udges , metal -

contai n i ng sl udges 
Di ssol ved metal sol uti ons , p ickl e 

l i quors, rinse water neutral i zati on 
s l udge , treatment pl ant s l udge 

Sewage s l udges ,  water treatment 
sl udges 

Ai r polluti on control (APC ) dust and 
sl udges ,  l ime/l imestone wet 
scrubber sl udge,  waste p i ckl e l i quors , 
water treatment sl udge 

Metal pi ckl i ng and cl ean i ng wastes , 
pain t  sl udges 

B i ol og i cal treatment s l udge , fi l ter 
cake , spent carbon 

Bi ol og i cal treatment sl udge, metal ­
contai n i ng sl udge 

APC sl udges , general spent acti vated 
carbon , spent res i n s ,  water 
treatment pl ant s l udges 

Fly ash , l ime/l imestone scrubber 
sl udges ,  boi l er cl eani ng sol uti ons 

Bi ol ogi cal treatment sl udges ,  spent 
cl ay and fi bers 

Ameri can Petrol eum I nst i t ute o i l /water/ 
s l udge mixtures , b iol og i cal 
treatment sl udge, spent l i me sl udges 

Landfi l l  l eachates 
APC dust and sl udges ,  metal fines,  

scal e pi t sl udge, waste pi ckl e 
l i quors , water treatment sl udge 

Bi ol og i cal treatment sl udges , 
metal -contai n i ng sl udges 

Repri nted from : Conner, J .  R .  1 990 . Chem i c a l  Fixa t i on and So l idificat ion of 

Hazardous Wast e s .  Van Nostrand Re i n hol d ,  New York. pp . 267-268. Used by 
perm i ss i on of Van Nostrand Re i nhol d .  
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uti l i ty compan i es ,  and water/wastewater treatment pl ants .  Waste types can be 

broadly categori zed under a vari ety of hazardous waste regul ati ons .  

2 . 2 . 3 . 1  Regul atory Framework 

One major waste type consi dered i n  th i s  document i s  wastes covered 

by CERCLA (see Sect ion 1 . 3 . )  Hazardous substances under CERCLA are broadly 

defi ned and i ncl ude a wide var;'ety of materi al s .  The concept of "hazardous 

substances" under CERCLA i s  defi ned with reference to al l of the major federal 

envi ronmental statutes . Approximately 700 el ement s ,  compounds ,  and waste 

streams are desi gnated as "hazardous substances"  under CERCLA (40 CFR 302 . 4) 

by v i rtue of the ir  regul ation under one or more of these other envi ronmental 

statutes .  However, petrol eum, natural gas , natural gas l i qu ids ,  l i quefi ed 

natural gas,  and syntheti c  gas usabl e for fuel are excl uded from the defi n i ­

t ion of "hazardous substances"  under CERCLA. 

Hazardous wastes that are covered by the Resource Conservati on and 

Recovery Act ( RCRA) are defi ned i n  the regulati ons spec i fi ed i n  40 CFR 

Part 261 . Such wastes are ei ther " l i sted wastes" or "characteri st ic  wastes , "  

as d i scussed i n  the fol l ow ing paragraphs ( see al so Secti on 1 .3 ) . 

"L i sted wastes" are spec i fi c  chemi cal s or spec if i c  types of wastes 

l i sted in 40 CFR Part 261 Subpart D. Each l i sted waste i s  assigned a hazard­

ous waste i dent i fi cat i on number. Hazardous wastes from nonspec i fi c  sources 

( e . g . ,  spent hal ogenated sol vents used in degreas i ng)  are l i sted i n  

40 CFR 261 . 3 1 .  Hazardous waste from spec ific  sources ( e . g . ,  di sti l l at i on 

bottoms from the production o f  acetal dehyde from ethyl ene) are l i sted i n  

40 CFR 261 . 3 2 .  Di scarded commerci al chemi cal products ,  off-speci fi cat i on 

materi al s ,  contai ner res i dues , and spi l l  res i due ( i  . e . , spec ifi c  chemi cal s )  

are l i sted i n  40 CFR 261 . 3 3 .  

Wastes t h a t  are not spec i fical ly l i sted may be  cons idered hazardous 

because they have one or more of the four ch aracteri sti cs  defined i n  40 CFR 

261 Subpart C. These hazardous characteri st ics  - i gni tabi l i ty,  corrosi v i ty ,  

react i v i ty ,  and tox i c i ty - are defi ned i n 40  CFR Part 261 Subpart C .  

The Tox i c  Substances Control Act (TSCA) provi des a regul atory 

framework for deal i ng comprehen s i ve l y  w i th r i s k s posed by the manufacture and 

use of chemi cal s u b s t ance s .  Under TSCA , U .S .  EPA i s  authori zed to regul ate 

the manufacture , p roce s s i ng ,  d i st ri bu t ion ,  use, and d i sposal  of a chemi cal or 

a mixt ure of chemi cal s .  The U . S .  EPA can p l ace restr i ct i ons on spec if i c  
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compounds or groups of compounds i f  they pose an unreasonabl e ri sk to h eal th 

or the envi ronment . Polychl ori nated bi phenyl s ( PCBs ) are one group of 

compounds the U . S .  EPA has chosen to regul ate under TSCA. The d i sposal 

requi rements for PCBs g i ven in 40 CFR 761 . 60 apply to cl eanup of PCB-contami­

nated wastes or so i l s  at  CERCLA s i tes . 

2 . 2 . 3 . 2  Contaminant Characteri sti cs and Treatment Types 

Contami nant cl asses i n  wastes i ncl ude metal s and metal compounds , 

organ i cs of various types , and other const i tuents such as an i ons .  The c l ass 

of contami nants in a waste wi l l  i n fl uence the type of SIS treatment that can 

be appl i ed to the waste .  

Metal and metal compounds i ncl ude nat i ve metal , sal ts of  metal s ,  and 

metal an i ons such as arsenate,  mol ybdate,  or sel enate . Metal contami nants 

cannot be destroyed by chemi cal or thermal methods .  Therefore , they are 

e i ther extracted from the waste and concentrated i nto a more manageabl e form 

v i a  a soi l wash i ng/extracti on technol ogy or are immobi l i zed v i a SIS . Al though 

immobi l i zat i on i s  theoret i cal l y  poss ibl e  for most metal s ,  the d i ffi cul ty and 

cost of  such treatment varies  greatl y  accordi ng to numerous factors , such as 

form, speci ation ,  quanti ty,  and concentrat i on of the metal . Some exampl es of 

metal s and groups of metal s tested for SIS treatment are l i sted i n  Tabl e 2-2 . 

Certain  organi c-contaminated wastes ,  such as heavy sl udges or so i l  

contami nated with  organics ,  are al so amenabl e to SIS treatment . Thi s  i s  true 

part i cul arly i f  the organics are present with  metal s or ani ons ,  are mi nor 

components of the waste,  or are nonvol ati l e  and/or vi scous ( see Tabl e 2-3) . 

Gi ven the wide variety of organ i c  compounds ,  i t  i s  not poss i bl e  to prepare a 

comprehens i ve l i st of organ i c  compounds amenabl e to SIS treatment .  However, 

Tabl e 2-4 l i sts some organ i c  wastes that have been cons idered as candidates 

for SIS treatment . Sol id i ficat i on/stabi l i zation,  e i ther d i rectl y or fol l ow i ng 

i nc i nerat i on ,  has been ident i fi ed as the Best Demonstrated Avai l abl e Technol o­

gy ( BOAT) for some organic  wastes ( see Tabl e 1-1 ) . However, wastes with  

s i gn i fi cant quanti t i es of organ i c  mater ial , parti cul arly vol at i l e  organ i c  

mater ial , typi cal l y  are treated better with other types of treatment technol o­

gy. Organ i c  material s can frequently be extracted or destroyed by chemi cal or 

thermal processes . Organ i cs can be d i ffi cul t to stabi l i ze with i norgan i c  SIS 

b i nders and can , i n  fact , i nterfere with the setti ng react i ons ( see 
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TABLE 2-2. EXAMPLES OF SOME METAL WASTES TESTED FOR SOLID IFICATION! 
STAB I L IZATION TREATMENT 

Contami n ant 

A l uminum 

Al umi num ( and other metal s )  

Antimony ( and other metal s )  

Arseni c  

Arsen i c  

Arseni c  

Arseni c  

Bari um 

Cadmi um ( an d  z i nc )  

Cadmi um ( and other metal s )  

Cadmi um ( and other metal s )  

Chromi um ( and other metal s )  

Chromium ( and other metal s )  

Chromium ( and other metal s )  

Chromium ( and other metal s )  

Copper 

Copper 

Copper ( and z i nc )  

Copper ( and t i n )  

Copper ( and other metal s )  

Copper ( and other metal s) 

Lead 

lead ( and other metal s )  

lead ( and other metal s )  

lead ( and other metal s )  

Mercury 

Nickel ( and other metal s )  

Ni ckel ( and other meta l s )  

Waste Type 
Metal fi n i sh i ng 

Al umi num anod i z i ng sl udge 

Battery manufacturi ng fl ue dust 

Phosphoric  aci d  f i l ter cake 

Fly ash 

Herb i c i de waste 

Phosphoric aci d f i l ter cake 

Vari ous 

Sal t s l urry 

Battery p l ant s l udge 

Contaminated soi l  

Chromium pl ati ng s l udge 

Al umi n um anod i z i ng sl udge 

Chrom i c  acid  r i n s e  

Contaminated s o i l  

Catalyst 

Catalyst substrate 

F i l ter press cake 

Foundry sand 

Metal fi n i sh 

Cl arifier sl udge 

Portl and cement ki l n  dust 

Battery pl ant sl udge 

Battery manufacturi ng fl ue dust 

Contaminated soi l 

Chl or-al kal i mercury cel l  

Battery pl ant sl udge 

Metal f i n i s h i ng sl udge 
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TABLE 2-2 . EXAMPLES OF SOME METAL WASTES TESTED FOR SOLIDIFICATION/ 
STABILIZATION TREATMENT (Conti nued) 

Contaminant 

Ni ckel ( and metal s )  

S i l  ver 

Sod i um 

Tin (and metal s )  

Z inc (and cadmium) 

Z i nc (and copper) 

Z i nc ( and copper) 

Zinc ( and metal s )  

Z i nc ( and metal s )  

Mi xed metal s 

Mi xed metal s 

Mi xed metal s 

Mi xed metal s 

Mixed metal s 

Mi xed metal s 

Mixed metal s 

Mixed metal s 

M ixed metal s 

M ixed metal s 

Mi xed metal s 

Mi xed metal s 

Mi xed metal s 

Waste Type 

Contaminated so i l  

Various 

Metal f in i shing sal t s l udge 

Battery manufacturi ng fl ue dust 

Metal sal t sl urry 

Cl ari fi er sl udge 

F i l ter press cake 

Battery pl ant sl udge 

Contami nated soi l  

Pai nt sl udge 

Foundry sl udge 

Ore process ing l each ing res i due 

Pri nt i ng wastewater treatment 
sl udge 

Pri nti ng wastewater treatment 
f i l ter cake 

Pai nt waste i nci nerator ash 

El ectrochemi cal machining waste 

Bi osl udge from chemi cal process 
waste treatment 

Cl ari fi er sl udge 

Lagoon sl udge 

Wastewater treatment f i l ter cake 

Neutral i zed acids 

Foundry and baghouse dust 

Not e :  Degree of sol id i fi cat ion/stabi l i zation achi eved was not reported . 
Sources : Conner,  1 9 9 0 ,  pp . 269-271 ; and U . S .  EPA, 1989g . 
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TABLE 2-3 . EXAMPLES OF SOME METAL AND ORGANIC MIXED WASTES 
TESTED FOR SOLIDIFICATION/STABI LIZATION TREATMENT 

Contami nant 

Al uminum, paraffi ns,  and water 

Bari um and organics  

Chromium and organi cs 

Chromium and organ ics 

Oi l ,  cadmi um,  chrome , and l ead 

O i l , l ead . chromi um, and arsenic 

Oi l ,  l ead , PCB, and arseni c  

PAH and organ i cs 

PCB and VOC 

Metal s and o i l  

Metal S and oi l  

Metal s ,  oi l .  and sul fur 

Metal s and organics 

Metal s and organi cs 

Metal s and organi cs 

Metal s and organi cs 

Metal s and organics 

Metal s and organi cs 

Metal s and organi cs 

Metal s and organics 

Metal s and organics  

Metal s and organi cs 

Metal s and organi cs 

Waste Type 

Waste l ubri cant 

Coke dust 

Tannery waste 

Dri 11 i ng mud 

Refi nery s l  udge 

Refi nery s l udge 

Contami nated soi l  

Contaminated soi l  

Contaminated soi l 

Spent oi l re-refining bl each cl ay 

Metal fi n i s h i ng buff wash 

Synthetic  oi l sl udge 

Weathered o i l  waste 

Coati ng manufacture waste s l udge 

Coat ing manufacture wastewater 
treatment sl udge 

Wastewater treatment pl ant sl udge 

Hazardous waste l andfi l l  l e achate 

Landfi l l  l eachate 

Mi xed l agoon sl udge 

Pri nting waste sl udge 

Sol der stri pp i ng sol ut i on 

W i re manufacture vi nyl waste 

Tannery l agoon bi osl udge 

Note:  Degree of  sol i d i ficati on/stabi l i zat i on ach i eved was not reported . 
Sources : Conner, 1990,  pp. 269-27 1 ;  U . S .  EPA, 1989g . 
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TABLE 2-4 . EXAMPLES OF SOME ORGANIC WASTES TESTED FOR 
SOLIDIFICATION/STABILIZATION TREATMENT 

Contaminant 

Carbon tetrachl oride and carbon 
d i sul fide 

Chl ori nated hydrocarbons 

Creosote 

Kepone 

Naphthal ene compounds 

Oi 1 and grease 

Oi l and grease 

O i l  and grease 

Pest ic ides 

PCB 

PCB 

Si l i cones 

Sol vents 

Sol vents 

Syntheti c  rubber 

Vi nyl chl oride and ethyl ene 
chl oride 

Organi cs 

Organ i cs 

Organi cs 

Organ i cs 

Organ i cs 
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Waste type 

Waste sl udge 

Petrochemi cal manufactur i ng waste 

Waste sl udge 

Contami nated so i l  

Waste sl udge 

Contami nated s o i l  

Oi l ,  soap , and grease i n  water 

O i l  s l udge 

Sl udge 

PCB o i l  

Contami nated s o i l  

S i l  i cone waste 

Rubber waste 

Pai nt waste 

Rubber waste 

Sl udge 

Pai nt wastewater treatment sl udge 

Pai nt waste sl udge 

Acryl i c/epoxy pa int wash 

Mi xed l agoon s l udge 

O i l  refin ing causti c  waste 



TABLE 2-4. EXAMPLES OF SOME ORGANIC WASTES TESTED FOR 
SOL IDIFICATION/STABILIZATION TREATMENT (Conti nued) 

Organics 

Organi cs 

Organi cs 

Organi cs 

Organi cs 

Organics 

Contaminant Waste type 

Tal l o i l  res i n  waste 

Organic  phase of l andfi l l  
l eachate 

Lacquer sol vent sti l l  bottoms 

Syntheti c  res in  waste 

Tannery waste 

Phenol i c  resi n  waste 

Note:  Degree of sol idi fi cati on/stabi l i zati on achi eved was not reported . 
Sources :  Conner, 1990, pp . 269-271 ; U . S .  EPA, 1989g . 

Sect i on 4 . 4 . 3  for a detai l ed di scuss i on of the i ssues concerning the stabil i­

zation of organi c  contaminants) . 

On the other hand, fl u id  oi l - and sol vent-based wastes , such as used 

solvents ,  d i st i l l at i on bottoms , and refi nery wastes,  are candi dates for SIS 

treatment only in speci al i zed appl i cati ons where sol idi fi cat ion i s  requi red 

temporari l y  for safety i n  transportation or storage, or i n  spi l l  control work. 

These wastes are normal ly i ncinerated i f  they are hazardous . 

Other consti tuents of concern i n  SIS incl ude several add it ional 

nonmetal i norgan ic  spec ies .  Table 2-5 l i sts examples of some i norgani c 

species tested for SIS treatment . 

2 . 2 . 3 . 3  Sampl i ng and Analysis  

Waste characteri zat ion for SIS treatab i l i ty studies goes beyond the 

requi rements of the RI and i s  usual ly done after the RI has been compl eted . 

Thi s characteri zat i on phase i nvol ves anal yzi ng untreated waste sampl es for 

chemi cal , phys i cal , and hazardous characteristics . The mi nimum amount of 

waste characteri zation for CERCLA s i tes is screen ing for substances on the 

2-2 1 



-----------------

TABLE 2-5 . EXAMPLES OF OTHER INORGANIC WASTES TESTED FOR 
SOLIDIFICATION/STABILIZATION TREATMENT 

Contami nant 

Acid  waste 

Acid (and metal s )  

Acid waste ( and organics )  

Boron fl uoride 

Causti c  waste 

Cyani de (and metal s )  

Fl uoride ( and metal s )  

Fl uoride ( and organ i cs)  

Oxal ates , sul fides (and 
organics)  

Waste type 

Metal fi n i s h i ng sol ut i on 

Sl udge 

Sl udge 

Pi l ot pl ant waste 

Al uminum drawing waste 

Pl ating s l udge 

Calc i um fl uoride s l udge 

Mixed petrol eum refi n i ng wastes 

Spent pul p ing l iquor 

Note : Degree of sol idi ficati on/stabi l izati on achieved was not reported . 
Sources : Conner, 1990, pp . 269-271;  and U . S .  EPA, 1989g . 

Hazardous Substances l i st .  Actual chemical analysi s  for each of these 

compounds may not be necessary if s i te records cl early show certain  substances 

to be absent .  However, some confi rmat i on analyses may be necessary .  The 

objecti ve i s  to determi ne wi th confi dence the primary target contami nants and 

any waste substrates or ch aracteri st i cs that may i nterfere s i gn ifi cantly  wi th 

the SIS process.  

Two add i t i onal objecti ves for col l ecti ng waste characterizat i on data 

are that such data are useful in sel ect i ng the most suitabl e bindi ng agent for 

the waste and i n  pred i ct i ng the ul t imate performance of the waste/bi nder 

mixture . Whi l e  at present these object i ves are not al ways achi evabl e,  they 

underscore the need for an accurate and stati st ical l y  desi gned database of  

waste characteri stics  i nformati on for each waste type be i ng eval uated. 

2-22 

• 



The amount of new data that must be generated as part of the SIS 

treatabi l i ty study can frequently be mi n imi zed by exami n i ng waste and s i te 

h i story and any characterizat i on data  that may have been al ready generated . 

If data exi st and are rel i abl e ,  they may el imi nate or reduce the need for 

add i t i onal testi ng . At a m i n imum, background i nformati on on waste h i story 

wi l l  al l ow the subsequent anal yti cal acti vi ties to be more focused , emphas i z­

i ng target contaminants and problem constituents . 

Types of characteri zat i on data that may be required for the untreat­
ed waste i ncl ude chemi cal , physical , or physi cochemical ( i . e . , rel ati ng to the 

form of the contami nant as opposed to i ts bul k concentrati on ) . A number of 

frequently used testi ng methodol ogi es are compi l ed in Chapter 3 ,  and their 

appl icabi l i ty to untreated waste i s  i ndicated . The reasons for generati ng 

characteri zat ion data i ncl ude : 

• To gather i nformation on s ubstances that i nterfere 
with common SIS processes . 

• To establ i sh basel i nes for compari son with chemical 
data on the treated waste. 

• To gather i nformat ion on U . S .  EPA hazard 
characterist ics .  

• To establ i sh the target contaminants and their 
phYSi cochemi cal form . 

One of the primary reasons for col l ecting characteri zati on data i s  

t o  establ i sh the target contami nants i n  the waste, i n  terms of both i denti ty 

and concentrat i on .  At a m i n imum, the waste shoul d be characteri zed us ing a 

" total waste analys i s '  or the equi val ent , i ncl ud ing :  

• El emental analys i s  (metal s )  

• Vol at i l e  organ i c  compounds (VOCs )  and semi vol at i l e  
organi c  compounds ( SVOCs) 

• Base,  neutral , and ac id  compounds (BNAs) (see Chapter 
3 for methods) 

The mi n imum analys i s  shou l d  al so i nc l ude l each i ng data to define the 

sol ubl e port i on of the contami nant i n  the waste ,  y iel d i ng an understand i ng of 
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contami nant part i t i on i ng i n  the waste . I f  poss ibl e ,  i t  i s  des i rabl e al so to 

have some i nformati on on physi cochemi cal form. Thi s  i s  true parti cul arl y for 

metal s ,  whose reacti v i ty wi th vari ous bi ndi ng agents can vary s ign if i cantl y 

dependi ng on the speci es present . Because detai l ed mi crocharacteri zat ion can 

be expens ive ,  the analys i s  program shoul d be thought out carefu l ly .  Exampl es 

of mi crocharacterizat ion data i ncl ude val ence state i nformati on for el ements 

such as arseni c  (As) or chromi um (Cr) , sol i d  phase characterizat i on ,  el emental 

analys i s ,  and structural characteri zat ion .  Secti on 3 . 5  provides a br ief 

overview of procedures for mi crocharacterizati on .  Detai l ed mi cro­

characteri zat ion i s  typi cal l y  used only i n  research and devel opment projects .  

Characteri zat ion of wastes from CERCLA s i tes shoul d i ncl ude at l east 

substances on the Hazardous Substances L i st (both organi cs and metal s ) . Al so,  

if not col l ected as part of the basel i ne data d i scussed above, data On the 

sol ubl e ( l eachabl e )  contami nants in the waste need to be generated to estab­

l i sh the target contami nants whose l eachab i l i t i es must be reduced during the 

SIS process . Al so needed are data on the RCRA hazard characteri sti cs of the 

waste . The four types of hazard characteri sti cs are toxici ty ,  i gn i tabi l i ty ,  

react iv ity ,  and corros i v i ty .  I f  present , the hazard characteri st ics for 

i gn itab i l ity ,  react iv i ty ,  and/or corrosi v i ty may precl ude stabi l ization or at 

l east i nd i cate the need for pretreatment . 

Basel i ne data can i ncl ude a vari ety of parameters and, by defi n i­

t i on ,  are needed to assess how the  parameters change dur i ng SIS treatment .  

Such data may be ei ther chemi cal ( e . g . ,  pH, Eh , total and l eachabl e contami ­

nants) or physi cal ( e . g . ,  spec i fi c  gravi ty .  permeabi l i ty ,  physi cal state,  

total sol ids ,  part ic le  s i ze di stribut ion ,  presence of debri s ,  dustiness , 

vi scosity ,  etc . ) .  Perhaps the most important basel i ne data at thi s stage are 

data that demonstrate the hazardous nature of the waste and thus consti tute 

the bas i s  for the SIS treatment .  The hazardous cl assi fi cat i on may be based 

upon ei ther sol ubl e (e . g . , Toxi c i ty Characteri st i c  Leach i ng Procedure [TCLP] ) 

or total (ac id-digesti bl e )  contami nant concentrat i ons .  If the waste i s  not 

l egal ly hazardous and i f  there i s  no other regul atory-dri ven need to stabi l i ze 

the waste , there may be no need to proceed with the SIS project . 

Another characterizat i on data category i s  const i tuents that may 

i nterfere wi th the SIS process .  These i ncl ude a great vari ety of constitu­

ents , depending on the bind i ng agent contempl ated . Exampl es  are o i l  and 
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grease and sol ubl e sal ts  such as hal i de for cement-based technologi es ( see 

Sect i on 4 . 3 ) .  

Al ong w i th the chemi cal data, there i s  a need for physi cal proper­

ties  and textural characteri stics data, because heterogeneous wastes contai n­

i ng l arge bl ocks or boulders may be d iffi cul t to process wi thout pretreatment .  

Al so incl uded i n  th i s  category are other parameters that wi l l  a id  i n  the 

sel ecti on of the bi nd i ng agent or the design of the SIS proces s .  Exampl es are 

part i cl e  s i ze and water content .  

2 .2 . 4  Site Characteri zation 

Informati on on s i te characteri st i cs i s  an important aspect of the 

technol ogy screen i ng process . The fol l owing types of i nformat ion are h i ghly 

useful : 

• Basel i ne i nformati on on the geol ogy, hydrology, 
weather, etc . ,  may constrain the desi gn of the field 
treatment system, i nfl uence project t imi ng ,  and have 
other effects . 

• Site l ayout and proximi ty to needed resources al so 
affect engi neeri ng des i gn and , therefore, project 
cost .  

. 

• Informati on on s i te history may provi de val uabl e 
i ns i ght about the waste, i ncl ud i ng the types of 
chemi cal s that were used at the s i te and the general 
l ocat i on where they were rel eased or d i sposed of. 
Knowl edge of s i te operati ons can al so suggest metal 
speci ati on (e . g . ,  presence of an ion i c  forms of metal ) .  

Overal l s i te-speci fi c  concerns wi th regard to a remed ial act i on 

project are geared toward eval uat i ng waste contai nment potenti al .  Important 

s i te parameters i n  th i s  regard i ncl ude the fol l owi ng (modifi ed from Col onna et 

al . ,  1990) . 

• Area of the s i te 

• Permeabi l i ty of the area soi l s ,  both for a review of 
l eachi ng capab i l i t i es and for poss ibl e  l i ner/cap 
materia l  

• Amount and type of  rocks and debri s 
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• Exi sting groundwater contamination 

• Basel i ne i nformation on uncontaminated or upgradi ent 
groundwater 

• Groundwater fl ow regimes 

• Veloci ty and d irect ion of both groundwater and ambi ent 
a ir  

• Site drai nage 

• Site meteorol ogy 

• Proximity to popul ated areas 

• Locati on and sens it iv ity of receptors 

• Access routes to and from the s i te ,  i ncl uding any 
United States Department of Transportati on ( U . S .  DOT) 
restricti ons 

• Ava i l abl e work area/stockpi l i ng area on the s ite 

• Fi nal di sposal opti ons and thei r  si te-specific 
impl i cations 

• Postremed i ation use of the s i te 

• Sensit ive envi ronmental areas wi thin the work s ite ,  
such as fl oodpl a i ns or  marshes 

• Waste product vol ume increase and i ts impl i cations for 
the capacity of the site to contain fi nal product i f  
on-si te d i sposal i s  requ i red/preferred 

• Potent i al for fug itive dust 

• Abi l i ty to mix  the materi al s adequately on the s i te 

• Avai l abi l i ty of the bi nder materi al s  and addit ives i n  
the amounts requi red for the ent i re s i te 

Host of the s ite i nformati on needs can be categorized as rel ati ng to water 

tabl e ,  c l imate, soil  characteri st i c s ,  s ite  l ayout , or l ogi stics ( U . S .  EPA, 

1 989b) . 

In some case s ,  the waste s ite cannot provide suffici ent area for the 

expected processi ng, bi nder stockp i l i ng, and temporary or fi nal waste di spos­

al . Some k inds of process i ng requi re stockp i l i ng of untreated excavated 

wastes ,  the processed wastes,  and the binder . These mater i al s may have to be 

2-26 



covered to reduce exposure to wi nd and precipitat ion .  Bi nders i ncrease the 

vol ume of the waste product , and th i s  added vol ume could present d i ffi cul t i es 

i f  the SIS product i s  buried i n  the origi nal waste s i te excavation .  Sol uti ons 

to probl ems posed by l imi ted area must be developed on a s i te-speci fi c  bas i s .  

Del i very of prewei ghed amounts of the b inder d i rectly to the process s i te i s  a 

poss ibl e  sol ution. The bi nder then can be added di rectly to the mi x i ng area 

rather than bei ng stockp i l ed i n . bul k contai ners . 

The presence of an el evated water tabl e extendi ng i nto the potenti al 

di sposal zone i n  the waste area creates four probl ems : 

1 .  A water tabl e poses the possi bi l i ty of exi sti ng 
groundwater contaminat i on .  

2.  Excess water (espec i al ly fl owing water) can cause 
excavati on d i fficul t i es . 

3 .  A water tabl e creates the potenti al need for 
dewateri �g a saturated waste materi al pri or to i ts 
process i ng .  

4 .  Al so, i f  on-si te di sposal i s  sel ected, there i s  a 
h igher potenti al for l eachi ng of the d i sposed 
waste , and there probably wi l l  be a requi rement for 
a permanent groundwater mon i tori ng system and 
col l ection of l eachate.  

Al l four of these probl ems have signi ficant cost impl i cations and must be 

resolved before the fi nal technol ogy sel ecti on i s  made (Col onna et a1 . ,  1990) . 

2 . 2 . 5  Qual i ty Assurance/Oual i ty Control 

Qual i ty assurance/qual i ty control (QA/QC) i s  an important aspect of 

waste sampl i ng and characteri zation.  The resul ts of the chemi cal analyses 

must be val i d  and stat i stically s ign i fi cant.  

The U . S .  EPA 's  Qual i ty assurance pol i cy requi res that every moni tor­

i ng and measurement program have a wr i tten and approved Qual i ty Assurance 

Project Pl an ( QAPj P ) . These requi rements are spec i fied i n  Costl e ( 1979a and 

1979b) . The spec i fied QA/QC requi rements apply to al l envi ronmental data 

col l ection,  mon i tori ng .  and measurement efforts authorized or supported by the 

U . S .  EPA. It i s  important t h at ·anyone undertaki ng an SIS treatabi l i ty study 
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understand U . S .  EPA QA/QC objectives and requi rements i n  order to achieve data 

qual i ty .  

Another objective of the QA/QC program i s  to  assess and ident ify 

measurement errors that may enter the data col l ection and measurement system 

at vari ous phases of the project duri ng sampl i ng ,  sample handl i ngl prepara­

t ion ,  and analysi s .  The U . S .  EPA Superfund Treatabil i ty Study Protocol (U . S .  

EPA, 1 990b) and the documents c i ted therein  provide an overview of U . S .  EPA 

QA/QC guidel i nes for treatabi l i ty stud ies ,  i ncl ud ing a di scuss i on of the 

fol l owing:  

• Preparation of the Qual i ty Assurance Project Pl an 
(QAPjP) 

• Data qual i ty objectives (DQO) 

• The need to identi fy the sources and types of 
errors that may occur duri ng the sampl i ng ,  
analysi s ,  and treatabi l i ty measurement process 

• The need for qual i ty control sampl es 

• Data qual i ty i ndi cators,  measurement errors, and 
documentat i on 

2 . 2 . 6  Gui dance for Si te-Specific Informati on Requirements 

Tabl e 2-6 l i sts several gui del i nes pertain ing to the sampl i ng and 

analysi s  act iv it ies that support the SIS technol ogy screeni ng process ,  as 

di scussed in Secti on 2 . 2 .  For many remedi al action projects i nvol v i ng SIS, 

parti cul arly those i nvol ving rel atively s i mpl e s i tes , not al l of the guidance 

in Tabl e 2-6 wi l l  necessari ly  apply .  For l arge , comp lex projects ,  there may 

be addit i onal i ssues and concerns not l i sted i n  Tabl e 2-6 . 

2.3  PERFORMANCE OBJECTIVES 

Treatabi l i ty performance objecti ves or performance standards are 

speci fied val ues of the properties  of SIS-treated wastes as determined by 

specific  tests or measurements . The properties tested are those that are 

l egal ly mandated and/or consi dered cruci al for predi ct ing the efficacy and 

long-term rel i abi l i ty of SIS . Every remedi al act ion project needs a cl early 

defined set of measurabl e performance objecti ves .  The success or fai l ure of 
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TABLE 2-6.  GUIDANCE FOR COLLECTING BASELINE INFORMATION 

Simpl jng Gui del i nes 

1 .  Consi stent with agency guidance ( see section 2 . 2 . 1 ) . I ssues such as 
sampl ing techn iques , sampl e preservati on and storage, hol d i ng t imes , 
chai n-of-custody , etc . 

2 .  Sampl i ng locati ons stat i st i cal l y  randomized for representati veness . 

3 .  Sampl es compos i ted pri or to  analysis  for representati veness .  

4 .  Debr i s ,  l arge rock fragments,  vegetative material , etc . , removed , unl ess 
they are not to be separated from the waste prior to treatment in the 
fiel d .  

5 .  "Hot spot- sampl es col l ected for worst-case analys i s .  

Waste Acceptance Criteri a 

1 .  Waste compl ies  wi th transportati on and fac i l i ty ( bench-scale treatabi l i ty 
testi ng and/or analyti cal l aboratory) permits as wel l as wi th heal th and 
safety pl ans .  

Waste Characterization 

1 .  Total waste analys i s  for target contami nants .  

2 .  TCLP and other appropri ate l eachi ng data on untreated waste for estab­
l i sh i ng basel i ne l each i ng data and determi n i ng the presence of RCRA 
toxi c ity characteri sti c .  

3 .  RCRA and other hazard characteristic  tests as appropriate i ncluding the 
fol l owing:  

- igni tabi l ity - toxi c ity 

- corros i v i ty - infect i v i ty 

- reacti v i ty - (rad ioactiv ity) 

4 .  Other chemi cal analyses t o  establ i sh basel ines and poss i bl e  SIS 
i nterferences , for exampl e  

- pH - o i l  and grease content 

- redox potenti al - l eachi ng tests 

- sal t content 
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TABLE 2-6 . GUIDANCE FOR COLLECTING BASELINE I NFORMATION (Continued) 

5. Total contaminant analys i s  at the same time as a sol uble (l eachabl e) 
contami nant analys i s ,  on the same subsampl e .  Th i s  i s  to ensure that the 
subsample used to generate the sol ubl e data does not contain  a l ow 
contami nant l evel because of sampl e heterogenei ty ( avoi d  fal se 
negati ves ) .  

6 .  Basel i ne phys i cal characteri sti cs o f  the untreated waste : 

- physi cal state - dusti ness 

- paint fi l ter test and/or - bul k densi ty 
l i quid release test 

- spec i fi c  gravity - phase separat ion 

- permeabi l i ty - moi sture content 

- part ic le  s i ze - porosi ty 
- heal th hazards 

7 .  · Other data on phys i cochemi cal form of the target contaminants -- X-ray 
di ffraction ,  scanning el ectron mi croscopy, opt ical mi croscopy, val ence 
states of redox-sensi t ive contami nants such as As and Cr, organometal l i cs 
(e . g . , tetraethyl l ead , butyl t in  compounds) , ni ckel -carbonyl , etc . 

8 .  Total waste vol ume measured or cal cul ated. 

9 .  Presence and amount of debri s that may i nterfere with SIS. 

1 0 .  Textural characteri sti cs of the waste : 

- oi ly,  l i quid - cl ayey 

- dry granul ar - hard massi ve ,  etc . 

- sl udge 

1 1 .  Heterogeneity of target contaminant di stri bution i n  the waste .  
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TABLE 2-6. GUIDANCE FOR COLLECTING BASELINE INFORMATION (Continued) 

1 .  Sui tabl e QA/QC program, wi th bui l t- i n  mechan i sms to defi ne data qual i ty 
objecti ves,  to eval uate sources of error, and to provi de su itabl e 
documentati on .  

2 .  Analyti cal l aboratori es shou ld  possess appropri ate qual i fi cat ions or 
cert if icat i ons . 

3 .  Suffi c i ent amount o f  analyti cal repl i cat i on t o  permi t a s tat i sti cal 
analysi s  of the results  ( e . g . , confidence i nterval s to addres s  sample 
heterogenei ty) . 

4 .  Use of a second analyti cal l aboratory for i nterl aboratory veri ficat i on on 
a port i on of the more cri t i cal analyti cal measurement s .  

Basel ine Site Characteri stics 

1 .  Fundamental s i te characteri zati on data : 

� - geol ogy 

- hydrol ogy, surface water and groundwater 

- geochemi stry, soi l s  

- cl imatol ogy , meteorol ogy (espec i al ly temperature, wind, and 
rai nfal l ) 

2 .  Knowl edge of  the  proporti on of  waste that occurs above the groundwater 
tabl e .  

3 .  Compat i b i l i ty of  s i te wi th heavy field equi pment, for exampl e 

- topography, sl ope , presence of obstac l es 

- abi l i ty to excavate 

- ava i l abl e space 

- storage areas 

- characteri st ics con s i stent with any spec i al requi rements such as 
di kes , berms . and groundwater d i vers i on or suppressi on systems 

- surface water drai nage , etc . 
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TABLE 2-6 . GUIDANCE FOR COllECTING BASELINE  I NFORMATION (Cont i nued) 

4 .  Proxim i ty of s ite to necessary resources ,  for exampl e 

- water - equi pment rental s 

- suppl ies  - access routes 

- chemi cal s - d i sposal fac i l i ty 

- el ectri c i ty - waste to be tested 

s .  Proxi mity o f  s i te to poss ibl e  receptors , for i tems such a s  

- noi se vol ati l es 

- fug it ive dust - odors 

6 .  Proximity of s i te to sensi t i ve environmental areas , for example  

- floodpl a i ns 

- wetl ands 

protected speci es breeding 
grounds 

- popul ated areas 

7 .  Measurement of basel ine contami nant l evel s i n  vari ous med ia  (a ir ,  water, 
soi l ,  etc . )  to determine i f  contami nants were rel eased duri ng the field  
demonstration .  

8 .  Ava i l abi l ity of  backfi l l ,  i f  necessary. 

the project depends to a l arge degree upon the abi l ity to sat i sfy these 

object i ves . 

Performance objectives are a functi on of the compl i ance requi rements 

sel ected for the s i te ,  the test methods used to eval uate the performance of 

the stabi l i zed waste, and the analyt i cal procedures (model s )  used to rel ate 

test data to performance objecti ves (Bar ich and Mason , 1992 ) . The performance 

object ives are establ i shed early i n  the process of pl ann i ng the treatabi l i ty 

study. Spec i fying performance objecti ves goes hand- i n-hand with sel ect i ng the 

tests to conduct because the objecti ves are expressed as resul ts for spec if i c  

tests . The performance object i ves consti tute acceptance cri teri a :  i f  

treatment by SIS cannot meet these cri teri a at the bench scal e ,  SIS al one 
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probably cannot provide suffi cient treatment to meet s i te cl eanup goal s .  Once 

test methods and performance objecti ves are determi ned, the criteri a to be 

used i n  i nterpret i ng test resul ts can be deri ved read i l y  (U . S .  EPA, 1990b) . 

Before spec i fi c  treatabi l i ty performance objecti ves are set, the 

data qual i ty needs of the project must be defi ned ( Sect ion 2 . 2 . 5) . The early 

impl ementati on of an appropriate QA/QC program and the establ i shment of DQOs 

wi l l  ensure that data of known and documented qual i ty are generated . For a 

detai l ed d i scuss ion of DQOs , see U . S .  EPA ( 1 9S7a) . Guidance on DQOs i n  the 

treatabi l i ty study process can be obtai ned i n  U . S .  EPA { 19Sge} . 

Treatab i l i ty performance objecti ves can be grouped i nto two general 

types . Regul atory performance object ives (Secti on 2 . 3 . 1 )  are those based on 

appl i cabl e or rel evant and appropri ate requi rements (ARARs) for the s i te.  Al l 

other performance objecti ves may be cl ass i fied as techni cal / i nsti tutional 

(Secti on 2 . 3 . 2) . These rel ate to the characteri st ics  of the SiS-treated waste 

for wh i ch expl i c i t  regul atory standards do not exi st .  Examples i ncl ude cost 

effect i veness , a requ i rement for the SIS-treated waste to support vehi cul ar 

traffic ,  and resi stance of the treated waste to b iodegradat i on .  U . S .  EPA, 

19Sge , Chapter 3 ,  provi des addit i onal guidance. 

2 . 3 . 1  Regul atory Requ; rements 

The regul atory requi rements perti nent to  treatabi l i ty test i ng of  SIS 

are those standards that the remedi al al ternati ve wi l l  have to meet when 

impl emented at ful l  scal e .  The regul atory framework for RCRA wastes i s  

cl early defi ned in  the regul ati ons . The CERCLA regul atory framework i s  

deri ved from s i te-specifi c  ARARs about whi ch general guidance i s  g i ven bel ow. 

An ARAR search needs to be conducted early on i n  the conduct of the feas i bi l i ­

ty study and wel l before the onset of the treatabi l ity testi ng .  ARARs can be 

numerous, and a process has been establ i shed by the U . S .  EPA to i dent i fy ARARs 

for Superfund projects (Sect ion 121 , Superfund Amendments and Reauthorizat i on 

Act [SARA) of 1986, Publ i c  law 99-499 ) . The various ARARs often have d i ffer­

ent goal s .  Mul t i p le  goal s make i t  i ncreas ingly expens ive and i ncreasi ngly 

d iffi cul t to comply with al l the goal s .  
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2 . 3 . 1 . 1  CERCLA 

There are several types of ARARs under CERCLA: acti on-speci fi c ,  

chemi cal - spec i fi c ,  and l ocati on-speci fi c .  Act i on-spec i fi c  ARARs are technol­

ogy- or act i v i ty-spec ific  requirements or l im itat ions  rel ated to various 

act i v it ies .  Chemical -spec ifi c  ARARs are usual l y  numerical val ues that 

establ i sh the amount or concentrati on of a chemical that may be in or d i s­

charged to the ambient environment .  Locat ion-spec i fi c  requ i rements are 

restriction s  pl aced on the concentrati ons  of hazardous substances or the 

conduct of act ivi t ies sol ely because they occur in a speci al l ocat i on . 

Detai l ed guidance on the ARAR search i s  given i n  U . S .  EPA ( 1988b) . 

Some aspects of ARAR ident i fi cation that apply to SIS treatabi l ity standards 

are di scussed here . 

Most federal l aws that conta i n  l ocati on-speci fic ARARs are i nsti tu­

t i onal or admi ni strat ive in nature. These l aws regul ate the types of acti vi ­

t ies  that may take pl ace in  part i cul ar types o f  l ocati on s  such a s  sei smi c 

faul t zones , floodpl a ins ,  or cri tical habi tats for endangered spec ies .  State 

and local regul at i ons are more l i kely to provide l ocation-specific  ARARs for 

treatabi l i ty test i ng .  Pert inent regul ati ons woul d i ncl ude d i scharge l i mits or 

nondegradat i on standards for part i cul ar water bodies and bas in-�ide a ir  

qual i ty standards (U .S .  EPA, 1990b, Chapter 3 ) . 

Rel evant technol ogy (act i on }- spec if ic  ARARs must be identi fi ed .  At 

present , there are few expl i c i t  performance standards for SIS-treated wastes . 

The U . S .  Nucl ear Regul atory Commi ss i on (NRC) has establ i shed performance 

standards for stabi l ized nucl ear wastes ( both h i gh-l evel and l ow-l evel ) ,  but 

these are not appl i cabl e to nonnucl ear mater i al s .  Hazardous wastes that are 

di sposed of on l and may be regul ated under RCRA, and standards for treatment 

of such wastes are currently bei ng promul gated . Wastes that are stabi l i zed by 

i n  s i tu techn i ques ,  such as deep mi x i ng ,  may not fal l under the purview of 

RCRA rul es .  Wastes that are excavated , treated , and l and-di sposed of either 

on or off the s ite  ( i . e . , they undergo "pl acementN)  may be -regul ated by RCRA 

rul es . Land-di sposed RCRA wastes usual ly need to demonstrate a minimum uncon­

fi ned compressive strength of 50 psi ( U . S .  EPA, 1986b) , but the actual target 

val ue for a speci fic si te may be hi gher or l ower depending on site-specific  

requ i rements . I n  add it ion ,  technol ogy- and act ion-spec ifi c  treatment 

standards for a number of RCRA waste cl asses are named i n  the RCRA l and 

d i sposal restrict i ons ( LDRs) . 
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For many waste cl asses , i ncl ud i ng i norganics and some organic  

contami nants ,  treatment standards are expressed as percent reduct ion i n  

contami nant l eaching ,  as measured by pre- and post-treatment TCLP tests . 

Note , however, that there has been a tendency in RODs to express treatment 

standards , even for metal contami nants ,  i n  terms of reduction of total 

contami nant l evel s .  Thi s  poses compl i cati ons for the appl i cati on of SIS 

technol ogy because , under norma) ci rcumstances , SIS nei ther destroys nor 

removes the contami nant, but i nstead i mmobi l i zes i t .  These standards are 

d i rectly appl i cabl e to l aboratory screen i ng and bench-scal e testi ng of these 

waste cl asses ; they can be used to gauge the effici ency of SIS treatment 

duri ng treatabi l i ty stud ies .  For many organic  contami nants ,  RCRA treatment 

standards are expressed as destructi on-removal efficiency {ORE} , where the 

effi c i ency of the treatment technol ogy is measured by pre- and post-treatment 

total (as  opposed to sol ubl e )  contami nant concentrat ions .  ( U . S .  EPA, 1990b, 

Chapter 3 ) .  Resul ts of TCLP tests on post-treatment samples may be i nfl uenced 

by d i l ut ion of waste due to bi nder add i t i on .  Reduced contami nant concentra­

t i on tn l eachate may not refl ect reduced mobi l i ty of the contami nant unl ess  

resul ts have been corrected for d i l ut ion  effects . 

At many CERCLA s i tes ,  the materi al s requi ri ng treatment cannot be 

assigned to spec i fi c  RCRA waste cl asses . Contami nated so i l  and debr is  are 

often the mater ial s of concern . For such s i tes ,  an appropri ate regul atory 

performance standard can be derived by the procedure used to establ i sh a 

treatabi l i ty vari ance under RCRA (U. S .  EPA ,  1989b) . The U . S .  EPA has set 

target cl eanup ranges for wastes contaminated by the pri ncipal cl asses of 

organi c  and i norgan i c  contami nants (Tabl e 2-7) . For an organi c  contami nant, 

the appropri ate treatabi l i ty performance objective i s  determi ned as fol l ows : 

If  the total concentration for the contami nant i n  the untreated waste fal l s  

bel ow the "threshol d concentrat i on , "  then the total concentration of the 

contami nant in the SIS-treated waste must fal l w ithin  the "concentrati on 

range . "  I f  the origi nal total concentrat i on of the contami nant exceeds the 

threshol d val ue, then the d i fference between the total concentrat ions of the 

contami nant i n  the treated and untreated wastes must fal l with i n  the "percent 

reduction range . "  The rel evance of these guidel i nes when treatment i s  by SIS 

i s  uncl ear , however, because SIS nei ther destroys nor removes the contami nant ,  

but i ns tead immobi l i zes i t .  The  same l og ic  appl i es for met al l i c contam i nants ,  

but the cr iteria are based on the contami nant concentrat i on i n  the TCLP 
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TABLE 2-7. ALTERNATIVE TREATMENT LEVELS FOR SOIL  AND DEBRIS 
CONTAMINATED WITH RESTRICTED RCRA HAZARDOUS WASTES· 

Structural Concentrati on Threshol d Percent Technol ogies that Achi eved 
Funct i onal Range Concentrati on Reduction Recommended Effl uent 

Groups (ppm) ( ppm) Range Concentrati on Gui danceb 

Total Waste Total Waste 
Organics  Analys i SC Analys i sC 

Hal ogenated 0 . 5-10  100 90-99 . 0  B io logi cal treatment , l ow-temperature 
nonpol ar stri pp i ng ,  soi l wash ing ,  thermal destruction 
aromati cs 

Dioxins 0 . 00001-0 . 05 0 . 5  90-99 . 9  Dechl ori nat ion, soi l wash i ng ,  thermal 
destruction 

PCBs 0 . 1-10 100 90-99 . 9  B iol ogi cal treatment , dechl orinat ion ,  soi l 
washing ,  thermal destruction 

Herb ic ides 0 . 002-0. 02 0 . 2  90-99 . 9  Thermal destruction 

Hal ogenated 0 . 5-40 400 90-99 B iol ogi cal treatment , l ow-temperature 
phenol s stri pp i ng ,  soil  washing ,  thermal destruct i on 

Hal ogenated 0 . 5-2 40 95-99 . 9  Biol ogi cal treatment , l ow-temperature 
al i phat i cs stripp ing ,  so i l  washing ,  thermal destructi on 

Hal ogenated 0 . 5-20 200 90-99 . 9  Thermal destructi on 
cycl ics  

Ni trated 2 . 5-10 . 0  10, 000 99-99 . 99 B iol ogi cal treatment ,  soi l wash i ng ,  thermal 
aromati cs destructi on 
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TABLE 2-7. ALTERNATIVE TREATMENT LEVELS FOR SOIL  AND DEBRIS 
CONTAMINATED WITH RESTRICTED RCRA HAZARDOUS WASTES· (Conti nued) 

Structural Concentrat ion Threshold Percent Techno log i es that Achi eved 
Funct i onal Range Concentration Reduct i on Recommended Effl uent 

Groups (ppm) (ppm) Range Concentrati on Guidanceb 

Total Waste Total Waste 
Organ i cs Ana lys i SC Analys i sC 

Heterocycl ics 0 . 5-20 200 90-99 . 9  Biol og i cal treatment, l ow-temperature 
stri pp i ng ,  soi l washing ,  thermal destruct i on 

Polynucl ear 0 . 5-20 400 95-99 . 9  Biol og i cal treatment , l ow-temperature 
aromat i cs stripping,  soi l wash ing ,  thermal destructi on 

Other pol ar 0 . 5-10 100 90-99 . 9  Biologi cal treatment, l ow-temperature 
organics  stri ppi ng ,  soi l wash ing ,  thermal destruct i on 

Inorgan ics TCLP TCLP 

Antimony 0 . 1-0 . 2  2 90-99 Immobi l i zat i on 

Arseni c  0 . 27-1 1 0  90-99 . 9  Immobi l i zation ,  soi l wash i ng 

Bari um 0 . 1-40 400 90-99 Immobi l i zat i on 

Chromi um 0 . 5-6 1 20 95-99 . 9  Immobi l i zat i on ,  soi l wash ing 

Ni ckel 0 . 5-1 20 95-99 . 9  Immobi l i zat i on ,  so1 1 washi ng 

Sel en i um 0 . 005 0 . 08 90-99 Immobi l i zat i on 

Vanad i um 0 . 2-22 200 90-99 Immobi l i zat i on 
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TABLE 2-7 . ALTERNATIVE TREATMENT LEVELS FOR SOI L  AND DEBRIS  
CONTAMINATED WITH RESTRICTED RCRA HAZARDOUS WASTES· (Conti nued) 

Structural 
Functi onal 

Groups 

Inorganics 

Cadmium 

Lead 

Mercury 

Concentration 
Range 
(ppm) 

TCLP 

0 . 2-2  

0 . 1-3 

0 . 0002-0 . 008 

Threshold Percent Technol ogi es that Ach i eved 
Concentration Reducti on Recommended Effl uent 

(ppm) Range Concentration Gui danceb 

TCLP 

40 95-99 . 9  Immobi l i zation ,  soi l wash i ng 

300 99-99 . 9  Immobi l i zation ,  soi l  wash i ng 

0 . 06 90-99 Immobi l i zat i on 

� • Source: U . S .  EPA 1990c (Superfund LOR Gu ide No . 6A-2nd Ed i tion) . 
00 

b Other technol ogi es may be used i f  treatabi l i ty studies or other informat i on i ndi cates that they can 
achi eve the necessary concentrati on or percent-reducti on range . 

C TCLP al so may be used when eval uat i ng waste wi th rel at i vely l ow l evel s of organi cs that have been treated 
through an immobi l izat i on process.  
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l eachate,  rather than the total contaminant concentration (U.S.  EPA, 1990b, 

Chapter 3 ) . 

F i nal ly, an ARAR search may i denti fy chemi cal -spec i fi c  ARARs that 

should be eval uated duri ng treatabi l i ty test i ng .  Numeri cal standards that may 

be ARARs have been promul gated under several federal l aws . These i ncl ude the 

Clean Water Act (water qual i ty criter i a  for protecti on of human heal th and 

amb i ent water qual i ty cri teri a) , the Safe Dri nk ing Water Act (maximum contami­

nant l evel s [MCls] and MCl goal s ) , and RCRA. If the SiS-treated wastes may be 

d i sposed of off-s i te ,  then the TClP test and the RCRA character i s t i c  tests 

shoul d be speci fi ed ;  the i r  acceptance cri ter i a  wi l l  consti tute one set of 

performance object i ves . Chemi cal -spec i fi c  a i r qual i ty standards may al so 

apply and the ARARs cannot be exceeded . Because mater i al s  process ing and the 

potenti al for vol ati l i zat i on are much di fferent between bench- and ful l -scal e ,  

a i r  qual i ty standards are unl i kely to  form the bas i s  for quant i tative bench­

scal e tests (U . S .  EPA, 1990b, Chapter 3 ) . 

For most SIS projects , resource l i mi tati ons d i ctate that the 

treatab i l i ty test ing program be restri cted to a subset of the contami nants 

present on the s i te .  The contami nants to be eval uated should be sel ected 

accordi ng to the fol l ow i ng character i st i cs ( U . S .  EPA, 1990b, Chapter 3 ) : 

• Tox i c i ty or carci nogen i c i ty - sel ect the most 
harmful contaminant s .  

• Mobi l i ty - sel ect the most sol ubl e contami nant s .  

• Geochemi stry - sel ect a representative contaminant 
from each of the major functi onal types present . 

• Concentrat i on - al l factors be i ng equal , sel ect the 
contam i nants present at the h i ghest concentrat i ons . 

General ly, i f  the number of contami nants be i ng eval uated i n  treatab i l i ty 

test i ng exceeds four or five at any one t ime ,  i t  becomes i ncreas i ngly d i ffi­

cul t to sat i sfy the performance object ives for al l of the contami nant s .  I f  

the ROD has been s i gned and s i te cl eanup goal s have been spec i f i ed ,  the 

contami nants named there i n  should  be mon i tored throughout the treatab i l i ty 

study . Exampl es of regul atory performance object i ves for CERClA SIS stud i es 

are summari zed i n  Tabl e 2-8 . 
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TABLE 2-8 . EXAMPLES OF REGULATORY ARARs 

1 .  Total contaminant treatment standards for di sposal 

2 .  Sol ubl e  contami nant treatment standards for d i sposal 

a .  rout i ne l eachi ng procedure ( e . g . , TCLP) / 
b .  other l each i ng procedure (e . g . ,  ANSI /ANS/16 . 1 )  

3 .  Mobi l i ty cri teri a from geochemical transport model 

4 Land act i v i ty restri ctions ( e . g . , in  sei smi c  faul t zones , fl ood­
pl a i n s ,  cri t i cal habi tats of endangered spec i es )  

5 .  "Pl acement" restricti ons ( e . g . , 50  psi  unconfined compress ive 
strength cri ter ion )  

6.  Ai r emi s s i ons standards 

7. Noi se restri ctions 

8 .  Compl i ance with the Cl ean Water Act or Safe Drinking Water Act 

9 .  Compl i ance w ith state and l ocal regul ations and l aws . 

2 . 3 . 1 . 2  RCRA 

The factors for accepting stabi l ized waste at a treatment, storage , 

and di sposal (TSO) faci l i ty under RCRA are much l ess  comp lex than for CERCLA. 

The pri nci pal cri teri a (U . S .  EPA , 1989b) are as fol l ows : 

• Pai nt F i l ter Test ( PFT) for free l iqu id  

• Adherence to  TCLP maximum concentrati on l im its ( see 
Tabl e 2-9) 

• Screens for hazardous waste characterist ics  

- i gn i tabi l i ty 
- corros i v i ty 
- reacti v i ty 
- rad i oact i vi ty 

• Compl i ance wi th LORs (see Secti on 1 . 3  for a d i scuss i on of the 
nature and appl i cabil i ty of RCRA Land Di sposal Restrictions ) . 
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TABLE 2-9 . TOXICITY CHARACTERISTIC CONSTITUENTS 
AND REGULATORY LEVELS 

EPA HW No , 8  Constituent 
(mg/L) 

0004 Arsenic 

0005 Bari um 

0018 Benzene 

0006 Cadmium 

0019 Carbon tetrachloride 

0020 Chl ordane 

0021  Chl orobenzene 

0022 Chl oroform 

0007 Chromium 

0023 o-Cresol 

0024 m-Cresol 

0025 p-Cresol 

0026 Cresol 

0016 2 , 4-0 

0027 l , 4-oi chl orobenzene 

0028 1 , 2-0ichl oroethane 

0029 1 , 1 -0ichl oroethyl ene 

0030 2 , 4-0i n i trotol uene 

001 2  Endrin  

003 1 Heptachlor  (and i ts 
hydroxide) 

0032 Hexachl orobenzene 

0033 Hexachl oro-l , 3-butadi ene 

0034 Hexachl oroethane 

0008 Lead 

0013 L indane 
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Regul atory Level 

5 . 0  

100 . 0  

0 . 5  

1 . 0  

0 . 5  

0 . 03 

100 . 0  

6 . 0  

5 . 0  

200 . 0b 

200 . 0b 

200 . 0b 

200 . 0b 

1 0 . 0  

7 . 5  

0 . 5  

0 . 7  

0 . 13c 

0 .02 

0 . 008 

D. 13c 

0 . 5  

3 . 0 

5 . 0  

0 . 4  



TABLE 2-9. TOXICITY CHARACTERISTIC CONSTITUENTS 
AND REGULATORY LEVELS (Conti nued) 

EPA HW No .8 

0009 

001 4  

0035 

0036 

0037 

0038 

0010 

DOl l  
0039 

0015 

0040 

0041 

0042 

0017  

0043 

Consti tuent 
(mgjL )  

Mercury 

Methoxychl or 

Methyl ethyl ketone 

N itrobenzene 

Pentachl orophenol 

Pyrid ine 

Sel eni um 

S i l ver 

Tetrachl oroethyl ene 

Toxaphene 

Tri chl oroethyl ene 

2 . 4 . 5-Tr ich1 0rophenol 

2 . 4 , 6-Tr ich1 0rophenol 

2 . 4 , 5-TP (Si 1 vex) 

V inyl chl oride 

a Hazardous waste number 

Regul atory Lever 

0 . 2  

10 . 0  

200 . 0  

2 . 0  

1 00 . 0  

5 . 1f  

1 . 0  

5 . 0  

0 . 7  

0 . 5  

0 . 5  

400.0 

2 . 0  

1 . 0  

0 . 2  

b I f  0- , m- , and p-creso1 concentrati ons cannot be d i fferentiated , the total 
cresol (0026) concentrati on i s  used . The regul atory l evel for total cresol 
i s  200 mgjl .  

C Quanti tati on l imi t i s  greater than the cal cul ated regul atory l evel . The 
quanti tati on l imi t therefore becomes the regul atory l evel. 
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2 . 3 . 2  Techni cal and Instituti onal Requi rements 

In  add i t i on to regul atory requi rements ,  other factors may shape the 

treatabi l i ty performance objective s .  Techni cal /i nsti tuti onal objectives are 

developed from constra i nts imposed by admini strati ve factors , by the s i te 

i tself, or by the waste to be treated . These objectives address spec ial 

probl ems that may detract from the impl ementabi l i ty of the SIS process or from 

the l ong-term performance of SIS-treated waste at the s i te .  For successful 

remedi at i on ,  devel op i ng such object i ves and sol v ing these probl ems may be as 

important as meeting appl icabl e regul atory requi rements . 

Tabl e 2-10 l i sts potenti al types of performance objecti ve s  that fal l 

outs i de of the regul atory doma i n .  For some object ives , such a s  cost-effec­

t iveness and control l i ng the producti on of hazardous vapors , quanti tative 

acceptance cri teri a may not exi st.  For many nonregul atory tests ,  quanti tative 

performance standards for part i cul ar s i te cond i t i ons can be devel oped . 

Some of the performance object i ves l i sted in Tabl e 2- 10  for SIS­

treated wastes have been studi ed i n  depth . Tests for these propert i es are 

widely performed and have been appl i ed successful ly i n  eval uat i ng SIS-treated 

wastes . Examples of such propert i es are waste vol ume i ncrease ,  sul fate or 

sul fide content ,  and l eachabi l i ty ,  as measured by various tests (see Chap-

ter 3 ) . The importance of other propert i es i n  ma i ntai n i ng the i ntegri ty of 

SIS-treated wastes i s  not wel l understood . The correspondi ng tests may be 

consi dered research tests and the i r  resu l ts subject to vari ous interpretations 

(U . S .  EPA, 1 990b, Chapter 3) . 

2 . 3 . 3 .  Approach for Setti ng Performance Cri teri a 

The l aboratory tests to be performed and performance criteri a for 

these tests to meet are chosen at the same t ime . One should not beg in  the 

test i ng program without a cl ear defin i t ion of what resul ts wi l l  consti tute 

success and fai l ure . The ava i l abl e phys ical , l each i ng ,  chemi cal , b iol ogi cal , 

and mi crocharacterization tests and the ir  typi cal app l icat i ons are d i scussed 

in Chapter 3 .  

Every bench-scal e treatabi l i ty study shoul d cons ider tests of 

l each ing ,  unconfi ned compress i ve strength ,  and free l i qu ids .  These tests are 

l i kely to form at l east a portion of the bas i s  for any regul atory eval uat i on 

of the SIS-treated waste . 
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TABLE 2-10 .  EXAMPLES OF TREATABILITY PERFORMANCE OBJECTIVES 
BASED ON NONREGULATORY FACTORS8 

Objecti ve 

Qual i tative Objecti ves 

Demonstrate bas i c  feas i bi l i ty 

Reagent costs not to exceed a 
g iven amount 

Assay for off-gas s i ng of vol at i l e  
compounds 

Ensure thorough mix i ng 

Identi fy so i l  contain i ng 
i nterferi ng mi neral s 

Treat a m in imum proportion of 
contami nated mater i al on s i te 

Quant i tat i ve Objecti ves 

Prevent unfavorabl e reacti ons 
between waste and bi nder 

Create a pumpabl e m ix  

Ensure compl ete microencapsul ation 
of contami nants 

Vol ume i ncrease not to exceed a 
thresho ld  val ue 
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Potential  generi c  test es )  

Leachi ng test 
One or more phys i cal  tests 

Optimi ze m ix ;  cal cul ate bi nder 
cost per vol ume stabi l i zed 

Measure temperature of fresh 
mixture 

Moni tor a ir  wi th organi c  vapor 
detector whi l e  mixi ng 

M icroscopy; v i sual exami nat i on 
of fractured monol i ths  

Observati on of  binder 
mi sci bi l i ty ,  wet t i ng dur ing 
mixing 

X-ray d i ffracti on 

Assay s i te for debri s and l arge 
part i cles ;  determine handl i ng 
needs 

Potenti al reacti v i ty of 
aggregates 

Petrograph i c  exami nati on of 
aggregates for concrete 

L i qu id  waste consi stency/ 
cl ass i fi cation ( see Tabl e 
3-3) 

Col l ect, analyze any bl eed 
water 

Cal cul ate vol ume change from 
treated, untreated waste bul k  
dens it ies  



TABLE 2-1 0 .  EXAMPLES OF TREATABI LITY PERFORMANCE OBJECTIVES 
BASED ON NONREGULATORY FACTORS (Conti nued) 

Objecti ve 

Ensure suffi cient l ong-term 
structural i ntegrity 

Determine ab i l i ty of SIS-treated 
waste to support heavy equipment 
soon after pl acement 

Determi ne abi l i ty of cured SIS 
monol i th to support veh icu lar 
traffi c  

Assure resi stance to sul fate 
attack on SIS monol i th 

Prevent fracturing of SIS monol i th 

Curta i l  fugi t ive dust emi ss ions 
duri ng ful l -scal e fi xat i on 

Mi n imi ze contami nant l each ing 

Determine  l ong-term l each behavior 

Minimi ze l eachate toxi c ity 

Res i st bi odegradation of organ i c  
contami nants o r  asphal t ic  
bi nders 

Reduce contami nant l oad or 
concentrat ion at the receptor to 
bel ow thresho ld  val ue 

• U . S .  EPA, 1990b 

• 
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Poten t i al generic testes )  

Compressive strength 
Res i stance to wetldry and 

freezelthaw stressi ng 

Trace devel opment of bearing 
capacity wi th cone 
penetrometer 

Fl exural strength test 
Cal i forni a beari ng rat io  
Proctor compact i on of  subbase 

(and stabi l i zed materi al , i f  
i t  i s  a fri abl e soi l -cement) 

SO, content of waste 

Shri nk/swell  potenti al of 
subbase materi al 

Part i cle  size analysi s 
Moi sture content of wastes 

Leachi ng tests 

Acid  neutral i zation capaci ty 
Resi stance to redox change 
Chemi stry of surrounding soil 

and groundwater 
Accelerated aging/weathering 

tests 

Aquatic  bi oassays 

Bi odegradation tests 

leachi ng tests 
Permeabil i ty 
Transport model i ng 



The currentl y  accepted versi on of the TClP l eaching test i s  usual l y  

required . However, depending on the anti ci pated d i sposal setting  and environ­

mental or human heal th r isks ,  TelP may not be adequate and add i t i onal l eaching 

tests may be needed . The types of contami nants and their l evel of hazard and 

concentrati on ,  the pl anned d i sposal or reuse scenario ,  and the SIS approach 

used al l i nfl uence the sel ect ion of l eachi ng tests .  Add it ional l each ing tests 

are particul arly important if there i s  a need to characteri ze the fundamental 

mechani sms i nvol ved ( e . g . , for ri sk  analys i s  to receptor popul at i ons ) . 

Beyond these bas ic  regul atory requi rement s ,  further test i ng i s  

i n i t i a l ly  projected on the bas i s  of s i te hydrol ogi c  cond i t i on s .  I f  an aqueous 

dri v i ng force for l eachate producti on exi sts ,  add i t i onal l each testi ng should 

be consi dered. In add i t ion , i t  may be necessary to eval uate contami nant 

transport us ing a model i ng approach. Add i t i onal background and gui dance on 

th i s  i ssue i s  provided i n  U . S .  EPA ( lgSge , Secti on 3 .3 ) . An aqueous driv i ng 

force may not exi st .  For exampl e ,  the final remed i al des ign may spec i fy that 

the SIS-treated waste be pl aced above the seasonal h igh-water t abl e and an 

impervi ous cap and runon/runoff control s be constructed . In  such cases ,  

l eachi ng and physi cal i ntegrity tests wi l l  u sual l y  suffice to demonstrate 

whether the SIS process can be cons i dered rel i abl e for the s i t e .  Attenuati on 

by engineer ing control s or natural processes i s  not usual ly  cons idered i n  thi s 

case (U . S .  EPA, 1 98ge , Chapter 3 ) . 

Strength and freedom from free l i quids are two other frequently 

appl i ed performance cri teri a .  Other types of measurements shoul d be pl anned 

based on s i te-speci fic  factors such as those l i sted in Tabl es 2-8 and 2-10. 

Sel ect i on of testing depends on waste characteri stics ,  d i sposal or reuse 

scenari o ,  type of SIS progress , and scient i fi c  objecti ves of the program. 

2 . 4  INITIAL TECHNOLOGY SCREENING 

After the performance objecti ves for a treatabil i ty project have 

been identi fi ed ,  i t  i s  necessary to determi ne what treatment technol ogy or 

technol og ies have the potenti al of complying wi th those performance objec­

t i ves . Thi s sect i on bri efly discusses the screeni ng process  whereby SIS i s  

compared wi th other treatment al ternati ves and the most appropri ate technol ogy 

or technologies are sel ected for further eval uat ion to determi ne compl i ance 

wi th the performance object ives . Vari ous terms have been appl i ed to thi s 

technol ogy screen ing process , i nc l ud i ng "feas ib i l i ty study" ( FS )  for remedi al 
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acti ons and "economic eval uation/cost analysi s ·  ( EE/CA) for removal actions . 

The screen ing process i s  descri bed i n  other publ i cat ions ,  such as U . S .  EPA 

( 1988c) , and i t  i s  beyond the scope of thi s TRD to descri be the process i n  

detai l .  Therefore , an overvi ew of the bas i c  e lements o f  the process i s  g i ven 

i n  Section 2 . 4 . 1  and rul es of thumb for screening probl emati c  waste types for 

SIS technol ogy are provided in Secti on 2 . 4 . 2 .  

2 . 4 . 1  Technol ogy Screeni ng/Feas i b i l i ty Study Process 

In the broadest sense , the majori ty of wastes are potenti al ly 

treatabl e with SIS.  Pretreatment can be used to transform an untreatabl e 

waste form to a form that can be treated with SIS . However, for certain 

wastes , the pretreatment requi rements may make the technol ogy i mpracti cal 

based on cost or other criteria ,  and there cl early are s i tuat i ons where a 

d i fferent type of technol ogy wi l l  be more effective or appropri ate . 

2 . 4 . 1 . 1  CERCLA Technol ogy Screeni ng 

The fi rst step i n  the technol ogy screening process i s  to ident ify 

candi date remedi al al ternat i ves (treatment/removal technol ogies  or treatment 

tra ins ) .  A number of di fferent technolog i es have been devel oped . Many 

technol og ies are appl i cabl e only to certain types of wastes .  For exampl e ,  

U . S .  EPA ( 1 988c) l i sts the fol l owing broad categories o f  treatment technol o­

g i e s :  

• Fl u id i zed bed inci nerati on 

• Rotary ki l n  inci nerat i on 

• Infrared thermal treatment 

• Wet a i r  oxidat ion 

• Pyrolys i s- i nc inerati on 

• Vitrif i cation ( i n  s i tu ,  ex s i tu )  

• Chemi cal extracti on 

• Gl ycol ate dechl ori nat ion 

• Sol id i fication/stabi l i zation 
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• Chemi cal reduct i on /oxidat i on 

• Bi odegradati on 

• I n  s i tu bi odegradat i on 

Treatment technol ogi es conti nual ly  are bei ng devel oped , modi f ied and 

refined . In sel ect i ng a remed i al al ternati ve (wh i ch i nc l udes sel ect i ng the 

treatment technol ogi es ) , an analys i s  i s  performed wi th respect to a number of 

di fferent eval uat i on criteri a .  The process descri bed i n  the Nati onal Cont i n­

gency Pl an enta i l s a detai l ed analys i s  of each remedi al al ternati ve with 

respect to n i ne d i fferent eval uat i on cri teri a in three mai n  categori es .  These 

criter i a  are presented bel ow.  Al l sel ected remedi es shoul d prov ide the best 

trade-offs among the Primary Bal anc i ng Cri teri a and must , at a mi n imum , attain 

the Threshold Cri teri a .  The Modi fy ing Cri teri a are eval uated fol l owi ng the 

publ i c  comment period . 

Threshol d Cri teri a :  

• Overal l Protecti veness of Human Heal th and the 
Envi ronment .  Thi s cri ter ion eval uates the adequacy of 
protect i on that the remedy provi des whi l e  descr ibi ng 
how ri sks are el i mi nated, reduced, or control l ed 
through treatment , engi neer ing control s ,  and/or 
i nsti tuti onal control s .  

• Compl i ance with  Appl i cabl e or Relevant and Appropri ate 
Requi rements .  Th i s  cri teri on addresses whether a 
remedy would meet al l of the ARARs of federal and 
state envi ronmental statutes and/or provi de grounds 
for i nvoki ng a wai ver. 

Pr imary Bal anc i ng Cri teri a :  

• Reducti on o f  Toxi c i ty. Mobi l i ty. or Vol ume Through 
Treatment .  Th i s  criterion addresses the ant i c i pated 
treatment performance of the remedy . 

• Short-Term Effect i veness .  Th i s  cri teri on refers to 
the speed wi th wh i ch the remedy ach i eves protect ion ,  
as  wel l  as  the remedy ' s  potent i al to  create adverse 
i mpacts on human heal th and the env i ronment duri ng the 
remed i al act i on .  

• long-Term Effect i veness and Permanence. Thi s  
cri teri on eval uates the magni tude of res i dual r i s k  and 
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the abi l ity of the remedy to mai ntain rel i able  
protect ion of  human heal th and the envi ronment over 
time once the remed ial action has been compl eted • 

• Impl ementabi l ity. Thi s  cri terion examines the 
techn i cal and admini strat ive feas i bi l i ty of executi ng 
a remedy, incl ud ing the avai l ab i l i ty of materi al s and 
serv ices needed to impl ement the chosen sol uti on . 

• Cost . Thi s  criteri on i ncl udes the c apital and 
operation and mai ntenance costs of the remedy. 

Modi fy ing Criter ia :  

• State Acceptance . Thi s  criteri on i ndi cates whether, 
based on i ts review of the pl anned remedi al 
al ternative,  the state concurs with , opposes , or has 
no comment on the preferred al ternati ve .  

• Commun ity Acceptance. Th i s  cri ter ion eval uates the 
reacti on of the publ i c  to the remedi al al ternati ves  
and to  the U .S .  EPA ' s  Proposed Pl an . 

A s imi l ar approach i s  empl oyed us i ng EPA ' s  Engi neering Evalua­

t ion/Cost Analys i s  (EE/CA) for sel ecti ng CERCLA removal actions/approaches . 

In  th i s  case, the technol ogy screeni ng takes  pl ace i n  two stages ,  as. shown i h  

Figure 2-3 . F i rst , al l al ternative remedial  acti ons are compared based on 

timel i ness and effectiveness to protect human heal th and the envi ronment . 

Then , the smal l er subset of remedi al actions that sati sfy these cri teri a are 

evaluated based on (a )  techni cal feas i b i l i ty ,  (b)  cost ,  and (c )  admin i strative 

and manageri al feas ib i l i ty .  The process may be iterati ve and may have several 

d i fferent poss ib le  outcomes , wh i ch are d i scussed further in Section 2 . 4 .3 .  

Another factor considered during technol ogy screeni ng i s  the pos i­

t i on of the remedi al acti on/technol ogy in terms of  the h i erarchy of  hazardous 

waste management (Sect ion 1 . 1 . 2 ) .  Remedi al acti ons that al l ow recycl i ng ,  reuse, 

or recovery of the waste or some portion of the waste are preferabl e to treat­

ment and di sposal . For examp l e ,  al l other factors bei ng equal , smel t i ng or 

so i l  wash ing woul d be preferabl e to SIS for wastes contain ing appropri ately 

h igh  metal contents because some contami nants woul d be recovered and coul d 

then be recycl ed . However, i t  i s  important to cons ider the ful l system effects 

when maki ng the compari son . One examp le  i s  the need for pretreatment and the 

resi dual s generated , such as l i quid waste produced during so i l  wash i ng .  
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identify Candldm TechnoI� 
• SIS • SIS WIIIl ..... Ireab,hhIt • 'Thermal 'Tt'eatment • Bloireatment • �ChemIcaI 'nuIment • RecycleIReua Option • DIspoa/ In • LancI1IU 

Screen TecIvioIogI_ Baaed on 
• TlmeIInea • Erfac:IIvei_ to Prctect tturn.n HuIIIi and the EnvIrani-.t, ..... s.u.ty ARAlIa 

Secondary ScreenIng BIlled on • Technical FeaslblDty (I'erforrnanc» 
RelIabIlity, In'4)lamentabIIlty, SafaIy) • eo.t • AdmlnlIIlrIIthoe and ManIigerIaI Fealbllty 

SIS WIth Pretreatment 
or Coupled WIth Another Technology 

Other (Non-SIS) Technology 

FIGURE 2-3 . GENERAL TECHNOLOGY SCREEN ING PROCEDURE 
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2 . 4 . 1 . 2  Technology Screening at RCRA TSD Facil ities 

Remedi at i on under CERCLA and RCRA corrective acti on are driven 

primari ly  by regul ati ons ,  waste characteri st ics ,  and s i te characteri st ics  and 

have the ful l  range of avai l abl e treatment technol og i es as opt i ons .  In con­

trast,  RCRA treatment , storage and disposal (TSO) faci l i t i es are dri ven by the 

regul at i ons and by the spec i fi c  permi tted technolog i es avai l abl e at the 

fac i l i ty .  Any one treatment fac i l i ty probably has one or more spec i fi c  

immobi l i zat i on technol og i es i n  pl ace wi th a l im ited menu of pretreatment 

opt i ons  ava i l abl e (U . S .  EPA, 1 989b) . 

The RCRA TSO faci l i ty personnel need to sel ect,  screen , and test 

treatment technol ogies  to process waste streams wh i l e  comply i ng wi th perm i t  

condi t i ons . Some fl exi b i l i ty may be ga i ned by u s i ng pretreatment opt i ons  or 

process mod ifi cations . 

The criterion for sati sfactory treatabi l i ty i s  the abi l -i ty of the 

treated waste to pass al l the required tests for d i sposal . A fl owchart for 

determi n i ng the potent-
i al sui tabi l i ty of SIS for waste treatment at a RCRA TSO 

fac i l i ty i s  provided i n  Fi gure 2-4.  Once the waste has been found to be 

potenti al ly  su itabl e for SIS ,  the approach for bench-scal e screeni ng i s  as 

outl i ned i n  Fi gure 2-5 . Th i s  approach i s  bas i cal ly  a s impl i fi ed vers i on of 

the t i ered approach for SIS treatabi l i ty test i ng descri bed i n  Sect i ons 2 .5 

through 2 . 7 .  

2 . 4 . 2  General Cri teria  for Not Using SIS 

Because the appl i cabi l i ty of SIS processes to s ite-specific wastes 

depends on several var i abl es , spec i fy ing cri ter i a  for not u s i ng SIS i s  

d i ffi cul t or i mposs i bl e  wi thout s i te-spec i fi c  data . However, i t  i s  poss ibl e  

to general i ze about cri teri a that i nd i cate potent i al SIS inappl i cabi l i ty .  

Tabl e 2 - 1 1  summari zes the types of waste that are general ly  not amenabl e to 

SIS processes or that could pose probl ems . 

2 .4 . 3  Outcome o f  Technol ogy Screening 

The outcome of the technol ogy screen i ng process i s  a determi nat i on 

of one of the fol l owing ( F i gure 2-3 ) : 

• Waste can be treated with SIS wi thout pretreatment .  

2-51  



No 
PatentIalJy Suitable '-----... for SIS �---� 

Not SuItable for SIS 

FIGURE 2-4. DETERMINING WHETHER SIS I S  APPLI CABLE AT A RCRA TSD FAC I L ITY 
(from U . S .  EPA, 1 989b) 
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ContInuIng QAJQC 
for Produc:t 

No 

landfill Disposal 

FIGURE 2-5. SIS DECISION TREE AT A RCRA TSO FACILITY (from U . S .  EPA, 1989b) 
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TABLE 2-11 .  APPLICABIL ITY OF SOLIDIFICATION/STABILIZATION 
TO SITE-SPEC IFIC WASTE 

A. WASTES THAT ARE UNSUITABLE FOR S/Se 

1 .  Wastes that are read i ly  treatabl e by recycl i ng ,  reuse , or recovery 
technol ogy , al l other factors bei ng equal . 

2 .  Wastes that are treatabl e usi ng a destructi ve technology, al l other 
factors bei ng equal . 

3 .  Wastes that contain l and-banned consti tuents (unl ess l and di sposal can 
be avoided) and other high-hazard materi al s ( e .g . ,  d ioxi ns ,  h igh 
l evel s  of PCBs , pest ic ides , etc . ) .  

4 .  Waste for which  the ARARs cannot be sat i sfied wi th exi st i ng SIS 
technol ogy ( unl ess ARARs are mod i fi ed) . 

5 .  Wastes that have unacceptabl e physi cal characteri stics such as 
bei ng too sol i d  or vi scous to mix or handl e .  

6 .  Wastes where waste vol ume expans i on would exceed reuse space 
constraints.  

7 .  Wastes that are treatabl e us i ng a much l ess  expens ive technol ogy, 
al l other factors be i ng equal . 

B .  WASTES THAT POSE COMPLICATIONS FOR SIS 

1 .  Wastes with vol ati l e  organics ( pretreatment i s  usual ly requi red) . 

2 .  Wastes that contai n a l arge number of di fferent types of 
contami nants . 

1. Wastes that are si tuated such that field SIS wi l l  be diffi cul t  or 
expose l ocal receptors to unacceptabl e r i sk .  

4 .  Wastes wi th  l arge amounts of interferi ng/incompati bl e  consti tuents 
(pretreatment necessary) . 

5 .  Wastes that contai n organics a s  the primary contami nants . 

a SIS i s  not recommended for these wastes unl ess no other opti on exi sts .  
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• Waste can be treated wi th SIS with pretreatment or  
coupled w i th a di fferent technol ogy (treatment trai n) . 

• Waste can be treated with some type of technol ogy 
other than SIS . 

• No treatment technology i s  currently avail abl e for the 
waste . 

Wastes that can be treated -as i s · with SIS are those whose target 

contaminants are expected to respond favorably to SIS usi ng at l east one known 

b ind ing agent . Such wastes shoul d not have properti es that woul d  i nterfere 

with the SIS process .  

Wastes requi ring pretreatment include materi al s that are hazardous 

by v irtue of i gn i tabi l i ty ,  corrosi v i ty ,  react iv ity ,  i nfect i ousness ,  presence 

of rad i onucl i des , or some other property that woul d normal l y  prec l ude secure 

l and buri al . Such wastes cannot be sol i d ifi ed or stabi l i zed and d i sposed of 

i n  l andfi l l s  wi thout adequate pretreatment .  Wastes that present spec i fi c  

probl ems , such as excess i ve escape of vol at i l e  organi c s  of concern duri ng 

treatment , may al so fal l  i nto thi s category and requi re ei ther pretreatment to 

reduce the vol at i l es or the use of add i t ives in  the SIS treatment formul at i on 

to i nh i b i t  emi s s i ons during SIS process i ng .  Another exampl e o f  a reason to 

pretreat a waste pri or to SIS woul d be to remove an i nterference wi th the SIS 

technol ogy . Conversely ,  SIS may i tsel f al so be the pretreatment step , for 

exampl e ,  to i mprove materi al hand l i ng characteri stics  pri or to treatment by a 

d i fferent technol ogy. 

F i nal ly ,  wastes for whi ch SIS i s  currently not a practical opti on 

i ncl ude hi ghly hazardous material s (because SIS does not convert metal s or 

break organi cs down i nto bas ic chemi cal s ) , wastes contai n ing excess ive 

i nterferants that wi l l  not respond to treatment , and mi xed wastes w ith complex 

chemi stri es that requi re several pretreatment steps pri or to  SIS . Such wastes 

become too expensive to process when compared w i th the cost for transportati on 

and secure l and bur i al i n  a RCRA-permitted fac i l i ty.  In  many cases , these 

types of wastes wi l l  be treatabl e u s i ng a di fferent type of technol ogy . In  

rare cases , the waste wi l l  s imply be untreatabl e .  I f  a l l owed wi t h i n  regul a­

t ions such as l andban , the waste may be d i sposed of . If  the d i sposal opt i on 

i s  forecl osed , add i t i onal research wi l l  be needed . 
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2 . 5  WASTE/BINDER COMPATIBILITY LITERATURE SCREENING 

After i t  has been determi ned that SIS i s  a potent i al l y  appl i cabl e 

technol ogy for a spec i fi c  waste (Sect i on 2 . 4) , survey ing the techni cal 

l i terature to i dent i fy appl i cabl e bi nder types i s  a good start i ng poi nt for 

the treatab i l i ty study . The l i terature screeni ng shoul d resul t i n  the sel ec­

t i on of two to four candi date b i nders for further eval uat i on at the l aboratory 

bench-scal e screeni ng t i er ( Sect i on 2 . 6) .  

The l i terature-screen i ng step bas i cal ly  conforms to the remedy 

screen i ng step, as outl i ned i n  U . S .  EPA ( 1 98ge) . Techn i cal i nformat i on 

resources ,  i ncl ud i ng i nformat i on from reports,  guidance documents, vendor 

i nformat i on ,  and el ectron i c  databases , are useful reference materi al s .  Any 

avai l abl e performance and cost i nformati on shoul d al so be obtai ned for al l 

bi nders be i ng cons i dered. A fl owchart i l l ustrat i ng the waste/bi nder compat i ­

b i l i ty l i terature screening processes , as wel l as the organ i zati on of thi s  

sect i on ,  i s  presented i n  F igure 2-6 . The objecti ve of th i s  screeni ng step i s  

to ident i fy ,  as s i mply and as i nexpens i vely as poss i bl e ,  those b i nder types 

most su i ted for the s i te-spec i fi c  waste and i ts contami nants and for the 

rel ated waste d i sposal scenari o .  

2 . 5. 1 Identi fy Ava i l abl e Bi nders 

The sel ect i on of two to four b i nders for further eval uat i on i s  not a 

requ i rement , but i s  recommended because i t  i mproves the probab i l i ty of a 

successful treatabi l i ty study and requ i res mi n imal add i t i onal t i me and cost . 

Th i s  l i terature screeni ng step i s  al so i ntended to mi n imi ze potent i al l y  

expens ive tri al -and-error bench-scal e test i ng i n  the l aboratory. 

I f  a s i ngl e b i nder or bi nder system has been presel ected for bench­

scal e test i ng ,  then the l i terature screen i ng step i s  no l onger rel evant . 

However, i f  that bi nder system proves to be i neffect i ve i n  bench-scal e 

screeni ng (Sect i on 2 . 6 ) ,  then i t  wi l l  be necessary to sel ect and test addi ­

t i onal b i nder systems before i t  can be concl uded that SIS i s  an i nappropri ate 

treatment technol ogy. 

2 . 5 . 2  Screeni ng Process 

The princi pal cri teri a for waste/binder compat i bi l i ty l i terature 

screeni ng are to determine (a)  i nterferences and chemical i ncompat i b i l i t i e s ,  
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Section 2.5.1 Identify Available 
Types of Binders 

, ,. 

Section 2.5.2 Screen Binders Based on 
Literature Information 

• Interference With Binders 

• Waste Chemistry Considerations 

• Disposal/Reuse 

• Cost 

• Process Implementation History 

, � 
Select 2 to 4 Binders for 

Bench-Scale Screening Testing 

FIGURE 2-6 . WASTE/BINDER COMPATIBILITY LITERATURE SCREENING 
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( b) metal chemi stry consi derati ons, (c )  compat ibi l i ty with the d i sposal or 

reuse envi ronment , (d) cost , and (e) process track record . I deal ly ,  an expert 

system shoul d be developed to provi de systemati c  eval uat i on of these i ssues . 

However , a ful ly usabl e system for compl ex waste forms has yet to be devel­

oped . The l i terature screeni ng cri teri a are summari zed bel ow .  

2 . 5. 2 . 1 Interferences and Chemical Incompatibi l i ti es 

Proper SIS treatment us ing pozzo1 ani c  bi nders may be i nh ibi ted i n  

the presence of certai n  chemi cal constituents , such as h i gh concentrations of 

o i l , grease , and other organics ,  as wel l as chl orides and other sol ubl e sal t s . 

Certain SIS processes wi l l  not functi on properly i f  the chemi cal envi ronment 

i s  not adequately control l ed .  For exampl e ,  sod i um sul fi de i s  i ncompati bl e  

wi th acids , whi ch not only impai r SIS but also may resul t i n  the rel ease of 

tox ic  hydrogen sul fide gas . These and other types of waste/binder incompati­

bi l i ti es are summari zed i n  Sect ion 4 . 3  and in  references c ited therei n .  

Materi al Safety Data Sheets (MSDSs ) for i ndividual waste components provide 

another potent i al l y  useful source of data on i nterferences and chemi cal 

incompati b i l i ti es .  

2 . 5 . 2 . 2  Metal Chemistry Consi derati ons 

Metal chemi stry i s  complex and has not been exami ned in  any system­

ati c  manner as i t  pertains to SIS treatment and the chemical mechani sms of 

immobi l i zat i on of contami nated soi l s .  Section 4 . 2 . 2  and U . S .  EPA ( 1990b, 

Appendix D)  summarize some of the rel evant chemi cal reaction s .  When al kal i ne 

b i nd i ng agents such as cement , pozzol ani c b i nders , or sol ubl e s i l i cates are 

used , the format i on of metal hydroxides, oxi des , and pos s i bl y  s i l i cates wi l l  

be an i mportant SIS mechan i sm .  When sod i um sul fide i s  used , extremely  

i nsol ubl e sul fi de sal ts may form wi th numerous metal s .  I n  add i t i on ,  metal 

carbonates , phosphates , and sul fates occas i onal l y  can be important i n  some 

systems . 

Numerous chemi cal compl exities  exi st . Chemical condi ti on s ,  such as 

h i gh pH (see Section 4 . 1 . 1 ) that are favorabl e for the i mmobi l i zati on of 

certain metal s ( e .g . ,  Ni and Zn) actual l y  may be detrimental to others . For 

exampl e, As and Cr form sol ubl e an i on i c  spec ies at high pH . Al so, the 

sol ubi l i ty of many metal hydroxides i s  affected by the ir  amphoteric behavior 
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(sol ubi l ity i ncreases at both h igh and l ow pH) . The minimum sol ubi l ity for 

one metal may be several pH units  d i fferent from the minimum solubi l i ty for 

another. Geochemical equ i l i bri um model i ng may be necessary to resolve i s sues 

rel ated to compl ex waste chemi stries.  

2 . 5 . 2.3  Organic Chemi stry Considerations 
for Target Contaminants 

I f  organic contaminants are present ,  the bi nder sel ecti on must al so 

be based upon compat i bi l ity with the organi c  contami nants . Secti on 4 . 2 . 2 . 2  

d i scusses some of the types of bi nders and add i t ives that are used frequentl y  

for immobi l i z ing organi c  contami nant s .  These i ncl ude such mater ial s  as 

acti vated carbon and modi fied cl ays . In general , generic  bi nders such as 

Portl and cement do a poor job of immobi l i z ing organ ics ,  with the excepti on of 

h ighly pol ar compounds in l ow-to-moderate concentrations . 

When eval uat i ng the feas i bi l i ty of  appl ying SIS technol ogy to wastes 

conta in ing s ign i fi cant concentrat ions of organic  contami nant s ,  there are a 

number of i ssues that shoul d be exami ned , as d i scussed i n  det a i l  i n  Sec-

t i on 4 . 4 . Fi rst and foremost i s  whether a destruct i on or extracti on technol ­

ogy i s  ava i l abl e and appl i cabl e to the waste . Al l other factors bei ng 

approximately equal , destructi on or extracti on technol ogi es are preferred to 

SIS because they el imi nate or remove the contami nant as opposed to just 

immobi l i z ing i t .  Other i ssues that should be consi dered before concl udi ng 

that SIS i s  the preferred approach for wastes conta i n i ng organ ic  contami nants 

are : (a )  the vol at i l i ty of the organ ics and whether air  emi s s i ons may occur 

duri ng excavati on ,  m ix ing ,  and/or curing;  (b) the sol ubi l i ty of the organ ics  

in  water and the meani ngful ness of  conduct i ng aqueous l each tests as  a measure 

of the degree of immobi l i zat i on of the organ ics by SIS treatment ; and 

(c)  whether the organi c  contam i nants may degrade or transform to other by­

products duri ng SIS treatment and the tox i c i ty of those by-products .  

2 . 5 . 2 . 4  Compatibil ity with the Disposal 
or Reuse Envi ronment 

The ul t imate pl anned use of the SIS-treated waste has a bearing on 

bi nder sel ect ion .  Al though many treated wastes may be di sposed of  i n  a 

mun i c i pal l andfi l l , monofi l l ,  or some other subsurface bur ial s i te ,  others may 

be reused as fi l l ,  road base , or constructi on material . For sti l l  others , the 
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method of treatment wi l l  be d i rect i ncorporat i on of the untreated waste,  such 

as sandbl ast i ng gri t ,  i nto a compos ite ,  such as asphal t .  Numerous d i sposal 

and/or reuse opti ons exi st , but these are constrai ned by l egal and i ns t i tu­

t i onal concerns .  Reuse opt i ons , as opposed to d i sposal opt i ons,  are nonrout­

i ne and subject to i ntense scrut i ny to demonstrate envi ronmental protect i on .  

Ul t imate use opti ons need to  be ant i c ipated and factored i nto the b i nder 

screen i ng process al ong wi th product compat i bi l i ty cons i derat i ons.  

For exampl e ,  if  the waste d i sposal l ocat i on l i es i n  the saturated 

zone , b i nder sel ect i on must cons i der the probabi l i ty of water reach i ng the 

waste.  Low permeabi l i ty, adequate compress i ve strength , and stabi l ity i n  the 

groundwater geochemi cal envi ronment wi l l  be important criteri a .  Al so ,  

eng i neeri ng control s of d i sposal s i te hydrogeol ogy may be  i ncorporated to 

suppl ement bi nder performance cri teri a .  Waste d i sposal s i te and waste 

performance cons i derati ons al l rel ate to the protect i on of publ i c  heal th and 

the envi ronment . 

2 . 5 . 2 . 5  Cost 

Cost i s  an add i t i onal bi nder screeni ng cri terion,  al though th i s  

cri teri on shoul d be appl i ed only after the i nterference , chemi stry,  and 

di sposal /reuse envi ronment i ssues have been consi dered . Because econom i c  

cons iderat i ons are secondary t o  performance consi derat i ons ,  cost shoul d be 

used only to screen b i nders that are s i gn i fi cantly l ess economi cal or whose 

benefi ts  cl early do not just i fy the added expendi ture . 

2 . 5 . 2 . 6  Process Track Record 

F i nal l y ,  process track record may be a d i scriminat i ng factor i n  the 

sel ect i on of bi nders for bench-scale test ing .  Several databases have been 

devel oped that may be referred to as sources of i nformati on on successful 

treatabi l i ty stud ies .  Conner ( 1 990) contains  numerous tabl es of  performance 

data from previ ous treatab i l i ty stud i e s ,  organ i zed by metal . Means et al . 

( 1991a)  contai n s ,  on a d i sk i n  PC-DOS spreadsheet format , a tabul at i on of more 

than 2 , 500 performance data from SIS treatab i l i ty stud i e s .  The database can 

be sorted by metal , waste type , bi nder type , or other del i neators . Note , 

however, that publ i shed performance data from previ ous treatabi l i ty stud i es 

general ly  are of l imi ted val ue i n  des ign ing future treatab i l i ty stud i es 

2-60 

• 



• 

because sel dom do those publ i cations provide the l evel of detai l  necessary to 

permi t repl i cation of the experiment . Al so,  subtl e vari at i ons i n  waste 

chemi stry can l ead to very d i fferent treatabi l i ty resul ts . 

Al though process track record may be one of the factors used to 

sel ect binders for bench-scal e test ing ,  i ts incl us ion here i s  not i ntended to 

d i scourage the use of i nnovat ive or experimental bi nders or SIS technol ogy, 

wh i ch may prove very useful i n  certai n  ci rcumstance s .  

2 . 6  LABORATORY BENCH-SCALE SCREENING OF THE WASTE/BINDER MIXTURES 

2 .6 . 1 Purpose 

The resul t of the waste/binder compati bi l i ty l iterature screen ing 

descri bed i n  Sect i on 2 . 5  wi l l  be a l i st of bi nders or bi nder add i t i ve systems 

that are promi s i ng candidates for SIS treatment . I f  only one bi nder i s  

i dent ifi ed ,  then i t  should be tested as descri bed i n  thi s secti on to determi ne 

whether i t  has mer it ;  otherwise it wi l l  be necessary to i dent i fy an al terna­

t i ve bi nder.  

Because the technol ogy screen ing to thi s poi nt has been based on the 

l i terature rev i ew and generi c  i nformati on from previ ous SIS projects , the 

anal ys i s  now needs to be made spec if ic  to the actual waste bei ng studi ed .  

Waste/bi nder mixes should be tested i n  the l aboratory to determine rel ati ve 

performance .  Because analytical testi ng i s  expens ive ,  i t  i s  impracti cal to 

conduct a ful l  set of performance tests on al l of the waste/bi nder mixtures . 

Therefore, the test i ng at thi s stage takes the form of · screeni ng" as opposed 

to detai l ed performance testi ng and i s  l imited to the minimum requi red to 

i ndi cate process appl i cabi l i ty .  

The bench-scal e screen i ng process descri bed i n  Secti on 2 . 6  essen­

t ia l ly  equates to the -remedy sel ect i on "  screeni ng step i n  U . S .  EPA ' s gu idance 

for treatabil i ty testi ng under CERCLA (U .S . EPA, 198ge) .  Note that for 

certai n  SIS projects , where there i s  a high l evel of confidence that a g i ven 

bi nder wi l l  eas i l y  sati sfy the project ' s  performance goal s ,  t h i s  bench-scal e 

screen i ng step may be deemed unnecessary. Th i s  m i ght be the case i n  s i tua­

ti ons where waste propert i es are s imple  and straightforward , and where the 

sel ected bi nder has a demonstrated track record for the waste bei ng stabi­

l i zed . However, because of the numerous poss i bl e  subtleties  i n  SIS process 

i mpl ementat i on and the possi bl e effects of s i te-speci fic water properties  on 
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bi nder performance , i t  i s  hi ghly recommended that bench-scal e screening be 

conducted whenever poss i bl e .  

The general steps of the bench-scal e screen i ng proces s  are summa­

ri zed i n  Figure 2-7 . As th i s  figure i nd icates , several i terati ons  may be 

necessary. Cand i date bi nders ident i fi ed from Sect i on 2 . 5  are screened us i ng 

s imp le  bench-scal e treatabi l ity tests . If  the performance data do not 

d i scri minate suff i c i ently among bi nders , then addi t i onal screen i ng cri ter i a ,  

such a s  ease of  impl ementat ion i n  the field and cost , al so may be  considered 

at th is  stage . The bi nder or bi nder system that i s  u lt imately sel ected wi l l  

undergo more thorough bench-scal e performance tes t i ng as descri bed i n  

Secti on 2 . 7 .  

2 . 6 . 2  Approach 

Bench-scal e screen i ng enta i l s  mixing rel ati vely smal l amounts of 

waste with b i nders for test i ng i ndi vi dual parameters or i nd i cators of SIS 

technol ogy performance . These l aboratory tests ,  which are used to determine 

whether the " chemi stry" of the process works , are usual l y  performed i n  batch 

(e . g . ,  "jar tests " )  with t reatment parameters vari ed one at a t i me .  Because 

smal l vol umes and i nexpens i ve reactors such as bottl es or beakers are used , 

bench-scal e screeni ng tests can be an economi cal way to test a rel ati vely 

l arge number of performance and chemi stry vari abl es . I t  i s  al so pos s i bl e  to 

eval uate a treatment tra in  made up of several technol ogi es and to generate 

l imi ted amounts of res idual s for eval uat ion .  

2 . 6 . 2 . 1 Experimental Des i gn 

At the screen i ng stage a l arge number of treatment opti ons  are 

poss i bl e .  For th i s  reason , i t  i s  important to effici ently des i gn the l abora­

tory experiments .  The important experimental quest i ons to be answered can 

genera l ly  be expressed as hypotheses that are supported or d i sproved based on 

the exper imental data.  Dec i s i ons about how many and what ki nds of data to 

measure are made most rel i ably on the bas i s  of stat i sti cal experimental des ign 

procedures used to reduce the effects of experimental errors i n  the measured 

data. The area of experi mental des i gn has been wel l devel oped (e .g . , Cochran 

and Cox, 1957 ; H i cks , 1973 ) . The s i x  fundamental steps i n  devel opi ng a 

stati sti c al experimental des ign are as fol l ows : 
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FIGURE 2-7. LABORATORY SCREENING OF WASTE/BINDER MIXTURES 
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1 .  Cl early defi ne the experimental object i ves al ong 
with the tests to be performed. 

2 .  Define the experimental factors to be control l ed ,  
as wel l a s  the l evel s  and combi nat ions  of these 
factors to be i nvestigated . 

3 .  Establ i sh the method of randomi zati on to be used . 

4 .  Sel ect a stat i sti cal model to descri be the experiment . 

5 .  Spec i fy the data anal ys i s  procedures to be empl oyed 
as wel l  as the desi red stati sti cal propert i e s .  

6 .  Sel ect the experimental des ign  parameters to 
achi eve the desi red stati sti cal propert i es .  

2 . 6 . 2 . 2  Performance Testi ng 

Bench-scal e screeni ng i s  performed at th i s  stage to comparat i vely 

eval uate the candi date bi nd i ng agents . As  previously i nd i cated , extens i ve 

analyti cal data are not needed . Dependi ng on the performance cri teri a of 

concern , one or two s impl e performance tests ,  such as the frequently recom­

mended TCLP and unconfi ned compress i ve strength (UCS) tests ,  shoul d suffice 

for screeni ng .  The TCLP is recommended because of i ts regul atory status and 

because , compared to other l each i ng tests , i t  i s  rel at i vely s imple and 

i nexpens i ve to perform. The UCS test i s  recommended because most di sposal and 

reuse opti ons for SiS-treated waste wi l l  have some l evel of UCS performance 

standard s .  For examp l e ,  50 ps i  i s  typ ical gui dance per U . S .  EPA ( 1986b) . 

However, s ituat i ons may be encountered where the use of other screeni ng tests 

i s  just i fi ed .  Testi ng methods are d i scussed i n  Chapter 3 .  

It  may be appropri ate at th i s  stage to test the effecti veness of 

d i fferent bi nder/waste rat ios ,  because an optimal rat i o  cannot be determined a 

priori . If the bi nder/waste rat io  i s  not treated as a vari abl e ,  some useful 

bi nder may be rejected from further considerat ion because i t  was tested at the 

wrong proporti on (s ) . One test faci l i ty typ i cal ly  uses bi nder/waste rat i os of 

0 . 1 ,  0 . 3 ,  and 0 . 6  based on dry weight ( Barth and McCandl ess ,  1 989) . These are 

probably appropri ate for most generi c binders.  However, speci al ty bi nders may 

operate optimal ly at other rat ios .  I f  the bi nder/waste rat i o  i s  treated a s  a 

vari abl e at th i s  stage ,  then three vari at i ons wi l l  yield  the necessary data 
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for most cases . More or fewer binder/waste rati os may be needed dependi ng on 

factors such as waste compl exi ty and toxic ity .  However, for CERCLA remedi al 

act i ons ,  it rarely i s  worthwhi l e  to test at bi nder:waste rat i os greater than 

1 . 0 ,  because of  chemical costs and the d i sposal compl i cat i ons presented by the 

vol ume expansion  of the waste at the h i gher rat i os .  H igher rati os may be 

useful i f  bl ast furnace s l ag or ki l n  dust are ava i l abl e or i f  h i gher water 

contents requ i re h i gher bi nder add i t i on .  

Whatever performance cri teri a are chosen for testi ng ,  the waste 

shoul d sat i sfy the cri ter i a  with some marg in  of safety because the l aboratory 

i s  a more control l ed envi ronment than the fiel d for testi ng .  In  the fiel d ,  

i ngredi ent proport ions and the thoroughness o f  mixi ng are more vari abl e .  

Typi cal gu idance for the extent of  th is  margi n  of  safety i s  that the perfor­

mance cri teri a should  be sati sfi ed by at l east a factor of 2 .  For exampl e,  

TCLP-tested Pb shou ld  be � 2 . 5  mg/L, versus the U . S .  EPA threshold  of 

5 . 0  mg/L .  Th i s  i s  techni cal guidance , not pol i cy .  

I f  screen i ng tests fa i l  to di scri minate suffic iently among the bi nd­

ers ( i .e . ,  they perform s imi l arly) , then i t  may be appropri ate to screen the 

bi nders based on other factors, such as ease of field appl i cati on ( implementa­

b i l i ty) or cost . Ease of appl i cat ion i n  the field refers to process complex­

i ty or sens i t i v i ty of performance to process parameters . Highly compl ex 

processes, such as numerous sequenti al steps and processes that are extremely 

sensi t i ve to process parameters , such as exact i ngredi ent proporti ons and 

thorough mix i ng ,  may be very di ffi cul t to impl ement in the field and probably 

shoul d not be attempted unl ess preceded by a pi l ot- or ful l -scal e demonstra­

t ion . Heal th and safety cons iderat ions for workers and nearby i nhabi tants 

al so affect the ease of us i ng a part icul ar SIS process at a parti cul ar s i te .  

Both the S IS  f i e ld  equi pment neces sary and treatment chemi cal s used shoul d be 

conduc ive to safe and effi ci ent appl i cati on under actual fi el d cond i t i ons . 

A final factor affect ing bi nder screen i ng i s  cost . I f  al l other 
factors (performance and impl ementabi l ity)  are equal , then cost may be used to 

sel ect a b inder. The most s ign i fi cant cost i tems are usual ly  chemi cal s ,  

equi pment rental s or use rates,  and l abor .  The l atter two categori es of cost 

i nformation are d i fficul t to estimate at this stage.  However it shoul d be 

pos s i bl e  to devel op a sense for the overal l process compl exity and maximum 

poss i bl e  process i ng rate . Add it i onal i nformati on pertain ing to the cost of 

SIS treatment i s  provided i n  Sect i on 4 . 10 .  
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2 . 6 . 3  Technical Gui dance 

Guidance for bench-scal e bi nder screeni ng i s  summari zed i n  Table 

2-1 2 .  Th i s  i nformati on i s  provi ded to ass i st i n  pl ann i ng and i mpl ement i ng 

val id bench-scal e screen ing tests for SIS . 

2 . 7  BENCH-SCALE PERFORMNCE TESTING/PROCESS OPTINIZATIOR 

2 . 7 . 1 Purpose and Objectives 

At th i s  stage i n  the SIS treatabi l i ty study, l imi ted treatabi l i ty 

testi ng has been conducted and a promi s i ng bi nder has been i dent i fi ed .  Now i t  

i s  necessary to demonstrate that the bi nder wi l l  achieve al l rel evant project 

performance goal s and to optimi ze the SIS process i n  terms of des ign ,  fi el d 

i mpl ementabi l i ty ,  and cost performance . Thi s  step i n  the treatabi l i ty study 

i s  referred to here in  as "bench-scal e performance testi ng/process opt imiza­

t i on"  and equates to the "remedy des i gn test i ng "  step i n  U . S .  EPA' s guidance 

for performing treatabi l i ty stud ies under CERCLA (U . S .  EPA, 198ge) . Bench­

scal e performance or remedy design test i ng i s  frequently performed soon after 

the Record of Deci s i on i n  CERCLA project s ,  prior to impl ementi ng the remedy . 

A descriptive performance test i ng protocol that wi l l  sat i sfy the 

requi rements of al l SIS projects cannot be spec i fied because s i te-speci fic  

projects have di fferent performance goal s and because the response of  i nd i v i d­

ual wastes to SIS technol ogy can be unpred i ctabl e .  I n  the absence of exten­

s i ve regul atory requ irements for SIS treatment projects, acceptance cri ter i a  

must be determined l argely on a case-by-case basi s .  The approach summari zed 

here and i l l ustrated i n  Figure 2-8 advocates that the l evel of performance 

test i ng be set by the potenti al l evel of r i sk posed to human health and the 

envi ronment . That i s ,  the test i ng program should "  be based upon the gu i d i ng 

pri ncipl es deri ved from the u l t imate r i sk  posed by the waste i n  i t s  pl anned 

d i sposal or reuse envi ronment . 

Four pr inc ipal factors affect ri sk i n  th i s context : 

• Waste vol ume 

• Type and concentrati on of contami nants (metal s ,  
organ i cs ,  or both ) 
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TABLE 2-12 .  BENCH-SCALE BINDER SCREENING GUIDANCE 

1 .  Test the effecti veness of any pretreatment system. 

2 .  Screen at l east two to four bi nders at two or more bi nder/waste ratios . 

3 .  Ensure there are no bi nder/waste i ncompat ibi l i ties  that coul d pose a 
safety hazard ( rel ease of tox ic  gas , etc . ) .  

4 .  Use process , waste, and bi nder i nformati on to determine whether to 
base testing on compos ited waste sampl es ,  worst-case samp les ,  or both.  

5 .  Careful ly  moni tor, control , and record binder add i t i ons ,  order and 
sequence of add i t i ons ,  t i ming , and other procedural i nformati on .  

S .  Conduct several rounds of bench-scal e testi ng to  opt imize b i nder 
performance . 

• 
7 .  The chemical compositions of the binder and binder add i ti-ves shoul d be 

known or chemi cal ly anal yzed to ensure that these i ngredi ents do not con­
tain hazardous_ consti tuents or propert i es .  Consul t MSDSs at a m in i mum . 

S .  New ARARs may be devel oped as  a resul t of  the b i nder and/or b i nder 
add i t i ves (e . g . , dust emi ss i ons ,  corrosi vi ty [pH] l imits ,  etc . ) .  

9 .  Have the treatabi l i ty study wi tnessed by an i ndependent t h i rd party o r  
regul atory agency for impart i al i ty .  

1 0 .  S imul ate antici pated fiel d cond it ions duri ng curi ng as closely as 
poss i bl e  ( e . g . , do not necessar i ly  put the treated waste immedi ately 
i nto a sample j ar) . 

11 . Al l ow the sampl e to cure properly before chemical and phys i cal analyses . 

1 2 .  Cal cu l ate the percent reducti on in  TCLP contaminant concentrati on 
caused by stabi l i zati on both with and wi thout the effects of  waste 
d i l ut ion by bi nder i ngred i ents . 

13 . Test the most cri ti cal ARARs (e . g . , l each i ng characterist ics  and 
cri t i cal chemi cal /phys i cal propert i es ) . 

1 4 .  Assess a i r  emi ss i ons i f  vol ati l e  organ i cs are present . 

15 .  Send spl i ts of a few samples to a second l aboratory for i nterl aboratory 
veri fi cat i on . 

16 . Conduct the bench-scal e screen i ng project under a proper QA/QC program, 
i ncl ud i ng stati st ical des i gn ,  repl i cati on,  bl i nd control s ,  compl i ance 
w ith l aboratory cert ifi cat i on requ i rements , etc . 

1 7 .  Cal cul ate or measure waste vol ume i ncrease from bi nder/water add i t i ons . 
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section 2.7.1 
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section 2.7.2.5 
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No 
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_
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DelIne Testlng Requirements 
by RIsk DetermInation 

• Amount 01 Unbaalad Waste 
• Waste ChemIstry ConsIderaIIona 
• SHe CharacIadsIIcs • BIndIng Agent ConsIdemtlons 

1..-1 2 Moderate Testing 
LevaI 3 ExlansIYa Testing 

FIGURE 2-8. BENCH-SCALE PERFORMANCE TESTING OF SELECTED WASTE/BINDER MIXTURES 
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• S ite characteri sti cs of the pl anned disposal or reuse 
envi ronment 

• Demonstrated performance of the SIS process 
sel ected 

Th i s  sect i on provi des qual i tative guidance for determi ning the 

l evel of r isk  based on the above categories of factors . The l evel of r isk  

then determines the general extent of recommended performance testi ng .  More 

extens i ve testi ng requi rements are requi red for projects that present greater 

ri sk i n  order to i ncrease the l evel of confidence that the treated waste wi l l  

remai n  stabl e for the l ong term. One type of testi ng requi rement that i s  not 

derived from r i s k  perta ins  to spec ifi c b inders . Testing rel ated to bi nder 

eval uat i on i s  di scussed bri efly  i n  Secti on 2 . 7 . 2 . 3 .  

The goal s of bench-scal e performance testi ng and process opt im i za­

t i on are to demonstrate that the SIS-treated waste i s :  

• Chemical ly and physi cally stable ( i . e . , no free 
l iqu ids  as determined by the pa i nt fi l ter test ,  l ow 
l eachi ng rates) 

• Compatib le  with i ts d i sposal or reuse envi ronment 
(e . g . ,  possesses adequate compressi ve strength ,  i s · 
nonbi odegradabl e , and has suffi c i entl y l ow 
permeabi l i ty)  

• In conformance w ith the ARARs by an adequate margin of 
safety 

• Cost-effective compared with other possi bl e  treatment 
technol og i es 

• Demonstrated effecti ve and readi ly  impl ementable in  
the f ield  

General i zed procedures and rat i onal es for determining the  l evel of 

performance testing are provi ded i n  the fol l ow i ng sect ions .  Pl ease note that 

th i s approach appl i es ma i nly to projects under CERClA remediat i on and RCRA 

pl acement .  As  i ndi cated i n  Sect i on 2 .3 ,  the test ing requi rements of a RCRA 

TSO fac i l i ty are more spec i fi c  and i ncl ude the Paint F i l ter Test for free 

l i q u i d s ,  the TClP for l eachabl e metal s ,  and the other three tests for hazard­

ous waste characteri st i cs ( i . e . ,  i gni tabi l i ty ,  corros i v ity ,  and react iv i ty) . 
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2 . 7 . 2  How Much Performance Testing? 

2 . 7 . 2 . 1 Level s of Ri sk  

R i sk  determinat ion i s  probably equi vocal in  most cases , and excep­

t i ons  to any approach wi l l  always be i dent i fi ed .  No expert system exi sts yet 

for determi n i ng ri sk  as it rel ates to SIS projects . One approach , however, i s  

based on the pri nci pal r isk  factors i dent if i ed i n  Tabl e 2-13 .  Thi s  s impl i fi ed 

approach i s  provi ded as rul e-of-thumb gui dance only .  As i nd i cated prev i ously ,  

numerous except i ons are l i kely t o  exi st .  

The categori es of risk i n  Tabl e 2-13 are ( a )  waste vol ume . (b) type 

and quant i ty of metal contaminants ,  (c) type and quanti ty of organ i c  contami­

nants , (d)  s i te (d i sposal or reuse) characteri stics ,  and (e )  demonstrated effec­

ti veness of the SIS process . Each of these r isk  categories i s  subd i v ided i nto 

l ow, medi um, or h i gh risk l evel s .  Examples of each are g i ven i n  Tabl e 2-13 .  

The trends are strai ghtforward . larger vol umes of waste,  h igher hazard contami ­

nants ,  s i te cond i t i ons  promoti ng possi bl e  exposure to human or ecol ogi cal recep­

tors , and undemonstrated SIS processes are al l associ ated w ith h i gher ri sk  and 

therefore h i gher l evel s of performance test ing .  Metal s and organi cs are con­

s i dered separately,  because a waste contai n ing both i s  more d i ffi cul t to treat 

and therefore poses greater ri sk than a waste conta i n i ng only one or the other. 

Tabl e 2-13 shows where a project fal l s  among the fi ve ri sk factors and i s  used 

to determi ne the necessary l evel of performance test i ng ,  wh i ch i s  expl ai ned 

further i n  Sect ion 2 . 7 . 2 . 2 .  I dent ify ing the l evel of r isk  i s  a subjecti ve 

determi nat i on on the part of the part i ci pants i n  the treatabi l i ty study. 

2 . 7 . 2 . 2  Level s of Performance Testi ng 

Three l evel s of performance test i ng correspond to the three l evel s 

of ri sk from Tabl e 2-13 . Tabl e 2-14 describes some typi cal test i ng requi re­

ments ( l each i ng ,  phys i cal , and other chemi cal tests) for each of the three 

l evel s .  The tests to be run cannot be specif ied  exactly ,  as they wi l l  depend 

upon the needs of the i nd iv i dual SIS project . For exampl e ,  a freeze/thaw test 

may not make sense for an SIS-treated waste pl aced enfirely bel ow the frost  

l i ne . Permeabi l i ty wou ld  be of l i ttl e consequence for di sposal i n  the desert 

far above the groundwater tabl e .  Thus ,  Tabl e 2-14 provides gui dance on the 

overal l  magn i tude or  l evel of effort assoc i ated w ith the test i ng program as 

opposed to spec if ic  testi ng requi rements . 
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TABLE 2-13. RISK FACTORS FOR EVALUATING LEVELS OF PERFORMANCE TESTING 

Ri sk factors 

A. Waste vol ume 

B .  Metal contami nants 

C .  Organ ic contami nants 

D. Site characteri stics 

I .  low ri sk 

<1 , 000 cu yd 

Noncarci nogen ic  
Low toxi c i ty (e . g . , 
Cr [ I I I J ,  Ba , ln , Mo , 
Cu) 
Low to moderate concen­
trations 

Low total organic 
carbon content 
Low hazardous organics  
Low- interference 
organ ics 

Risk l evel s 

I I .  Medium risk  

> 1 , 000 to <10, 000 cu  yd 

Noncarc inogen ic  
Moderate toxic ity 
( e . g . , Pb, Se , Sb) 
Low to moderate concen­
trations 

Same general cri teri a 
as Level I I  metal s 
( e . g . ,  organic 
pri ori ty pol l utants 
other than those under 
I I I ,  hi gh-ri sk 
organ ics such as 
cresol s ,  xy1 enes , and 
al dehydes ) 

Vadose zone di sposal or Condi t ions i ntermediate 
depth to groundwater between I and I I I  
>25 ft 
Dry c1 imate 
Low popul ati on den s i ty 
Di stant from dri nking 
water source 
RCRA-permitted d i sposal 
facH ity 

I I I .  H igh ri sk 

>10, 000 cu yd 

Known or suspected carci nogen 
High toxi c ity (e .g . ,  Cr[V I ] ,  
Cd , Hg , As , Be] 
Very h igh· concentrati ons 

Same general cri ter ia  as 
level I I I  metal s ( e .g . , 
PAHs , PCBs , d ioxi n s ,  furans , 
certai n pest i cides, 
ch1 oropheno1 s )  
High- interference organics 

• Saturated zone di sposal or 
depth to groundwater <5 ft 
Wet cl imate 
High popul at ion den s i ty 
Cl ose to drinking water 
source 
Wi ndy cond i t ions coupl ed wi th 
aboveground di sposal or reuse 
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TABLE 2-13. RISK FACTORS FOR EVALUATING LEVELS OF PERFORMANCE TESTING (Conti nued) 

R1 sk factors 

E .  History of process 
effecti veness 

e 

I .  Low ri sk 

Wel l -establ ished , 
frequently used 
process with generi c 
bi nders and 
contam1 nants that 
stab1 l 1 ze read i ly  

R isk l evel s 

I I .  Medium ri sk 

F ield-demonstrated, but 
not as frequently used 

e 

I I  I .  H igh ri sk 

Innovat ive or complex process 
for contami nants that are 
more d i fficul t to stabi l i ze 
( e .g . ,  As,  Cr[VI 1 ,  phenol ) 
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TABLE 2-14. LEVELS OF PERFORMANCE TESTING AND EXAMPLE TESTING REQUIREMENTS 

Testi ng 
l evel 

I .  Low 

I I .  Medium 

I I I .  H igh 

Leaching 

One short-term test (e . g . , 
5-day ANSI/ANS/ 16 . 1 )  

One short-term test (e . g . ,  
5-day ANSI/ANS/ 1 6 . 1 )  and 
one medi um or l ong-term 
test (e . g . ,  MEP) 

Several tests , i ncl ud i ng 
one l ong-term test ( e . g . , 
MEP or gO-day 
ANS I/ANS/16 . 1 ) ;  geo­
chemical and/or transport 
model ing may be advi sabl e 

A sol vent extract ion test 
(total waste analys i s ) to 
demonstrate the chemi cal 
stabi l i zati on of non-TCLP­
l i st organics ( see Section 
4 . 4 . 3 )  

Nonrouti ne analyt i cal 
procedures as requi red to 
i ndicate chemi cal bondi ng 

Exampl e testi n�reQuirements·b 

Physical 

Minimum number of param­
eters needed to demonstrate 
compat ibi l i ty with di sposal 
or reuse envi ronment 

Several phys i cal parameters 
( e .g . ,  UCS , permeabi l i ty, 
spec i fi c  gravi ty) 

Freeze/thaw and wet/dry 
tests i f  aboveground use i s  
pl anned 

Appl i cabl e properties from 
Level I I  p l us standard 
factor test , Cal iforn i a  
bearing rat io ,  freeze/thaw 
and wet/dry tests ,  and 
others as appropri ate 

Bi odegradat ion tests i f  
perti nent to the bi nder 

• Assumes TCLP l evel s and UCS have been determined previ ously i n  l aboratory screening .  
If the process formul ation has been mod i fi ed, TCLP and UCS shoul d  be rerun . 

b These are candidate tests gi ven as examples only. 

Other chemi cal 

As needed: pH usual ly 
requi red to 
demonstrate 
noncorrosi veness 

As needed ( e . g . ,  pH, 
aci d  neutral i zation 
capaci ty) 

pH , aci d  neutral i za­
tion capaci ty, Eh , 
vol ati l e  emi s s i ons as 
appropri ate to show 
chemi cal stabi l i ty 
and compat ibi l i ty 

Bi oassays as 
appropri ate 

Spec iat i on of 
contami nant metal s to 
show potent ial for 
l ong-term stabi l i ty 
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As Tabl e 2- 14 i ndi cates , h igh-ri sk  projects requi re more ri gorous 

l evel s of testi ng to establ i sh a higher degree of confi dence that the S/S­

treated waste wi l l  atta i n  and mai ntain  the requi red l evel s of performance.  

For most h i gh-ri sk SIS projects , thi s al so means that the potent i al for l ong­

term l each i ng should  be assessed . For final pl acement cl ose to natural 

waterways , the need for acute bi oassay test ing may al so be cons idered . A 

l arge number and wide vari ety of performance tests may be conducted . Chapter 

3 d i scusses a sel ect ion of the many avai l abl e physi cal , l each i ng ,  chemi cal , 

b i o l og i cal , and mi crocharacteri zat i on tests .  Chapter 3 may be consul ted for 

i n formation about the types of tests avai l abl e ,  the i nformati on they provide ,  

and any exi sting acceptance cri teri a .  

2 . 7 . 2 . 3  Tests for Spec if ic  B i nding Agents 

Bi nder sel ect i on i s  an add it ional cons iderati on i n  des i gn i ng the 

performance testi ng program. Certai n types of tests rel ate more to the 

spec if i c  properti es of the bi nder than to the ri sk  associ ated wi th waste 

chemi stry and s i te characteri st i cs . Examples i ncl ude the fol l  owi ng : 

• When sul fide i s  used as a treatment chemi cal , pH and 
reactive sul fide analyses (or sul fide react i v i ty ,  the 
so-cal l ed "Cl aussen test" )  shou ld  be conducted to 
ensure that the waste meets the RCRA corros i v i ty (pH 
l ess than 1 2 . 5 )  and reactive sul fide ( l ess than 500 
mg/kg) guidel i nes . 

• When thermopl ast i cs or other organ i c  bi nders are used, 
bi odegradat i on tests may be required . 

In 'some si tuat i ons ,  a test method may need to be mod if ied to accOlTlDodate a 

spec i fi c  SIS-treated waste . For exampl e ,  because the o i l s  and bi tumens i n  

asphal ts woul d  probably l ead to fil ter pl ugg i ng ,  the fi l tration  procedures may 

need to be modi fied or el iminated compl etely .  

2 . 7 . 2 . 4  Acceptance Cri teri a 

The success of the treatabi l i ty study wi l l  be measured i n  terms of 

whether the tests sati sfy predetermi ned performance objecti ves .  Some of  these 

criter i a  are regul atory l i mi ts ,  such as the metal thresholds  that have been 

establ i s hed for the TCLP ,  EP Tox, and Cal i forn ia  Waste Extract i on Test (WET) . 
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However, most cri teri a are not stri ct regul atory l imits and must be determi ned 

on a case-by-case basi s .  For exampl e ,  the target permeabi l i ty and UCS 

cri teri a wi l l  vary with the s i te characteri sti cs of the di sposal envi ronment. 

Permeabi l i ty requi rements wi l l  vary with the water fl ux through the d i sposal 

zone and the proximi ty to the groundwater tabl e .  The UCS cri ter ia  shou l d  be 

based on an eng ineeri ng cal cul �ti on of the l oad under whi ch the waste wi l l  be 

pl aced pl us a safety factor. 

The approach for determi n i ng acceptance cri teri a general l y  emphas i z­

es design ing to the needs of the i nd ivi dual project. It is not cost-effecti ve 

to design overly restri cti ve cri teri a .  However,  the cri teri a need to be 

adequate to ensure , with an acceptabl e degree of probabi l i ty ,  that the S/S­

treated waste wi l l  perform sati sfactori l y  in the fi e l d .  

I f  the treatabi l ity study i s  unsuccessful ( i . e . ,  i f  some performance 

objecti ves are not sat i sfi ed) , then several opti ons are avai l abl e ,  for 

exampl e :  

• Revise the performance objectives within regul atory 
l imitati ons (for exampl e ,  exception to ARARs) 

• Modify the formul ations 

• I nvesti gate a compl etely di fferent bi nder system 

• Add more engi neering control s to the fi nal pl acement 
l ocat i on 

Most performance defects identi fi ed i n  treatabi l i ty studies can be 

corrected by process or bi nder mod ifi cati ons . However, the resul t ing SIS 

treatment system may be compl ex or expens ive .  I f  performance i s  so unsat i s­

factory that SIS i s  not a v i able  opt i on ,  then the SIS treatabi l i ty study i s  

concl uded . 

2 . 7 . 2 . 5  Process Optimization 

The bench-scale treatabi l i ty envi ronment offers an excel l ent 

opportun i ty to fi ne-tune the SIS process for s i te-speci fi c  waste . Process 

opt imizat i on i ncl udes the fol l owi ng types of act i v i t i e s :  
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• Determi n i ng the trade-offs between red uc i ng the 
bi nder : waste rat i o  and associ ated cost savi ngs versus 
process performance 

• Determi n i ng the opt imal sequence of b inder or 
addi t ives in terms of process i ng rate and process 
performance 

• Eval uat i ng the sens i t i v i ty of the SIS process to 
sl i ght variat i ons i n  bi nder amounts ,  curing 
condi t i ons , andlor mixi ng effi c i ency 

• Eval uat i ng the sens i t i v i ty of the SIS process to 
expected variati ons in waste properti es ( average vs .  
worst-case contam inant concentrations , vari abl e matr ix  
properti es ,  etc . )  

Process opt imization i s  an important step i n  maximi z i ng cost­

effecti veness and determi n i ng process sens i t i v i t i es .  

2 . 7 . 3  Techni cal Gui dance 

Gui dance for conduct ing bench-scal e performance test i ng i s  provi ded 

in Tabl e 2-15.  The gui dance provi ded i n  Sect i on 2 . 6  ( Tabl e 2-12)  i s  al so 

appl i cabl e .  

2 . 8  PILOT-SCALE AND FIELD DEMONSTRATIONS 

2 . 8. 1 The Need for Process Scale-Up 

Bench-scal e treatabi l i ty test i ng ends when a sui tabl e bi nder and 

bi nder : waste rati o  i s  sel ected . The user must then determi ne whether a pi l ot 

test or fi el d demonstrat ion test of the stabi l i zat i on process i s  necessary 

prior to a ful l -scal e cl eanup .  A pi l ot test general ly  refers to an i ntermedi ­

ate-scal e s imul ati on (often i n  the l aboratory) o f  a ful l -scal e operati on .  

F iel d  demonstrat ion genera l ly  refers t o  a s imul at i on of the ful l -sca le  

operati on conducted on-s ite wi th actual ful l -sca l e  (or cl ose to  ful l -scal e )  

equi pment . A p i l ot or  field  test may be needed to  bui l d  confidence in  the 

bi nder sel ect i on or to gather data for des i gn of the ful l -scal e system. 

Pi l ot-scal e stud ies  are typi cal ly  d i rected at resol v i ng equi pment s i zi ng ,  

sel ect i on ,  or scal e-up i ssue s .  Usua l ly  i n  SIS technol ogy, the field test i s  a 

dry-run of the ful l -scal e treatment equi pment under careful l y  mon i tored 

cond i t i ons prior to proceed ing  wi th ful l -scal e treatment . The expense of a 
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TABLE 2-1 5 .  GUIDANCE FOR BENCH-SCALE PERFORMANCE TESTING 

1 .  The same guidel i nes concern i ng procedures for conducti ng bench-scal e 
treatabi l i ty tests provided under secti on 2 . 6  ( Tabl e 2-1 1 )  al so apply 
here . 

2 .  Performance tests are needed for al l ARARs , for exampl e :  

a .  I f  subsurface di sposal i s  pl anned , appropri ate tests should be 
conducted ( e .g . , unconfined compress i ve strength and permeabi l i ty ,  
etc) . 

b .  I f  surface o r  near-surface d i sposal i s  pl anned, appropri ate tests 
shoul d be conducted ( e . g . ,  wet/dry, freeze/thaw, etc . ) .  

c .  long-term stabi l i ty needs to  be  ensured . The TelP i s  not suffi c i ent 
evi dence of l ong-term stab i l i ty .  Al ternat i ve l each i ng tests should 
be conducted that better address  l ong-term stabi l i ty ( see Secti on 
3 . 2 )  and/or the TClP should be conducted on treated waste after 
di fferent curi ng periods (Sect i on 4 . 7) . 

d .  For wastes having organ i c  contaminants wi th l ow aqueous 
sol ub i l i t i es ,  l each i ng with an organi c  sol vent may be appropri ate 
( see Secti on 4 . 4 . 3 ) . 

e .  For wastes contai ni ng organic contami nants ,  conduct a mass bal ance 
to account for the fractions of contami nants that are l eachabl e ,  
i mmobi l e ,  and rel eased due t o  vol at i l i zat i on .  

f .  For a suspected col l oidal contaminant transport mechani sm,  consi der 
substitut i ng l arger pore-s i ze fi l ter medi um for the standard 
fi l trat ion med i um or us i ng centri fugati on i nstead of fi l tration .  

g .  leach tests using s i te-spec if ic  groundwater (as opposed to generi c  
l eachate or di sti l l ed water) may be appropriate . 

h .  I f  the bi nder i s  biodegradabl e ,  a biodegradat i on performance test 
shoul d be conducted. 

i .  If the d i sposal s i te coul d l each i nto an aquatic  system, l eachate 
b ioassay may be appropr i ate . 

j .  Note that the b i nders themsel ves may contai n contaminants such as 
metal s ;  these should be taken i nto con si derat ion in performance 
test i ng . 

3 .  A total contaminant analysi s  should  general l y  b e  performed on the same 
subsampl e used for l each tests to e l imi nate fal se negati ves . 

4 .  The l eaching performance data shoul d be corrected for the effect of 
d i l ut i on to determine the actual extent of stabi l izati on due to binding. 
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TABLE 2-15 .  GUIDANCE FOR BENCH-SCALE PERFORMANCE TESTING (Continued) 

5 .  Simul ate f iel d cond i t i ons a s  cl osely as poss i bl e  duri ng cur ing . 

6 .  Al l ow the waste to cure for an appropri ate peri od o f  t ime before 
analysi s .  

7 .  The enti re performance testi ng program should be conducted under an 
appropri ate QA/QC program, i ncl udi ng stat i st ical des ign ,  repl i cates , 
analyt i cal methods , bl i nd control s ,  and other control s .  

8.  There should be a safety marg i n  in  the performance data rel ative to the 
numeri cal threshol ds because the SIS process may not work as wel l as i n  
the f iel d .  

9 .  The SIS process devel oped and demonstrated at thi s stage must be 
i mpl ementabl e i n  the fi e ld  ( i . e . ,  not too compl ex) . 

10 .  The vol umetric expansion of the waste duri ng treatment must conform to 
the d i sposal space constrai nts . 

1 1 .  The cost shou ld  be real i st i c  for an SIS treatment option ;  depending on 
the ci rcumstances , a real i st i c  cost i s  usual ly l ess than $150/ton .  

1 2 .  Spl i ts o f  some proporti on o f  the samples shoul d be sent t o  a second 
analyti cal l aboratory for i nterl aboratory compari son . 

13 .  It  i s  adv i sabl e for bench-scal e test i ng to  be  observed by an  i ndependent 
th i rd party or regul atory agency for impart i al i ty .  

pi l ot-scal e ( i ntermedi ate-scal e )  test i s  usual ly  not warranted , except for 

very complex SIS projects . 

The dec i s i on whether to do a p i l ot or field test h i nges mai nl y  on 

how wi dely a part i cul ar waste/bi nder system has been demonstrated i n  the past . 

Other factors such as regul atory requi rements ,  ful l - scal e equipment des ign ,  

and cost est imati on are al so cons i dered . I f  treatab i l ity testi ng shows that 

the waste contains common forms of contami nants that respond wel l  to stabi l i ­

zat i on i n  a matrix  that conta i ns no s igni f icant amounts of i nterferants ,  and 

i f  the b i nder system i s  wel l -demonstrated and commonly  used on these contami­

nants ,  then a pi l ot or field demonstrat i on may not be necessary .  If the 

contami nant spec ies  is compl exed i n  the waste matri x ,  i f  the waste contains  

i nterferants , or  if  a not-so-wel l -understood b i nder system i s  being used , a 

pi l ot or fi el d-scal e demonstrat i on i s  advi sabl e to ensure the effecti veness of 
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the process .  As i ndi cated above, a field demonstrati on can be conducted 

s i mply as a d i screte part of the ful l -scal e cl eanup, wi th a pause after the 

demonstrati on to eval uate effecti veness and/or al l ow for regul atory revi ew. 

Thi s  i s  a useful step for cal i brati ng materi al fl ow rates and for determi n i ng 

optimal process ing rate s .  Any defi ci enc i es i n  the field  equi pment can be 

ident i fied and corrected , and field  personnel can be trai ned i n  the safe 

operation of the ful l -scal e equi pment . Once the SIS process has been demon­

strated i n  the fiel d ,  the cl eanup can cont i nue wi th the same equ i pment . 

Safety probl ems can al so be i dent i fi ed during pi l ot/fi e ld  testi ng. 

For exampl e ,  the Handbook for Stab i l iza t ion/So l idificat ion of Hazardous Waste 

( U . S .  EPA , 1986c) descri bes how rap id  addit ion of a react i ve stabi l i zat i on 

agent ( e . g . , unhydrated l i me )  can cause rapid  vol ati l i zat i on of l ower boi l i ng­

point organi cs ,  l ead i ng to fl ash fi res . 

A spec if i c  case hi story demonstrates the adv i sabi l i ty of a field  

test pri or to ful l -scal e treatment . Physical cond i t i ons during ful l -scal e 

cl eanup may vary from those in  the l aboratory so as to al ter or prevent the 

desi red . react ions of the stabi l i zation process . A case in point i s  descri bed 

� by Means et al . ( 199Ib) for a field  demonstrat ion stabi l i z i ng sand blast i ng 

gri t  contai n i ng copper and l ead as contami nants . A l aboratory-proven bi nder 

system composed of sul fi de and fly ash was used duri ng the i n i ti al demonstra­

t i on .  The treated waste was stored i n  the open on plastic sheets for curing.  

Samples of the cured waste showed that the waste at the top of the pi l e  was 

not as wel l  stabi l i zed as the waste at the bottom of the p i l e .  Duri ng further 

treatabi l i ty test i ng ,  i t  was d i scovered that when the waste was cured i n  a 

jar, stabi l i zat i on was effect ive .  When the waste was cured on a gent l e  

i ncl i ne i n  the open a i r ,  s imul at i ng the fie ld  waste materi al , some excess 

stabi l i zation reagent was observed dra i n i ng off the waste materi al . I t  was 

concl uded that envi ronmental cond i t i ons caused by pi l i ng were preventi ng the 

reaction between the sul fide and the metal i ons  from reachi ng compl etion .  

Thus ,  the fi el d system was shown to be not as effective as the bench-scal e 

system for th i s  stabi l i zation project. Fortunately, the problem was i dent i­

fied and corrected at  an  earl y stage of  fi el d treatment.  

Al l the factors ment i oned above shoul d be taken i nto cons ideration 

i n  determi n i ng the need for a field  demonstrat ion before ful l -scal e cl eanup . 

Once a dec i s i on i s  made to proceed wi th the demonstration,  the steps i n  the 

fl owchart of F i gure 2-9 may be fol l owed . Two to four smal l batches of waste 

2-79 



Proceed With 
Full-Scale 

Remediation 

No 

Yes 

Treatability 
Study Results 

Run 2 to 4 SmaD 
Batches of Waste 
on the Pilot/Field 

Equipment 

� Curing. Ana�e 
Samples to Evaluate 
Critical Performance 

Goals 

Change Equipment 
or Engineering 
Parameters or 

Reformulate Binder 

FIGURE 2-9. P ILOT-SCALE TEST SCREENING 
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are typi cal l y  run , with 1 to 1 5  cubi c yards of untreated waste materi al per 

batch general ly  used depend i ng on the s i ze of the ava i l abl e equi pment . 

Stat i st ical ly s i g n i ficant sampl es are taken and anal yzed by the tests de­

scri bed i n  Chapter 3 to demonstrate effecti veness . Adequate qual i ty assurance 

procedures are fol l owed duri ng sampl e col lecti on and analyses to ensure 

rel i abi l i ty .  

After al l owing the treated waste to cure, the samples can be 

analyzed and eval uated for cri t i cal performance goal s as determi ned at an 

earl i er stage. If the sampl es meet these performance objectives , the user may 

proceed with the ful l -scale cl eanup . I f  the sampl es fai l  the performance 

object i ves,  the user has to determi ne whether the fiel d-scal e equ i pment, the 

bi nder formul at i on ,  and/or other eng i neeri ng parameters ( e .g . ,  flow rates , 

storage envi ronment) are at faul t .  Further test i ng may be necessary to i den­

tify the cause of the dev i at i on between bench-scal e and field- scal e resul ts .  

2 . 8 . 2  Scal e-Up Issues 

Scal e-up from a bench-scal e to fiel d demonstrati on or ful l -scal e 

process general l y  focuses on the mater ial s handli ng aspects of the process 

si nce the chemi stry al ready has been addressed i n  the bench-scal e tests . 

Scal e-up pl ans should address each of the fol l owi ng wherever appl i cabl e :  

• Waste excavat ion for ex s i tu processes 

• Waste handl i ng 

• Equipment sel ection & s izing 

• Chemi cal reagents (bi nder) storage 

• Pretreatment of waste 

• Presence of debri s 

• Materi al s  bal ance 

• Mi x ing and curing 

• Stabi l i zed waste di sposal 

The most common methods of stabi l i zati on are pl ant mi x ing and i n  

s itu mixing . Pl ant mi x ing i nvol ves remov i ng the waste from i ts l ocati on and 
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transferring i t  to a treatment pl ant. The waste i s  mixed wi th the stabi l iza­

t i on agents i n  the fixed or mob i l e  treatment pl ant . Dur ing i n  s itu  m ix ing ,  

the waste rema ins i n  pl ace , and the stabi l i zat i on agents are i njected or mi xed 

wi th speci al i zed augers or other equi pment.  

Another method , area mixing,  is  used main ly  for treati ng o i ly  

sl udges or semi sol id  wastes . In thi s method , a l ayer of waste i s  pl aced i n  

the d i sposal area and covered wi th a l ayer of stabi l i zat i on agents . The 

l ayers are l i fted and turned over repeatedly and then dried and compacted . A 

top l ayer of cl ean so i l  i s  then added as aO cap . Yet another method, i n-drum 

mixing ,  i s  general ly  used for h i ghly tox i c  wastes i n  drums . If  there i s  

enough headspace above the waste i n  the drum, stabi l izat i on agents may be 

added and mi xed wi th the waste . 

The U . S .  EPA publ i shed several Technol ogy Eval uat ion Reports on i ts  

S ITE demonstrati ons of  stabi l i zat i on techn i ques such as  pl ant mix i ng ( U . S .  EPA 

1989h and 1989i ) and i n  s itu stabi l i zat i on (U . S .  EPA ,  1989j ) .  These reports 

conta in important i nformation on field operation and performance. The 

Handbook for Stab i l ization (U . S .  EPA, 1986c) i s  also a good reference,  

describi ng operating characteristics and cost of l arge-scal e equ ipment.  

A d i scuss i on of some commonly used ful l -sca le  stabi l i zation equ ip­

ment fol l ows . 

2 . 8. 2 . 1  Waste Excavati on and Handl i ng 

Trad i t i onal earth-movi ng equ i pment (e .g . ,  backhoes ,  dragl i nes ,  

bul l dozers , front-end l oaders) i s  used for th i s  process . If free l i quid i s  

present on top o f  the waste, i t  may have to be pumped out and treated as a 

separate waste stream . The equi pment operator may have to be completely 

encl osed or provi ded wHh breath i ng apparatus if a i r  hazards are generated 

duri ng excavati on .  

Dependi ng on the nature of the waste and the s ite ,  the excavated 

waste can be transported to the treatment pl ant by a fixed system (conveyor or 

screw auger) ,  dump truck (for so i l ) .  pump and hose ( for l i quids and sl udges ) ,  

or. i f the waste i s  part i cul arly hazardou s , i n  drums . Spi l l age shoul d be 

avo i ded duri ng transport . 
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2 .8 . 2 . 2  Stabi l i zi ng Agent Storage 

For cost-effect i ve operat i on,  i t  i s  important that suffic i ent 

amounts of  chemi cal s be avai l abl e to avo id  project shut-down for restocking .  

Amounts requi red are determi ned from treatabi l i ty test i ng resul t s ,  speci fi cal­

ly the binder :waste rat i o .  B ins ,  hoppers , and s i l os are used for storage of 

dry chemical s .  If l iquid chemi cal s are bei ng used , l i quid storage tanks or 

drums may be necessary. Unl ess the waste vol ume i s  smal l ,  chemi cal s generally 

need to be repl eni shed on  a conti nuous bas i s  duri ng the project .  

2 . 3 . 2. 3  Pretreatment o f  Waste 

Pretreatment may be necessary for (a) improving the mater i al 

handl i ng characteri stics of the waste,  ( b) improvi ng waste/bi nder compati bi l i ­

ty, and (c) removing consti tuents that e i ther i nterfere with or are not 

affected by SIS process i ng .  (See Sect i on 4 . 1 . 4 ) . Pretreatment can somet imes 

a 1 so reduce the quanti ty of stabi l i zat i on agents duri ng mi xi ng.  

Pretreatment may i ncl ude screeni ng and/or s i ze-reducti on equi pment 

such as crushers (to remove l arge rocks or debri s that may c l og up the mix ing 

equi pment) ,  drying or dewateri ng , bl end i ng and homogeni zation ,  pH adjustment , 

or heat i ng to dri ve off vol ati l e s .  If vol ati l es are be i ng dri ven off, some 

capture mechani sm for the vapors may be necessary. Overs i ze materi al s from 

screen i ng may have to be treated separately or di sposed of appropri ately.  

Pretreatment i s  i mportant from a materi al s handl i ng po int  of v iew, 

especial ly at s i tes where the waste i s  d iffi cul t to handle  with standard 

earth-movi ng equ i pment . There have been i n stances where the ent i re remedi at­

i on operat i on had to be temporari ly  abandoned because of probl ems at the 

pretreatment stage . Screens and cru shers can eas i l y  get cl ogged , espec i al l y  

wi th wet ,  st icky ,  o r  fi ne materi al s  such a s  c lay .  Use of vi bratory screens or 

special crushers may be necessary .  

2 . 8 . 2 . 4  Mixing and Curing 

Mix ing i s  a cri t i cal step in ensuring good SIS process performance . 

Al l precauti ons must be taken to ensure that the waste and bi nder chemi cal s 

are mi xed thoroughly and al l owed to cure adequately.  A wide range of mi xing 

equi pment i s  su i t abl e for thi s appl i cat i on . 1he cho i ce of equ i pment depends 
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on the type of waste/bi nder system and method of stabi l i zat ion . In  the most 

s impl e and inexpens i ve s i tuat ion ,  area mixing can be done with a backhoe . 

For i n  s i tu mixing ,  spec i al augers and dri l l s  are used to i nj ect the 

stabi l i zat ion agents into the soi l and to cause ag i tation and mi x i ng .  

Backhoes can be used a s  i n  s i tu mi xers , but the mixi ng i s  not rel i abl e .  

Another i n  s i tu process i s  grouting ,  whereby fl u ids  (usual ly  water and cement )  

are i njected i nto the ground , where they are al l owed to  set i n  pl ace . 

Pl ant mixing provi des the maximum control on the mixing process . 

A range of equi pment , i ncl udi ng pug mi l l s ,  extruders,  r i bbon bl enders , s igma 

mixers , mul l er mi xers , and screw conveyors i s  avai l abl e .  Standard construc­

t i on-type cement or concrete mi xers and transit-mix trucks have al so been 

used . Mi xi ng can be done as e i ther a batch or a continuous process .  Known 

vol umes or we ights of waste and chemi cal s can be added with reasonabl e 

accuracy i nto the mixer by front-end l oaders or conveyors . Water or s l urries  

can be  metered and pumped i n .  

If  cont i nuous operat ion i s  des i red , al l materi a l s must b e  i ntroduced 

at . a  careful ly control l ed rate .  Thi s may requ i re speci al i zed materi al ­

handl i ng equipment such as l ive-bottom feeders . Equi pment such as pug mi l l s  

can frequently be operated i n  e ither batch or conti nuous mode . Thus ,  i t  i s  

poss ib le  to use a pug mi l l  i n  batch mode duri ng p i l ot or f i e ld  demonstrati on 

and then change to conti nuous mode wi th several mi nor mod i ficat i ons :  changi ng 

the ang les on the paddles  or kni ves on the pug-mi l l  shaft ( s ) ,  changi ng the 

l evel of the d i scharge gate, and/or changi ng the speed of rotation of the 

screws . However, when mi xers are swi tched from batch to conti nuous mode,  they 

must be recal i brated to ensure that the desi red resi dence t ime and mi xi ng are 

be i ng achi eved . 

Mi x ing opt ions al so depend on the type of waste bei ng mi xed . 

Certai n cl ay-type so i l s  can become extremely  sti cky and adhere to the shaft 

and s i des of the mi xer , l eadi ng to poor mi x i ng .  Obtain i ng good m ix ing can 

al so be probl emat ic i f  the vi scos ity of the mi x changes rap id ly  during 

setti ng . Mi xer performance needs to be eval uated in order to confi rm the 

amounts of stabi l i zat i on agents needed . During bench-scal e test i ng ,  the 

amounts of chemi cal s requi red for ful l -scal e operati on can be underesti mated 

because l ess than i deal mixing effi c i ency was not accounted for . 

The s i ze of the mi xer general ly  determi nes the maximum throughput 

for the ent i re stabi l i zat ion process .  Mixers vary widely i n  s i ze ,  with 
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ach i evabl e throughputs between 1 " and 200 tons per hour. Conti nuous processi ng 

usual l y  provides a greater throughput but at the poss i bl e  expense of mix i ng 

effi ci ency .  Two mi xers can be used to improve mixi ng i n  h igh  throughput 

conti nuous processes . 

Curi ng of the waste can occur i n  either containers , p i ts ,  or free­

standi ng p i l es .  Control s should be impl emented both to protect the surround­

i ng envi ronment from poss ibl e  runoff or l each ing from the curing waste and to 

protect the curing waste from wind and preci p i tat i on . 

2 . 8 . 2 . 5  Stabi l i zed Waste Di sposal 

If the stabi l i zed waste i s  to be u sed as fi l l , the use of standard 

earth-moving equi pment ( e . g . , graders, bul l dozers , front-end l oaders) wi l l  

usual ly  suffi ce . After repl acement , the waste i s  compacted . The moi sture 

content of the compacted material shoul d be control l ed to g ive the maximum 

dens i ty for a g iven materi al . The mO i sture-dens i ty rel ationsh i p  can be 

determi ned by the Proctor test (ASTM 0698) . Too much or too l i ttl e moi sture 

can be detrimental . 

Stabi l i zati on general ly resul ts i n  a vol ume i ncrease. Thi s  volume 

i ncrease can be underestimated during bench-scal e testi ng and shoul d be re­

establ i s hed i n  the fiel d .  

Post-treatment control s (e .g . , capp ing ,  sl urry wal l ,  soil cover) 

frequently accompany stabi l i zation to effectively miti gate s i te-speci fi c  

threat s .  Performance standards for caps are menti oned i n  4 D  CFR 264 . 3 10 but 

may not always be appropri ate . Final sel ect ion of cappi ng materi al s and cap 

des i gn depends on several factors such as cl imate, s i te hydrogeol ogy, ava i l ­

abi l i ty o f  materi al s ,  and regul atory requi rements. 

2 . 8 . 3  Sampl i ng and Analysis of the Treated Waste 

The gui dance on sampl i ng and analysis  i n  Secti ons 2 .2 . 1 . 2 and 

2 . 2 . 3 . 3  has general appl i cabi l i ty to the p i l ot or fiel d demonstration as wel l .  

In  s i tu projects pose spec i al compl i cat i ons for veri fication testi ng .  For 

exampl e ,  dril l i ng or cori ng i s  requ i red and homogenei ty and sett i ng rates are 

more d i ffi cul t to asses s .  Analyses must be conducted to determine compl i ance 

wi th the performance goal s of ARARs (Section 2 . 3 )  in a stat i st i cal ly  s ign i fi ­

cant manner. 
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3 SIS PROCESS PERFORMANCE TESTS 

Many d i fferent tests can be appl i ed to  measure the performance of 

SIS processes . Some of these tests are mandated by federal , state , or l ocal 

regul at i ons ,  whereas others can be empl oyed to provi de add i t i onal assurance 

that a g i ven SIS process i s  appropr i ate for i ts i ntended use . Testi ng can be 

expens ive ,  espeC i al ly  when appl i ed to a l arge number of samples and repl i cates 

to ensure stati st ical val i d i ty .  On the other hand,  onl y  adequate test ing can 

ensure attai n i ng the data qual i ty objecti ves (DQO) . Less than necessary 

testi ng may l ead to an unacceptabl e SIS-treated waste i n  a d i fficul t form to 

reproces s .  

Thi s  chapter provi des a comprehensive revi ew o f  the types o f  tests 

appl i ed to SIS-treated waste . A g iven test program normally woul d use only a 

smal l s ubset of the tests menti oned here , depending on the spec if ic  perfor­

mance goal s of that test program (Sect i on 2 . 3 ) . 

The purpose of th i s  sect i on i s  not to descri be al l poss i bl e  tests i n  

detai l but rather t o  present an overview of exampl e tests organi zed by type of 

test :  phys i cal , l eachi ng/extract i on ,  chemi cal , b iol ogi cal , and mi crocharac­

teri zat i on .  For each category o f  test ,  a tabl e l i sts and bri efly descr ibes  

the representat i ve test s . Where poss i bl e ,  reference has been made to  one 

poss i bl e  exampl e method . Some of the tests are most appl i cabl e to untreated 

soi l  or s l udge s amp l e s ,  SIS-treated waste, or l i quid sampl es .  These materi al 

appl i cat i ons are denoted as U ,  S ,  or L i n  the col umn t i t l ed materi al appl i ca­

t i on .  The test may be requ i red by regul ation ,  provi de general i nformati on 

about S IS process i ng ,  or s upport an experimental program. These test i ng 

appl icati ons are noted as R ,  I ,  or E i n  t h e  col umn t i t l ed test ing appl i cati on .  

Both col umns prov i de general gui dance but spec if i c  uses wi l l  vary dependi ng on 

testi ng program des i gn .  

U . S .  EPA ( 1 989g and 1 9 9 0b) prov i de s  two sources o f  add i t ional 

i nformation on performance tests . The test descript i ons offered in Sect i ons 

3 . 1  through 3 . 5  are taken pr imar i ly  from U . S .  EPA ( 1 990b) . 

3 . 1  PHYS ICAL TESTS 

For the test i ng of SIS-treated waste, many exi s t i ng physical and 

construct i on tests were adapted . Thu s , caut i on shou l d  be exerc i sed when u s i ng 

t hem to eval uate stab i l i zed wastes . Such tests can be used to d i fferenti ate 
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among the attributes of d i fferent binders , to determi ne compl i ance wi th  

performance object i ves , to establ i sh materi al handl i ng character i s t i c s ,  and to 

sel ect l arge-scal e equipment . Tabl e 3-1 g i ves an overview of phys i cal tests , 

descri bed bel ow . The test i ng program shoul d sel ect appropri ate tests based on 

the waste and s i te  condi t i ons and test program objecti ves ( Secti on Z . 7 ) . 

3 . 1 . 1  General Property Tests 

General property tests provi de i nformat ion rel at ing physi cal 

characteri st ics  of treated and untreated waste to vari ous process  and opera­

t i onal parameters . These tests are often performed to determi ne the sui t­

abi l i ty of the wastes to stabi l i zation , to hel p sel ect bi nders , or to hel p 

des ign treatabi l i ty stud ies .  

3 . 1 . 1 . 1  Moi sture Content 

Moi sture content refers to " free" or "pore" water , not water of 

hydrati on .  On untreated wastes ,  mo i sture content is used to determine the 

materi al s  handl i ng propert i e s  and to  determine whether pretreatment ( e . g . ,  

drying,  dewateri ng) i s  needed . Mo i sture content i s  al so used t o  estimate the 

need to add water to the SIS bi nder and to convert waste wei ghts to a dry 

bas i s  to i mprove reporti ng cons i stency .  Mo i sture content may i ncl ude some 

vol at i l es l ost under the cond i t i ons of the test . 

3. 1 . 1 . 2 Particl e Si ze Analysi s  

The s i ze d i str ibut i on of the part i cl es i n  the waste or soi l  often 

indi cates the potenti al for water movement through the materi al  and the 

compress i bi l i ty .  Al so ,  very fi ne-grai ned materi a l s  have been shown to produce 

poorly stab i l i zed mater ia l s ( U . S .  EPA , 1986c) . Presence of l arge part i cl es 

may requ i re the use of s i ze reduct ion equi pment . The best material for 

form i ng a strong i nterl ock i ng matri x i s  wel l graded , w i th  few partic les  i n  

extreme s i zes .  

3 . 1 . 1 . 3  Speci fi c Gravi ty 

Spec i f i c  grav i ty i s  the rat i o  of the mass of the dry sol i d  porti on 

of the waste to the mas s of an equi val ent vol ume of water . Spec i fi c  grav i ty 

data are necessary to understand the we i ght-to-vol ume ( e . g . , tons to cubi c 
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TABLE 3-1 .  PHYSICAL TESTS 

Test Procedure Method 

General Property Tests 

Mo i sture (water content) ASTM 0 2216-85 

Particl e-si ze analys i s  ASTM 0 422-63 
(gra in  s i ze)  

Spec if i c  grav i ty ASTM 0 854-83 

w 
I 

w Suspended sol ids  Standard Method 
25400 

Pai nt F i l ter Test EPA SW-846 
Method 9095 

L i qu id  Rel ease Test 51 FR 46828 

Atterberg l im its  ( l i qu id  ASTM 0 4318-84 
l imi t ,  pl ast i c  l im i t ,  
and pl ast i c i ty i ndex) 

Vi sual Observat i on U . S .  EPA, 1990d 

e 

Materi al 
ADDl icatiDnCe) 

U S L Purpose 

X X To determine the percentage of free 
water i n  a materi al . 

X X To determine the part i c l e- s i ze 
d i str ibut ion of mater ial . 

X X X To determine the spec i fi c  gravi ty of 
waste materi al or SiS-treated waste . 

X To determine the amount of sol ids 
that do not sett le  from a col umn of 
l i quids . 

X To determi ne the presence of free 
l i qu ids .  

X To determi ne the presence of free 
l i qu ids rel eased under pressure . 

X X To defi ne the bear ing capac i ty and 
cri t i cal sl ope of a materi al as a 
funct i on of i ts water content . 

X To define general cond i t i on of the 
SiS-treated waste . 

Test i ng 
Appl i cat i onCbl 

R I E 

X 

X 

X 

X 

X X 

X X 

X 

X 

e 



TABLE 3-1 . PHYSICAL TESTS (Conti nued) 

Test Procedure Method 

Bul k Dens it� Tests 

Bul k den s i ty by drive- ASTM D 2937-83 
cyl i nder method 

Bul k dens i ty by sand ASTM 0 1556-90 
cone method 

Bul k dens i ty by nuc l ear ASTM 0 2922-81 
method 

... I • 
Comllact i on Tests 

Mo i sture-dens i ty ASTM 0 698-78 
rel ati onsh i p  of so i l s  ASTM 0 558-82 
and soi l -aggregate ASTM 0 1557-78 
mi xtures ( Proctor test) 

��rmgabi l i t� Tests 

Constant-head EPA SW':'846 
permeabi l i ty Method 9100 

Fal l i ng-head EPA SW-846 
permeab i l  ity Method 9100 

e 

Mater ial 
ADDl i cationCe) 

U S l Purpose 

X To determi ne in-pl ace dens ity and 
moi sture content .  

X To determine bul k  dens ity .  

X To determine total , i n-pl ace wet 
dens i ty . 

To determi ne the rel at ion between 
X moi sture content and dens i ty of a 

materi al . 

X X ·  To measure the rate at wh i ch water 
wi l l  pass through a soi l -l i ke 
materi al . 

X X To measure the rate at whi ch water 
wi l l  pass through a soi l -l i ke 
materi al . 

e 

Test ing 
ADDl i cationCb) 

R I E 

X 

X 

X 

X 

X 

X 

e 
., 
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TABLE 3-1 . PHYSI CAL TESTS (Cont i nued) 

Test Procedure Method 

Poros itv 

Mercury i ntrus ion ASTM C 493-86 

Water or m i neral sp irit  ASTM C 830-88 
d i spl acement 

Hel i um d i spl acement Hannak and 
w L i em,  1986 
I 

U1 

Strength Tests 

Unconfi ned compress ive ASTM 0 2166-85 
strength of cohes ive 
soil  s 

Immers i on compressive Kasten et al • •  
strength test 1989 , p .  22 

Unconfi ned compress ive ASTM 0 1633-84 
strength of cyl i ndri cal 
cement spec imen 

Compress ive strength of ASTM C 109-90 
hydraul i c  cement mortars 

e 

Materi al 
Appl ication(·) 

U S l Purpose 

X X To measure total porosity and pore 
d i stri but i on .  

X X To measure apparent porosity and 
apparent speci fi c  gravi ty .  

X X To measure porosi ty . 

X X To eval uate how cohesive soi l -l i ke 
materi a l s  behave under mechani cal 
stres s .  

X X To eval uate a materi al ' s  strength 
when wet . 

X To evaluate how cement-l i ke 
mater i al s behave under mechan i cal 
stress . 

X To measure the compress i ve strength 
of hydraul i c  cement mortars . 

Test i ng 
Appl icati on(b) 

R I E 

X 

X 

X 

X X 

X X 

X X 

X X 

e 
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TABLE 3-1 . PHYSICAL TESTS (Conti nued) 

Test Procedure 

Tri axi al compre s s i v e  
s trength 

Fl exural strength 

Cone i ndex 

Genera 1 ConcreteJ501I-
Cement Tests 

Heat of hydrat i on 

Maki ng and cu r i ng 
concrete test spec imens 
i n  the fiel d 

Mak i ng and cur1 ng 
concrete 
specimens in the 
l aboratory 

Bul k den s i ty of S/S-
treated was t e  

e 

Method 

ASH! D 2850-87 

ASTM D 1 635-87 

ASTM D 3441 -86 

ASTM C 1 86-86 

ASTM C 3 1 -90 

AmI C }92-90 

Stegemann and 
Cote . 1991 

Materi al Testi ng 
Appl icat10n(8) Alll!l j cilt i onCb) 

U S l Purpos e  R I E 

X X To measure strength of an X 
unconsol i dated l atera l l y-con fi ned 
materia l . 

X To eval uate a materi al ' s  e l a s t i c  X X 
deformat i on under stress.  

X X To eval uate  a materi al ' s  hardness X 
and sett i ng.  

X To mea sure temperature changes X 
during mi x i ng i n  order to pred i ct 
VOC emi ss i ons.  

X To �repare SIS-treated waste under X X 
fi e d condi t i ons . 

X To prepare SIS-treated waste under X X 
l aboratory cond 1 t i on s .  

X To determine  bul k den s i ty o f  a X X 
monol i th i c  SIS-treated waste. 

e e 
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TABLE 3-1 .  PHYS ICAL TESTS (Conti nued) 

Test Procedure Method 

Durab i l i ty Tests 

Wetldry weather i ng (WOW) ASTM 0 4843-88 

Freez i ng and thawing of ASTM 0 4842-90 
so i l - cement mi xtures 

Thermal cyc l i ng ASTM B 553-79 

(0) Mater i al Appl i ca t i on Guide:  
U - Untreated samp l e  
S • SIS-treated sampl e 
L • Liquid  samp l e  

e 

Materi al 
Application(·) 

U S l Purpose 

x 

X 

x 

To determine how materi al s behave or 
degrade after repeated wet-dry 
cycl es . 
To determine how materi al s  behave or 
degrade after repeated freeze-thaw 
cycles . 

To determ i ne the effect of thermal 
cycl i ng . 

(b) Tes t i ng Appl i cat i on Guide : 
R = Regul atory requ i rement 
I • Informat i on for SIS process 
E - Experimental program 

Tes t i ng (b) 
Appli cat i on 

R I E 

x X 

X X 

X X 

-



yards)  convers ion factor for the waste . Speci fi c  gravity measurements on 

waste before and after treatment can be used to cal cul ate the extent of waste 

vol ume expansi on due to treatment .  Spec i fi c  gravi ty of i nsol ubl e mater i al s  

can be determi ned by a water d i spl acement method i n  whi ch the vol ume of a 

waste samp le  i s  determined by water di spl acement i n  a vol umetri c  fl ask.  

3 . 1 . 1 . 4  Suspended Sol i d s  

The quant i ty o f  suspended sol ids  i n  a mi xture i s  one factor i n  

determ in ing the pumpabi l i ty o f  l i qu id  wastes . The decrease i n  vol ume of the 

waste that can be ach i eved by dewatering also  can be est i mated based on the 

suspended sol ids content . 

3 . 1 . 1 . 5  Pai nt Fi l ter Test 

The Paint Fi l ter Test i s  ment ioned under RCRA i n  40 CFR 264 . 3 1 4  and 

265 . 3 14 .  Th i s  test i s  used to determine the presence of free l i qu ids  i n  the 

waste . The Pai nt F i l ter Test can be performed before treatment to hel p 

determine the degree of treatment needed or after stabi l i zat i on to determine 

i f  the waste may be d i sposed of i n  a RCRA-authori zed l andfi l l . If  the 

material  fai l s  the test ,  further treatment i s  requ i red . 

3. 1 . 1 . 6 li quid Rel ease Test e lRT) 

The L i qu id  Rel ease Test i s  al so devi sed to measure free water 

content . Th i s  method uses gas pressure to force a p i ston agai nst a sampl e to 

squeeze any rel easabl e l i qu i d  from the materi al . A spec i al l iqui d  rel ease 

test apparatus or the zero heads pace extracti on apparatus , al so  used i n  the 

TClP test (Sect ion 3 . 2 . 1 ) ,  may be used for the LRT . The U . S .  EPA has proposed 

the LRT as a suppl ement to the Pai nt F i l ter Test (51  FR 46833 , December 24 ,  

1 986) . 

3 . 1 . 1 . 7 Atterberg li mi ts 

Atterberg l im its  are the boundari es of l i quid and pl ast i c  cons i sten­

cy states for a so i l - l i ke materi al . Another parameter i s  the pl ast i c i ty 

i ndex, wh i ch i s  the di fference i n  the moi sture contents at the l i qui d  and 

pl ast i c  l imits.  The Atterberg l i mi ts i nd i cate general c i v i l  engi neeri ng 
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properti es of a soi l -l i ke material and are used to est imate handl ing and 

storage characteri stics . 

3 . 1 . 1 . 8  Visual Observati on 

Careful observati on and recording of the general cond it ion of S/S­

treated waste g i ve a good i ndicat i on of the performance of the SIS process .  

Characteri st ics to check i ncl ude surface spal l i ng , gra in  exfol i at i on ,  crack 

devel opment ,  color, sal t effl orescence , and surface pore s i ze and cond i t i on .  

3 . 1 . 2 Bul k Dens i ty Tests 

In s i tu unit  weight , void  rat io ,  and degree of saturation are soi l  

parameters used in most phase rel ati onshi p ,  soi l pressure , settl ement, and 

stabi l ity probl ems . These parameters hel p to defi ne the cond i t i on or physi cal 

makeup of a soi l . The un i t  wei ght , defined as the rat i o  of the weight of the 

mass to the vol ume of the mass ,  may be expressed as e ither a dry, mo i st ,  or 

saturated uni t we ight . The voi d  rat io equal s the rat i o  of the vol ume of voids 

to the vol ume of sol id materi al s .  The poros i ty o f  a materi al , di scussed i n  

Sect i on 3 . 1 . 5 ,  i s  rel ated to bul k density .  The degree of saturat ion equal s 

the rat i o  of the vol ume of water to the vol ume o f  vo ids ,  al so expressed as a 

percent .  

3 . 1 .3 Compaction Tests 

Moi sture-density rel at i onships defi ne the compacti on characteristics 

of a soi l .  The l aboratory compact ion test ,  general ly referred to as the 

Proctor test ,  ident i fi es the maximum dry un i t  wei ght that i s  achi eved by using 

a spec i fi ed compact i ve energy . Compact ion  tests al so i dent i fy the opti mum 

moi sture content to ach ieve the maximum dry un i t  weight . 

3 . 1 . 4 Permeab i l i ty (Hydraul i c  Conducti vi ty) Tests 

Permeab i l i ty i s  a measure of fl ow of a fl u id  through the tortuous 

pore structure of the waste or SIS- treated waste . Typi cal val ues of stabi­

l i zed wastes range from 10-4 to 10-8 cm/s ( U . S .  EPA, 1989g) . Th i s  can be 

compared to c l ay (used for l i ners ) , wh i ch i s  typica l ly  l ess than 10-6 cm/s . 

A val ue of <10-5 cmls i s  recommended for stabi l i zed wastes pl anned for l and 

burial ( U . S .  EPA , 1986c ) .  However, h igh permeabi l i ty i s  not as great a 
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problem i f  the contami nants i n  the waste do not eas i l y  l each to water. High 

permeab i l i ty can al so be addressed through engi neeri ng sol uti ons ( U . S .  EPA, 

1 989g ) . I t  may be advi sabl e i n  some cases to perform a permeabi l i ty test on 

sampl es that have al ready undergone durabi l i ty testi ng to determine whether 

t h i s  property changes under envi ronmental stresses . 

3 . � . 5  Poros i ty Tests 

The poros ity i nd i cates the vo id  space i n  the sol i d  that may or may 

not be ava i l abl e to retai n l i qu i d s .  The methods ava i l abl e for measuri ng 

poros i ty are based on determi n i ng the vol ume of fl u i d  that can be forced i nto 

the pores . Each fl u id  has uni que strengths and weaknesses . Mercury (ASTM C 

493 )  i s  unl i kely to d i s so lve the sol i d ,  but h i gh pressure i s. needed to push 

mercury i nto the pores , poss ibly  al tering the pore s i ze .  Water- or mi neral 

o i l -based methods (ASTM C 830) use l ower pressure , but the fl u i d  may di ssolve 

part of the sol i d .  Us i ng hel i um as the d i spl acement fl u i d  (Hannak and l i em ,  

1986) avoi ds both h i gh  pressure and d i ssol uti on . However, hel i um i s  a more 

penetrat i ng fl u i d  than water, so hel i um i ntrus i on can overestimate the 

effecti ve water poros ity .  

3 . 1 . 6  Strength Tests 

Strength testi ng i ndi cates how wel l  a materi al wi l l  hold up under 

mechani c al stresses caused by overburden or earth-movi ng equi pment . Strength 

test i ng i s  usual ly done on the stabi l i zed waste, al though test ing the untreat­

ed waste can provi de a basel i ne .  A common mi stake i n  SIS i s  to equate treated 

waste strength with the degree of contami nant stabi l i zat i on .  A correl ation 

between strength test i ng and contami nant l eachabi l i ty has not been estab­

l i shed . However , i n  general , better strength provi des better physi cal 

barr i ers for the conta i nment o f contam i nants .  

3 . 1 . 6 . 1  Unconfi ned Compress ive Strength ( UCS) 

The UCS test measures the shear strength of a mater ial wi thout 

l ateral confi nement.  It  is  app l i cabl e to cohes i ve soi l -l i ke materi al s that do 

not rel ease water dur ing l oad i ng (ASTM D 2 166) or to mol ded cyl i nders (ASTM D 

1633 or C 109) . I t  i s  not appl i cabl e to crumbly or fi ssured materi al s .  The 
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ASTM 0 1633 or C 109 tests for various bi nder mi xes can al so i nd icate the 

opt imum water/addi t ive rat i os and curi ng t imes for the setting reaction .  

For ASTM 0 2 166 ,  the U . S .  EPA general ly  cons iders a stab i l i zed 

materi al as sati sfactory i f  i t  has a compress i ve strength of at l east 50 psi . 

However , the minimum requ ired strength should be determined from the desi gn 

loads to whi ch the materi al may be subjected.  Overburden pressures are 

general ly  around 1 psi per foot of depth .  

Var i at i ons of  these methods , such as the one-dimensional stabi l ity 

test (ASTM 0 2435) and compress ive strength of hydraul i c  cement mortars 

(ASTM C 109) , are sometimes used . 

3 . 1 . 6 . 2  Immersion Compressive Strength 

Soi l and soi l -l i ke materi al s  can exh ib i t  good strength when dry and 

yet become unconsol i dated when saturated with l i qu i d .  In the immers ion 

compressive strength test, a sampl e i s  soaked i n  water pri or to compress ive 

l oadi ng to s imul ate performance i n  a saturated d i sposal envi ronment (Kasten 

et al . , · 19B9 , p .  22) . 

3 . 1 . 6 . 3  Tri axi al Compressi on 

The tri ax i al compression test determi nes the strength of a spec imen 

encased i n  an imperv ious membrane and axi al ly l oaded to fa i l ure i n  compres­

si on .  Tri axi al compression testi ng i s  appl i ed to unconsol i dated soi l and 

granul ar SIS-treated waste . 

3 . 1 . 6 . 4  Fl exural Strength 

In contrast to the UCS, in the fl exural strength test, loads are 

appl i ed on the short axi s of the sampl e .  This test g i ves a measure o f  a 

materi al ' s  abi l i ty to wi thstand tension or i ts res i stance to cracki ng due 

e i ther to settl ement of the underlying fi l l  or to surface l oads (U . S .  EPA, 

1989g ) . 

3 . 1 .6 . 5  Cone Index 

The cone i ndex test i s  a quick screening eval uati on for compressive 

strength (Myers , 19B6) . Th i s  test i nvol ves forc ing a standard cone- or 

needl e-shaped dev ice i nto the stabi l i zed waste and measur i ng the penetrati on 
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resi stance . Three types of cones are avai l abl e :  the U . S .  Army, pocket,  or 

ASTM. Se l ecti on depends on the strength of the material and the appl i cati on .  

The cone i ndex test can be used i nstead of  the UCS sometimes , but not excl u­

s i ve ly ,  i f  resul ts  are requi red qui ckly .  Th i s  test i ndi cates the stabi l i ty 

and l oad-beari ng capaci ty of the stabi l i zed waste (Cul l i nane and Jones , 1 992 ) .  

I t  can be used t o  determine the ki nd of earth-mov ing equi pment needed to move 

the stabi l i zed waste and the cur ing t ime requi red before other construct i on 

equi pment can move over the stabi l i zed waste ( U . S .  EPA ,  1989g ) . 

3 . 1 . 7 General Concrete/Soi l -Cement Tests 

The test methods used to determi ne the heat of hydrati on and other 

factors i nvol ved in maki ng and curing concrete test spec imens can be -used to 

eval uate the performance of cementlwaste mixtures . Heat of hydration can be a 

useful measurement ,  part i cul arly when the waste contai ns vol ati l e  organi c  

compounds (VOCs ) .  Al though the standard test i nterval s for i ndustri al 

appl i cat i ons are 7 and 28 days , it i s  recommended that the heat of hydrat ion 

be measured at more frequent i nterval s for SIS test i ng .  

I n  add i t i on to the heat o f  hydrati on procedure, i t  al so can be 

useful to prepare and cure sampl es of the SIS-treated waste under both f i el d 

and l aboratory cond i t i ons .  I n  th i s  way, the SIS-treated waste can be measured 

for phys i cal parameters after havi ng been subjected to real i st ic  envi ronmental 

vari abl es .  In the l aboratory, process var i abl es can be varied and control l ed 

to s imul ate a wide vari ety of envi ronmental cond it ions .  Prepari ng and curi ng 

SIS speci mens under a vari ety of potent i al envi ronmental cond i t i ons makes i t  

poss i bl e  t o  apply  the durabi l i ty tests descri bed i n  Secti on 3 . 1 .8 and to 

as sess the effects of both the curing process and the envi ronmental factors i n  

rel at i on t o  the ul t imate i ntegri ty of the SIS waste . 

3 . 1 . 8  Durabi l i ty Testing 

Durab i l i ty test i ng eval uates the abi l i ty of a mater i al to  withstand 

envi ronmental stresses such as freezi ng and thawi ng (ASTM 0 4842)  or wett ing 

and dry i ng ( ASTM 0 4843 ) . We i ght l oss or the number of such cycl es  that the 

materi al can wi thstand wi thout fa i l i ng i s  an i nd icat ion of  i t s  physi cal 

stabi l i ty .  Other performance tests such as UCS , fl exural strength , and 

permeabi l i ty can be conducted on the materi al after each cycl e to determine 
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the change i n  performance due to cl imati c stresses .  N o  standards have been 

establ i shed for determin i ng acceptance after durabi l ity test i ng ,  i n  part 

because the tests are accel erated and cal i bration to real d i sposal envi ron­

ments has not yet been ach i eved . Hence , the test i s  more useful for comparing 

one stabi l i zat ion process with another (U . S .  EPA, 1989g) . Engineeri ng design 

can be used to address stabi l i zed wastes wi th poor durabi l i ty .  

3 . 2  LEACHING/EXTRACTION TESTS 

The performance of stabi l i zed wastes i s  general l y  measured i n  terms 

of l eachi ng and extraction tests . A number of di fferent l eachi ng tests are 

avai l abl e ,  and one or more may be requi red for regul atory approval . However, 

no s i ngl e test program would  use more than two or three of the l each­

ing/extraction tests descri bed bel ow .  

leach i ng tests measure the  potent i al of  a stabi l ized waste to 

rel ease contami nants to the envi ronment . In all  tests , the waste i s  exposed 

to a l eachant and the amount of contaminant in the l eachate (or extract) i s  

measured and compared to a previ ously establ i shed standard , whi ch may be a 

regul atory standard of basel i ne l eachi ng data for the untreated waste .  When 

using l eachi ng tests to eval uate immobi l i zat ion performance of S/S-treatment , 

potenti al effects of the reduct i on i n  contami nant concentrati on per uni t  mass 

of waste due to bi nder add i t i on shou ld  be cons idered . The treated waste may 

g ive reduced contami nant concentrat ion i n  the leachate due to waste d i l ut i on 

independent of any immobi l i zat ion mechan i sm .  Tabl e 3-2 l i sts a number of the 

l eachi ng tests that can be done to eval uate stabi l i zat i on ,  al ong with i nforma­

t ion about the standard method , regul atory requi rement , and purpose of each 

test . The extraction cond i t i ons  of the l eachi ng/extracti on tests are summa­

ri zed i n  Tabl e 3-3 and Sect i ons 3 . 2 . 1 through 3 . 2 . 16 .  Note that none of the 

tests descri bed in th i s  sect ion have actual ly  been field  val idated to ver ify 

the pred ict i on of contami nant rel ease . 

As i l l ustrated i n  F i gure 4-1 ,  the phys i cal strength of cement-based 

SIS-treated waste devel ops over a period of several days.  Many of the 

chemi cal reacti ons that cause i mmobi l i zat i on occur more rapidly.  Therefore, 

curi ng a sample  for 28 days i s  not as cr i t i cal for l each i ng tests,  part icul ar­

ly those that requ i re sampl e s i ze reduction . 

Many l each i ng tests requ i re sampl e s i ze reduction.  The major i ssues 

i n  sel ecti ng a s i ze reduct ion approach are ( I )  avo i d  contami nati on of the 
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TABLE 3-2 . LEACHING/EXTRACTION TESTS 

Mater ial Test i ng 
AIlIl 1 i cat i 00C8' Alllll i cati on 

Test Procedure Method U S L Purpose R I E 

Tox i c i ty Characteri st i c  EPA SW-S46 X X X To compare toxi c i ty data with X X 
Leach i ng Procedure (TCLP) Method 131 1 regul atory l evel . Incl udes VOCs .  

RCRA requi rement . 

Extraction Procedure Toxi c i ty EPA SW-S46 X X X To eval uate l eachate concentrat i ons .  X X 
( E P  Tox) Test Method 1310 RCRA requi rement .  

T C L P  "Cage"  Mod i fi cat i on 53 FR IS792 X Adds qual i tat i ve eval uat i on of X X 
stabi l i ty to TCLP test . Proposed 

w RCRA requi rement . 
I -

� Cal i forn i a  Waste Extract ion Cal iforn i a  X X X To provide a more stri ngent l each i ng X X 
Test (Cal Wet) Code T it le  2 2 ,  test for metal s than TCLP. 

Art ic le  1 1 ,  Cal i forn i a  requi rement .  
pp. IS00 . 75-
1800 . S2 

Mul t ip le  Extraction Procedure EPA SW-S46 X X X To eval uate waste l each i ng under X X 
(MEP) Method 1320 ac id  cond i t i on s .  

Synthetic  Ac i d  Prec i pi tat i on EPA SW-S46 X X For waste exposed to acid rain .  For X X 
Leach Test Method 1312 comment as RCRA requi rement .  

Monofi l l ed Waste Extract i on SW-924 X For waste di sposed 1 n  l ow-ve loc i ty X X 
Procedure (MWEP) saturated lone. 

Ameri can Nucl ear Soci ety ANSI/ANS/1 6 . 1 X To establ i sh a d iffus i on coef- X X 
Leach Test fi c i ent for compari son of S/S-

treated waste . NRC requi rement . 

e e e 
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TABLE 3-2. LEACHING/EXTRACTION TESTS ( Cont i nued) 

Test Procedure 

Dynami c Leach Test 

Shake Extraction Test 

Equi l i bri um Leach Test (ElT) 

Sequential Extraction Test 
(SET) 

Sequent ial Chemical 
Extraction (SCE) 

Stat ic  Leach Test (Ambient or 
H igh Temperature) 

Agi tated Powder Leach Test 

Soxhlet Leach Test 

(al Material  Appl i cat i on Guide: 
U - Untreated samples 
S - SIS-treated sample 
l - Aqueous sample 

Method 

WTC . 1991 . 
p .  17 

ASTM D 
3987-85 

WTC . 1991 . 
p .  16 

Bi shop . 1986 . 
p .  240 

WTC . 1991 . 
p .  17 

MCC-lP .  
MCC-2P 

MCC-3S 

MCC-55 

Material 
AIlIl] j!';itjQO(a) 

U S L Purpose 

X To est imate d i ffus i on coeffi c i ent 
for an SIS-treated waste . 

X X To prov i de a rapid  means of 
obta i n i ng an aqueous extract . 

X X To eval uate maximum l eachate 
concentrat i ons . 

X X To eval uate bufferi ng capacity with 
mul t i pl e  extract i ons . 

X X To eval uate bonding nature of metal s 
and organ i c s  i n  the SIS-treated 
waste . 

X To eval uate the l each resi stance of 
a bul k spec imen in stat i c  fl u i d .  

X X To eval uate the l each resi stance of 
a powdered specimen in ag itated 
fl u i d .  

X To eva luate the l each res i stance of 
a bul k specimen in constantly  
refreshed pure l eachant , typi cal ly  
at el evated temperature . 

(b) Test i ng Appl i cat i on Guide : 
R = Regul atory requi rement 
I - Informati on for SIS process 
E - Experimental program 

e 

Test i ng 
Alllll i!,;ati on 

R I E 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 



TABLE 3-3 . EXTRACTION CONDITIONS 

L i qu i d : Sol i d  Number of Time of 
Test Method Leaching Medium Rat i o  Part ic le  S ize Extractions Extracti ons 

TCLP Acetate buffer(·) 20 : 1  < 9 . 5  mm 1 18 hours 

EP Tox ic i ty 0 . 04 M acet ic  acid 20 : 1  < 9 . 5  mm 1 24 hours 
(pH = 5 . 0 ) 

TCLP "Cage" Acetate buffer(a) 20 : 1  (b) 1 18 hours 
Modi ficat i on 

Cal WET 0 . 2  M sodi um ci trate 1 0 : 1  < 2 . 0  mm 1 48 hours 
(pH = 5 .0 )  or water 
for hexaval ent 
chromi um 

w 
I 

.... 
Mul tiple  Same as  EP Tox , then 20 : 1  < 9 . 5  mm 9 (or 24 hours per 0'1 
Extraction w ith sulfuri c ac i d :  more) extraction 
Procedure n i tric ac id i n  60 : 40 

we ight rat i o  adjusted 
to pH 3 . 0  

Syntheti c  ac id  (e) 20 : 1 < 9 . 5  DID 1 18 hours 
prec ip i tation 
l each test 

Monofi l l ed Waste Deioni zed water or 10 : 1  per < 9 . 5  mm or 4 18 hours per 
Extraction other for specif ic  extracti on monol i th extraction 
Procedure s i te 

ANSI/ANS/16 . 1  Dei on ized water Vol ume-to- Monol i th l ength- 12  Leachant renewed 
surface to-di ameter rat i o  at 2 . 7  hours ; 1 ,  
rat i o  of between 0.2 and 2 ,  3 ,  4 ,  5, 14 ,  
10 cm 5 . 0  28, 43 , and 

90 days 

e e e 
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TABLE 3-3 . EXTRACT ION CONDITIONS (Conti nued) 

L iqui d : Sol id Number of Time of 
Test Method leach ing Medi um Rat i o  Part ic le  Size Extracti ons Extractions 

Dynami c  l each Dei onized water (d) Monol i th l ength- (d) leachant renewed 
test to-di ameter rat i o  at 0 ,  I ,  4 ,  7 ,  

between 0 . 2  and 24, 3 1 ,  48 , 72 ,  
5 . 0  7 9 ,  and 100 

hours ; or for 
more i mmobi l e  
speci es ,  at 0,  4 ,  
24 ,  3 1 ,  72 , 104 ,  
168,  and 196 
hours 

Shake extract i on Dei onized water 20: 1 Parti cul ate or 1 18 hours w 
test ASTM D monol i th as I 

-
3987-85 recei ved ..... 

Equ i l  i bri urn De i on ized water 4 :  1 
l each test 

< 150 pm 1 7 days 

Sequent i a l  0 . 04 M acet ic  ac id  50 :  1 < 9 . 5  mm 15 24 hours per 
extract i on test extracti on 

Sequent i al F ive leach i ng Varies from < 45 1'111 5 Varies from 
chemi ca 1 solut ions i ncreas i ng 1 6 : 1  2 to 24 hours 
extraction in acid ity to 40 : 1  

Static  l each (e' (I) Monol i th 1 Sampl es for each 
test MCC-I P  of 3 , 7 , 14 , 28, 
and MCC-2P 56 , 91 , 182 , and 

364 days plus 
opti onal 12-month 
i nterval s 
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TABLE 3-3 . EXTRACTION CONDITIONS (Cont inued) 

Li qui d : Sol id Number of Time of 
Test Method Leach i ng Med i um Ratio  Particle  S i ze Extractions Extracti ons 

Ag i tated powder 
l each test 
MCC-3S 

(e) 10 : 1  50% <0. 044 mm 
50% between 0 . 074 
and 0 . 149 mm 

1 Sampl es for each 
of 28, 56 , 9 1 ,  
182 , 273 , and 364 
days pl us 
opt ional 1 2-month 
i nterval s 

Soxhl et l each 
test MeC-55 

De i on i z ed water Conti nuous Monol i th 
flow of 

1 Sampl es for each 
of 3 ,  7, and 

( a )  
(b) 
(e) 

(d) 

(e) 

( f )  

e 

redi st i 1 1  ed 
water 

Ei ther an acetate buffered sol u t i on w ith  pH = 5 or aceti c aci d  wi th pH = 3 . 0 . 

Monol i th tumb l ed i n  wi re cage duri ng TCLP type extraction .  

14 days 

Sul fur i c  ac i d : n i tr i c  acid  in 60 : 40 we i ght percent mix .  pH adjusted with deion i zed water to 4 . 2  or 5 . 0  
for s i te east or  west of  the M i s s i s s i pp i  River, respect ively.  

The  renewal frequenci es are sel ected based on a known d iffus i on coeffic i ent . The surface-to-vol ume 
rat io  must be sel ected to ensure the contaminant i s  detected . The renewal frequency must be sel ected 
to ensure nonequi 1 1 br1um cond 1 t 1 0ns preva i l . 

S i l i cate water, deioni zed water ,  bri n e ,  or repos itory water. 

The vol ume of  l eachant i s  based on the measured geometr ic  surface area of the sampl e .  The vol ume-to­
surface rat i o  must be between 10 and 200 cm . 

e e 
,,: 



sampl e ,  ( 2 )  avo i d  part i t i on i ng of contami nants i nto a speci fi c  s i ze fraction ,  

and ( 3 )  avoid l oss of contami nants , part i cul arly vol ati l e  organ i c s .  The 

typi cal steps i n  s i ze reduction are sample fragmentat i on ,  gri nd i ng ,  and 

s i z i ng .  Fragmentat ion i s  best done with a hammer and anv i l and should be 

mi nimi zed to avo id metal contaminat i on of the waste . Gri nd i ng c an be done 

wi th agate , dense al umi na or tungsten-carb i de equi pment . Mortar and pest l e  or 

mechan ical gri nder can be sel ected based on the sampl e throughput of the 

l aboratory .  S i z i ng should be done with nyl on or  other nonmetal screens .  

3 . 2 . 1  Toxicity Characteri st i c  leach i ng Procedure (TClP) 

I n  the TClP test , waste samples are crushed to part i c l e  s i ze l ess  

than 9 .5  mm and extracted wi th an  acetate buffer sol ut i on with a pH of 5 or  an 

acet i c  acid sol ut ion with a pH of 3 ,  depend i ng on the al kal i n i ty of  the waste. 

Note , however, that the TClP l eachate i s  poorly buffered and that pH of the 

l eachate upon contact wi th the waste may be much greater, as h igh  as pH 10- 1 1  

or more , dependi ng on  the i n i t i al al kal i n i ty of  the waste . The acetate buffer 

i s  added only once at the start of the extracti on .  A l i qu i d-to-sol i d  rat i o  of 

20 : 1  i s  used for an extract i on per i od of 18 hours . The l eachate i s  fi l tered 

prior to conduct i ng the contami nant analyses . Th i s  test i s  used to eval uate 

the l each i ng of metal s ,  vol ati l e  and semivol ati l e  organi c  compounds ,  and 

pest i c i des from wastes that are categori zed under RCRA as characteri sti cal ly 

toxic and can be used on other wastes as wel l . 

The TClP test has been most commonly used by U . S .  EPA and state 

agenc i es to eval uate the l each ing potent i al of stabi l i zed wastes , and TClP i s  

the test requ i red by RCRA impl ementing regul at i ons  (40 CFR Part 261)  for 

determi n ing toxi c i ty . Measurement of pH i n  the extract can hel p eluci date the 

pH-dependence of contam i nant l eachi ng . 

The TClP does not prov ide  data on l ong-term stabi l ity ( see Sec-

t i on 4 . 7 ) . In fact, recent stud i es show a s i g n i fi cant effect of curing t ime 

on both TClP resul ts and the chemical structure of the stabi l i zed waste , as 

evi denced by spectroscop i c  analyses (Akhter and Cart ledge , 1971 ; Cartl edge ,  

1992) . These observati ons underl i ne the l imi tati ons of the TClP test as  an 

i nd icator of the l ong-term l each i ng of stabi l i zed waste and emphas i ze the need 

for other types of l each ing data . 
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3 . 2 . 2  Extracti on Procedure Toxi city (EP Tox) Test 

The EP Tox test i s  the precursor of and i s  s im i l ar to the TCLP .  

Only  one concentration of  acet ic  aci d  sol ut i on (pH of 5) i s  used . The l i qu i d­

to-sol id  rat io  s tarts at 1 6 : 1  and may i ncrease as addit i onal aci d sol uti on i s  

added as needed to adj ust the pH during the 24-hour test durat ion .  Resul ts of 

the EP Tox test are general ly  comparabl e to resul ts  of TCLP tests at pH 5 but 

may di ffer s igni fi cantl y  at pH 3 .  As wi th the TCLP, the measurement of pH i n  

the extract can hel p determi ne the pH-dependence o f  contami nant l each i ng .  E P  

Tox cannot be used t o  assess vol at i l es .  

3 . 2 . 3  TelP ·Cage· Modi ficati on 

The standard TCLP (Sect i on 3 .2 . 1 )  requi res that al l sampl es be 

passed through a 9 . S-mm screen (or meet surface area requi rements) before 

l eaching .  However, th i s  requi rement may not be appropri ate for SIS-treated 

wastes that have been sol i d i fi ed to wi thstand the envi ronmental stresses 

encountered i n  a l andfi l l .  Studi es in 1 988 (53 FR 18792) us i ng a modificat ion 

wherein  the SIS-treated waste was tumbl ed i n  a cage i nd i cated that wel l ­

stabi l i zed wastes may rema in  more or l ess i ntact , whereas poorly stabi l i zed 

wastes are s ign i fi cantly degraded . TCLP 'cage" modi f icat ion ,  proposed as a 

modi fi ed TCLP,  requi res no prel iminary s i ze reducti on of sampl es . The 

resul t ing l eachate can be used for analyt i cal determinat i ons of organi cs and 

metal s .  

The TCLP ·cage" mod i ficat i on i s  still  under development and current­

l y  has no regul atory status .  

3 . 2 . 4  Cal Horni a Waste Extracti on Test '(1:al WET) 

The Cal WET i s  used by the State of Cal i forni a  to cl assify hazardous 

wastes . The l eachate i s  a sod i um ci trate buffer, the l i quid-to-sol ids ratio  

i s  10 : 1 ,  and testi ng l asts 48  hours . The Cal WET test appl i es a sol ubl e 

threshol d l imi t concentrat i on (STlC ) as the regul atory standard . STlt 

standards for metal concentrat i ons i n  the l eachate are s im i l ar to those for 

the TCLP .  However, Cal i forn ia  regul ates several add it ional metal s ,  such as 

copper , beryl l i um, n ickel , and z i nc ,  and a number of organi c  compounds ,  such 

as PCBs and pest i c ides . The Cal WET test al so devel ops a Total Thresho ld  

l im it  Concentrat ion (TTLe) wh ich i s  equival ent to  a Total Waste Analysi s  
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(TWA) . The TWA g i ves the concentrati on of priority pol l utants ,  organ i cs,  

metal s ,  and other substances of  i nterest i n  the waste. 

The Cal WET i s  a much more aggressive test than ei ther the TCLP or 

EP Tox and almost al ways extracts h igher l evel s of contami nants. Th i s  

aggress i ve characteri stic  o f  the Cal WET has l ed t o  the devel opment o f  a 

category of hazardous waste spec if ic  to the State of Cal i forni a, referred to 

as ·Cal i forni a-only·  hazardous waste. Thi s  spec ifi cal ly refers to a waste 

that fa i l s  the Cal WET but passes the TCLP. If the waste fai l s  both the Cal 

WET and the TCLP, then the requirements of both Cal i forn i a  and the u . S .  EPA 

must be met . 

3 . 2 . 5  Mul tipl e  Extracti on Procedure (ME') 

L ike the EP Tox , the MEP i nvol ves a fi rst extraction with aceti c 

aci d ,  fol l owed by at l east ei ght extract ions with a syntheti c  ac id rai n 

sol ution (sul furi c/nitric aci d  adjusted to pH 3 ) . The MEP i s  i ntended to 

s imul ate l each i ng i n  an improperly des igned l andfi l l  where the waste could 

come i nto contact wi th l arge vol umes of ac id ic  l eachate . One advantage of the 

MEP over the TCLP i s  that the MEP gradual ly removes excess al kal i n i ty i n  the 

waste over time .  Thus , the l each i ng behavi or of the contami nants ( part i cul ar­

ly  metal contami nants) can be evaluated as a function of decreas i ng pH, where 

the sol ubi l i ty of most metal s i ncreases .  

The MEP has been used i n  the regul atory environment for del i st ing 

u . s .  EPA-l i sted wastes . 

3 . 2 . 6  Synthet i c  Acid Precipi tati on Leach Test 

The TCLP (Section 3 . 2 . 1 )  and the EP Tox test ( Section 3. 2 . 2) apply 

to d i sposal in a san i tary or muni ci pal l andfi l l , a scenario that does not 

match the di sposal sett i ng of many SIS-treated wastes. A sanitary l andfi l l  

env i ronment i s  characteri zed by l arge concentrati ons of l ow-mol ecul ar-weight 

organ i c  acids , such as acetic  aci d ,  that resul t from anaerobi c fermentat i on of 

organ i c  waste . The Synthet i c  Acid Prec i pi tati on Leach Test i s  s imi l ar to the 

TelP, but the i ni t i al l i quid-sol id separat ion step has been el i mi nated and the 

acetate buffer extract ion fl u id  has been repl aced by a d i l ute n i tri c acid/sul ­

furi c acid mi xture . The Synthetic  Ac id  Prec i p i tat ion Test s imul ates acid rai n 

as opposed to s imul at i ng a l eachate i n  a san i tary or mun i c i pal l andfi l l . 
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3 . 2 . 7  Monofi l l ed Waste Extraction Procedure (MWEP) 

The MWEP i nvol ves mul t i pl e  extract i ons of a monol i th  Dr of crushed 

waste with d i st i l l ed/deionized water . The sampl e i s  crushed to l ess than 9 . 5  

mm, or i t  can b e  l eft i ntact i f  i t  passes the U . S .  EPA SW-846 Structural 

Integrity Tes t .  The l i quid-to-so1 i d  rat i o  i s  10 : 1 ,  and the sampl e i s  extract­

ed with water four t imes at 18 hours per extract ion .  The MWEP i s  i ntended to 

derive l eachate compos i ti ons i rr .monofi l l ed d i sposal faci l i t i es or to obta i n  

l eachate for test i ng the compat i bi l i ty o f  l in ing materi al s w i th the l eachate . 

Note that thi s  procedure has not yet been approved by EPA. 

3 . 2 . 8  Ameri can Nuclear Soci ety Leach Test (ANSI/ANSI16 . 11 

The ANSI /ANS/16. 1 l eachi ng test i s  i ntended mai nl y  to  devel op a 

fi gure-of-meri t  for compari ng the l each i ng res i stance of SIS-treated waste . 

The resul ts  of the l eaching tests are recorded i n  terms of cumul at i ve fracti on 

l eached rel ati ve to the total mass of the waste sampl e .  Then , resul ts can be 

used to deri ve an effecti ve d i ffus i on coeffi c i ent and a l eachabi l i ty i ndex, or 

figure-of-meri t .  The ANSI/ANS/16 . 1  is conducted over a period of 90 days and 

i s  i ntended to i nd icate contaminant rel ease rate ,  unl i ke the batch tests 

descri bed in precedi ng sect i ons . Typi cal ly,  the 1 eachant i s  di sti l l ed water, 

but other sol uti ons ,  such as s imul ated groundwater, may al so  be used. 

3 . 2 . 9  Dynamic leach Test COLT) 

The DLT i s  a mod ifi ed vers i on of the ANSI/ANS/16 . 1  test ( Sec-

t i on 3 . 2 . 8) . The renewal frequency of the l each i ng sol uti on and the l eachi ng 

vol ume-to-sol id  rati o  are adjusted based on an est i mated or cal cul ated 

d i ffus i on coeffi c i ent and results  from batch extracti on tests such as the 

Equi l i br ium Leach Test ( ELT) (Sect i on 3 . 2 . 1 1 ) . The sol uti on renewal frequency 

i s  chosen to ensure that equ i l i bri um has not been reached . The l eaching  

vol ume-to-sol id  rat i o  is  chosen to  ensure that the contaminant can be  detect­

ed . Data from the DLT can be used to determ i ne a d iffus i on coeffi c i ent that 

can be used to pred i ct l ong-term l each i ng performance (Stegemann and Cote ,  

1991 ) .  L i ke al l the tests descri bed in  thi s sect i o n ,  fi eld val i dat i on has not 

yet been done to veri fy the l each i ng pred iction . 
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3 . 2 . 10 Shake Extraction Test 

The shake extracti on test i s  appl i cabl e only to i norgani c compounds .  

I t  i nvol ves the extract i on of  a sol i d  waste wi th Type I V  reagent water in  a 

rotary agi tator for 18 hours . The procedure i s  i ntended as a rapid  means of 

obtain i ng an aqueous extract and i s  not i ntended to s imul ate s i te-speci fi c  

l eachi ng cond it ions .  

3.2. 11  Equi l i bri ua Leach Test (ELT) 

The ElT invol ves stat i c  l eachi ng of hazardous constituents by 

d i st i l l ed water. The particle  s i ze of the crushed sample (�150 �) i s  much 

smal l er than that for TCLP and EP Tox to al l ow greater contact surface area 

and to reduce the t ime needed to achieve equi l i br ium .  Water i s  added once at 

a l i qu id-to-sol i d  rat i o  of 4 : 1 , and the sampl e i s  agi tated for 7 days . li ke 

MWEP ( Sect i on 3 . 2 . 7) , ElT can be used to determine equ i l i br i um l eachate 

concentrations under m i l d  l each i ng cond i t i ons.  

3 . 2 . 12 Sequenti al Extraction Test (SET) 

The SET i s  used to eval uate the waste buffering capac i ty and 

al kal i n i ty of cement-based SIS-treated waste . Unl i ke ac id  neutral i zati on 

capaci ty (Secti on 3 . 3 . 7) ,  the SET i nvol ves 15 sequent i al extracti ons of one 

sampl e of crushed waste with particle  s i zes between 2 . 0  and 9 . 5  mm.  Each 

extract ion i s  performed on a shaker tabl e for 24 hours with the same type of 

extract ion sol ut ion (0 .04 H acet i c  acid sol ution)  and l i qu id-to-sol i d  rat i o  of 

50: 1 .  W ith each extraction ,  2 meq/g of ac i d  i s  added to the ground waste . 

The pH i s  measured and the l each i ng sol ut i on i s  fi l tered . After the fifteenth 

extraction, the rema in ing sol i ds are d igested with three more extracti ons i n  

wh i ch more concentrated ac i d  sol uti ons are used . These l ast three extract ions 

are combi ned for analys i s .  

3 . 2 . 13 Sequenti al Chemical Extraction (SCE) 

The object ive of t he SCE test i s  to eval uate the nature and bondi ng 

strength of metal s and organ i cs i n  SIS-treated waste. Thi s test was origi nal ­

ly  devel oped for sedi ments and adapted to eval uate inorgani c  waste const i tu­

ents i n  a stabi l i zed matri x .  L i ke SET ,  the test i nvolves sequenti al extrac­

t ion of a sampl e .  Unl i ke SET, however , the l eachi ng sol ution i ncreases i n  
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aci d i ty from neutral to very aci d i c  with each sequenti al extracti on .  The 

part i c l e  s i ze of the sampl e i s  al so very smal l ( l ess  than 45 #m) . 

3 . 2 . 14 Stat i c  leach Test Method (Ambient- and High-Temperature) 

The Materi al s Characterizat i on Center (MCC) at Paci fic Northwest 

Laboratory ( PNL) , under a project for the United States Department of Energy 

(U . S .  DOE) devel oped the stat i c  ambient- and h i gh-temperature l each tests as 

part of a seri es of  standard methods des igned to eval uate the chemi cal 

durabi l i ty of SIS-treated nucl ear waste . The stat i c  l each tests use represen­

tat i ve ,  monol i th i c  specimens of the SIS-treated waste.  Speci mens of known 

geometr ic  surface area are immersed i n  a reference l eachant held at a speci­

fied temperature . The i mmers i on period can vary from 3 days to many years . 

Temperatures ranging from 40·C to 190·C are used. The l eachant i.s not 

agi tated during the immersi on period .  Th i s  test i s  used to eval uate the l each 

resi stance of monol i th i c  SIS-treated waste . 

3 . 2 . 15 Agi tated Powder leach Test Method 

The MCC al so devel oped the agi tated powder l each test as part of a 

seri es of standard methods desi gned to eval uate the chemi cal .durabi l i ty of 

nucl ear waste forms . The ag i tated l each test uses representati ve powdered 

waste spec i mens of the waste form. The powder i s  immersed i n  a reference 

l eachant at a constant rat i o  of l eachant vol ume to specimen mass of 10 ml /g. 

Test temperatures range from 40·C to 190 · C .  The powder and l eachant are 

agi t ated by constant rol l i ng of the spec imen holder. The test i s  used to 

determine the maximum concentrati on of chemi cal el ements i n  s ol ut ion from the 

waste form under steady-state cond i t i on s ,  i n  cl osed , ag i tated systems . 

3 . 2 . 16 Soxhl et Leach Test Method 

The MCC devel oped the Soxhl et l each test as part of  a series of 

standard methods des i gned to eval uate the chemi cal durabi l ity of  SIS-treated 

nucl ear waste.  Al though designed primari ly for gl ass and cerami c waste forms , 

the Soxhl et l each test i s  appl i cabl e to any monol i th ic  SIS-treated waste and 

the i nd iv idual components of macroscal e phys i cal compos ite SIS-treated waste .  

Monol i thi c spec imens of known geometri c surface area are suspended i n  a con­

t i nuously fl owi ng stream of red ist i l l ed water. The preci se test temperature 
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i s  determi ned by the barometr ic  pressure i n  the l aboratory but i s  near 100·C .  

The test measures the normal i zed mass l osses from the specimen due to a con­

stant fl ow of red i st i l l ed water at its  boi l ing po i nt under l ocal cond i t i on s .  

3 . 3 CHEMICAL TESTS AND ANALYSES 

Treatab i l i ty test i ng usual ly  i nvol ves col l ecti ng chemi cal data to 

defi ne waste compos it ions and to assess bi nder performance. Tabl e 3-4 

descri bes a number of these chemi cal parameters and the i r  appl i cabi l i ty to 

eval uat i ng untreated waste , SIS-treated waste, and aqueous sampl es . Total 

waste analyses of metal s ,  VOCs ,  and BNAs can be appl i ed to characteri ze 

untreated waste,  SIS-treated waste ,  or l eachate . Other chemi cal tests may be 

needed for opti onal i nformati on or to support research . For exampl e ,  i t  may 

be necessary to screen for chemi cal s that i nterfere with SIS treatment , i f  

h i stori cal i nformati on or other sources of i nformat i on i nd i cate that such 

chemi cal s may be present . The chemical test program shoul d be devel oped based 

on spec if i c  waste and s i te characteri sti cs . 

3 . 3 . 1  RH 
The pH i s  a measure of the hydrogen i on act i v i ty and i nd i cates the 

ac id-to-base bal ance of a materi al . The pH of untreated and SIS-treated 

wastes ,  waste l eachates ,  or soi l s  from the i ntended d i sposal s i te can be 

analyzed by U . S .  EPA SW-846 Method 9045 .  Equal we ights of  s o i l s/sol ids and 

deioni zed water are mi xed and al l owed to settl e for 1 hour . The pH of  the 

supernatant l i qu i d  i s  then measured el ectrometrical ly .  The l eachabi l i ty of 

many metal s i s  a funct i on of the pH.  The pH may al so affect the l eachab i l i ty 

of some base, neutral , and ac id  (BNA) fracti on compounds .  

3 . 3 . 2  Oxidati on/Reduction Potenti al (Eh) 

The oxi dat i on/reduct i on potential , Eh,  characteri zes the el ectro­

chemi cal state of the med i a  be i ng measured . Data on the Eh of the untreated 

or treated waste , waste l eachates , or soi l s  from the i ntended d i sposal s i te 

can be very useful . The Eh can be determi ned by ASTM 0 1498 . Numerous metal s 

can exi st i n  mul t i pl e  oxidation  states . For exampl e ,  chromi um can exi st as 

Cr( I I I )  or Cr(VJ) and arsenic as As ( I I I )  or As (V) . The l eachabi l i ty of these 
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TABLE 3-4 . CHEMICAL TESTS 

Materi al 
81!1!1 i catioD 

Test Procedure Method U S L 

pH ( l i qu id )  EPA SW-846 X 
Method 9040 

pH (sol id )  EPA SW-846 X X 
Method 9045 

w Oxidati on/reduct i on ASTM 0 1498-76 X 
I potent i al ( Eh) N 

0\ 

Major oxide ASTM C 1 14-88 X 
components 

Total organ i c  carbon EPA SW-846 X X X 
(TOC) Method 9060 

Oi l and grease EPA SW-846 X X 
- sl udge Method 9071 

- fl uids  EPA SW-846 X 
Method 9070 

e • 

Purpose 

To determi ne sol ut ion pH . pH of  
l eachate and aqueous phase of  d i sposal 
envi ronment can hel p estimate metal 
l each i ng tendency. 

Leachabi l i ty of hazardous consti tuents 
(e .g . , metal s )  may be governed by the 
pH .  RCRA corrosi v i ty l imits are pH 2 
and 1 2 . 5 . 

Leachate Eh can i ndi cate potenti al 
stabi l i ty of chemical species . Eh of 
l eachate and aqueous phase of d i sposal 
envi ronment can hel p estimate metal 
l each i ng tendency . 

Mi neral ogy of the stabi l i zed/sol i d i fied 
waste may a i� in i nterpretati on of 
l each test resul ts . 

Used to approximate the nonpurgeabl e 
organi c  carbon i n  wastes and treated 
sol ids .  Useful 1 n  approx1mat 1 ng 
i nterference l evel s .  

May be used to compare the l eachabl e 
o i l  and grease from the treated and 
untreated wastes . Al so a poss ible  
interference . 

e 

Testi ng 
1l1!1!]1!;At1!!D 

R I E 

X X X 

X X X 

X 

X X 

X 

X 

e 
• 
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TABLE 3-4 . CHEMICAL TESTS (Cont i nued) 

Material Test i ng 
AIll!]lcltlIlD AIlIl]ic�tiIlD 

Test Procedure Method U S L Purpose R I E 

El ectr ica 1 EPA Method 120 . 1  X To compare i on concentrati ons i n  X 
conductiv i ty EPA SW-846 leachate to i on concentrati ons in 

Method 9050 receiv ing waters . 

Ac id  neutral izat i on WTC, 199 1 ,  p .  16 X X To determine pH bufferi ng capaci ty of X 
capaci ty (ANC) SiS-treated waste . 

General i zed Ac id  lsenburg and X X To determine pH bufferi ng capac i ty of X 
Neutral i zation Moore, 1990 SIS treated waste . 
Capaci ty (GANC) 

w 
, 

Al kal i n i ty EPA Method 403 X To indi cate the abi l i ty of a sol uti on X X N 
..... 

to neutral i ze ac i d .  

Total d i ssol ved EPA Method 209B X To measure d i ssol ve sol i ds content of X X 
sol ids (TDS) l eachate. 

React i ve cyanide EPA SW-846 X X X To determi ne potenti al for generati on X X X 
Sect ion 7 . 3 . 3 . 2  of hazardous fumes . RCRA regul atory 

requi rement , 250 mg HCN/kg guidel ine .  

Reactive sul fide EPA SW-846 X X X To determine potential for generati on X X X 
Section 7 . 3 . 4 . 1  of hazardous fumes . RCRA regul atory 

'requ i rement , 500 mg/HzS/kg guidel i ne .  

React iv i ty of s i l i ca ASTM C 289-87 X To eval uate potent i al al kal i-s i l ica X X 
aggregates react i on i n  aggregates .  

Metal s analys i s  EPA SW-846 X X X Used to defi ne metal s content of X X X 
(Methods 3010, untreated and treated wastes or TCLP 
3020 , 3050 , and 1 eachates of such wastes for numerous 
6010 or 7000) spec if i c  metal s .  



TABLE 3-4. CHEMICAL TESTS (Conti nued) 

Material 
Alllll icat i oD 

Test Procedure Method U S L 

Vol at i l e  organic  EPA SW-846 X X X 
compounds (VOCs) Methods 5030 

and 8240 

Base , neutral and EPA SW-846 X X X 
ac id  (BNA) organ ic  Methods 3510, 
compounds 3520 , 3540 , 

and 8270 

Polychl ori nated EPA SW-B46 X X X 
biphenyl s ( PCBs) Methods 3540 , 

w 3520 , and 8080 ; I 
N EPA Method 608 00 

Mercury EPA SW-846 X 
Method 7470 

Pest ic ides  EPA SW-846 X 
Methods 3510 and 
8080 or 8081 

Herbicides EPA SW-846 X 
Method 8150 
or 8151 

Ion measurements Std . Method No . X 
4110 

e 
• 

Test i ng 
81l1l] i c!ltjQD 

Purpose R I E 

Used to define VOC concentrati ons i n  X X X 
SIS-treated wastes and untreated wastes 
or i n  waste extracts . 

Used to defi ne BNA concentrati ons of X X X 
wastes or waste l eachates or extracts 
from treated or untreated wastes .  

Used to  define PCB concentrati ons of X X X 
wastes or waste extracts i n  treated or 
untreated wastes .  

Determ1ne Hg content 1 n  waste or waste X X X 
l eachates . 

Determ1 ne pest icide content i n  waste or X X X 
waste l eachates . 

Determine herbicide content i n  waste or X X X 
waste l eachates . 

Used to determine l eachate an i on ic  X 
species concentrati ons i n  aqueous 
sol uti ons . 

e e 
� h ,  
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TABLE 3-4. CHEMICAL TESTS (Conti nued) 

Test Procedure Method 

I n terferants Screen 

O i l  and Grease EPA SW-846 
Method 9071 

Potass ium EPA SW-846 
Method 3050 , and 
6010 

w 
I 

Sodi um EPA SW-846 N 
ID Method 3050 and 

6010 

F1 uoride EPA Method 300 .0 

Chl oride EPA Method 300 . 0  

Orthophosphate EPA Method 365 . 1  

Ammoni a  EPA Method 350 . 2  

Nitrate EPA Method 300 .0 

Sul fate EPA Method 300 . 0  

(I)Extraction or digestion requi red. 

e e 

Materi a 1 
Appl ication 

Test ing 
Appl i cation 

U S L Purpose R I E 

Used to screen for the presence of 
el ements that coul d adversely affect 
SIS process or performance . 

x X 

X X X 

X X X 

X X X 

Cal Ca) X 

Ce) CI) X 

(a) CI) X 

(a) (a) X 

(a) (a) X 

(a) (a) X 

Materi al Appl i cation Guide: 
U • Untreated Sampl es 
S • SIS-treated Samples 
L • L iquid Sampl es 

.;{,", 

Testing Appl i cation Gui de :  
R - Regul atory Requi rement 
I - Information for SIS Process 
E • Experimental Program 



metal s depends on the i r  oxi dat i on state . Therefore ,  Eh can i nd i cate the 

s tabi l i ty of vari ous chemi cal spec i es i n  the waste ' s  chemi cal envi ronment . 

3 . 3 . 3  Major Oxide Components 

The major oxide components can be used to character ize the m ineral o­

gy of the SIS-treated waste . Analyti cal techni ques for determi n i ng S i 02 , 

Fe20) , A1 203 , CaD, MgO, and l os s  on i gn i t i on are descri bed i n  ASTM C 1 1 4 .  

Between 10 and 30% o f  cementi t i ous sol i d s  wi l l  be i n  the form o f  oxides . 

3 . 3 . 4  Total Organic Carbon (TOC) 

The TOC analys i s  measures the overal l l evel of organi c compounds 

present i n  a l iqui d ,  s l udge , or sol i d  sampl e .  TOC i s  measured by U . S .  EPA 

SW-846 Method 9060 . Thi s  method uses combust i on wi th i nfrared, thermoconduc­

t i v i ty ,  or other detect ion .  The TOC resul ts can be used to approximate the 

l evel s of nonpurgeabl� organi c  carbon and to estimate the potent i al for 

organi c  i nterference i n  the SIS process .  

3 . 3 . 5  Oil  and Grease 

Oil  and grease analys i s  determi nes the total content of o i l  and 

grease i n  a sampl e .  This  analys i s  can be done by U . S .  EPA SW-846 Method 9070 

or 9071 . The determi nat i on before and after treatment provi des  a method of 

asses s i ng the effecti veness of the SIS process i n  immobi l i zi ng o i l  and grease 

i n  the waste . O i l  and grease anal ys i s  of asphal t i c  sol i d  l eachates i s  

i mportant for determi n i ng whether the SIS process a ids i n  stabi l i zing  o i l  and 

grease or whether the asphal t i ncreases o i l  and grease l eachabi l i ty .  In addi ­

t i on ,  o i l  and grease i nterfere with cement or pozzol an-based SIS treatment . 

3 . 3 . 6  El ectri cal Conductivity 

The el ectri cal conduct i v i ty of a sol ut i on i s  a measure of i ts 

abi l i ty to carry current . Conduct i v i ty varies wi th the concentrati on and type 

of i ons present . Sol uti on conduct i v i ty can be measured by U . S .  EPA Method 

1 20 . 1  or U . S .  EPA SW-B46 Method 9050 . Conduct i v i ty of l eachates from untreat­

ed and SIS-treated wastes can be compared to f ind the rel ati ve i on i c  concen­

trati ons  i n  the two sol utions .  I n  add i t i on ,  test resul ts  from untreated and 

SiS-treated waste l eachates can be compared with conducti v i t i es of natural 
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surface and subsurface waters i n  the v ici n i ty of  the demonstrat i on s i te and/or 

potent i al di sposal s i te .  W ide di fferences i n  the conduct i v i ty of  l eachate and 

natural waters create the potent i al for the waste l eachate to cause conduct i v­

i ty fl uctuati ons i n  adjacent receiving waters . 

3 . 3 . 7  Acid Neutral ization Capaci ty CANe and GANe) 

These buffering capac i ty tests i ndi cate the capaci ty of  the S/S­

treated waste to ma i ntain  an el evated pH when exposed to ac id ic  sol uti ons . 

The ANC test i nvol ves separate extracti on of SIS-treated waste sampl es wi th 

l each i ng sol utions of vary ing l evel s of acid i ty.  Ten waste sampl es are 

predri ed and crushed to a part ic le  s i ze of -100 mesh. Each sampl e is extract­

ed for 24 hours i n  one of 10 n i tric acid sol uti ons . The ac id equi val ents per 

gram of sol id  i ncreases i ncremental ly  from sampl e I to sampl e 10.  Fol l owi ng 

the extracti on ,  the pH of each sol ution i s  measured . The amount of decrease 

i n  pH of the l each sol ut i ons  wi th each increase i n  ac id  concentrati on i nd i ­

cates t h e  bufferi ng capac i ty o f  the SIS-treated waste . Smal l er decreases 

ind icate h igher bufferi ng capaci ty.  The  h i gher the  bufferi ng capaci ty ,  the 

greater the poss i bi l i ty of ma i ntai n i ng al kal i ne cond i t i ons conducive to metal 

retent i o n .  The GANC i s  a s imi l ar test devel oped t o  be cons i stent wi th the 

TCLP test ( Isenburg and Moore , 1992) . 

3 . 3 .8 Al kal i n i ty 

Al kal i n i ty i ndi cates the capaci ty of a sol uti on such as a l eachate 

to neutral i ze ac id  sol ut i ons  to spec i fic pH l evel s .  I t  can be measured by 

U . S .  E PA Method 403 . 

3 . 3 . 9  Total Dissolved Sol i d s  (IDS) 

The IDS analys i s  i nd i cates the total quant ity of sol i d  materi al 

d i ssol ved i n  a sol ution. I t  can be measured by U . S .  EPA Method 209B . The IDS 

l evel s i n  l each i ng sol utions can be used to track the degradati on of  S/S­

treated waste sol id  or l each i ng of con sti tuents from the sampl e .  TOS i s  al so 

a dri nki ng water standard . 
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3 . 3 . 10 Reacti ve Cyanide and Sul fi de 

The analyses for reacti ve cyanide and sul fide apply to waste 

conta in ing cyanide- or sul fide-bearing materi al . Sul fide can be present i n  

the waste either as a natural waste consti tuent or a s  a binder add i t i ve .  I f  

waste exposed to a pH i n  the range o f  2 to 1 2 . 5  can generate toxic gases , 

vapors , or fumes i n  suffici ent quanti ty to present a danger to human heal th or 

the envi ronment ,  i t  i s  deemed to contai n  reactive cyan ide or sul fi de . The 

tests for reactive cyanide and sul fide are descri bed in U . S .  EPA SW-846 

( 1986c) Section 7 . 3 .  Testi ng for reacti ve cyani de and sul fi de may be requi red 

for some RCRA wastes under regul at i on 40 CFR 261 . 23-(a) (5) . 

3 . 3 . 1 1 Reactivity of Sil i ca Aggregates 

The test for reactiv i ty of s i l i ca aggregates measures the propensi ty 

of s i l i ca i n  the waste to react wi th al kal i ne components of Portl and cementl 

concrete mi xtures or s imil ar SIS bi nders . The potential for s i l i ca i n  suspect 

aggregates to react w i th al kal i ne compounds i s  determi ned by ASTM C 289 . 

Reactive s i l ica and al kal i ne compounds combi ne to form s i l i cate-al kal i gel s 

that expand to cause i nternal stress in  the SIS-treated waste. The i nternal 

stress can result in cracking or spal l i ng .  

3 . 3 . 12 Metal Analysis 

Metal analyses can be appl ied to aqueous l each sol uti ons to deter­

mine the concentrati ons  of metal s l eached from the SIS-treated waste . ·Metal 

analys i s  tests can al so be used , fol l owi ng a sui tabl e strong acid digesti on 

step, to measure the total metal concentrati ons i n  the untreated or 5/5-

treated waste . Metal s can be determined i n  accordance with U .S .  EPA SW-846 

Methods 601 0 (analys i s  by inductively coupled pl asma atomic emi s s i on spectro­

scopy [ ICP] ) or 7000 and associ ated 7000 series methods (analysi s  by �tomi c 

absorpt i on spectroscopy [AA] ) .  The materi al shoul d be pretreated with the 

appropri ate d igest i on procedure (U . S .  EPA SW-846 Methods 3005,  3010 , 3020, 

3040, and 3050) . 

3 . 3 . 13 Vol ati l e  Organic Compounds 

The VOC test eval uates the types and concentrati ons  of l ow-boi l i ng­

point organ ic  material s present i n  a sampl e .  U . S .  EPA SW-846 Method 8240 
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descri bes the extracti on and analys i s  of VOCs by gas chromatography/mass 

spectrometry (GC/MS) techni ques . Thi s  method wi l l  quant i fy most organi c  

compounds wi th a bo i l i ng po int bel ow 200· C .  Concentrati ons o f  VOCs i n  

sol vent extracts o f  untreated and SIS-treated wastes can be used to i ndi cate 

i f  the compounds have been stabi l i zed duri ng the SIS process,  provided 

measures were taken to account for vol ati l i zat i on or degradation .  Concentra­

t i ons of VOCs i n  TCLP extracts can i nd i cate the aqueous l eachabi l i ty of the 

VOCs from SIS-treated wastes . Extreme cauti on must be pai d  to the pos s i bl e  

rel ease of VOCs duri ng waste sampl i ng ,  handl i ng ,  storage, treatabil i ty test­

i ng ,  or analys i s .  The potent ial for vol at i l i zati on of the organ i c  contam i­

nants i s  s o  great that a mass bal ance i s  general ly  needed to  demonstrate that 

a reducti on i n  vol at i l e  organ i c  content after treatment i s  truly due to 

immobi l i zat i on as opposed to vol atil i zat i on .  Al though organic l each i ng m�y be 

l ow in aqueous l each i ng tests , th i s  may al so be a resul t of l ow sol ubi l i ty of 

the organi c i n  water rather than immobi l i zation of the organ ic .  

3 . 3 . 14 Base, Neutral . and Aci d  (BNA) Organi c Compounds 

The analyses for bas ic ,  neutral , and ac id ic  organi c  compounds are 

performed by extracti on (U . S .  EPA SW-846 Method 3510, 3520, Dr 3540) fol l owed 

by GC/MS analys i s  ( U . S .  EPA SW-846 Method 8270) . Certain BNAs can be target 

contami nants for SIS . Measurements of BNAs in sol vent extracts of untreated 

and treated wastes can determine the fate of organi cs during the SIS process , 

provided measures were taken to account for vol at i l i zati on or degradat i on .  

Data on concentrati ons of BNAs in  aqueous extracts can be used to assess the 

effecti veness of the SIS process in reduci ng the amount of aqueous l eachabl e 

BNAs . However, l i ke VOCs ,  certai n  BNAs have l ow aqueous sol ubi l ity .  Thus ,  

the immobi l i zat i on of  such compounds shoul d be eval uated i n  organic  sol vent 

extracts of appropri ate pol arity .  

3 . 3 . 15 Pol ychl ori nated Biphenyl s (PCBs) 

The PCB anal ys i s  measures the concentrati on of pol ychl ori nated 

biphenyl s .  PCBs are determi ned by extracti on ( U . S .  EPA 5W-846 Method 3540 or 

3520) , fol l owed by GC/MS analys i s  (U . S .  EPA SW-846 Method 8080) Dr by U . S .  EPA 

Method 608 . Quant i t i es of PCBs i n  sol vent extracts of untreated and 5/S­

treated wastes can determine the fate of the PCBs during the SIS process ,  
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provided that measures were taken to conduct mass bal ances and account for any 
PCB vol at i l i zation dur i ng the treatabi l ity study . Conducti ng aqueous l each i ng 
tests on PCB-contami nated wastes i s  general ly fruitl ess because of the l ow 
aqueous sol ubi l it ies  of PCB compounds .  

3 . 3 . 16 Other Contaminant Analyses ' 
Several of the more common waste contami nants not spec i fi cal l y  

i ncl uded i n  Sect i ons 3 . 3 . 1  through 3 . 3 . 15 are mercury, pesti c i des , and 
herbic ides . Analyti cal methods are ava i l abl e for measuring such const i tuents 
in ei ther aqueous or organi c  sol vent extracts (see Tabl e 3-4 ) . 

3 . 3 . 17 Anion Measurements 

Ani ons can be measured by i on chromatography, as descri bed by Water 
and Wastewater Standard Method 4 1 10 or by U . S .  EPA Method 300. Thi s  analysi s  
i s  used to determi ne the concentrat i on of ani ons i n  l each solut i ons . 

3 . 3 . 18 Interferants Screen 

Interferants screen i ng tests i nvol ve a ser i es of analyses for 
concentrati ons of materi al s that can i nterfere wi th SIS treatment . The waste 
i s  tested for o i l  and grease, potassi um, sod i um,  fl uoride,  chl ori de , ortho­
phosphate,  ammoni a ,  n itrate , and sul fate . 

3 . 4  BIOLOGICAL TESTS 

Bi ol ogi cal tests appl i cabl e to SIS processes i ncl ude bi odegradati on 
tests and bi oassays . Table  3-5 shows some representative  b iologi cal tests and 
presents i nformati on about the standard methods for each . Biologi cal tests 
are typ i cal ly conducted only in spec i al ci rcumstances such as test i ng the 
potenti al bi odegradabi l i ty of organi c  bi nders or the aquat i c  tox i c i ty of the 
treated waste . 

B iologi cal test i ng can be used to measure ei ther the degradati on of 
the matri x l ead ing to rel ease of contaminants or the al terati on of contaminant 
properti es to i ncrease the i r  mobi l i ty or tox i c i ty .  Standard tests for matri x  
degradat i on exi st ,  but none are avai l abl e for b i o l ogi cal l y  i nduced changes i n  
the contami nants . 
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TABLE 3-5. BIOLOGICAL TESTS 

Test Procedure 

Bjodegradatjon Tests 

Bi odegradabil ity of pl astics 

Bi odegradabi l i ty of pai nts 

Bi odegradabi l i ty of 
al kyl benzene sul fonates 

Bjoass ays 

Method 

ASTM G 21-90 , 
G 22-76 

ASTM 0 3273-86, 
o 3274-82 , 
o 3456-86 

Assess ing the hazard of a ASTM E 1023-84 
materi al to aquatic  organi sms 

e 

Materi al 
Appl ication 

U S L 

x 

x 

x 

x X X 

Purpose(·' 

To determi ne whether bi odegradation 
may decrease l ong-term stabi l i ty of 
SIS wastes .  

To determine whether bi odegradat i on 
may decrease l ong-term stabi l i ty of 
SIS wastes . 

To determine whether bi odegradati on 
may decrease l ong-term stabi l i ty of 
SIS wastes . 

To eval uate acute aquati c  toxicity at 
a p01 nt source di scharge, e . g . , a 
l eachate col l ecti on system. May be 
requ1 red by state or federal ARARs . 

(a) Testing Appl icati on :  Biologi cal testing i s  normally  appl ied as part of an experimental program. 

Materi al Appl icati on Guide : 
U - Untreated Samples  
S - SIS-treated Sampl e 
L - l i quid Sampl e 
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Biodegradati on tests are used to measure the bi odegradabi l i ty of 
vari ous waste materi al s ,  almost excl usi vely organi c  b i nders such as asphal t or 
p last i c .  Bi odegradati on i s  one poss i bl e  degradat ion mechani sm for such 
b i nders . At present , the u . s .  EPA recommends no parti cul ar methods for eval u­
ati ng the bi odegradat i on of SjS-treated wastes .  In  general , bi nders that 
produce an al kal i ne envi ronment (e . g . ,  Portl and cement-based processes) are 
not favorabl e for mi crobi al act i v i ty; however, thi s may not be true for 
proprietary bi nders and processes that are tail ored to treat organi c  wastes . 

B i oassays are performed only when the proxi mi ty of the treated waste 
d i sposal s i te poses a threat to an aquatic community .  If a s i te undergo i ng 
SjS treatment has a poi nt source d ischarge , such as from a l eachate col l ection 
system, bi oassays may be required to meet federal or state ARARs.  However, 
note that the al kal i ne nature of  many SjS bi nders may el i ci t  a tox i c  response 
duri ng the bi oassay,  wh ich  may far outweigh  any acute toxi c  response from the 
contami nants in the waste . 

Al though the resul ts of bi oassays may provi de evidence of reduced 
toxici ty after SjS treatment , predi ct ions  of toxi city from b i oassays are 
h i gh l y  s ite-spec i fi c  and must be combi ned wi th data on exposure pathways for a 
spec i fic  s i te . Acute bi oassays may be performed rapidly  and at l ow cost, but 
they do not predict the response of the test organi sm to chroni c ,  l ow-l evel 
contami nat i on .  The bi oassay techni ques that most accurately pred i ct l ong-ten. 
environmental effects are expens i ve and t ime-consuming. 

3 . 5  MICROCHARACTERIZATION 

Spec i al methods devel oped for mi neral ogi c  and material s sci ence 
tes t i ng are appl i cabl e to speci al i zed , detai l ed characteri zat i on of materi al s 
for SIS treatment (Hannak and L i em ,  1986) . These nonrouti ne tests can be 
appl i ed for deta i l ed analys i s  of the structure of SjS-treated waste or to 
better understand the physi cochemical form of the target contami nants . 
Tabl e 3-6 l i sts a few of the many tests that can be appl i ed to mi crocharac­
terization . However, note al so that mi crocharacteri zati on tests provide 
speci al research and probl em-sol v i ng tool s that woul d not be used i n  the vast 
majori ty of SIS treatabi l i ty studi es . 
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TABLE 3-6. MICROCHARACTERIZATION TESTS 

Test Procedure Method 

X-Ray Powder Diffracti on 

Purpose'S) 

To i dent i fy crystal l i ne .atrix 
and contaminant phases 

Fourier Transform Infrared 
( FTIR) Spectroscopy 

ASTM E 1252-88 To i dent i fy the presence or 
ASTM E 168-88 absence of functional groups 

i n  a 1I01 ecul e 

Scanning El ectron Mi croscopy 
( SEM) and Energy-Di spers i ve 
X-Ray Analysis  (EOAX) 

Nucl ear Magnetic  Resonance 
( NMR) Spectroscopy 

Opti cal Mi croscopy ASTH C 856-83 
Transmi tted Light , Refl ected ASTH C 295-90 
L i ght , and Pol ari zed Light 

To examine the physi cal 
structure and chemical makeup 
of the surface of a material 
on the mi croscopic scale 

To identi fy and characterize 
IIOlecules 

To study mi crostructure of 
SIS-treated waste 

(8) Mi crocharacteri zat i on tests are typi cal l y  appl i ed to treated waste as 
part of an experimental program . 

3 . 5 . 1 X-Ray Di ffraction 

X-ray di ffracti on exami nes the crystal structure of a materi al . 

X-rays are scattered and di ffracted by the l attice structure of crystal s , 

y i el d i ng patterns characteristic to vari ous crystal s based on the l atti ce 
spac i ng .  The crystal l i ne components of a mi xture , i ncl udi ng crystal l i ne 
phases of the contaminant or contaminants,  i n  amounts of 1% or more can be 

ident i fi ed i ndividual ly by the X-ray di ffraction patterns produced . However, 
noncrystal l i ne components are not detected . 

3 . 5 . 2  Fouri er Transform Infrared (FTIR) SpectroscopY 

The FTI R  spectroscopy analyt i cal techn i que c an ident i fy the presence 
or absence of funct i onal groups within a mol ecul e .  The cl ass or type of 
compound can be deduced , al though pos i t i ve i dentificati on of the exact 
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compos i t ion of the unknown i s  not always poss ibl e .  Thi s  techn i que can be 

useful i n  determi n i ng the physi cochemi cal form of the contaminant i n  e i ther 

treated or untreated waste. 

3 . 5.3 Scanning El ectron Mi croscopy (SEM) and 
Energy-Di spersi ve X-ray Analys i s  lEOlA) 

SEM i s  a techni que for exami n i ng the surfaces of sol i d  materi al s .  

The method provides  a l arge depth of field ,  so i t  i s  frequently poss i bl e  to 

observe three-dimensional structures i n  a sampl e .  By addi ng an EOXA detector 

to the SEM, i t  i s  possi bl e  to obtain  s i multaneous ,  mult i -el ement analys i s .  

Thi s  techni que can be useful i n  determin ing the physi cochemi cal form of the 

contami nant in e i ther treated or untreated waste.  

3 .5.4  Nucl ear Magneti c  Resonance (NMR) Spectroscopy. 

NMR spectroscopy i denti fies  and characterizes mol ecul es .  Data  from 

NMR analys i s  del i neate compl ete sequences of groups or arrangements of atoms 

i n  a mol ecul e .  Th i s  techn i que has been used successful ly  t o  characteri ze the 

physi cochemi cal form of the contami nant i n  the treated waste and to hel p 

el uci date the mechani sm of contami nant i mmobi l i zat i on .  

3 . 5 . 5  Opt i cal Mi croscopy 

The arrangement of phase structures i n  a sol i d  sampl e can be 

observed and measured by thi n sect ion transmi s s i on mi croscopy or reflected 

l i ght mi croscopy . Opti cal properti e s ,  such as refract i ve i ndex , al so can be 

measured . Add it ional petrograph ic  i nformati on can be obtai ned by us ing 

pol arized l ight mi croscopy. Th i s  i s  another poss i bl e  analyti cal tool for 

characteri z i ng contami nant spec i ation and phys icochemi cal form. 
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4 STATUS OF SOLIDIFICATION/STABILIZATION TECHNOLOGY 

Thi s  chapter of the TRO reviews and summari zes exi st i ng l i terature 
on a wide vari ety of subjects and i ssues pertain ing to SIS technol ogy. A 
number of books and summary-reports on various aspects of SIS are avai l abl e .  
These resource documents i ncl ude the fol l owi ng: 

• ASTM ( 1989) , STP 1033 , Envi ronmenta l  Aspects of 
Stab i l ization and Sol idification of Hazardous and 
Radioact ive Wastes , American Soci ety for Tes t i ng and 
Materi al s .  

• ASTM ( 1992) , STP 1 123 . Stabi l izat ion and 
So l idificat ion of Hazardous, Radioacti ve ,  and Nixed 
Wastes , American Soci ety for Testi ng and Materi al s .  

• Conner , J . R .  ( 1 990) , Chemical Fixat ion and 
So l idification of Hazardous Waste, Van Nostrand 
Re i nhol d .  

• Czupyrna,  G . ,  et al . ( 1989) , In Situ lIRObi7 ization 
of Heavy-Metal-Contaminated So i ls ,  Noyes Data 
Corporat i on 

• Poj asek, R .  ( 1979) , Toxic and Hazardous Waste 
Disposa l ,  Opt ions for So l idificat ion/Stabi 7 ization, 
Ann Arbor Sci ence Publ i shers 

• U . S .  EPA ( 1 990e) , Handbook on In Situ Treatment of 
Hazardous Waste-Contaminated Soi ls 

• U . S .  EPA ( 1 989b) , Immobi l izat ion Techno logy Seminar, 
Speaker Sl ide Cop ies and Supporting Infonuat ion 

• U . S .  EPA ( 1 986c) , Handbook for So l idificat ion/ 
Stab i l ization of Hazardous Wastes 

• U . S. EPA ( 1 983) , Feas ibi 7 i ty of In Situ 
So l idificat ion/Stabi l izati on of Landfi l l ed Hazardous 
Wastes 

• U . S .  EPA ( 1 980 ) ,  Guide to the Disposal of Chemica l ly 
Stab i l ized and So l idified Waste. 

Overview-type i n formati on on spec i fic  SIS i ssues can be found in Secti ons 4 . 1  
through 4 . 1 0 .  Secti ons 4 . 1  and 4 . 2  descri be the types o f  SIS binders and 
the i r  b i nd i ng mechani sms . Appl i cabl e waste and contami nant types are d i s­
cussed i n  Section 2 . 2 .3 . 2 . Sect ion 4 . 3  outl i nes the i nterferences to SIS that 
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ari se from waste consti tuents . Section 4 . 4  deals  wi th SIS treatment of 

organi c  contaminants . Secti on 4 . 5  d iscusses a i r  emi ssions from organic  

consti tuents ,  part i cul ates , and other emi ss ions . Secti ons  4 . 6  and 4 .7 

descri be l each i ng mechani sms and l ong-term stabi l i ty.  Section s  4 .8 and 4 . 9  

di scuss reuse and d i sposal i ssues .  Secti on 4 . 10 g ives cost esti mates for SIS 

testi ng ,  materi al s ,  and processes . The publ i cations referenced i n  Chapter 7 

prov ide add i t i onal techn i cal deta i l s .  

4 . 1  SIS PROCESSES AND BINDERS 

Sol id i f icati on/stab i l i zat i on processes are "nondestructive" methods 

to immob i l i ze the hazardous consti tuents i n  a waste. SIS proces ses are 

nondestructi ve i n  the sense that they do not remove or reduce the quanti t i es 

of these const ituents .  Typi cal ly,  SIS processes physi cal ly  sorb, encapsul ate , 

or change the physi cochemical form of the poll utant i n  the waste, result i ng i n  

a l ess  l eachabl e product . Concentrati ons of contami nants i n  the treated waste 

are often l ower than i n  the untreated waste, primari ly  because of i nc idental 

d i l ut i on by the b i nder rather than by destruction or removal of the contami­

nants . 

SIS processes can general l y  be grouped i nto i norganic  processes 

( cement and pozzol an i c )  and organi c  processes (thermopl ast i c  and thermosett;ng 

polymers ) . In add i t i on to the i ndividual use of i norgani c  and organi c  

b i nders , some systems combi ne organi C  w ith i norgani c  bi nders . For exampl e :  

• Di atomaceous earth wi th cement and polystyrene 

• Polyurethane with cement 

• Polymer gel s with s i l i cate and l ime cement 

The bas i c  SIS processes are gener i c ,  and many of the bas i c  mater i al s  are 

readi l y  avai l abl e .  A vari ety of add i t i ves are used to promote the devel opment 

of speci fic chemical or physical propert ies .  Pretreatment may al so be  used to 

better prepare the waste for treatment by an SIS proces s .  

SIS technol ogy i s  offered commerc i a l ly  by a l arge number of vendors . 

The speci fi cs of vendor technol ogy are i n  most cases protected a s  propri etary 

and are not d i scl osed to the potent i al user e�cept under agreement of confi­

dent i al i ty .  The majori ty of vendors use conventi onal SIS technol ogy suppl e-
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mented by a variety of add i t i ves and know-how from previous experi ence i n  
applyi ng this  technol ogy. 

4 . 1 . 1  [no�gani c  Binde�s 

The two principal types of i norgani c  bi nders are cement binders and 
pozzol an i c  bi nders ( l i me ,  ki l n  dust , fly ash) . A pozzol an i s  a materi al 
containi ng s i l i ca or si l ic a  and al umina that has l ittl e or no cementation 
val ue itsel f but ,  under some cond i t i ons ,  can react with l ime to produce 
cementit i ous materi al . Cement-based and pozzol ani c  processes or a combinat i on 
of cement and pozzol ans are the methods of choi ce i n  the SIS i ndustry today. 
Th i s  probably i s  attri butabl e to the l ow cost of the materi al s ,  thei r appl ica­

b i l ity to a wide variety of waste types , and the ease of operation in the 
fiel d .  The most common i norgani c  binders are : 

• Portland cement 

• L ime/fly ash 

• K i l n  dust ( l i me and cement) 

• Portl and cement/fly ash 

• Portl and cement/l i me 

• Portl and cement/sodi um s i l i cate 

These binders are routi nely used to sol idify water-based waste 

l i qu ids , sl udges ,  and fi l ter cakes . The l i me/fl y ash process probably has 
been used most extensi vely i n  the Uni ted States , i n  terms of the total vol ume 
of waste treated . The treatment of fl ue gas desul furization ( FGD) s l udges 
from coal -fi red power pl ants accounts for much of the l ime/fly ash process 
appl i cation .  Speci fi cat i ons  are avai l abl e for a wide vari ety of cement and 
pozzol anic materi al s .  ASTM standards for these mater i al s incl ude :  

• C31 1 :  Method for Samp l ing and Testing Fly Ash or 
Natura l Pozzo l ans for Use as a Minera l Adm ixture in 
Port l and Cement Concrete 

• C400 : Test Methods of Testing Quick7 ig! and 
Hydra ted L ime for Neutra l izat ion of Waste Acid 
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• C593 : Specificat ion for Fly Ash and Other Pozzo lans 
for Use with Lime 

• C618: Specification for Fly Ash and Raw or Ca lcined 
Natural Pozzolan for Use as a Hineral Admixture in 
Port land Cement Concrete 

• C821 : Specificat ion for L iae for Use with Pozzolans 

• C91 1 :  Specificat ion for Quickl ime, Hydrated Lime, 
and Limestone for Chemica l Uses 

• C977 : Specificat ion for Quickl ime and Hydrated Lime 
for So i l  Stab i l ization 

Most concentrated i ndustri al or Superfund wastes contain  compl ex 
mixtures of contami nants , and a generic i n organic b i nder wi l l  frequently 
stabi l ize one contaminant to a greater extent than another . Certain  const itu­
ents , such as o i l s  and an i on s ,  can retard or prevent the setti ng of the 
b i nder . Chemical s that i nterfere with cement- and pozzol an-based processes 
are d i scussed in greater deta i l  i n  Secti on 4 . 3 .  Compl i cati ons i n  the stabi l i­
zati on of certain  types of contaminants are d i scussed i n  Secti ons 4 . 2  and 4 . 4 .  

4 . 1 . 1 . 1  Cement Processes 

Of the i norgani c  b i nders , Portl and cement has probably had the 
greatest di vers i ty of appl i cat i on to a wi de range of hazardous wastes , 
especi al ly combi ned wi th fly ash . Because cement i s  a common constructi on 
material , the materi al s and equi pment are mass-produced and general l y  i nexpen­
s i ve compared with energy- intensive treatment processes such as v i trification 
and i nc inerat i on (McDani e l  et a1 . ,  1990) . Many types of cement have been used 
for a variety of purposes , but only those c l ass i fi ed as Portl and cement , whi ch 
i s  primari l y  composed of anhydrous cal c i um s i l icate , have seen substanti al use 
in SIS technol ogy (Conner, 1 990) . Other types of cement , such as al umi na or 
Sorel cement , have not been used extens i vely for SIS , primar i l y  because of 
the i r  h i gh cost . 

Advantages of cement-based processes i ncl ude (McDani el et al . ,  1990 
and Conner, 1990) : 

• Avai l abi l i ty of materi al s l ocal l y  on a worl dwi de bas i s  

• Low cost of materi al s  and m i x i ng equi pment 
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• Use of naturally occurring mi neral s as raw materi al s  
for the matrix 

• Abi l i ty to make a strong physical barr i er under adverse 
condi ti ons 

• Fl exibi l i ty of tai l oring the properties for d i fferent 
appl i cations 

• Low vari abi l i ty in  compos i t i on 

• Wel l -known setti ng and hardeni ng reacti ons and some 
exi sting data on the immobi l i zation of metal s 

The d i sadvantages of cement-based processes i nc l ude: 

• Sens i t i v i ty of product qual i ty to presence of 
i mpurit ies  at h igh  enough concentrations . ( Spec i fi c 
examples of impur it ies  are di scussed i n  detai l  i n  
Secti on 4 . 3 . )  

• Poros i ty of the SIS-treated wast e .  

• Waste vol ume typi cal ly  increases due to bi nder 
add i t ion , al though not necessari l y  nore than with 
other i norganic  binders . 

• Experti se needed for successful appl ication ,  
al though process appears decepti vely s impl e .  

The major performance objecti ves o f  SIS treatment are t o  reduce the 
mobi l i ty of contami nants , minimize free l i qu i d s ,  and , occas i onal l y ,  to 
increase the strength of the waste.  Cement-based processes accompl i sh these 
objecti ves by forming a granul ar or monol ithic  sol i d  that i ncorporates the 
waste materi al s  and immob i l i zes contami nant s .  The sol i d  matrix forms because 
of hydrati on of si l i cates i n  the cement , y i el d i ng cal c i um-s i l i cate-hydrate .  
Suffici ent free water may b e  present i n  the waste material , or add i t ional 
water may be needed.  In  most case s ,  the bul k of the  strength-forming i ngredi ­
ents are provided a s  an added cement binder . 

ASTM provides speci ficati ons for e i ght types of Portland cement.  
Type I is  the l east expensi ve and is  the most widely used for SIS treatment.  
Trical c i um and dical c i um si l i cates are the major crystal l i ne compounds present 
in Portl and cement , wh i l e  tri cal c i um al uminate and a cal c i um al umnoferri te are 
present in smal ler  Quant i t i es .  The cementat i on process bi nds free water,  
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i ncreases the pH and alters other chemical properties of the mixture, reduces 

the surface area, and i ncreases strength . Al l these mechani sms contri bute to 

improved performance characteri stics of the treated waste. 

Cementation of the waste/binder mixture beg i ns when water i s  added, 

either d i rectly or as part of the waste . Once the cement powder contacts 

water, trical ci um al umi nate immedi ately hydrates, causing the rapi d  sett i ng 

whi ch produces a rigid structure . In  an ideal i zed sett i ng ,  the water hydrates 

the cal ci um s i l i cates and al umi nates i n  the cement to form cal c i um-si l i cate­

hydrate .  Th i n ,  densely-packed fibri l s  of s i l i cate grow out from the cement 

gra i ns and interl ace to harden the mixture entrapping inert materi al s and 

unreacted grains of cement . Hydrati on of tri cal cium and di cal c i um s i l icates 

results  i n  the format i on of tobermori te and crystal l ine cal cium hydroxide . 

These compounds account for strength devel opment after the in it ial sett i ng .  

The setti ng rate i s  control l ed by the amount of gypsum added to the cement. 

I f  suffi c i ent gypsum i s  present , sul fates combine wi th tri cal c i um al umi nate to 

form cal c i um al umi nate sul fate , wh i ch coats the cement particl e s  and retards 

hydration react i ons.  
The rat i o  of  free water to  cement (W/C) is  a major factor control­

l i ng the poros ity and strength of the final product. With a WIC weight ratio 

of about 0 . 48, the cement wi l l  ful ly  hydrate, l eavi ng some water adsorbed i n  

the pore spaces . I f  the W/C rat i o  i ncreases greatly above 0 . 48 ,  the porosity 

i ncreases rapi dl y  and the strength decl i nes . When est i mati ng the requi red 

water add i t i on ,  i t  i s  i mportant to note that the total water content of the 

waste i s  not al ways ava i l abl e to hydrate the cement . . Water that is held by 

hydrati on i n  the waste materi al may be unava i l abl e or · bound" and thus not 

ava i l abl e to hydrate the cement . 
In  many appl i cat i ons , the bi nder i s  suppl emented by additives to 

tai l or the SIS process to waste-spec i fic cond i tions .  The addit ives may be 

used to modi fy the character i s t i cs of the fresh mix to improve proces s i ng . 
For exampl e ,  l ignosul fon i c  or carboxyl ic  acids can reduce the vi scosity and 

retard the set of the mix.  Low concentrat i ons of cal c i um chloride accel erate 

sett i ng .  I n  other cases , add i t i ves may be needed to reduce i nterferences or 

i mprove the performance of the treated waste.  
For cementati on reagents to react , they must become wetted with 

water . In  general , the hi gher the surface area of the part i cl es ,  the more 

d i fficult they are to wet .  Some add i t i ves may even have hydrophobic surfaces 
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i n i t ial ly.  Many wastes , such as fine parti cul ates and oi l s ,  may i nh i b i t  the 
setti ng and cur i ng of the cement by i nterfering with the wetti ng process 
through coati ng of the reacti ng surface s .  Addit ion of surfactants to the 
waste may a id  in the wetti ng of reagents , al l owi ng thorough mixi ng of all  
components . Compounds such as  al cohol s ,  ami des, and specific  surfactants aid  
in  wetti ng sol ids  and di spers i ng fine parti cul ates and o i l . Floccul ants have 
a s i mi l ar effect by aggregati ng fine part i c l e s  and fi lm-formers .  

The waste constituents can exhib it  pos i ti ve ,  negat i ve ,  or i nert 
contri but i ons to the strength-formi ng reacti ons .  Wastes wi th free cal c i um 
hydroxide can contri bute to the strength-form i ng reacti on s ,  but excess 
hydroxi de wi l l  i ncrease the pH and i ncrease the sol ubi l i ty of amphoteric ' 
metal s .  Al cohol s and glyco l s  decrease durabi l i ty,  whi l e  al i phat i c ,  aromatic ,  
and chl orinated organi cs i ncrease set time and often decrease durabi l i ty .  
Inorgani c  compounds such a s  boric ac i d ,  phosphates ,  i odates,  sul fates, and 
sul fides can sl ow or prevent sett i ng .  Sal ts o f  some metal s such a s  manganese, 
t i n ,  zinc, copper, and l ead can i ncrease set time and reduce strength . Fine 
part icul ates such as s i l t ,  cl ay, or coal dust can coat cement parti cl es and 
prevent the growth of ca1 c i um-s i 1 i cate-hydrate crystal s fro� the cement grain .  
I nerts such as soi l s  or  cal c i um fl uori de do  not d i rectl y  partic i pate in  the 
cementati on reacti ons but do become trapped in the sol i d  matrix .  

Cement-based sol idi ficati on and stabi l izati on processes have proven 
versati l e  and adaptabl e .  It i s  pos s i bl e  to form waste/cement composi tes that 
have good strength and durabi l i ty and that retain wastes effectively. 
Sorbents and/or emu l s i fi ers can be added to reduce contami nant migrati on 
through the porous sol id  matrix ,  thus improvi ng the l each i ng res i stance of the 
treated wastes (U . S .  EPA, 1986c) . 

4 . 1 . 1 . 2  Pozzolanic  Processes 

Pozzol an i c  processes genera l l y i nvol ve s i l iceous and al umi nos i l i cate 
materi al s ,  whi ch do not d i spl ay cement i ng acti on al one but fonn cement i t i ous 
substances when combi ned with l ime or cement and water at ambient tempera­
tures .  The primary contai nment mechan i sms are prec ip itati on and physi cal 
immobi l i zat i on of the contami nant in the pozzo 1 an matri x .  Common examp l es of 
pozzol ans are fl y ash , pumi ce , l ime k i l n  dusts ,  and bl ast furnace sl ag . The 
add i t i on of benton i te can substant i al l y  reduce the amount of fly ash requi red 

(U . S .  EPA ,  1986c ,  p .  2- 1 1 ) .  Pozzol ans contai n  s igni fi cant amounts of s i l i -
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cates,  which di stinguish them from the l ime-based materi al s  (U . S .  EPA, 1989g) . 
Typi cal tests of pozzo1 ani c  activi ty with l ime and the strength of l ime/ 

pozzo1 an mixtures use hydrated l ime-to-pozzo1 an ratios i n  the range of 1 : 2  to 

1 : 6 on a weight basi s  (ASTM C 3 1 1  and ASTM C 593) . Typ i cally,  pOlzo1 ani c  

reacti ons occur more slowly than do cement reactions . 

Standard testi ng systems (ASTM C 311 )  and standard speci ficati ons 

(ASTM C 593 and ASTM C 618) exist for pOlzol anic materi al s ,  espec i al ly  for fly 

ash . The spec i fi cati ons take i nto account the chemi cal composit ion (percent 

S iOz' percent SO) , moi sture content , and physi cal properti es (finenes s ,  

pozzo1 anic  activi ty with l ime , and spec i fic  gravity) . Pozzol ani c  activity 

greater than a speci fied mi n i mum can be expected i f  the materi al used meets 

the speci fic at i on for fly ash normal ly produced from burn i ng e ither anthrac i te 
or bi tuminous coal (Type F) or l i gn ite  or sub-bi tumi nous coal (Type C) . Some 

Type C fly ashes have enough l i me to be not only pozzol an i c  but al so sel f­

cementing ( U . S .  EPA, 1986c) . 
Li me/fly ash treatment i s  rel ati vely i nexpensi ve and , with careful 

sel ect i on of materi a l s ,  can rel i ably convert waste to a sol i d  materi al . In  

general , l ime/fly ash-sol i d i f i ed wastes are not considered as durabl e as 

Portl and cement-treated wastes . 
Common probl ems with l ime/pozzol an reacti ons i nvol v� i nterference 

wi th the cementit i ous reaction that prevents bond i ng of materi al s .  The bonds 
in pozzol an react i ons depend on the formati on of cal c i um si l i cate and al um­
i nate hydrates.  Therefore , the i nterferences are broadly the same as for 
cement-based processes (Secti ons 4 . 1 . 1 . 1 and 4 . 3) . 

4 . 1 . 1 . 3  Ettri ngite Formati on Effects 

Formati on of a cal c i um al umi nate sul fate hydrate ( i . e . , ettr i ng i te)  
is  typi cal l y  requ i red earl y i n  the curing process to control sett i ng rate.  
However, the ettringite then d i s sol ves and repreci pi tates as cal c i um sul fate . 
Due to the h igh  content of water of hydrat i on ,  ettring i te i ncreases the vol ume 
of sol ids  when i t  forms . 

I f  the ettringi te i s  formed whi l e  the SiS-treated waste i s  sti l l  

pl asti c ,  the materi al can accommodate the expans i ve sal t .  However , i f  the 

ettri ngi te forms after the grout has become rig i d ,  crack i ng can occur and wi l l  

reduce the strength of the product.  The formati on of thi s sal t ,  wi th i ts 
l arge amount of water of crystal l i zat i on and consequentl y  l arge i ncrease i n 
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vol ume ,  can be destructi ve to the SIS-treated product . Fi gure 4-1 i s  an 
ideal i zed representat ion of the progress of cementat i on reacti on s .  

4 . 1 .2 Organic Bi nders 

Appl icat i on of organ ic binders i s  usual l y  l imited to speci al waste 
types .  Inorgan i c  b i nders are used much more frequently and are general ly 
favored over organi c  binders because of cost and ease of appl i cati on .  The 
primary n iche of organ i c  SIS processes i n  the commerci al sector i s  to sol id ify 
radi oact i ve wastes or hazardous organics that cannot be destroyed thermal ly .  

Organ i c  bi nders that have been tested or  used for SIS i ncl ude the 
fol l owing: 

• Asphal t (bi tumen) 

• Polyethyl ene 

• Polyesters 

• Polybutadi ene 

• Epoxide 

• Urea formal dehyde 

• Acryl amide gel 

• Polyol efi n encapsul ations 

The bas i c  types of organi c  SIS processes are : ( 1 )  thermopl astic  and 
(2 )  thermosett i ng with organic  polymers . Thermopl asti c processes i nvol ve 
bl end i ng waste wi th mel ted asphal t ,  polyethyl ene, or other thermopl astic 
b i nders . L i quid "  and vol ati l e  phases assoc i ated w i th the waste are dri ven off, 
and the waste i s  contai ned i n  a mass of cool ed , hardened thermopl asti c  (U . S .  

EPA, 19S6c) . 
Immobi l i zati on i n  thermosetti ng polymers i nvol ves m i x i ng waste with 

react i ve monomers , wh ich join to form a sol id i ncorporati ng the waste . Urea 
formal dehyde i s  one thermosetti ng res in that has been used for SIS processes. 

One probl em with organ i c  processes i s  that many use hydrophobic  
bi nders , which are not compati bl e  with  water-based wastes unl ess the  waste is  

fi rst converted to  an emul s ion or a sol i d .  Many hazardous wastes are 
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water-based and requi re special pretreatment to form an emul sion pri or to 

treatment by an organi c  bi nder. 

Organi c  binders are al so subject to deteriorati on from environmental 

factors such as biological action or exposure to ul traviolet l i ght . There­

fore, the l ong-term stabi l ity of organic  binders for SIS processes wil l  depend 

on the physicochemi cal characteri stics of the di sposal or reuse environment 

( as i n  the case of asphal t cement for roadways) . 

4 . 1 . 2 . 1  Thermopl astic Processes 

Thermopl astic  processes are used i n  nuclear waste di sposal and can 

be adapted to spec i al i ndustri al wastes . The thermopl asti c  techni que for SIS 

treatment of waste i nvol ves dryi ng and d i spersi ng waste through a pl asti c  

matrix .  The waste i s  mi xed i nto a hot pl ast i c  mass whi ch then cool s ,  i ncorpo­

rati ng the waste i n  a dgid but deformabl e sol id .  In most cases , the hot 

waste/thermopl ast i c  mix i s  extruded i nto a contai ner, such as a fi ber or metal 

drum, to g i ve the fi nal waste form a conveni ent shape for transport. The most 

common· thermopl asti c  material used for waste i ncorporati on i s  asphalt .  When 

cost i s  not a l im i t i ng factor, other material s such as polyethyl ene , poly­

propyl ene, or wax can be empl oyed for spec i fi c  wastes to provi de contai nment 

i n  an i mpermeabl e med i um (U . S .  EPA, 1986c) . 

One advantage of thermopl asti c  processes i s  their abi l ity to treat 

sol ubl e ,  toxic materi al s .  For example,  thermopl astic processi ng is one of 

the few al ternati ves appl i cabl e to SIS treatment of spray-dri ed sal t ( U . S .  

EPA, 1986c ) . 

However, compatibil ity of the waste wfth the matrix i s  a l imiti ng 

factor i n  us i ng thermopl ast i c  processes . Most thermopl astic  SIS binders are 

chemical ly reduced materi al s ( e . g . , sol id  hydrocarbons )  that can react 

( combust) when mixed wi th an ox idizer at el evated temperatures .  The reaction 

can be sel f-susta i n i ng or even expl osive with perchl orates or nitrates (U . S .  

EPA, 1 986c) . 

Other compatibi l i ty probl ems rel ate to softeni ng or hardeni ng of the 

waste/bi nder mix .  Some sol vents and greases can prevent asphal t hardening .  

Borate sal ts can i n i t i ate harden i ng at h i gh temperatures,  l eadi ng to stal l ed 

or cl ogged m ix ing equi pment . Xyl ene and tol uene can d i ffuse through asphal t 

(U . S .  EPA, 1986c) . Other i nterferences have been documented for sal ts that 

dehydrate at el evated temperature and for chel ating and compl exing agents.  
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Unl i ke i norganic  SIS processes , thermopl ast i c  processes requi re more 

compl ex,  special i zed mel t i ng and extrus i on equi pment. Both organi c  and 

i norgani c  processes require a trai ned operati ons staff to ensure safe, 

consi stent operat i on .  The power consumpt i on for organi c  processes i s  h i gher 

than that for i norgani c  processes because of the need to dry the waste and 

mel t  the matrix material (U . S .  EPA, 1 986c) . 

4 . 1 . 2 . 2  Thermosetting Processes 

Another type of organic  SIS processes uses thermosetti ng res i ns such 

as urea formaldehyde.  Thi s  type of process rel i es on polymer formati on to 

immobi l i ze the waste (U . S .  EPA, 1989g) . Thi s  technol ogy has been eval uated 

for stabil i zi ng radi oact i ve wastes and l argely abandoned due to probl ems with 

excess free water and radiolyt i c  decomposition.  Thermosetting processes have 

al so been tested on a l i mi ted bas i s  on hazardous wastes such as organ i c  

chl orides , phenol s ,  pa int sl udges, cyanides ,  and arsen i c  a s  wel l a s  fl ue gas 

desul furizat i on sl udge, el ectropl at i ng sl udges, n ickel /cadmium battery wastes , 

kepone-contami nated sl udge, and chl orine product wastes that have been 

dewatered and dried (U. S .  EPA, 1989g ) . 

Usual l y ,  there i s  no d i rect reaction between the waste constituent 

and the polymer. That i s ,  thermosett i ng processes do not usual ly i n sol u­

b i l i ze,  mod i fy ,  or destroy the hazardous consti tuents . Rather, the effect of 

most thermosett i ng processes i s  to mi croencapsul ate the waste , and the process 

i s  potent i al l y appl i cabl e to a wide vari ety of waste types {Conner , 1 990} . 

4 . 1 . 3  Additives 

SIS processes may be used i n  conjunct ion with sorbents or other 

add i t i ves to i mprove i mmob i l i zat ion of spec i fi c  contami nants . Add i t i ves can 

be part i cul arly useful for cement or pozzo l an processes to decrease the 

mob i l ity of contami nants in the porous ,  sol i d  products . Additives to cement 

or pozzol an processes can a l so be i ncorporated to miti gate the effects of 

certain  i nh i bi tors . Some previously  used addi t i ves and thei r appl i ca t i ons are 

as fol l ows : 

• Sol ubl e s i l icates , such as sod i um s i l icate or potassi um 
s i l i cate . These agents wi l l  general l y  "fl ash set" 
Portl and cement to produce a l ow-strength concrete . 
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Sol ubl e s i l i cates can al so be benefi c i al i n  reducing 
i nterferences from metal i ons . 

• Sel ected cl ays to sorb l iqui d  and b i nd spec i fi c  ani ons 
or cat i ons . Bentoni te can reduce the amount of sorbent 
requi red i n  -l ow- sol ids mixture s .  

• Emul s i fiers and surfactants to al l ow the i ncorporati on 
of immi scibl e organi c  l iqui ds . Waste turbi ne o i l  and 
grease can be mi xed i nto cement bl ends i f  di spers i ng 
agents are used and i f  the proper mi x i ng system i s  
empl oyed. 

• Certain sorbents (e.g. , carbon, s i l icates , zeol i ti c  
materi al s ,  and cel l ul os i c  sorbents)  can hel p retain  
tox i c  const i tuents . 

• Act i vated carbon i n  particul ar has been used primari ly  
as a sorbent for organics ,  al though th i s  materi al wi l l  
al so sorb at l east some metal i ons and other 
inorganics .  

• L ime (CaO or  Ca(OH)z) '  soda ash ( sodi um carbonate, 
NazCO) , fly ash , sod i um hydroxide (NaOH) and, l ess  
commonly,  magnes i um hydroxi de (Mg(OH)z ) are added for 
maintaining al kal i ne cond i t i ons .  

• Ferrous sul fate,  sod i um metabi sul fi te/bi sulfite,  sod i um 
hydrosul fi te , sul fides , bl ast furnace s l ag ,  sodi um 
borohydride, reductive res i n s ,  and hydrazi ne are added 
as reducing agent s .  

• Organoph i l i c cl ays have been used t o  i ncrease the 
i mmobi l i zation of certain organi c  contami nants within  
hydrophobic bi nders . Organoph i l i c  cl ays are cl ay 
mineral s ,  such as montmori l l on i te ,  that have been 
modi fi ed by treatment wi th a quaternary ammon i um 
compound that expands the spac i ng between cl ay l ayers , 
thus promot ing the absorption of organi c  const ituents 
between these l ayers . After treatment, the l ayer 
spacing i s  reduced by treatment wi th an al kal i ne 
substance, such as sod i um Chl oride , to immobi l i ze the 
absorbed organi c  consti tuents i n  the cl ays . 

• Organosi l anes have been appl i ed to increase the b i nd ing 
of meta l s .  

Thi s  l i st i s  not comprehens i ve but rather provides examples  o f  add i t i ves  used . 
Note that many add i t i ves may work for one const i tuent but have the opposi te 
effect for a d i fferent consti tuent . An eval uat i on of the system performance 
of the add i t i ve needs to be conducted. 
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4 . 1 . 4  Pretreatment 

Frequently, the ultimate performance of an SIS process can be 

improved by pretreati ng the waste. Improvements can sometimes be made to the 

physi cal characteri st ics of the waste, to al ter metal spec i at i on ,  to i mprove 

metal immobi l ization,  or to remove probl ematic organ i cs . 
4 . 1 .4 . 1  Adjustment of Physical Cha�acterist1cs 

Treatment by SIS i nvol ves extens i ve handl i ng and mixing of the 

contaminated materi al . The presence of l arge p ieces of debri s or poor 

handl i ng characteri stics of the waste can interfere with sampl i ng ,  analys i s ,  

and S IS process i ng ( Barth , 1991 ) . 

Some amount of debri s or l arge sol i ds wi l l  be encountered i n  waste 

at almost any s i te .  Debri s such as wire, broken bri ck, t i mbers ,  "t i res ,  scrap 

metal , or scrap cl oth can be encountered at many i ndustri al or waste d i sposal 

s i tes .  Other s i tes may have waste-speci fi c  debri s ,  such as wood or bark 

pi eces at a creosote wood preserving s i te .  Large p i eces o f  materi al present 

consi derabl e obstacles  to obtain i ng a representati ve sampl e and to character­

i zi ng the waste as wel l as to performi ng the treatment .  

The prel imi nary s i te characteri zation should i denti fy the presence 

of debr i s .  Sampl e col l ecti on shoul d b e  pl anned t o  al l ow col l ecti on of 

meani ngful characteri zat ion data of the waste and the debri s .  The debr i s  can 

e i ther be removed by screeni ng and processed separately or can be broken down 

w i th s i ze-reduct ion equi pment to a s i ze compatib le  wi th the SIS process i ng 

equi pment . 
Mix i ng requ i res the abi l i ty to handl e the waste materi al . Debri s 

can damage the mixing equ i pment and/or prevent good mixing.  Excess free 

l i qui d , high vi scosi ty ,  or caking properti es can a l l present probl ems i n  

materi al s handl i ng .  Possi bl e pretreatment methods t o  i mprove handl i ng are 

drying,  pel l et i zi ng ,  or addi ng sorbents to control l iquids . 

4 . 1 . 4 . 2  Pretreatment for Inorganic Const i tuents 

Properly formul ated i norgan i c binders can often i ncorporate metal s 

and the i r  i norgan i c  sal ts without extens ive pretreatment . In  some cases , 

however ,  pretreatment can s igni ficantly improve the performance of the SIS 

treatment system. Exampl es i ncl ude (Conner , 1990) : 

4-14 



• Chemi cal reducti on of hexaval ent chromi um to the l ess 
sol ubl e and toxi c tri valent state 

• El imination of probl em constituents , for exampl e,  
destructi on of cyan ide or stripping of ammoni a  

• Degradi ng sol uble n ickel complexes to ionic nickel 

• Removi ng hygroscopi c  sal ts such as sodi um sul fate by 
aqueous extracti on .  

4 . 1 . 4 . 3  Pretreatment of Organi c  Constituents 

Organic consti tuents can compl i cate stabil ization i n  both i norganic 

and organi c-based SIS treatment systems . Vol ati l e  organi cs can make it  

necessary to use expensive off-gas col l ecti on and treatment systems . As 

descri bed i n  Secti on 4 . 3 ,  organic material s i ncorporated i nto the SIS-treated 

waste can prevent setting or degrade product qual ity.  

A vari ety of pretreatment options are avai l abl e to remove vol ati l es 

and semivol at i l es or to control the effects of the organic materi al prior to 

SIS treatment : 

• Soi l  washi ng 

• Thermal removal 

• Chemical oxi dati on 

• Extracti on 

• Bi odegradati on 

• Add i t i on of a sorbent (such as l imestone, 
d i atomaceous earth , cl ays , activated carbon, 
or fly ash) prior to mixi ng 

A study of RODs for Superfund s i tes where SIS was one component i n  the 

treatment program showed that wastes contaminated with VOCs underwent pre­

treatment more often than any other wastes (U . S .  EPA, 1989a) . 

4 . 1 . 4 . 4  Treatment Trai ns Invol vi ng SIS 

I n  many cases , treatment of wastes contain ing mul tipl e  and d i verse 

contami nants becomes so complex that SIS treatment becomes just one step i n  a 
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treatment system or a treatment tra i n .  For example,  the BOAT treatment for 
several RCRA nonwastewater waste types i ncl udes one or more other processes 

fol l owed by SIS treatment (Tabl e 1-1 ) .  The most common BOAT treatments that 

prepare waste for SIS are i nci nerati on and chemi cal prec i p i tati on .  In other 

cases· SIS treatment can be the i n i t i al step i n  a treatment tra i n .  For 

exampl e ,  i t  can be used to i mprove materi al s  handl i ng characteri stics or to 

i mmobi l i ze metal s prior to a di fferent type of treatment .  

Pretreatment to mitigate one problem may g i ve r i se t o  probl ems o f  

another nature. For exampl e ,  oxidati on of organi c  contami nants with perman­
ganate l eaves a permanganate residue i n  the waste , and permanganate wi l l  

oxi d i ze organ i c b i nders such as asphal t .  Washi ng wi th sol vent l eaves traces 

of sol vent that must be removed from the waste pri or to SIS treatment . 

Inci nerati on can l eave certa i n  metal s ( e . g . , chromi um) i n  the ash i n  the i r  

higher and more mob i l e  oxi dati on states . 

Sel ection  of the appropri ate combination of b inders , addi t i ve s ,  and 

pretreatment opti ons for a particul ar waste requi res careful considerati on of 

the waste materi al , the contaminants , and the performance object i ves of the 

project (Secti ons 2 . 3  and 2 . 4) . 

4 . 2  IMMOBI LIZATION MECHANISMS 

Waste stab i l i zati on may i nvol ve physi cal mechani sms , chemical 

mechani sms , or a combi nat i on of the two . Physi cal stabi l i zat i on ( sol i d i fi­
cat i on or  encapsul ati on) changes the physical form of  the  waste but does not 
necessar i ly  cause chemi cal b i nd i ng of the waste const i tuent s .  Chemi cal 
stabi l i zation changes the chemi cal states of waste consti tuents to forms wi th 
l ower aqueous sol ubi l i ti es .  Al though the mechani sms of immobi l i zation are 
di scussed separatel y for convenience , under actual SIS treatment cond i t i ons,  
these mechan i sms usual ly  do  not  work i ndependently.  

4 . 2 . 1  Phys i cal Mechani sms 

Phys i cal mechani sms of SIS operate by confi n i ng waste constituents 
to a certai n  area or zone i n  the waste.  That i s ,  the waste consti tuent may or 
may not occur i n  a sol ubl e form, but one or more phys i cal barri ers prevent i ts 
mobi l i zation.  Contai nment by a barrier is  a sat i sfactory method as l ong as 
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the barrier remains stabl e .  Encapsul ation i s  the most commonly used method of 

containment , superseding earl i er use of sorbents .  

Encapsul ation techniques use materi al s that trap waste constituents 

i n  the form of stabl e sol ids, preferably as a monol ith with high cohesive 

strength and l ow l eachabi l i ty .  Waste constituents are d i spersed throughout 

an inorganic or organi c  bi nder matrix (Sect ion 4 . 1) that physi cal l y  i sol ates 

them from groundwater and air .  The effectiveness of i sol ation depends on  the 

permeabi l i ty and l ong-term stabi l i ty of the matrix and on the degree of mi xing 

of waste constituents throughout the matrix .  In  pract i ce,  mix i ng may be l ess  

than ideal , resul t i ng in  some of the waste material occupying cav it ies in  the 

matrix .  Encapsul at i on of i norgan i c  wastes is  general ly accompani ed by 

chemi cal stabi l i zation ,  but encapsul at i on of organ i c  wastes such as o i l  and 

grease, PCBs,  pest i c i des , and vol ati l e  compounds usual ly  occurs wi thout 

accompanyi ng chemi cal i nteractions (Conner , 1990) . Encapsul ati on can be 

further described at three l evel s :  microencapsul ati on ,  macroencapsul ati on ,  and 

embedment {Conner, 1990} . 

The term "microencapsul ation" describes a process of adsorb ing or 

trappi ng contami nants in the pore spaces of a cementit i ous materi al . The 

contami nants are fi ne waste part i cl es that may not be vi s ibl e  to the naked 

eye . As the system ages , the waste and matri x may eventual ly  become a 

homogeneous materi al , al though this  mi ght occur i n  a time frame of thousands 

of years or more {Conner , 1990} . 

The term "macroencapsul at ion" describes a process of coating a sol id · 

or cemented waste with an impermeable l ayer, such as bi tumen (thermopl asti c) 

or amorphous s i l i ca ( U . S .  EPA, 1990e) . The success of th i s  method depends on 

both effective coat i ng react ions and thorough mixing . "Macroencapsul ation" 

may al so refer to the contai nment of l arge waste sol ids,  as i n  a seal ed drum. 

The term "embedment" descri bes a process of incorporati ng l arge 

waste masses i nto a sol id matrix before di sposal . Examples of such wastes are 

contami nated debr i s  from remedi al act i ons ,  l aboratory protect ive equipment ,  

sol id  medi c al wastes ( e . g .  syringes) , and rad i oacti ve objects (Conner, 1 990) . 

Embedment i s  used i n  s i tuations where i t  i s  impracti cal to reduce the bul k of 

the waste but where the waste i s  hazardous enough to be treated pri or to 

di sposal . In add i t i on ,  special consi derati on may a l so have to be given to the 

strength , water permeabi l i ty ,  and l ong -term stab i l i ty propert i es of the 

matri x .  
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F i nal ly, sorbents once were used extensively to prevent the l oss  of 

l iquid wastes and to improve handl i ng characteri sti c s .  Mater i a l s  such as 

expanding-l ayer cl ays and vermi cul i te were considered attracti ve for l i quid 

waste di sposal because of the i r  l ow  cost and easy handl i ng .  However,  the use 

of sorbents has greatly dimini shed s i nce the 1985 l andban on bul k l i quids i n  

l andfi l l s ,  al though sorbents are currently permitted for certai n appl i cati ons 

(Conner, 1990) . The mai n  probl em with sorbents i s  that they may become h i ghly 

l eachabl e under certain ci rcumstances , for exampl e ,  if oversaturat i on should 

occur and l oad l evel s become too high.  

4.2.2  Chemi cal Mechanisms 

Di fferent chemical mechani sms of SIS are operable for i norgani c  and 

organi c  wastes .  Al so,  the aqueous chemi stri es of most i norgani c  and organi c  

compounds are fundamental ly di fferent , l eading to di fferent l eachi ng behav­

iors . 

4 . 2 . 2. 1 Inorgan i c  Wastes 

4 . 2 . 2 . 1 . 1  Basi c  Chemical Equi l i bri a.  The chemi stry of i norgan i c  

waste constituents i s  domi nated by hydrolys i s  reacti ons . The term "hydroly­

s i s '  i mpl i es that a substance , usual ly  a metal , reacts with water. Hydrolyzed 

products can react in the aqueous phase to form new i on i c  or neutral species,  

or they can form preci p i tates of hydroxi de s ,  oxides , or sal ts (commonl y  

carbonates , sul fates , and sul fi des) , 
I t  i s  useful to compare the sol ubi l i t ies of d i fferent metal com­

pounds . Con s i der the di sso lut ion reacti on of a generi c compound �.: 

where � i s  the cation and A· i s  the ani on . The sol ubi l i ty product constant 

for th i s  reaction i s  

�here square brackets i ndi cate concentrati on (acti v i ty) and Ksp depends only 

on temperature and pressure . The sol ubi l i ty product i s  therefore a constant 
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' .  i f  temperature and pressure of the sol i d  and sol ution phases remai n  fixed , for 

exampl e,  at the ambient condit ions of a di sposal s i te .  Frequently ,  the 

sol ubi l i ty product i s  written as pKap' where pX ., -l og,o(X) . 

Tabl e 4-1 l i sts sol ubi l i ty product val ues for the hydroxides , 

carbonates , sul fates ,  and sul fides of some regul ated metal s (higher pKap means 

l ower sol ubi l i ty) . Tabl e 4-1 shows that the fol l owi ng metal s sal ts have very 

l ow sol ubi l i ty products : Cr( I I I )  hydroxide and sul fides of Cd( I I ) ,  Pb( I I ) ,  

Hg ( I ) ,  and Hg ( I I ) . The l east sol ubl e barium sol i d  i s  bari um sul fate (barite) . 

Thi s  type of i nformati on can be important for deciding whi ch form of a g i ven 

hazardous metal i s  most stabl e and whi ch metal compounds may be attai nabl e 

gi ven speci fic  s i te condit ions and avai l abl e technol ogy. 

Actual concentrati ons of d i ssol ved species depend on a number of 
sol ution parameters , such as pH , redox potenti al ,  and sol uti on composi t i on .  

The Simpl est and most common method of control l ing spec iat i on and precip i ta­

t i on i s  pH adjustment . To i l l ustrate th i s  process, consider the role  of a 

strong aci d  in  the sol ubi l i ty of a simpl e metal hydroxide , M(OH)". According 

to the equ i l i bri um expression above , the sol ubi l i ty of M (OH)n i s  descri bed by 

the fol l owing react i on :  

TABLE 4-1 .  pKsp VALUES FOR SELECTED METAL PRECI PITATES'·) 

Metal Hydroxide Carbonate Sul fate 

Sa 2 . 30 8 . 09 9 . 97 
Cd 14 . 30 1 1 . 60 
Cr( I I I )  30 . 20 0 . 50 
Pb 1 9 . 90 13 . 48 7 . 71 
Hg ( I I )  25 . 52 1 . 43 
Hg ( I )  1 6 . 05 6 . 17 

(e) Data apply  to equ i l i bri a at 25°C except where otherwi se noted . 
(b) Equi l i br ia  at 18 ° C .  
(c)  Gal ena . 

Sources : Means et al . ( I99Ic) and Dragun ( 1 988) . 
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Sul fide 

28. 44 

27 . 47'b)(c) 

48 . 70 
51 . 42 



To show the dependence on pH d irectly ,  the fol l owing equat i on must be sub­
tracted from the precedi ng one, n times : 

Where pKw • 14 the result  i s 

The sol ubi l i ty constant for th i s  reacti on i s  

or upon rearrangi ng terms : 

[Mn'") = 10-11'11 K. 

The concentrati on of � i ons cl early i ncreases as pH decreases . However, � 
i ons are not necessar i l y  the domi nant aqueous speci e s  of the metal M at all  pH 
val ues and sol uti on compos it ion s .  The total di ssol ved metal i s  the sum of al l 
hydrolysi s speci e s  [M(OH)n-1 , M(OH> zn-2 , etc . ]  and compl ex speci es [MC�n-2, 
MSOt-2 , etc . ]  that form i n  sol ution.  At suffi ci ently h i gh or l ow pH , some 
aqueous species can be hydroxyl ated or protonated . Therefore , these species 
are sens i t i ve to pH and they affect the sol ubi l i t i e s  of the sol i d  phase s .  The 
task of determi n i ng wh ich  species  are present and i n  what concentrati ons i s  
often t i me consumi ng and expen s i ve .  As an al ternati ve ,  spec i at i on cal cul a­
t i ons can be made i f  bul k sol u t i on compos i t i ons are known . Comp i l at i ons of 
thermochemi cal data that are needed to perform these calcul at i ons are ava i l ­
abl e i n  the chem i stry l i terature (Means e t  al . ,  1991c) . 

An i nvesti gat i on of i mmobi l i z ation mechan i sms for SIS of cadmi um and 
l ead ( U . S .  EPA, 1990f) found that , even though Cd(OH)2 and Pb(OH)z  have 
comparabl e and very l ow sol ubi l i ti e s , the degree of l each i ng from cement 
treated wastes d i ffered for the two metal s .  I n  l eachi ng tests ,  cadmi um 
concentrati ons were very l ow, whereas l ead concentrati on s  were con s i derably 
h i gher and cou l d  potenti al ly pose a threat to groundwater. The d i fferences 
were attri buted to the fact that the Cd/cement system i nvol ves early formati on 
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of Cd(OH)z which provides nucl eat i on s i tes for prec i pi tation of C-S-H and 
cal c i um hydroxide and resul ts i n  Cd bei ng in the form of an i n sol ubl e hydrox­
ide with an impervi ous coati ng .  The Pb/cement system was more compl i cated i n  
terms of precip i tat i on reacti ons . Mi xed salt s  contai n i ng hydroxide,  sul fate , 
and ni trate i ons were precip itated . These sal ts retard the cement hydrati on 
react i ons by forming an impervi ous coati ng around the cement cl i nker grain s .  
Al so , a s  p H  in  the cement pore water fluctuated duri ng hydration,  the P b  sal ts 
undergo sol ubi l i zati on and repreci p i tation,  resu l t i ng i n  Pb sal ts on the 
surface of cement mi neral s that are readily access i bl e  to l each water and 
apparently are more sol uble under bas i c  cond i t i ons than a pure l ead hydroxi de. 

4 . 2 . Z . 1 . Z  Effect of Al Kal i ne Conditi ons . Numerous compat i bl e  i on i c  
species form sol ids by coprec i p i tat i on .  Therefore , the appl i cati on of 
chemical equ i l i br i a  based on pure end-members may not be compl etely val i d .  
Ferric  i ron has l ong been recogni zed for i t s  abi li ty t o  fl occul ate and 
coprec ip i tate toxi c metal s from sol ut ion ( S i tt i g ,  1973 ; LeGendre and Runnel l s ,  
1975 ; Swal l ow et al . ,  1980 ) . Copreci pi tated metal s may have sol ubi l it i es that 
are substanti a l l y  l ower than those of ei ther of the pure end-member phases . 
For exampl e ,  the Cr( I l ! )  concentrati ons are many times l ower i n  sol ut i ons that 
are in equi l ibri um with copreci pi tated Cr (OH)1-Fe(OH)3 than those that are i n  
equi l i brium with pure chromi um hydroxide (Sass and Rai , 1987) . 

The m i n i mum sol ubi l i ty of most metal hydroxi des occurs wi thi n the 
approximate pH range of 7 . 5  to 1 1 .  Thi s  impl ies  that sol ubi l i ty i ncreases 
under extremely al kal i ne cond i t i ons as wel l as under acidic  cond i t i ons 
(amphoteri c  behavi or) . When the waste materi al under cons i deration for SIS 

contai ns a number of di fferent metal s ,  it i s  pos s i bl e  that thei r sol ubi l i ty 
mini ma may not enti rely overl ap . In  cases where pH val ues at these sol ub i l i ty 
minima are not too d i fferent , i t  may be suffi c i ent to choose an average pH, 
but i n  cases where pH val ues are very d i fferent ,  the best recourse may be to 
attempt to prec i p i tate the contami nants i n  a phase or phases other than a 
hydroxide. 

As an example ,  suppose that Cd and Cr( I I I )  are the predomi nant 
hazardous consti tuents i n  a waste system . Sol ubi l i ty m in ima occur at 
pH - 1 1  to 1 1 . 5  for Cd (OH) z (Brookins ,  1988) and pH - 8 . 5  for Cr(OH)3 (Baes 
and Mesmer, 1976) . In thi s s i tuation,  one mi ght el ect to preci pi tate h i ghly 
i nsol ubl e CdS by adding a sol ubl e sul fide, such as NazS, and to precip i tate 
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Cr(OH)3 by adjust i ng the pH to 8 .5 .  Note, however, that i f  bari um i s  present 

i n  the same waste , it has a h i gh sol ubi l i ty i n  the presence of sul fide.  Th i s  

example i l l ustrates the need for understandi ng the waste chemi stry as wel l as 

the pertinent chemi cal equ i l i bri a in order to achieve a maximum degree of 

chemical stabi l ization.  

Any al kal i may be used to control pH,  but the common choices are 

l ime [ei ther CaO or Ca(OH)2] ' sodi um carbonate, or sodi um hydroxide. Most 

sol i d ifi cation reagents are al kal i ne and can substi tute i n  part or ent i rely 

for tradi ti onal al kal i e s ,  acti ng both as  pH control s and as binding agents. 

Al kal ine bi nders i ncl ude Portl and cement, cement and l ime ki l n  dusts , Type C 

fly ash , and sodi um s i l i cate (Conner, 1990) . 

Buffers provi de resi stance to rap i d  changes i n  pH upon exposure to 

acid or base.  The presence of pH buffers i n  stabi l ized waste is  desi rabl e to 

mai ntain the pH at the target val ue for the l ong term, thus promoting l ong­

term stab i l ity.  L i mestone (primari ly  CaC�) is  used to buffer waste aci d i ty; 

Na-montmori l l on i te is al so used for thi s purpose . 

4 . 2 . 2 . 1 . 3  Effect of Redox Potenti al . Redox potenti al i s  another 

important sol ution parameter i n  SIS technol ogy . An oxidati on-reduct i on ,  or 

redox reaction,  i s  one that i nvolves the transfer of el ectrons between 

products and reactants . Experimental l y ,  the redox potenti al of a hal f-cel l 

reaction i s  measured by a quantity cal l ed "Eh . "  High Eh vol tages i nd i cate 

that the sol uti on i s  oxid i z i ng and l ow Eh vol tages i ndi cate that the sol ution 

i s  reduci ng .  The redox potenti al of a waste form can be control l ed to convert 

the val ence states of hazardous metal s to val ence states that are more 

favorabl e for precip itat i on .  

Among the regul ated metal s l i sted i n  Tabl e 4-1 ,  Cr and Hg have more 

than one common oxidation state . The tabl e shows that tri valent chromi um 

spec ies precipi tate as a l ow-sol ubi l i ty hydroxide.  However, Cr(V I )  forms 

mai nl y  chromate and d i chromate speci es , such as cr04Z- and Crz072-, whi ch do 

not form precipitates with l ow sol ubi l i ty (Eary and Rai , 1 987) . The tabl e 

al so shows that mercury i n  both oxidati on states forms very-l ow-solubi l ity 

sul fides . Redox potenti al has parti cul arly important effects on the regul ated 

semimetal s ,  such as As and Se, whi ch exhi bit a number of d i fferent oxidation 
states .  
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Tabl e 4-2 l i sts sel ected stabl e sol ids of As and Se for reference . 

A l iterature review by Means et al . ( 1991e) shows that cal cium arsenate 

Ca3(As04)z i s  the most stabl e metal arsenate [As (V)]  in oxidizing al kal ine 

conditi ons . Under acidic conditions ,  cal c i um arsenate becomes unstabl e 

because i t s  cal c i um source (cal ci te) i s  leached away. Another potenti al ly 

stabl e phase for the immobil izati on of As(V) appears to be bas i c  ferric  

arsenate FeAs04 "xFe(OH)" which forms readily in  the presence of ferri c 

hydroxide . However , basic  ferric arsenate i s  most stable at l ower pH. 

Under hi ghly oxi d i z i ng condit ions the sel enate ion SeO,2- [Se(VI) ]  

predomi nates i n  both acid i c  and basi c  sol uti ons (Means et a1 . ,  1991c) . Bari um 
sel enate appears to be the most stabl e sol i d  (El rashi di et al . ,  1987) but i s  

fai rly sol ubl e (4mM activi ty) . Other metal sel enates are even more sol ubl e . 
I n  moderately oxi d i z ing  cond i t i ons , manganese sel enite , MnSeOJ [Se ( IV) ] ,  i s  
the most stabl e sol i d  that perSi st s  i n  both neutral and acidic  envi ronments 
( El rash i d i  et al . ,  1987) ; at pH 5 the act i v i ty of the domi nant speC i es HSe03-

i s  2 . 5�. Accordi ng to ( El rashidi et al . ,  1987 ) ,  PbSe03 has a sol ubi l i ty 

min i mum near pH 8 .  Under hi ghly reduc i ng cond i t i ons , sel enide [Se ( I I ) ]  

spec i es predomi nate ( El rash id i  et al . ,  1987) ; l ead sel enide PbSe and tin  

sel enide SnSe are the most stabl e sol i ds i n  both neutral and al kal i ne condi­

t i ons . E l emental Se al so has a stabi l i ty reg i on ,  but i t  i s  more sol ubl e than 
most of the metal sel enides ( El rashidi  et al . ,  1987 ) . 

The major reduci ng agents and the i r  attri butes are descri bed by 

Conner ( 1990 ) . The most common agents are ferrous sul fate , Na-metabi sul fi te/ 
b i sul f ite ,  Na-hydrosul fi te , sul fi des , Na-borohydri de ,  hydraz i ne ,  and reducti ve 
res i n s .  The most widely used reduci ng agent i n  SIS technology i s  ferrous 

sul fate,  wh i ch i s  used primari ly to reduce hexaval ent chromi um . Its main 

d i sadvantage i s  that pH must be adjusted bel ow 3 i n  order for the chrom i um 
reduct i on react i on to go to compl et i on . The amount of acid  needed can 
therefore be qu i te l arge,  part i cul arly i f  the waste materi al  contai ns appre­

ci abl e amounts of al kal i ne buffers . Na-metabi sul fi te/bi sul fi te and sol ubl e 
sul fi des , such as NazS, work s imi l arly to ferrous sul fate but requi re l ess  
acid  and al kal i to complete a reduct ion/reprec i p i tat i on process .  However, Na­
metabi sul fi te/bi sul fite i s  expens i ve ,  and NazS i s  unsafe to use at very l ow pH 

because of the poss i bl e  evol ut i on of tox i c  HzS . Na-hydrosul fi te ,  Na-boro­
hydride ,  hydrazine,  and freshly prec i p i tated FeS (the Sul fex� process )  work 

under al kal i ne cond i t i ons ,  wh i ch may be more conveni ent for pretreated wastes . 
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TABLE 4-2. P� VALUES FOR SELECTED As AND Se PREC IPITATESc.) 

El ement 

As(V) 

As{ I I I )  

As ( I I) 

Se (VI)  

See IV) 

See- I I ) 

Compound 

( arsenates) 

Ba3(As04>Z 
Ca3(As04>Z 
Cd3(As04>Z 
Mg3(As04>Z 
Pb; (As04� 
FeAs04 ' x�e(OHh 

ASzS3 

AsS 

(sel enates) 

BaSeO, 
CaSeD, . 2H20 
CdSeO, 
PbSeO, 

( sel en i tes ) 

BaSeD3 
CaSeD3 ' H20 
CdSeD3 
HgSeD3 
Hg�SeD3 
Hn!le03 
PbSe03 

( selenides) 

BaSe 
CaSe 
CdSe 
CuSe 
FeSe 
HgSe 
PbSe 
SnSe 

Cal Data apply to equ i l i br ia  at 2 5 · C .  
Source : Means e t  al . ( I99Ic) . 
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pKsp 

50. 1 1  
IS . 17 
3 2 . 66 
1 9 . 7  
3 5 . 39 
20 . 24 

2 9 . 6  

1 2 . 3  

7 . 46 
3 . 09 
2 . 27 
6 . S4 

6 . 57 
5 . 44 
S . 84 

13 . 90 
1 4 . 23 

7 . 27 
1 2 . 12 

21 . S6 
1 0 . S7 
35 . 20 
4S . 10 
26 . 00 
64 . 50 
4 2 . 10 
38 . 40 
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Reductive res i ns (e . g . ,  Amborane™) are sel ect i ve for certa i n  metal s and are 

used for preci ous metal recovery. They have potenti al uses for recovering 

hazardous metal s such as s i l ver, arseni c ,  mercury, and ant imony (Conner, 

1990) . Bl ast furnace s l ag ,  a common b i nder, c an serve as a reduci ng agent . 

Whi l e  adjustment of the redox-sens i t i ve contaminant to i ts l east 

sol uble oxidat i on state i s  an i mportant aspect of chemi cal stabi l i zation , thi s  

objective eventua l ly  wi l l  be defeated i f  the treated waste i s  pl aced i n  a 

d i sposal or reuse environment hav i ng a very di fferent oxi dation state . long­

term stabi l i ty can only be ensured if  the oxi dat i on states of the treated 

waste and the d i sposal or reuse envi ronment are simi l ar .  

4 .2 . 2 . 1 .4 Metal Si l i cates . The behavi or of hazardous metal s i n  the 

s i l i cate system i s  cri t i cal to cement-based SIS technol ogy . However, ful l 

understandi ng of the chemi cal processes i nvol ved may be d i ffi cul t to achi eve 

because the waste const ituents are often heterogeneous mi xtures of sol uti ons , 

suspended sol ids ,  and immi sci bl e l i qu ids .  Reacti ons between metal sal ts  i n  

sol ut ion and sol ubl e s i l i cates have been stud i ed extens i vely ,  but thei r  

i nsol ubl e products usual l y  have not been wel l  characteri zed . Metal s i l i cates 

are general ly  nonsto i ch i ometr ic  and poorl y crystal l i zed . I n  fact , the ir  

chemi cal and phys i cal propert ies depend consi derably upon the .cond i t i ons under 

wh i ch they are formed , for exampl e ,  temperature , concentration ,  add i t i on rate, 

and i on i c  spec i at ion . The pH i s  al so very important because it affects how 

read i l y  sol ubl e s i l i cate (or col l oi dal s i l i ca )  adsorbs metal ion s .  It has 

been found that adsorpt ion occurs when the pH i s  1 to 2 un its bel ow the 

hydroxide prec ip itat ion poi nt ( I l er ,  1979 ) .  

Just how the metal i ons are incorporated i nto the cement structure 

i s  sti l l  a matter of debate . U s i ng Portl and cement as an exampl e ,  the 

cement i t i ous phase of cal c i um s i l i cate hydrate, or CSH , forms by a hydrati on 

react i on that takes from 28 days to 1 year to compl ete (Kantro et al . ,  1962) : 

It i s  bel i eved that CSH incorporates metal i ons i nto the s i l i cate matri x  

duri ng the hydrati on react i on (Bhatty and Green i ng,  1978) . The number of 

metal i ons retai ned decreases as the CaO : S i Oz rat i o  in CSH i ncreases (Bhatty. 

1 987 ) . 
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I f  metal s have al ready been precipitated as l ow-sol ubi l i ty sol ids ,  

they may gradual ly  react wi th the s i l i cate ( i f  such a reacti on is  favorable)  

as l ong as  free si l i cate is  avai l abl e ;  i .e . , before it  reacts wi th other ions 

i n  the system, such as cal c i um .  The probable result is that the cementi ti ous 

matrix wi l l  encapsul ate the metal sol i ds as hydroxi des,  sul fides,  carbonates,  

etc .  ( see Section 4 . 2 . 1  on phys i cal mechani sms) . Continued reaction of  metal 

i ons w ith s i l i cate wi l l  only occur i f  a conti nuous source of sol uble s i l i ca 

can be created within the matrix  or i f  the waste i s  pretreated to d i sso lve the 

metal hydroxides . 

4 . 2 . 2 . 1 . 5  other Low-Sol ubi l ity Pbases . Another al ternati ve to ' 

precip itat ing metal s as hydroxi des is  to bi nd them using i nsol ubl e substrates .  

Insol ubl e starch xanthates have been widely used for thi s  purpose s i nce they 

became commerci al ly  avai l abl e i n  1980 (Conner, 1990) . Xanthates are produced 

by reacti ng an organi c hydroxyl -containing substrate (R-QH) , such as starch , 

cel l u l ose,  or al cohol w ith carbon di sul fide i n  the presence of a strong base 

such as NaOH ( Sri cka and H i l l ,  1987) . The structure of a Na-xanthate i s  

represented by 

Xanthates remove metal s from sol uti on by exchangi ng the base metal (Ha) for 

general ly  heavi er metal s ,  wh i ch are bound more strongly .  The sel ect iv i ty for 

metal removal increases i n  the fol l owing order (Flynn et al . ,  1980) : 

Ha « Ca-Mg-Mn < Zn < Ni < Cu-Pb-Hg 

Wastes stabi l i zed by xanthates are l ess sens i t i ve to pH and have better sludge 

dewatering propert i es than metal hydroxi des . However, the xanthates produce 

l arge quanti t i es of sl udge that must be handl ed l i ke any RCRA materi al (Bricka 

and H i l l , 1987) . 

The effects of typi cal SIS techni ques for binding heavy metal s usi ng 

cel l u l ose and starch xanthates were i nvesti gated by Bri cka ( 1988) and Bricka 

and H i l l  ( 1987) , who found : 
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1 .  Xanthates of Cd, Cr, Hg, and Hi effecti vely immobi l ize 
these metal s when bound with Portl and cement. 

2. Mercury precipi tated by starch xanthate has lower 
l eachabi l i ty than mercury precipitated by hydroxide, 
even after sol idi fication. 

3 .  Starch xanthate bi nds mercury better than cel l ulose 
xanthate . 

4 .  Cd- , Cr-, and Hi -xanthates al one do not have 
suffi ci ently l ow sol ubi l it ies for direct di sposal ; thus 
sol i di ficat i on is necessary to achieve acceptabl e 
leachabi l ity l evel s .  

4 . 2 . 2 . 2  Organic Wastes 

Aqueous wastestreams contai ni ng smal l amounts ( IO  to 1 000 ppm) of 

organ i c  hazardous contami nants are the most treatable organi c  waste forms 
under SIS technol ogy (Conner, 1990) . With regard to normal cement-based 

methods ,  contai nment wi l l  be most effect i ve for immiscibl e  l iquids and l east 

effect i ve for sol ubl e l i quids  (Conner, 1 990) . It is uncl ear, however ,  whether 

appreci abl e chemi cal reacti ons take pl ace i n  the matri x .  losses may be  caused 

by other factors , such as vol at i l i zat ion ,  which may be espec i a l l y  important in  

SIS processes that i nvolve el evated temperatures (Wei tzman et  al . ,  1987) . 

As with i norgan i c  wastes , organic consti tuents can undergo reacti ons 

i ncl ud i ng hydrolysi s ,  change of oxidation state , and precipitat i on as some 

form of sal t .  Hydrolys i s  normal l y  involves the l oss of a hydroxyl group ( -OH) 
i n  exchange for another funct ional group.  Reacti ons must be catalyzed by a 
strong base to proceed at reasonabl e rates . Ox idation and reduct i on reacti ons 

can occur natural ly i n  soi l s ,  with cl ays performi ng the rol e as catalysts 

(Warren et a1 . ,  1 986) . Many substi tuted aromat i cs undergo free radi cal 

oxidation . Accord i ng to Dra9un and Hel l i ng ( 1 985) , th i s group i ncl udes 
benzene ,  benz i d i ne ,  ethyl benzene , naphthal ene , and phenol . On the other 
hand , chl ori nated aromat i c s  and polynucl ear organi cs are unl i kely to be 

ox idi zed under natural cond it ions (Conner, 1 990) . Of course , oxidati on can be 

made to occur by treat i ng the was te with strong oxi d i z i ng agents such as 
potass i um permanganate . However, the poss i bl e  di sadvantages of u s i ng such 
add i t i ves , such as the mob i l i ty or tox i c i ty of the add i t i ve i tsel f, must be 

weighed agai nst the advantage s .  The mechan i sm of sal t  formati on by organics  

wi l l  apply on ly to  the i on i zed or i on i zabl e organi c  fracti on ;  it  i s not 
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di rectly appl icabl e to nonpol ar speci es . The formation of organic salts  i n  

SIS technol ogy i s  a possibl e significant mechani sm,  but i t  has not been 

studied extens ively.  

One addit ional _area of recent research is the SIS b inding mechan i sms 

of nonpol ar organi cs i n  organophi l i c  addit ives such as mod i fi ed cl ays and 

acti vated carbon . Mod i fied cl ays are cl ays that have been modi fi ed by i on 

exchange w ith sel ected organic compounds that have a pos i t ive charged s i te 

hence renderi ng the cl ay/organo compl ex hydrophi l i c .  The b i nd i ng capaci ty for 

such materi al s w ith certain types of organ ics has been wel l  demonstrated . For 

exampl e ,  Sel l et al . ( 1992) found that sodi um bentoni te cl ay ,  mod if ied with 

d imethyl d i ( hydrogenated tal l ow) ammoni um chl oride ( LOCKIT.) can be used to  

remove phenol and chl orinated phenol s from aqueous sol uti ons . The questi on 

for organophi l ic add it ives,  however, centers on whether the b inding mechani sm 

entai l s  s i mpl e absorption or adsorpti on ,  or whether the formation of stronger 

coval ent bonds between the addi t ive and the contami nant i s  occurri ng . 

Add i t i onal eval uat i on " i s  necessary. 

4 . 2. 3  Concept of Surface Seal ing 

The concept of ' surface seal i ng"  pertai ns to the s i tuat ion where the 

surfaces of stabi l i zed waste products are seal ed , l i mi t i ng the rel ease of 

contami nants and the uptake of matrix-unfri endly components such as sal t s .  

Hockl ey and van der Sl oot ( 1991 ) found that " sel f-seal i ng "  may occur in  some 

stab i l i zed wastes .  They exami ned the preci p i tat i on and d i ssol ution processes 

i n  waste bl ocks formed from stabi l i zation  of coal combustion wastes w i th 

Portl and cement and l i me that had been exposed to seawater for up to 8 years . 

Resul ts i ndi cated that d i ssol uti on of cal c i um hydroxi de ,  cal c i um sul f i te ,  and 

ettri ng i te began . at the block surface and proceeded as a movi ng boundary 

toward the i nter i or .  Some cal c i um rel eased by d i ssol uti on was repreci p i tated 

as a carbonate phase , and the remainder was l ost to the surroundi ng seawater. 

Magnes i um i ons i nfi l trati ng from the seawater were preci p i tated , apparently as 

a hydroxide phase .  Concentrat i on profi l es of As , Sb, and B showed that mi nor 

el ements al so exh i b i t  moving boundary effects , perhaps through assoc i at i on 

wi th the mi neral phases . These al terati on and l each i ng processes were 

confi ned to w ith in  10 to 20 mm of the bl ock surface , and many concentrati on 

profi l es showed sharp d i scont i nu i t i es at the 10- to 20-mm region .  
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These di sconti nuiti es could not be expl ained by the s impl e 

di ffusi on-based model s currently used to interpret l eaching data . The sharp 

discont inu it ies in the concentration pro fi l es of nonreactive sea sal ts l ed to 

the hypothesis that the prec i pi tat i on of s�al l crystal s i n  pores near the 

block' s  surface restri cted d i ffusion,  a process s imi l ar to the concept of 

"pore refi nement" previously identi fi ed i n  the l i terature on concrete durabi l ­

i ty.  Thi s  process causes a s l owing of  al l di ffusion-control l ed processes , 

incl udi ng the degradati on of the bl ock matri x and the l eachi ng of contami ­

nants . 

Simil ar phenomena have been observed in  boros i l i cate gl asses . Upon 

l eaching ,  these gl asses devel op an al terati on l ayer at the gl ass/water 

i nterface . The al terati on l ayer consi sts  of  numerous growths (grouts) that 

precipi tate and impede gl ass dissol uti on and di ffusion of g l ass constituents 

i nto the aqueous phase (Doremus , 1979) . 

4 .3  POTENTIAL INTERFERENCES 

. SIS processes can be affected by the chemi cal constituents present 

in the waste bei ng treated and by many other factors (e . g . , b i nder-to-waste 

rat i o ,  water content, or ambi ent temperature) .  The i nterferences caused by 

the chemi cal consti tuents of the waste can affect the sol idi fication processes 

and/or the chemical stabi l ization of the treated product as d i scussed i n  
Secti ons 4 . 3 . 1  and 4 . 3 . 2 .  Waste-speci fi c  treatabi l i ty stud i es are needed to 

identi fy and overcome such i nterferences. General types of i nterference 

caused by the chemi cal consti tuents i ncl ude (U . S .  EPA, 1990g) : 

• Inh i bi t i on of bondi ng of the waste materi al to the 
SjS materi al 

• Retardat i on of sett i ng 

• Reducti on of stabi l ity of the matrix resul t ing in  
i ncreased potenti al for l eachabi l i ty of the waste 

• Reduction of physical strength of the final product 

The exact mechani sms for i nterference are not known , and because d i fferent 

wastes respond d i fferently to various types of i nterferences , l imi ts on 
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vari ous i nterferi ng agents cannot be set . More study i s  needed to establ i sh 

acceptabl e l evel s  for i nterferi ng agents,  both s i ngly and i n  combi nat i on .  

4 . 3. 1 Interferences with Sol idifi cati on 

The contami nated materi al s  usual ly treated by SIS processes are 

wi dely fl uctuating, compl ex mixtures . Even with one waste source, the 

concentrati ons can vary by a factor of ten or more from batch to batch . Many 

waste consti tuents affect cementat ion chemi stry by al tering the setting rate 

or the properties of SIS-treated waste . Depending on the contaminant type and 

concentrati on ,  setti ng rate may be i ncreased or decreased . As an example .of 

concentrat i on effects ,  m i l d  accel erators such as chl oride or n itrate anions 

can s l ow sett i ng at h igher concentrati ons . Treated waste properti es such as 

poros ity or fl exural and compress ive strength may be reduced by contaminants . 

There i s  typi cal ly a threshold  bel ow which  the contami nant has no 

measurabl e effect . Because SIS treatment performance i s  i nfl uenced by compl ex 

i nteract i ons of waste materi al and b inder, i t  i s  usual l y  not possible  to 

quanti fy the threshol d .  Treatabi l i ty stud ies are requi red to determine the 

feas i b i l i ty of treat i n g  a s pec i fi c  waste . 

Tabl e 4-3 l i sts substances found to affect cement reactions.  Many 

of these substances can reduce the ul t imate mechani cal strength of the waste 

form by produci ng cracking and spal l i ng .  Tabl e 4-4 comp i l es the characteri s­

t i c s reported to i nterfere with sol id i f icat ion/stabi l i zation processes and 

i nd i cates the ir  potent i al impacts . 

4 . 3 . 2  Interferences with  Stabi l i zation 

Table  4-5 summari zes some typ i cal waste characteri st i cs found to 

i nterfere w i th the stabi l izat ion processes .  Th i s  table  focuses on  the effects 

of waste consti tuents on i mmobi l i zation mechan i sms , i n  contrast to Tabl e 4-4 , 

wh i ch addresses the effects on forma t i o n  of a sol i d  product . Interferences 

w i th stab i l i zat i on i ncl ude chemi cal i ncompat i bi l i t i es and undesi rabl e reac­

t i on s .  General l y ,  the types of effects reported i n  Tabl e 4-5 are rel eases of 

nox i ous gases or effects resul t i ng i n  the i ncreased l each i ng potential of the 

contami nants . 
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TABLE 4-3 . SUBSTANCES THAT MAY AFFECT CEMENT REACTIONS: 
INHIBITION AND PROPERTY ALTERATION 

Substance or Factor Inhibition Property Al teration 

F i ne parti cul ates X X 
Cl ay X 
S i l t  X 

Ion exchange materi al s X 

Metal l atti ce substi tution X 

Gel l ing agents X X 

Organ iCS ,  general X X 
Acids ,  aci d  chlorides X 
Al cohol s ,  glycol s X X 
Al dehydes , ketones X 
Carbonyl s X 
Carboxyl ates X 
Chl ori nated hydrocarbons X X 
Grease X X 
Heterocycl i cs X 
Hydrocarbons ,  general X 
l ignins X 
Oi l X X 
Starches X 
Sul fonates X 
Sugars X 
Tann i ns X 

Organ i cs ,  spec i fic  
Ethyl ene glycol X 
Hexachl orobenzene X 
Phenol s X X 
Tri chl oroethyl ene X 

Inorgani cs ,  general 
Ac ids  X 
Bases X 
Borates X 
Chlorides X X 
Copper compounds X 
lead compounds X 
Magnes i um compounds X 
Metal sal ts X X 
Phosphates X 
Sa l ts .  general X X 
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TABLE 4-3 . SUBSTANCES THAT MAY AFFECT CEMENT REACTIONS : 
INH IB ITION AND PROPERTY ALTERATION (Conti nued) 

Substance or Factor Inhibi t ion Property Al terati on _ 

I norgan i cs ,  general (cont 'd) 
S i l  i cas 
Sod i um compounds 
Sul fates 
Sul fides 
T in  compounds 
Z i nc compounds 

I norgan i cs ,  spec i fi c :  
Cal c i um chl ori de 
Copper hydroxide 
Copper n i trate 
Gypsum, hydrate 
lead hydroxi de 
lead n i trate 
Sod i um arsenate 
Sod i um borate 
Sod i um hydroxi de 
Sod i um i odate 
Sod i um sul fate 
Sul fur 
T in  
Z inc n i trate 
Z i nc oxi de/hydroxide 

x 
X 
X 
X 
X 
X 

x 
X 

X 
X 
X 
X 
X 

X 

X 

X 

X 

X 

X 

x 

X 

X 

Adapted from: Conner, J .  R .  1990 . Chemica l Fixation and So l idifica t i on of 
Hazardous Wastes . Van Nostrand Rei nhol d ,  New York . pp . 349-350 . Used with  
permi ss ion of Van Nostrand Re i nhold .  
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TABLE 4-4. SUMMARY OF FACTORS THAT MAY INTERFERE WITH SOL ID I F ICATION/STABI L IZATION PROCESSES 

Possible  Interfering 
Characteri sti cs 

Semivol at i l e  organi cs 
or PAHs 

O i l  and grease 

Phenol s  

Nonpol ar organ ics (o i l ,  
grease . aromatic  
hydrocarbons , PCBs) 

Pol ar organ ics (al cohol s ,  
phenol s ,  organ i c  
acids ,  glycol s )  

Sol i d  organi cs (plastics,  
tars , res i ns)  

Potenti al Interference Mechan i sm 

Organics i nterfere with bonding of  waste 
material s .  

Weaken bonds between waste particles and 
cement by coa t i ng the part i c l es . 
Decrease I n  unconfi ned compress ive 
strength with i ncreased concentrations 
of o i l  and grease . 

Marked decrease i n  compressive strength . 

May impede sett ing of  cement,  pozzol an ,  
or organ i c-polymer SIS.  May decrease 
l ong-term durab i l i ty and al l ow escape of 
vol at i l es duri ng mixing. W ith 
thermoplast i C  SIS, organi cs may vaporize 
from heat . 

With cement or pozzol an SIS, phenol 
retards sett i ng and may decrease short­
term durabi l i ty ;  al l may decrease l ong­
term durabi l i ty.  W ith thermopl ast ic  
SIS ,  organi cs may vapor ize .  Al cohol s 
may retard sett i ng of pozzol ans . 

Ineffect ive with urea formal dehyde 
pol ymers , may retard sett i ng of other 
polymers . 

Reference 

U . s .  EPA, 1988c 

U . S .  EPA, 1988c ; 
Cul l i nane and 
Bri cka ,  1989 . 

U . S .  EPA, 1988c; 
Cul l i nane and 
Bricka , 1989 . 

U .S .  EPA, 19899 

U . s .  EPA, 19899 

U . s .  EPA, 19899: 
Wi l es ,  1987 
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TABLE 4-4 . SUMMARY OF FACTORS THAT INTERFERE WITH SOL I D I F I CAT ION/STABI L I ZATION PROCESSES (Conti nued) 

Poss ibl e  Interfering 
Characterist ics  

Al i phat ic  & aromatic  
hydrocarbons 

Chlori nated organics  

Compl exing organics 
( hydroxycarboxyl i c 
ac i d ,  c i tr ic  ac id ,  
tartari c acid,  benzoic  
aci d ,  EDTA) 

Presence of phenol s and 
n 1 trates 

Meta 1 s (1 ead , 
chromium ,  cadmium , 
arsen ic ,  mercury) 

Metal salts 
and compl exes 

Copper, lead , and zinc 

Hal ides 

e 

Potent i al Interference Mechan i sm 

Increase set time for cement. 

Increase set t ime and decrease 
durabi l i ty of cement . 

Retard sett i ng rate . 

Cannot be immobi 1 1 zed wi th l ime/fly ash , 
cement,  and sol ubl e s i l i cates ;  fly ash 
and cement; or benton i te and cement. 

May i ncrease setti ng time of cements.  

Increase set t ime and decrease 
durabi l i ty for cement or cl ay/cement . 

Detrimental effect on physi cal 
properti es of cement-treated waste. 

May retard setting, eas 1 1 y  l eached from 
cement and pozzol an SIS-treated waste.  
May dehydrate thermopl ast ics .  

e 

Reference 

u .  S .  EPA, 1989b 

U . S .  EPA , 1989b 

Dol e ,  1985 

Stegemann et al . ,  
1988 

U . S .  EPA, 1989g 

U . S .  EPA, 1989b 

U . S .  Army, 1990 

U . S .  EPA, 1988c 
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TABLE 4-4 . SUMMARY OF FACTORS THAT I NTERFERE W ITH SOL I D I F I CAT ION/STABIL IZATION PROCESSES (Continued) 

Poss i bl e  Interfer i ng 
Characteri s t i c s  

Sol ubl e sal ts of  
manganese ,  t i n ,  z i nc ,  
copper, and l ead 

Cyani des 

Arsenates , borate s ,  
phosphates , iodates, 
sul fides ,  and 
carbohydrates 

Sul fates 

Presence of coa" or 
1 ign i te 

Sod i um borate, cal c i um 
sul fate,  potass ium 
di chromate , and 
carbohydrates 

Potent l al Interference Mechan i sm ' 

Reduce phys i cal strength of final  
product; cause l arge var i at i ons  in  
sett i ng t i me ; reduce d i mens i onal 
stabi l i ty of the cured matrix, thereby 
i ncreas i ng l eachabi l i ty poten t i al . 

Cyan i des i nterfere wi th bond i ng of waste 
mater i al s .  

Retard sett i ng and curi ng and weaken 
strength of fi nal product .  

Retard sett i ng and cause swel l i ng and 
spal l i ng i n  cement SIS . With 
thermopl ast i c  sol id ifi cation may 
dehydrate and rehydrate caus i ng 
spl i tt i ng .  

Coal s and l igni tes can cause probl ems 
wi th sett i ng ,  curin9 , and strength of 
the end product .  

Interferes with pozzol ani c  reacti ons 
that depend on formation of cal c i um 
s i l icate and al uminate hydrates .  

,,�, 

Reference 

U . S .  EPA, 1988c 

U . S .  EPA, 1988c 

U . S .  EPA, 1988c 

U.S.  EPA, 1988c 

U . S .  EPA, 1988c 

U . S .  EPA, 1986c 
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TABLE 4-4 . SUMMARY OF FACTORS THAT INTERFERE WITH SOL IDIF ICATION/STABILIZATION PROCESSES (Continued) 

Pos s i bl e  Interferi ng 
Characteri stics  

Oxi d i zers ( sod i um 
hypochl ori te,  
potass ium 
permanganate, n itr ic  
ac i d ,  or  potass i um 
d i chromate) 

Ni trates , cyan ides  

Sol ubl e sal ts of  
magnesi um , t i n ,  z i nc ,  
copper, and l ead 

F1 0ccu1 ants ( e . g . ,  ferri c 
chl ori de) 

Sol ubl e sul fates >0 . 1% i n  
soi l or  150 mg/L i n  
water 

Sol ubl e sul fates >0 . 5% i n  
so i l  or  2000 mg/L i n  
water 

Inorgan i c  acids  

Inorgan ic  bases 

e 

Potenti al Interference Mechani sm 

May cause  matrix  breakdown or fi re with 
thermopl astic or organic  polymer SIS . 

Increase sett i ng t ime,  decrease 
durabi l i ty for cement-based . 

May cause swel l i ng and cracking within 
i norgan i c  matrix ,  expos ing more surface 
area to l each i ng .  

Interference with setti ng of cements and 
pozzol ans . 

Endangerment of cement products due to 
sul fur attack. 

Seri ous effects on cement products fro. 
sul fur attack. 

Decrease durabi l i ty for cement ( Portland 
Type I) or cl ay/cement.  

Decrease durabi l i ty for cl ay/cement; KOH 
and NaOH decrease durabi l i ty for 
Portl and cement Type I I  & IV. 

e 

Reference 

U .  S. EPA, 1989g 

Colonna et a1 . ,  1990 

Col onna et al . ,  1990 

Col onna et a1 . ,  1990 
p .  407 

Jones , 1 990 

Jones , 1990 

U . S .  EPA, 1989b 

U . S .  EPA, 1989b 
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TABLE 4-4. SUMMARY OF FACTORS THAT I NTERFERE WITH SOLI D I F I CATION/STABI L IZATION PROCESSES (Cont i nued) 

Po s s i bl e  I nt erfe r i ng 
Characteri s t  i c s  

Sod i um hydrox i de 

Presence o f  an i ons i n  
ac i d i c  so l ut i ons that 
form sol uble cal c i um 
s a l t s  ( e . g . , cal c i um 
chl oride, acetate , and 
bicarbonate) 

low-sol i ds wastes 

F i ne part i c l e  s i ze 

Env i ronmental /waste 
cond i t i on s  that l ower 
the pH of mat r i x  

Poten t i al Interference Mechani sm 

Increase early strength at 2 to S� 
concentra t i on but decreased early 
strength at 8% l eve l . 

Ca t I on exchange react i on s  - l each 
cal c i um from sol i d i f i ed/ stabi l i zed 
product , i ncreases permeabi l i ty of 
concrete;  i ncreases rate of exchange 
react i on s . 

Large vol umes of cement or other 
reagents requ i red , greatly i ncrea s i ng 
the vol ume and weight o f  the end 
product . Waste may requ i re 
recon s t i tut i on wi th water to prepare 
waste/reagent mi x. 

Inso l ub l e materi al pass ing through a No . 
200 mesh s i eve can del ay set t i ng and 
c ur i ng .  Smal l part i c l es can al so coat 
l arger part i c l e s ,  weake n i ng bonds 
between particles and cement or other 
reagents . Part i c l e  s i ze >1/4 I nch in  
di ameter not su itabl e . 

Eventual matrix deteri oration.  

Reference 

U . S. Army , 1990 

Jone s .  1990 

u. S .  EPA ,  1988c 

U.S.  EPA, }9SBc 

Col onna et a1 . ,  1990 
p .  407 
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TABLE 4-5. POTENT IAL CHEMICAL INCOMPAT I B I L I T I ES BETWEEN BINDER AND WASTE CONSTITUENTS 

Characteri s t i c s  
Affect I ng 

Process Feas i b i l i ty 

Vol ati l e  orga n i c s  

Use of  ac i d i c  sorbent 
with meta l  hydrox i de 
wastes 

Use of ac i d i c  sorbent wi th 
cyan i de wastes 

Use o f  ac i d i c  sorbent w i th 
sul f i de wastes 

Use of al kal i ne sorbent 
wi th wa ste-conta i n i ng 
ammoni um compounds 

Use of al kal i ne sorbent 
(cont a i n i ng carbonates 
such as cal c i te or 
dolmite) w ith ac i d  wastes 

Use of carbonaceous 
sorbent (carbon , 
cel l ul ose) wi th o i l y  
waste 

Use of s i l i ceous sorbent 
(so i l ,  fly ash) wi th 
hydrof1uor1c  ac id waste 

e 
• 

Potent i al Incompat i b i l i t i e s 

Vol at i l e s not effect i vely immobi l i zed; 
dri ven off by heat of reaction .  

Sol ubi l i zes metal . 

Rel eases hydrogen cya n i de . 

Rel eases hydrogen sul fide.  

Rel eases ammoni a  gas.  

Rel eases carbon dioxide which can cause 
frothi ng.  

May create pyrophorl c  waste. 

May produce sol ubl e fl uorosi l icates . 

e 

Reference 

U . S .  EPA, 1988c 

U . S .  EPA, 1986c 

U . S .  EPA. 1986c 

U . S .  EPA, 1986c 

U. S. EPA, 1986c 

U . S .  EPA, 198&c 

U . S .  EPA, 1986c 

U . S. EPA, 1986c 
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4.4 ISSUES DEALING WITH THE STABILIZATION OF ORGANIC WASTES 
AND OF MIXED ORGANIC AND INORGANIC WASTES 

4 . 4 . 1  Introducti on 

Thi s  section focuses on i ssues related to SIS processing of wastes 

in  whi ch the primary contami nants are organi cs or where s igni fi cant quanti t i es 

of organic  contaminants are mi xed with other types of waste , such as i norgan­

i cs .  Issues rel ati ng to i nterferences caused by l ow l evel s of organi cs are 

d i scussed i n  Secti on 4 . 3 .  

Threshold l evel s  for organic  i nterference with SIS processes exi st .  

However, the actual l evel depends on the nature of the organ i c ,  t h e  waste 

matri x , and the b inder .  Di fferent types of i nterferences and some gui dance' on 
threshold  l evel s are di scussed i n  greater detai l i n  Secti on 4 . 3 .  

Organi c  contam i nants are more d i fficul t to treat with i norganic , SIS 

processes than are i norgani cs such as metal s and metal compounds .  Organ i cs 

general ly  do not react with an i norgani c  matrix but i nstead are sorbed or 

encapsul ated with i n  pores . The reason organi c  contami nants do not react i s  

that many of them are nonpo l ar and hydrophobi c ,  whereas i norgani c  SIS bi nders 

are pol ar and hydrop h i l i c .  Therefore, add i t ives wi th hydrophob i c  functi onal 

groups are someti mes added to bi nders to i ncrease the bi ndi ng affi n i ty for the 

organic  contami nants .  I norgani cs may be e i ther entrapped or  incorporated i nto 

the chemi cal structure , dependi ng on the treatment process . 

Wastes with very h i gh concentrati ons of hazardous organi c  compounds 

are general ly better sui ted for treatment by destructive processes such as 

i nc i nerat i on ,  b i odegradat i on , chemi cal ox i dat ion ,  and dechl ori nat i on .  Another 

probl em wi th organi c  contami nants i s  volati l i zation .  Rel eases of vol ati l e  

organ i cs t o  the a i r  dur i ng SIS treatment  wi l l  occur whenever vol at i l es are 

present . Both the m ix ing requ i red i n  treatment and the heat i nput (from 

exothermic react i ons i n  inorgan ic  processes or external heat i nput i n  thermo­

plastic  processes) wi l l  contri bute to the l oss of vol at i l e  organi cs .  Sec­

t i on 4 . 5  di scusses a ir  emi s s i ons in greater detai l .  

However , many i ndustr i al wastes and contami nated materi al s contain 

organ ics at l ow concentrati ons , m i xed w i th i norgan i c s ,  or i n  a vi scous waste 

matri x .  Appl i cati on o f  treatment processes to destroy the organi cs i n  such 

wastes may be very expens i ve compared to the benefi ts and may, in some cases , 

be i neffect i ve (Conner, 1 990) . SIS can be a very v i abl e opt i on .  SIS process­

es that have been tested on or appl ied to various organ i c  const i tuents are 
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l i sted i n  Tabl e 4-6 .  Note, however, that an  entry in  thi s tabl e i ndi cates 

only that the b i nder has been successful l y  appl ied at l east once i n  the 

stabi l izat ion of the i nd icated contami nant . The degree of stabi l i zati on and 

the l ong-term stabi l i ty �f the product are not i nd icated. Al so,  an entry i n  

th i s  tabl e does not imply that the i ssue of vol ati l izati on (as opposed to 

i mmobi l i zati on )  of the a i r  emi ss i ons was properly addressed .  

Mechani sms that stab i l ·i ze organ i cs are not wel l understood (Sec­

t ion 4 . 2 . 2) . Some stabi l i zat i on of the organi cs appears to occur i n  cementi­

t ious systems . However, i t  has been d i ffi cul t to determi ne whether apparent 

decreased contaminant mob i l ity i s  caused by sorpti on effects , d i l ut ion by 

reagent add i t i ons ,  sampl e heterogeneity, or vol at i l i zation .  

Quanti fy ing the degree of  immobi l i zati on of  organi c  contaminants i n  

SIS-treated waste i s  not as  straightforward as  for i norgani c  contami nants . 

Aqueous l each tests may provi de an est imate of the propens i ty for. the organi c  

contami nant t o  be transported i n  groundwater a s  a sol ute, but they do not 

provide a good measure· of organi c  i mmob i l izati on for nonpol ar organi cs that 

have l ow sol ubi l i ty i n  water . For nonpol ar organ i c s ,  the use of nonpol ar 

sol vent extraction ( e . g . , the Total Waste Analysi s ,  or TWA) has been recom­

mended . However, th i s  recommendat i on i s  sti l l  under consi derati on by EPA 

because i t  i s  uncl ear how the resul ts  of a sol vent extracti on rel ate to the 

envi ronmental mobi l i ty of a contami nant i n  groundwater. Al so, there are few 

i f  any data that demonstrate that the chemi cal i nteracti on between an SIS 

bi nder and an organi c  contami nant is strong enough to res i st l each i ng by an 

aggress i ve nonpol ar extractant . Therefore, one of the potenti al  p itfal l s  of 

us i ng SIS technol ogy to treat waste wi th s i gn i fi cant nonpol ar organi c  contami ­

nants i s  the i nabi l i ty to adequately assess the extent of contami nant i mmobi­

l i zat i on attri butabl e to SIS treatment . 

4 . 4 . 2  SIS Addit ives Compati bl e  wi th Organi cs 

Testi ng of add i t i ves to improve immobi l i zation of organi c  compounds 

with i norgani c  bi nders has shown promi s i ng resul ts .  These add i t i ves i ncl ude 

acti vated carbon,  charcoal , mod i fied c l ays , and condensed s i l i ca  fumes (fine 

s i l i ca part i cul ate prepared by condens ing s i l ica  fumes ) .  

Ontario  Waste Management Corporat i on ' s  Wastewater Technol ogy Centre 

(WTC , 1 989 , p .  3) i nvesti gated the use of SIS systems wi th the addi t i on of 

acti vated carbon and condensed s i l i ca  fumes . The SIS process was based on 
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TABLE 4-6 . SIS PROCESSES TESTED ON OR APPLI ED TO ORGANIC-CONTAINING WASTES 

Physi cal Form 
Bi nder Organ ic  Contaminant of Waste Reference 

Bi tumen O i l  and gasol i ne Soi l U . S .  EPA ,  1989g 

Chemfix· O i l  Sl udge U . S .  EPA ,  1989g 

Fly ash Phenol Sl udge COte and Hami l ton , 1984 

Ki l n  dust Oi l Sl udge U . S .  EPA, 1989g 

Creosote Sl udge U . S .  EPA, 1989g 

lime and fly ash Phenol Sl udge COte and Hami l ton , 1984 
.. I Organ ics  Sl udge U . S .  EPA,  19899 "" 
.... 

Lime and ki l n  dust PCBs and d ioxins  Sl udge U . S .  EPA, 1989g 

Lime and PCB Soi l  HazTech News , 1991 
neucl eoph l l i c  reagents 

Organ ic Kepone Sediment Conner, 1990 

Portl and cement Latex Waste caul k Conner , 1990 

Phenol Sl udge cate and Hami l ton, 1984 

Portl and cement and cl ay Phenol Sl udge COte and Hami l ton, 1984 

Substi tuted phenol Sol ution Sheri ff et al . ,  1989 



TABLE 4-6 . SIS PROCESSES TESTED ON OR APPL I ED TO ORGAN IC-CONTAINING WASTES (Conti nued) 

Physi cal Form 
B i nder Organ ic Contami nant of Waste Reference 

Portl and cement and fly Phenol Sl udge C6te and Hami l ton , 1984 
ash 

Portl and cement, Pest i c ides Sl udge U . S .  EPA, 1989g 
ki l n  dust, and a 
propri etary agent 

Portl and cement and Kepone Soi l  U . S .  EPA ,  1989g 
polymer 

Portl and cement and a O i l Sl udge U .S .  EPA, 1989g 
propri etary agent 

.... 
I 

.... Vinyl chl oride and Sl udge U . S .  EPA, 1989g N 
ethylene chl oride 

API separator sl udge Sl udge U .S .  EPA, 1989g 

PCBs Soi l  U .  S .  EPA, 1989g 

Portl and cement and Kepone Sediment Conner, 1990 
sol ubl e s i l i cate 

Phenol Sl udge Cate and Hami l ton , 1984 

Pozzol an and a l l  Sol 1  U . S .  EPA, 1989g 
propri etary agent 

Sul fur-based Kepone Sediment Conner, 1990 
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TABLE 4-6 . SIS  PROC ESSES TESTED ON OR APPL I ED TO ORGANIC-CONTAIN ING WASTES (Con t i nued) 

B i nder Organ i c  Contami nant 
Phys i cal Form 

of Waste Reference 

Bento n i te c l ay mod i fi ed Phenol and chl ori nated 
pheno l s  

So i l  Sel l et al . ,  1992 
wi  th d i methyl 
d i ( hydrogenated tal l ow) 
ammon i um chl oride and 
m i xed wi th Type I Port l and 
cement 

• Propriet ary b i nder formu l a t i on . 

Note : An entry I n  th i s  tabl e does not mean that the b i nder wi l l  work under al l conditions or that i t  
necessar i l y worked under the cond i t i ons of  the reported study . In add i t i o n ,  the degree of 
sol i d i fi cat i on/stabi l i za t i on ach i eved was not reported i n  al l references , nor was the extent of 
contam i nant vol ati l i zat i on uni formly addressed.  

e 
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Portl and cement and propri etary addit i ves . The waste was metal - fi n i shi ng 

s l udge spi ked with SOD mglkg each of acenaphthene, ani l i ne,  b i s (2-chl oroethyl ) 
ether, phenol , benzene, and tri chl oroethy l ene . WTC found both physi cal and 
chemical mechani sms to be important i n  contai n i ng the contaminants . Acti vated 

carbon was found to be the best add it ive for i mmobil iz i ng organi c  contami­

nants . W i th the except i on of phenol , none of the contami nants tested i n  thi s 
study were detected i n  the aqueous l eachate . Condensed s i l i ca fumes were the 

best add i t i ve to entrap organi c  contami nants physi cal l y ,  and the formul ati on 

tested resul ted i n  smal l i ncreases in waste mass and vol ume . The phys i cal 

contai nment factor was about ten times better than that of the other cement­

based processes . Further i nvestigation of both add i t i ves i s  needed to defi ne 

dosages, appl i cabi l i ty to vari ous waste consti tuents ,  and l ong-term stabi l i ty .  

Mod i fi ed cl ays can be added wi th i norgani c  processes to reduce the 

mobi l i ty of organi c  wastes . Investigati ons by Lagoutte et al . ( 1 990) i nd icat­

ed that SIS processes using modi fied c lays show promi se as an effecti ve 

treatment for hazardous waste contai n i ng such organi c  contaminants as penta­

chl orophenol . Some cl ays , such as bentonite ,  can be mod i fied by i ntroduci ng 

quaternary ammoni um compounds i nto the spaces between the a l umina and s i l i ca 

l ayers.  These aqueous spaces i n  the cl ay are normal l y  hydroph i l i c  and pol ar ,  

but they can  be made more hydrophobi c and l ess  pol ar by i ntroduci ng quaternary 

ammoni um compounds with l ong-chain al kyl groups or aromati c  groups attached . 

One common SIS formul ation combi nes Portl and cement, treated c l ay, 

and coal fl y ash . The add it i on of coal fly ash produces a h igh-strength 

sol i d ,  al though the combi nat i on general ly  requi res l onger curi ng times than 

with Portl and cement al one . The res i dual carbon content of  the coal fl y ash 

has been shown to have an abi l i ty comparabl e to that of act i vated carbon for 

adsorpt i on of organi cs ( Lagoutte et al . ,
. 

1 990) . Thu s ,  both the mod i f i ed c lays 

and the coal fly ash act to immobi l i ze the organ i c s .  

Sheriff et al . ( 1 989) i nvestigated the use of acti vated charcoal and 

tetra-al kyl ammoni um-substi tuted cl ays as prestabi l i zat i on adsorbents for 

phenol s and chl orinated phenol s pri or to appl i cat i on of cement-based SIS 

processes . Charcoal i s  a wel l -known adsorbent , whereas the use of the 

substi tuted cl ays expl o i ts the hydrophobi c propert i es of the al kyl groups to 

fi x organ i c  mater ial s w ith in  the cl ay matr i x .  Wyomi ng benton i te subst i tuted 

wi th hexadecyl trimethyl ammon i um bromide and benzyl dimethyl tetradecyl ammonium 

chl oride (Chemi cal Abstracts Regi stry Number 139-08-2) was found to be very 
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effective in  adsorbing chl ori nated phenol s with adsorpti on capac it i es of 

�150 mg of chl ori nated phenol per gram of cl ay. The results  indi cated a cl ear 

rel at ionship between the c h a i n  l ength of the al �yl ammonium i on i n  the 

exchanged cl ay and the abi l i ty of the c l ay to adsorb a part i cul ar phenol ic  

compound . Acti vated charcoal was found to �dsorb effecti vely 180 mg of phenol 

or chl orinated phenol s per gram of charcoal . 

Cost i s  an important cons i derati on i n  usi ng add i t i ves such as 

mod i fi ed cl ays and activated charcoal . Most addit i ves are more expens ive than 

binders such as cement . I f  a l arge quanti ty of add it i ve is needed, the cost 

can be proh ib i t i ve .  However, the add i t i ves frequently are effective  in l ow 

concentrati ons . Costs of SIS processes are di scussed i n  greater detai l i n  

Sect i on 4 . 10.  

Many of the add i t i ves used to reduce organi c  mob i l i ty i n  i norganic 

binders rely  on sorpti on mechani sms . Sorpti on , especi al l y  wi th act i vated 

carbon, i s  at l east part i al ly reversi bl e .  The l ong-term performance of any 

SIS-treated waste i s  an i mportant i ssue that i s  not ful ly resol ved (Sec­

tion 4 . 7) . Long-term performance of bi nders that rely on sorpti on should be 

examined with parti cul ar attention .  

4 . 4 . 3  Approach to Eval uat; ng Feas i b i l i ty of SIS 
for Wastes Contai n i ng Organics 

Figure 4-2 presents a proposed approach i n  the form of a decis ion 

tree for eval uating the feas i b i l i ty of SIS for treat i ng organi c-beari ng 

wastes .  Th i s  deci si on tree prov ides guidance for determin ing whether SIS i s  

a n  acceptabl e al ternative for treati ng a particul ar waste contain ing organics . 

At the outset of the process, the fol l owing i nformati on i s  needed (Wi l es and 

Barth ,  1992) : 

• The quant i ty of organ i c  materi al rel ative to i norganic  
contami nants and other materi al s ,  i ncl ud i ng i nformati on 
on chemi cal and phys ical characteri stics.  

• The type and amount of i norgan i C  compounds that would 
rema in  if  al l organics were destroyed or removed . 

• The chemical and phys i cal characteri stics of res i dual s 
from the destroyed or removed organi cs .  
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FIGURE 4-2. GENERAL DECISION TREE FOR SIS APPLI ED TO ORGANIC CONTAMINANTS 
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The fi rst step i n  the deci s i on tree i s  to eval uate whether the 

organic  contami nants present i n  the waste pose a s igni ficant hazard or threat 

to human heal th or the envi ronment. Thi s  eval uat ion i s  carried out as 

fol l ows : 

• Determi ne whether the waste i s  either a l i sted or 
character i st ic  RCRA hazardous waste . If the waste i s  
not RCRA hazardous ,  then the fol l owing conservative 
ri sk-based approach assumi ng no contain.ant of the 
waste by the SIS process i s  proposed . 

• Determine the concentrati on of the organic present i n  
the waste t o  be treated . Determine the compound that 
poses the h i ghest heal th or environment r i sk  (quant i ty 
and toxi c i ty) . Then , determine the l evel andlor 
concentrat i on of the h ighest risk compound that can be 
al l owed wi thout creating a heal th or envi ronmental r i sk 
at the given s i te .  

Th i s  conservati ve approach assumes that : 

• The SIS process wi l l  not treat or contain the sel ected 
compound . Therefore , al l of i t  wi l l  be rel eased from 
the sol i d i fied waste; andlor 

• Al l of the compound w i l l  be rel eased as a ir  emi ssions  
dur i ng the SIS process (Wi l es and Barth,  1 992 ) ." 

If  the concentrat i on of the h i ghest-ri sk compound i s  above the level 

determi ned to pose a heal th or env i ronmental r i sk  at the g i ven s i te ,  then 

pret reatment to remove or destroy the organ i c ( s }  wi l l  be requi red and/or air  

emi s s i on control s and treatment wi l l  be needed on the SIS treatment trai n .  

After determi n i ng that the waste conta i ns organic contami nants that 

req u i re treatment , then the dec i s ion tree i n  F igure 4-2 addresses the fol l ow­

i ng four important i ssues perta i n i ng to the feas i b i l i ty and pract i cal i ty of 

us i ng an SIS  treatment approach on the organ i c-beari ng waste : 

1 .  I s  there an appl i cabl e technol ogy that wi l l  e i ther 
destroy or remove the organ i c  contaminants? 

2 .  Are the organ i c  contami nants vol at i l e  and l i kely to 
be rel eased as a i r  emi s s i ons during SIS treatment? 

3 .  Do the organ i c  contami nants have l ow sol ubi l i ty in  
water? If so ,  the i n herent potenti al for mi grati on 
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i n  groundwater i s  l ow and wi l l  i nval idate the 
meaningful ness of  aqueous l each tests .  

4 .  Wi l l  SIS treatment cause the organ i c  contaminants to 
degrade or transform i nto toxic  by-products? 

These four i ssues are di scussed further below. 

4 . 4 . 3 . 1  Destructi ve or Removal Technol ogies Versus SIS 

The concern over the use of SIS versus a destructi ve or removal 

technol ogy for treating organi c-bearing wastes rel ates to the h i erarchy of 

waste treatment - that i s ,  al l other factors bei ng equal , technol ogi es that 

destroy or reduce the amount of contami nants are preferred over techno logies 

that s imply immobi l i ze the contami nants ( see Secti on 1 . 1 . 2) .  Technol ogies  

that are capabl e of degrad ing organic  const ituents  to innocuous components 
such as CO2 and H20 ,  or of separati ng organi c  contami nants from i norgani c  

consti tuents based on thermal or chemi cal properties ,  are preferred over 

immobi l i zation technol ogi es . Degradati on and separati on-based remedi es are 

permanent,  whereas immobi l i zati on may l ose i ts effecti venes s over time ( see 

Secti on 4 . 7  on Long-Term Performance) .  
Consequently ,  SIS treatment typical ly i s  not used at s ites heav i ly  

contami nated wi th organi c  wastes (Wi l e s  and Barth , 1992) . Al ternat i ve 
technol ogies (e . g . , i nc i nerat i o n ,  steam stripping ,  vacuum extraction ,  

bi oremed i at i on )  shoul d be  cons i dered fi rst . However, SIS treatment i s  

frequently appropri ate for the resi dues remain ing afte.r the use of one of 

these other technol og i e s ,  or for soi l s  or sl udges contai n i ng l ow 
concentrations of organ i cs . A wel l -designed and control l ed treatabi l ity study 

should be conducted to assess SIS effecti veness and to sel ect and des i gn a 
proper SIS proces s  ( see Sect ion 2 ) . 

4 . 4 . 3 . 2  Vol at i l e  Organi c  Contaminants 

A wide vari ety of organic consti tuents i n  hazardous waste are 
vol at i l e  to varyi ng degrees .  As i ndi cated in F i gure 4-2 , when vol at i l es 
compri se the domi nant consti tuent s ,  a destructi ve or removal technol ogy i s  

usual l y preferred . However, there are many cases where vol ati l es are present 
as a rel ati vely mi nor contami nant , but i n  concentrations h i gh enough to pose a 
potenti al heal th or envi ronmental ri s k .  For exaMpl e ,  some vol ati l es ,  mi xed 
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with metal s ,  sal t s ,  or semivol ati l e  organ ics ,  may respond to SIS without 

pretreati ng to remove the organ ics .  Pretreatment or treatment trains  can add 

s ignificantly to the cost and the time needed to compl ete the cl eanup . The 

d i ffi cul ty i s  that vol at i l e  contami nants are not always effect i vely treated 

us ing SIS . 

Demonstration that the vol at i l e  organi c  contami nants are bei ng 

immobi l i zed duri ng treatabi l i ty stud i es greatly compl i cates the treatabi l ity 

study. Spec i al precaut ions have to be made dur i ng treatab i l i ty test i ng to 

assess vol at i l e  organi c  emi ssions .  Thi s means that proper control s must be 

used to perform a complete mass bal ance , i n  wh i ch al l organ i c  a i r  emi ss i ons 

are col l ected and analyzed during the treatabi l i ty study, from the point ,of 

waste compos i ti ng and m ix ing t hrough the curi ng of the treated waste specimen . 

The requi red contai nment, sampl i ng ,  and analysi s  equi pment and acti v i t i es can 

more than tri pl e the cost of the treatabi l i ty study. The testing shoul d be 

structured to al l ow a cl osed mass bal ance to ful ly account for the organ i c  

materi al s .  

Unfortunately, air  emi ss ions moni toring duri ng treatab i l i ty testing 

i s  i nfrequently carri ed out as needed , and numerous studi es have reported the 

apparent immobi l izati on of vol at i l e  contami nants when the post-treatment 

reduction in contami nant concentrati on was , i n  actual ity, caused by 

vol at i l i zat ion .  Neverthel ess , vol ati l e  contaminants i n  l ow concentrati ons can 

be and have been successful ly  treated us i ng SIS when precauti ons are taken to 

ml n lrn lze vol at i l i zat ion .  Wel l -des i gned treatab i l i ty studi es u s i ng technol ogy 

that can be impl emented i n  the fi e ld  are needed . 

4 . 4 . 3 . 3  Nonpol ar Organi c  Contami nants 

The th i rd i ssue pertains to the l ow aqueous sol ubi l i t i es of numerous 

organ i c  contaminants , both vol at i l e  and nonvol ati l e .  Pol ar organ i c  

contami nants such as carboxyl i c  ac i ds ,  al cohol s ,  and phenol s are typ i ca l ly 

very sol ubl e in  water.  Accord i ngly, the TCLP aqueous l each i ng test defi nes 

standards for sel ected organic  contami nants with adequate sol ubi l i ty i n  water. 

However , nonpol ar organ i cs such as polyaromati cs ,  benzene,  

tetrachl oroethane , and hydrocarbons are general ly i nsol ubl e in water. Hence , 

for th i s  l atter group of compounds , an aqueous l each test i s  a mean i ngl ess 

i nd i cator of the degree of immob i l izat i on caused by SIS . Therefore , the use 

of a nonpol ar sol vent extracti on ( e . g . ,  the TWA) has been recommended . 
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However, thi s  recommendati on i s  sti l l  under considerati on by EPA because i t  i s  

uncl ear how the resul ts of a sol vent extracti on rel ate to the envi ronmental 

mob i l i ty of a contami nant i n  groundwater . Al so, there are few i f  any data 

that demonstrate that the chemi cal i nteracti on between an SIS binder and an 

organi c  contami nant i s  strong enough to res i st l each ing by an aggressive 

nonpol ar extractant. Therefore, one of the potenti al p i tfal l s  of usi ng SIS 

technol ogy to treat waste wi th signifi cant nonpol ar organi c  contaminants i s  

the i nabi l ity to adequately assess the extent of contamin ant immobi l izati on 

attri butabl e to SIS treatment .  

4 . 4 . 3 . 4  Degradati on and By-Product Formation 

The final i ssue i n  Fi gure 4-2 pertain i ng to the immobil ization of 

organi c  contaminants appl i es to al l types of organi c  contami nants -- vol atil e  

and nonvol ati l e ,  pol ar and nonpol ar -- in  al l ranges of concentrat i ons . 

Because organ ic  consti tuents read i ly  undergo chemical transformati on reactions  

and SIS bi nders are associ ated with fairly aggress ive chemical envi ronments 

( such as i ncreased temperature and al kal i ne pH) , the potenti al for chemical 

transformat ion or degradati on always exi sts ; and a post-treatment reduction i n  

the concentrati on o f  an organic  contami nant may be erroneously i nterpreted a s  

ev i dence for i mmob i l  i zat i on when i t ,  i n  actual i ty , may b e  attri butab 1 e to 

contaminant transformati on .  Moreover , chemical transformati on or degradati on 

may result i n  the format i on of by-products whi ch can be more or less  toxic  

than the parent compound . Therefore, i t  i s  not suffici ent to demonstrate the 

extent to whi ch transformation i s  occurri ng . The i dent i t i es of the by'" 

products and thei r tox ic it ies must al so be characteri zed . Unfortunately ,  the 

process of detecti ng and analyz i ng by-products can be extremely expens ive and 

can therefore be . a  deterrent to cons ideri ng SIS as an opti on for the treatment 

of organi cs-beari ng wastes . 

4 . 5  AIR EMISSIONS AND CONTROL 

In cons idering SIS opti ons , the poss ib i l i ty of a i r  emi ss ions must be 

taken i nto account . Many wastes contai n  VOCs that can escape i nto the 

atmosphere . Even compounds not general ly consi dered vol at i l e  can be rel eased 

by the mixi ng and heating operati ons i nvol ved i n  SIS . I n  add i t i on to vol ati l ­

i zati on ,  other forms of a ir  emi s s i ons,  such as fug it ive dust o r  part icul ates , 
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must be taken i nto account. The cost of i nstal l ing and operati ng equi pment to 

prevent a i r  emis s i ons  can be s i gn i ficant . The l ocal a ir  board or other 

cogni zant regul atory agency shoul d be consulted to define a ir  emi ss i ons 

i s sues . 

4 . 5 . 1 Vol ati l e  Organic  Compounds 

Vol ati l e  organi c  compounds can escape i nto the atmosphere during the 

mixing and heat i ng steps of the SIS process ,  and even dur i ng sampl i ng , samp1 e 

handl i ng ,  and samp le  preparati on prior to analys i s .  For exampl e , one study of  

vol at i l i zation duri ng SIS proces s i ng found that an average of  0 . 1 1% of the 

feed i nto the process  was emi tted to the a ir  ( Ponder and Schmitt, 1991 ) .  As a 

general rul e ,  s i tes contami nated wi th only vol ati l e  contaminants should not be 

cons i dered as candi dates for SIS (W i l es and Barth, 1992) (see al so Secti ons 

4 . 4  and 2 . 4) .  However ,  vol at i l e  andlor semi vo1 at i 1 e  organic  compounds are 

frequently present as secondary components i n  wastes that conta in  mostly 

metal l i c or other i norgan i c  contami nants.  

In  wastes conta in i ng VOCs ,  s i gn ificant VOC l osses to the atmosphere 

wi l l  occur with remedi ati on act i v i t i es that i nvol ve exhumation of the waste . 

I n  s i tu SIS technol ogy that produces a monol ith ic  product i s  capable of 

reduci ng VOC l osses but not of el i mi nating them (Spence et al . ,  1990) . Al so , 

vol at i l es can conti nue to escape from a sol id i fied waste form, regardl ess of 

the reduct i on i n  pore space and i ncrease i n  tortuosity. 

The quant i t i e s  of VOCs acceptabl e for SIS shou ld  be based on a r isk  

assessment for the g iven s i te and/or on the resu l t  of a treatabi l i ty study 

that i ncl udes a mass bal ance of the organ ics  before, dur i ng ,  and after 

treatment . As a worst-case scenario ,  the r i s k  assessment should assume that 

none of the h i ghest r i s k  compounds wi l l  be reta i ned by the SIS process andlor 

that al l the compounds wi l l  be l ost v i a  a i r  emi s s i ons dur ing SIS process i ng 

(Section 4 . 4 ) . 

A system for measur ing the emi ss i ons of organi c  compounds from mix­

i ng processes s uch as those used i n  SIS act i v i t i es i s  currently under devel op­

ment . Th i s  "modi f i ed headspace" sampl i ng system, having been demonstrated at 

voe emi s s i on rates rangi ng from l ess than 1 mi l l igram per mi nute up to tens of 

grams per mi nute, can be used at the l aboratory sca l e  to measure organi c  

emi s s i ons  both from the SIS process and from the SIS-treated waste duri ng 

curi ng . Such equi pment can al so be u sed i n  conjuncti on with a ful l -scal e 
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remed i ation effort by testing sampl es of the treated waste from the field  i n  

the l aboratory (Wei tzman et a1 . ,  1990) . 

4. 5 . 2  Parti cul ates and other Emi ssions 

In addition to gaseous emi ssions from vol ati l e  organics ,  part i cul ate 

rel eases to the atmosphere from operations associ ated with SIS treatment can 

al so be a concern . Poss ibl e  sources of a i r  pol l utants and fugi t i ve dust i n  a 

field SIS project i ncl ude excavation ,  the movement of trucks and other heavy 

equipment , and the l oadi ng and processing of waste and bi nder materi al s  i n  the 

mixing device .  I n  the study ci ted in  Section 4 . 5 . 1  for VOC vol ati l i zation, i t  

was al so found that an average of more than O . OI� of the waste feed bei ng 
processed was rel eased as part i cul ate emi ssions ( Ponder and Schmitt ,  1 991 ) .  

Care must frequently be taken to reduce the escape of both contaminated 

particul ates and fugitive dust duri ng treatment . Typi cal eng ineering control s 

i ncl ude scrubbers for certai n  types of ai r pol l utants and wetti ng the waste or 

ground to reduce dust. 

Various gui del i nes exi st for determining maximum ai r emi ssi ons of 

contami nants and fugi t i ve dust duri ng remed i at i on projects . For exampl e ,  Toxic 

A i r  Po l 1utant Source Assessment Manua l for Ca l iforn ia  Air Po 7 1ution Contro l 

Districts and App licants for A i r  Pol lution Control  Distri ct Penmits speci fi es a 

risk-screening methodol ogy for eval uating a i r  emi ssions and a fugitive dust 

concentrat i on l imit for remed i at i on projects in Cal i forn i a  { Interagency 

Working Group , 1987) . The r i s k-screening methodol ogy i s  a s impl e ,  conservat ive ' 

estimati on of the maximum possibl e  heal th impacts associ ated with a i r  emi ss i oJ)S 

during the durat ion of the project . If the project fai l s  the i nit ial rTsk 

screen i ng cal cul ati on ,  then a much more detai l ed risk assessment may have to be 

conducted prior to i n i t i ating field treatment . 

4 . 5 . 3  Control l i ng Ai r Emi s s i ons 

Depend i ng on the nature of the anticipated air emi ss ions ,  it may be 

necessary to adopt control measures to ensure that vol ati l e  and parti cul ate 

emi ssions are with i n  acceptabl e l evel s .  Equ ipment such as a i r  scrubbers or 

l arge encl osures around the treatment area may have to be empl oyed as an 

adjunct to the SIS treatment process,  thus i ncreas i ng the compl exity and costs 

associ ated with SIS . The u . S .  EPA ' s  Offi ce of Air Qual i ty Pl ann i ng and 

4-52 



Standards (OAQPS) i s  developing guidance for control l ing a i r  emi s s i ons at RCRA 

treatment , storage, and di sposal fac i l i t i es (TSOs) .  Th i s  gu i dance wi l l  

requi re many SIS processes to i ncorporate capture and control mechani sms for 

vol at i l e  consti tuents . Even those projects i nvol ving rel at i vely l ow l evel s of 

vol ati l e  constituents may be affected (Wi l es and Barth, 1 992 ) . However, apart 

from th i s  guidance for TSO faci l i ties ,  a ir  emi ss ions  and contro l s  are 

currently assessed on a project-by-project bas i s .  

4 . 5 . 4  Signifi cance of the AIIIended Clean Air Act 

The purpose of the Cl ean Ai r Act (CAA) i s  to: 

• protect and enhance the qual ity of the nat i on ' s  a ir  
resources so  as  to promote the publ i c  heal th and 
wel fare and the productive capaci ty of its  popul ation 

• i n i t i ate and accel erate a nati onal research and 
devel opment program to achi eve the prevention and 
control of a i r  pol l ut i on 

• provide techn ical and fi nanci al assi stance to state 
and l ocal governments in  connecti on wi th the 
development and executi on of thei r air pol l ut i on 
preventi on and control programs 

• encourage and assi st the deve lopment and operat i on of 
regi onal a ir  pol lut ion control programs 

Wi thi n these purposes , waste m in im izat ion or pol l ution preventi on i s  encour­

aged but , in most cases , i s  not mandated . Under the CAA' regul ati ons have 

been promul gated that g i ve i ndustry the choi ce of e i ther prevent ing or 

control l i ng a i r  emi s s i on s .  These regu l a t i ons i ncl ude the  Nat i onal Ambi ent Air 

Qual i ty Standards (NAAQS) ;  Nat i onal Emi s s i on Standards for Hazardous Ai r 

Pol l utants (NESHAP ) ,  which control emi ss ion of specifi c  pol l utants for 

spec i fi c  i ndustries;  and permi tt i ng requi rements .  

Just as the forthcoming RCRA-rel ated guidel i nes for TSO fac i l it ies  

wi l l  affect SIS  operat ions , the amended Cl ean Ai r Act portends i ncreased use  

of capture and control mechani sms .  Stricter regul at ions wi l l  requi re more 

careful screen ing of candi date s i tes for the appl ication of SIS technol ogy. 

Thi s screen i ng wi l l  be based on the potent ial to ach i eve regul atory compl i ance 

and the cost of ach i ev i ng regul atory compl i ance . 
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4 . 6  LEACHING MECHANISMS 

After di sposal , the SIS-treated waste may eventual ly  come i nto 

contact with water . The SIS processes are aimed at e ither reduci ng the 

mobi l i ty of the contaminants or reduci ng access of water to the contaminant , 

or both . However wel l the SIS waste i s  stabi l i zed and i sol ated from the 

hydrosphere in di sposal , some transport of contam i nat i on from the SIS-treated 

waste i nto the groundwater wi l l  eventual ly occur. Compl ete i mmobil izati on of 

contami nants i s  not a real i st i c  expectation (Bi shop , 1988) . 

Th i s  process of s l ow extracti on of contaminants from the SIS-treated 

waste by water or some other sol vent i s  cal l ed -l eachi ng . "  Leachi ng tests are 

d i scussed i n  Sect i on 3 . 2 .  Leachi ng can occur when the SIS-treated waste i s  

exposed to stagnant 1 eachant or to a fl ow of 1 eachant through or around the 

waste.  Leach i ng is  the general term for compl ex phys i cal and chemical 

mechani sms . These mechani sms mobi l ize a contami nant and transport i t  away 

from the waste . 

In a di sposal scenar i o ,  the sol vent wi l l  usual ly be groundwater. 

leachi ng occurs when the contami nants i n  the SIS-treated waste come i nto 

contact with the groundwater. The 1 eachant flow and compo s i t i on are deter­

mi ned by the phys ical properties  of the d i sposal area and any engi neered 

barri ers at the d i sposal s ite .  Leachi ng tests may use water, aqueous 

sol ut i ons  of ac ids  or sal ts , or organi c  l iqu ids to model vari ous di sposal 

scenari o s ,  determine waste compos i t i on ,  measure d i ffus i on coefficients , or for 

other specific  test purposes . 

There i s  s ign i fi cant experimental evi dence ·that , when waste .stabi­

l i zed by cement or s imi l ar pozzol an i c  material s i s exposed to aci di c  water, 

s i gn i f icant matri x  d� ssol ut i on occurs . Thus,  the l each i ng rates of contami­

nants from stabi l i zed waste wi l l  be a functi on of both the d i ssol uti on rate as 

wel l  as the di ffus ion rate of contami nants i nto the l eachate . 

In  the Netherl ands , a database has been developed to col l ate, 

organi ze ,  and anal yze i nformati on about the l eachi ng of contami nants from 

waste and waste-contai n i ng mater i a l s  (de Groot and van der Sloot, 1992) . 

Organ i zation of the i nformation i nto a database i s  intended to ass i st i denti­

fi cati on of systemati c  trends i n  l eachi ng behav i or and mechani sms . 
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4 . 6 . 1  leaching Associ ated with Inorgani c  SIS Processes 

The typi cal SIS-treated waste resul t i ng from use of an i norganic 

binder is  a porous sol i d .  The pore space contains some mi xture of water and 

gas ,  so many d i fferent phases can be present. There may be several d i fferent 

sol i d  phases , each contai n i ng contami nants . For example ,  contami nants may be 

present i n  the cement mi neral phases because of substituti on i n  the crystal 

structure or as a separate phase, such as a precipi tated sol i d .  There can 

al so be one or more aqueous phases such as an adsorbed l ayer of fl uid as wel l 

as the bul k pore fl u i d .  The sorbed l ayer may have a di fferent contaminant 

composi t i on than the bul k fl u id .  There can al so be one or more nonaqueous 

phases i f  organi c  contaminants are present (WTC, 1990a) . 

Pri or to i ntroduction of the l eachant ,  the pore system wil l  have 

approached equi l i bri um cond it ions with the surroundi ng sol id phase. That ; s ,  

the contami nants are associ ated wi th a speci fi c  phase, and there i s  n o  net 

transfer between the phases . The 1 eachant changes the composit ion of the 

system and d i srupts the chemical equi l i bri um, resul ting in the mobi l ization of 

contami nants . The new system may evol ve towards a new equi l i bri um if suffi­

cient time passes with no l eachant renewal . 

The two bas i c  mechani sms i n  the l each i ng process are mobi l ization 

and transport of the contami nant. The 1 eachant mob i l  i zes contaminants within 

the pores by di ssol v ing the contami nant . Di ssol ut ion resul ts from a combina­

tion of chemi cal and phys ical mechan i sms . Examples include bul k di ssol ution 

of m i neral phases i n  the SIS-treated waste, washoff of surface contami nants , 

chang i ng chemi cal parameters such as pH or Eh d i ssolving a formerly i nsol ubl e 

phase ,  desorpt i on of contami nants , or other mechani sms (deGroot and van der 

Sl oat , 1992 ) . F actors that affect the extent of equi l i brium concentrati ons 

incl ude the sol ubi l i ty of the consti tuent and the chemical makeup of the pore 

water .  Under neutral cond i t i ons ,  the l each i ng rate i s  control led by mol ecul ar 

di ffus ion of the sol ub i l ized species . However, i f  the leachant i nduces acid 

condi t ions ,  the rate wi l l  a l so depend on the rate of back diffus i on of the 

hydrogen i on because the pH determi nes the chemi cal speci at ion within  the 5/5-

treated waste ( Cheng , et a1 , 1992 ) . 

As more sol ubl e consti tuents are l eached from a rel atively i nsol uble 

sol i d  matrix,  a l ayer defi c i ent in  the l eached constituents devel ops . Under 

l ow pH cond i t i ons , both H+ and the l eachabl e consti tuents must di ffuse through 

th i s  l ayer i n  oppos i te d i recti ons . The l each i ng rate in the l eached l ayer 
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should eventual l y  be l imited by d i ffusi on of consti tuents,  because � di ffuses 

much faster than other species .  However, thi s  l ayer may not be  rate-l imiti ng 

i n  the overal l process (Cheng and Bi shop , 1 990) . As constituents l each , the 

l ayer may become more porous compared to the unl eached sol i d ,  so that mol ecu­

l ar d i ffusion i n  the pore water and boundary l ayer phenomena become the 

l i miting factors (Conner, 1990) . 

Transport of the mob i l i zed contaminants occurs by bul k advecti ve 

fl ow or d i ffus i on .  I f  wat.er fl ows within the SIS-treated waste, advecti ve 

transport causes contaminants that have been mobi l i zed by reacti ons i n  the 

pores to fl ow through the waste . The vel ocity of l eachant movi ng through . the 

pores wi l l  vary cons iderably in  both magn i tude and d i rection due to the smal l 

s i ze and the tortuos i ty of the pores (WIC , 1 990b) . In most SIS-treated waste , 

the pores are smal l and tortuous , so the advecti ve transport i s  smal l .  

However, contaminant movement stil l  occurs by mol ecul ar d i ffus i on. (Crank, 

1967) . 

Only a fracti on of the pores wi thi n  the SIS-treated waste are l i nked 

to each other and to the outs ide to form what i s  referred to as " connected 

porosity . " The pores that are not l i nked to thi s  network are referred to as 

·cl osed poros i ty . "  Al so,  l arge pore spaces may be connected by smal l -d i ameter 

pathways , resul ting in  'occl uded porosity . "  The micromorphol ogy of the matrix 

- i ncl udi ng the number, s i ze ,  and degree of connection of  the pores - wi l l  

determ i ne how qui ckl y  water can permeate through an SIS waste ( i . e . ,  hydraul i c  

conducti v i ty )  and wi l l  infl uence the l each i ng process .  As mi ght be expected , 

l eachi ng occurs most qu i ckly through the connected pores . 

In  most  cases , cement-based monol i ths have l ow hydraul i c  conducti vi­

ty, whi ch l imits  the amount of l each ing water contacti ng the matri x .  However,  

it has been shown that the hydraul i c conducti v i ty of SIS waste may vary over 

several orders of magni tude, from l ow val ues typi cal of compacted cl ay to 

hi gher val ues typi cal of s i l ty soi l s  ( Cote et al . ,  1 986 ) . Hydraul i c conduc­

t iv i ty of the waste determi nes whether l eachi ng rates wi l l  be control l ed by 

advect i on or by mol ecul ar di ffus ion .  Advect i on i s  more important than 

d i ffus i on when hydraul i c  conduct iv ity is l arger than 10.7 cm/s . On the other 

hand, sl ow di ffus ion l i mits transport rates when hydraul i c  conducti v i ty i s  

l ower than 10.7 cm/s .  I f  the hydraul i c  conducti v i ty of the waste i s  much 

l ower than that of the surroundi ng mater i al , i nfi l trati ng water such as 

rai nwater or groundwater fol l ows the path of l east resi stance and fl ows around 
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the waste . In th i s  case ,  l eachi ng i s  l imi ted by mol ecul ar d i ffus i on i n  the 

connected poros ity of the SIS waste matrix because, when contami nants reach 

the i nterface of the SIS waste and surround ing materi al , they are carried away 

by the groundwater. If ,  on the other hand, the hydraul i c  conduct iv i ty of the 

sol i d i fi ed waste i s  on the same order of magni tude or h i gher than that of the 

surroundi ng materi al , water fl ows around and through the waste. In that case, 

the pore water sol ution ; s  di spl aced , and l eachi ng takes pl ace l argely by 

advection (Cote and Brid l e ,  1987 ,  p .  60) .  
The surface-area-to-vol ume rat io  ( SA/V) of a waste product greatly 

i nfl uences the rel ease of potenti al ly harmful el ements to the envi ronment . A 

smal l er SA/V resul ts in  a l ower rate of release . The l eachi ng percentage ­

rel ative to the total amount of an el ement present i n  a waste form i s  rel ated 

to the SA/V , for a given exposure time .  Therefore , al l measures l eadi ng to 

products with a smal l er SA/V l ead to a proporti onal decrease i n  l each i ng 

percentage but the l ong-term quant it ies rel eased are not decreased (van der 

Sl oot et al . ,  1989) . 

Chemi cal spec i at ion al so i nfluences l eaching.  Van der Sl oot et al . 

( 1 989) found that el ements l eached from cement-based waste products are mainly 

an ionic  species such as M0042- ,  80)3- ,  V043- ,  F- , and 5042- .  These ani ons are 

associ ated with cationic  species typi cal of cement-based waste forms such as 

cal c i um .  leach i ng of metal s such as copper, cadmium,  zinc ,  and l ead typically 

; s  l im ited when the pH in the pore sol ution rema ins above 8 or 9 ,  but can 

i ncrease at very high  pH ( above 1 1 . 5  or 12 ) . Van der Sl oot et al . ( 1 989) 

concl uded that chemi cal speci ation of potent i al ly hazardous el ements wi th i n  a 

waste product and the interaction of these el ements wi th matri x components 

w ith in  the pore system are cruci al for determin i ng the rel ease rate to the 

envi ronment . Al so , they suggested that more i nformation on d i fferent ways of 

contact wi th water i s  needed , parti cul arly i n  rel ati on to pH,  to al l ow 

uti l i zati on of i ntrinsic l each parameters i n  a wide range of envi ronmental 

cond i t ions . 

For cement-based 5/5 processes ,  sul fat� can i ncrease l each i ng rate . 

The onset of the l each i ng rate i ncrease may be del ayed , however, so test 

resul ts immed iately after setti ng may be mi s l eadi ng . Sul fate e i ther i n  the 

cement or present in the waste causes formation of ettring ite ,  wh i ch sl owly 

hydrates and expands , caus i ng an increase i n  poros ity and poss i bl e  brea kdown 

of the waste form. Sul fi tes and sul f i des are al so a probl em because they may 
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sl owly oxid i ze to sul fate, i ncreasi ng the sol i d  vol ume and caus i ng the waste 

to crack.  
Poon et al . (1985) found that the microstructure of the sol i d i fi ed 

waste was important in  l eaching metal s from the cementi t i ous matrix.  They 

assessed mechan i sms of zinc and mercury l eachi ng from cement/si l i cate stabi l i ­

zat ion processes usi ng extended l eachi ng tests ,  scanni ng el ectron mi croscopy, 

and powder X-ray d i ffracti on .  After an extended l each i ng per i od ,  massive 

breakdown of the matrix occurred wi th a subsequent dramati c  increase in  

l eachate concentrati on .  Once the structural i ntegri ty of the stabi l i zed waste 

was removed, mass i ve l eaching of z i nc and mercury occurred . 

4 . 6 . 2  Leachi ng Associ ated with Organi c  SIS Binders 

The thermopl astic  and thermosetti ng res i n  bi nder processes operate 

mai nly by encapsul ati ng the waste . The SIS-treated waste i s ,  therefore , l ess 

porous than the materi al resul t i ng from SIS processes usi ng i norgan i c  binders . 

The l each i ng process requi res the same two fundamental mechani sms d i scussed i n  

Sect i on 4 . 6 . 1 ,  mob i l i zation and transport . However. the organ i c  bi nder 

systems rely more on denying the l eachant access to the contaminant than on 

inmobi l i zati on .  

4 . 6 . 3  Leachi ng Model s 

Several model s of l eachi ng mechani sms have been devel oped to predi ct 

the rate of rel ease from the stabi l i zed waste matrix.  Model i ng i s  the only 

exi sti ng method for pred i ct i ng l ong-term performance because i t  i s  i mpractical 

to conduct emp i ri cal l each i ng tests for hundreds or thousands of years and 

because accel erated tests are not wel l  devel oped. 

4 . 6 . 3 . 1  Dissol uti on/Di ffusi on Kineti cs 

The probl em of ki net ics ,  with regard to the aqueous d i ssol uti on of a 

sol id  or to the preferenti al d i s sol ut i on of a chemical spec i es from a sol i d ,  

has l ong been studi ed .  Several factors may be invol ved . For exampl e ,  i f  more 

than one k i net i c  process takes pl ace , i t  must be determined whi ch ( i f  any) of 

the processes control s the overal l reaction rate . The shape of the sol id.  the 

exi stence of any surface-connected porosi ty,  the charge state of the d i ssol v-
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ing speci es,  and the chemi stry of the aqueous medi um i nto whi ch the sol i d  i s  

d i s sol v i ng are al so cons i dered . 

The d i scuss i on that fol l ows cons iders two kinet ic  processes from a 

l argely qual i tati ve point of v iew: the d i s sol uti on reacti on i tsel f, whi ch 

cons i sts of mass transport across the sol i d/l iqu id  interface , and chemical 

d i ffus i on away from thi s interface i nto the s urroundi ng aqueous medi um.  It i s  

assumed for thi s specific  example that the rate of supply of d i ssol v i ng 

materi al from the bul k  of the sol i d  to thi s i nterface occurs quickly .  It  i s  

al so assumed that the sol uti on i s  qui escent, so that convecti ve flow does not 

contri bute to the mass transport . Two fundamental ly di fferent types of 

systems are cons idered within thi s context : a nonporous sol i d  d i ssol v i ng i nto 

an essent i al ly i nfin ite  aqueous medi um and a porous sol i d  for which d i s sol u­

t ion takes pl ace pri nc i pal l y  i nto the i nterconnected sol ut ion-contain i ng 

pores , coupl ed wi th d i ffusive transport through the pores to the sol ut ion 

outs i de the mater i al . Ideal i zed model s of these two systems are descri bed i n  

Sect ions 4 . 6 . 3 . 1 . 1  and 4 . 6 .3 . 1 . 2  to i l l ustrate the concepts i n  l eaching 

model s .  

I f  the di ssol ving chemi cal spec ies i s  el ectrical l y  charged, consid­

erat i ons  of charge neutral i ty i n  the sol ution become i mportant , as does mass 

transport i n  the sol ut i on by el ectromigrat ion .  The species al so may react 

chemical ly  wi th other spec i es w ith i n  the aqueous med i um.  D i ffus i ng i ons may 

al so react with the matrix i n  the l each i ng zone , adsorbi ng or preci pi tati ng ,  

wh i ch can s l ow thei r re l ease . D iffus i ng i ons may a l so react w ith the matri x 

i n  the l eachi ng zone , adsorbing or prec ip itati ng ,  whi ch can s l ow  thei r  

rel ease . These factors are not cons i dered here . However, a general treatment 

of i on ic  transport with i n  a crevice- l i ke reg ion ,  wh i ch coul d be appl i ed to 

di ssol u t i on and d i ffus i ve transport i n  a porous sol id ,  has been presented by 

Harkworth and Kahn ( 1985) . 

4 . 6 . 3 . 1 . 1  Nonporous Sol i d .  For a nonporous sol i d ,  the two k i netic 

proces ses , i . e . , d i ssol ution at the sol id/l i qu i d  i nterface and chemical 

d i ffus i on of the d i ssol ved spec i es away from the i nterface , occur sequent i al ­

ly. For t h i s  case, the i nterface may be regarded a s  a spat i al ly l ocal i zed 

· source" of  the d i ssol v i ng spec ies .  

At  the sol id/l i qu i d  interface , the fl ux of  matter due to the 

d i ssol ut i on reac t i on must be equal , point by point , to the d i ffus ive fl ux i n  
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the sol uti on to  avoi d  a nonphysi cal accumul ati on or deplet i on of matter at the 

i nterface . Consequently, the sl ower of the two processes i s  the one that 

dominates the overal l ki netics.  

Three characteri sti c  val ues for the aqueous concentrati on of the 

di ssol ved spec i es are i mportant i n  describi ng the overal l kinet i cs for thi s  

case: 

1 .  C., the concentration that would exi St at the 
i nterface under cond i t i ons of thermodynam i c  
equi l i bri um. 

2 .  Ci, the actual , i nstantaneous concentrati on at 
the i nterface.  

3. C • •  the far-fi el d  concentrati on ,  i .e . •  the 
val ue at di stances far from the i nterface . 

The "dri v i ng force" for the d i ssol uti on reacti on depends upon the 

di fference CIt - Ci• If Cj < Ce, the net transport of matter across the i nter­

face occurs from sol i d  to l iquid as the sol i d  d i ssol ves, wh i l e  the oppos ite i s  

true for Cj > C.. I f  these two concentrations are equal , there i s  no net 

transport across the i nterface . L i kewi se,  the driv i ng force for chemi cal 

d i ffus i on is the d i fference � - C. , assumi ng monoton i c  vari at i on of the 

concentration from the interface to the far fi el d .  I f  Cj > C • •  matter 

d i ffuses away from the sol i d/l i qu id  interface, the converse i s  true for 

Cj < C • •  
Two l i m i t i ng or extreme cases exi st for the overal l ki net i cs ;  one or 

the other of these cases i s  often sat i sfied i n  nature . 

1 .  In the d i ssol ut ion-control l ed case , d i ffusi on occurs 
rapidly compared to the d i ssol ution react i on so the 
dri v i ng force requ i red to mai nta i n  the d i ffus ive fl ow 
i s  very sma 1 1  and C; :; C _ .  

2 .  In the d i ffusi on-control l ed case , d i ffus i on occurs 
s l owly compared to the d i ssol ut i on rate . For th i s  
case, d i ssol ution i s  rap i d  but a concentrati on 
gradi ent i s  needed to drive the d i ffus ion process so 
C; :; Ce• 
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For d i s sol uti on-control l ed ki net ics ,  dependence on d i ffus i on-rel ated rate 

constants i s  vi rtually nonexi stent, whereas for d i ffusi on-control l ed k i net ics ,  

dependence on  di ssol uti on-rel ated rate constants s imi l arly van i shes .  

The i ntermedi ate case i s  that for wh i ch nei ther of the two mass 

transport processes control s the overal l k inet i c s .  For example ,  the sol id  i s  

di ssol v i ng when C. < C; < C. , but i t  i s  growi ng by supply o f  di ssol ved speci es 

from sol ut i on when C. < C; < C • •  
Fi gure 4-3 i l l ustrates the two l i mi t i ng cases and the i ntermedi ate 

case . The actual concentrati on profi l e  of the d i s sol ved spec i es i n  the 

aqueous med i um woul d general ly be a compl ex functi on of pos i t i on and t i me as 

wel l as of the geometry of the d i ssol v i ng sol i d .  

I t  should be noted that th is  v iew of the d issol ution process ,  whi ch 

i s  widely appl i ed i n  practi ce ,  must be used careful l y  or be modi fi ed i n  some 

cases .  One such case, cons idered by McCoy and Markworth ( 1 987 ) , i nvol ved the 

d i ssol uti on of gl asses conta i n i ng h igh-l evel nucl ear waste . One quest i on 

there concerned how these " impure" materi al s  actual ly  do d i ssol ve . In the i r 

work,  McCoy and Markworth assumed that the materi al d i ssol ves congruently.  To 

descri be th i s  process ,  they assumed fi rst-order, d i ssol uti on-control l ed 

kinet i c s ,  with transport of s i l i con across the surface/sol ut i on i nterface 

bei ng the rate-l imi t i ng factor. As another case, cons ider a di s sol v i ng 

materi al whi ch consi sts of two di fferent , d i st i nct phases ,  w i th one phase 

tend i ng to di ssol ve i nto the surround i ng aqueous med i um much more rap i dly than 

the other . The more sol uble phase wi l l  be preferent i a l l y  d i s sol ved ( i . e . , 

l eached) , l eavi ng beh i nd a material that i s  enri ched i n  the l ess sol ubl e 

phase . Of course ,  the m icrostructure of the mater i al l eft beh i nd wi l l  depend 

on the morphol ogy of the two phases prior to di ssol u t i on .  If ,  for exampl e ,  

the more sol ubl e .  phase ex i sts a s  a n  i nterconnected network, then the l eached 

port i on of the mater i al wi l l  cons i st of a porous structure that l i kewi se 

contai n s  a network of i nterconnected poros i ty ,  assumi ng that the sol uti on can 

penetrate i nto the porous structure as it is be i ng created . Thi s  process 

coul d be i nh i b i ted i f  transport of d i ssol ved speci es through the sol ution ,  

w ith i n  the porous structure or  away from the external surface, occurs s l owly .  

4 . 6 . 3 . 1 . 2  Porous Sol i d .  The s i tuat i on di ffers for a porous sol i d ,  

with l i qu i d  penetrat i ng and fi l l i ng the porous structure , where d i ssol ut i on 

can occur al ong the ent i re l ength of the pores.  The d i sti nctly sequenti al 
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C(x) 

Liquid 

----------------._ x 

Dissolution - Controned 

Liquid 

�----------------- x 

Diffusion - Controlled 

Liquid 

f--------------.- x 

Intcm1ediatc Case 

FIGURE 4-3 . SCHEMATIC I LLUSTRATION OF CONCENTRATION PROFILES , C(x) , 
CHARACTERISTIC OF SPECIES DISSOLVING FROM A NONPOROUS SOLID  INTO 
AN AQUEOUS MEDIUM, WITH x BEING THE DISTANCE INTO THE SOLUTION 
MEASURED FROM THE SOL ID/LIQUID INTERFACE.  THE TWO RATE-LIMITING 
CASES AND AN INTERMEDIATE CASE ARE SHOWN . 
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coupl i ng between the two processes , characteri st i c  of nonporous sol i ds ,  does 

not exi st .  The "source" of d i ssol v i ng species ,  considered to exist  at the 

pore/sol uti on i nterface , i s  not spat i al ly l ocal ized as i t  i s  for a nonporous 

sol id .  Instead , di ssol uti on can take pl ace al ong the ent i re l ength of the 

pores wi th in  wh i ch the d i ssol ved species i s  d i ffusi ng ,  the pore wal l s  acti ng 

as a spat i al ly extended 'source" of thi s species to the sol uti on withi n . 
Di ffus i on of the spec ies  takes pl ace within  the network of pores until  rel ease 

occurs at the i ntersect i on of the pores with the external surface . Figure 4-4 

shows thi s type of mass-transport k i net i cs . 
4 . 6 . 3 . 2  Examples of Exi sti ng Model s 

The compl ex rel ati onsh i p  between d i ssol ution and di ffusion for a 

porous sol i d  means that the overal l rate of rel ease of d i ssol ved speci es to 

the external surface depends on both d i ssol ution-rel ated and di ffusion-rel ated 

rate constants,  even i f  one occurs faster than the other. 

Godbee and Joy ' s wi dely used empirical model (Godbee et al . ,  1980) 

assumes that l each i ng i s  control l ed by di ffus i on through the sol i d ,  and that a 

zero surface concentrati on exi sts ( i . e . , contaminant di ssol ves into. the bul k 

l i qu i d  from the surface immedi ately) . The equat i on takes the form: 

where an 
AD 
V 

S 

tn 
De 

= contaminant l oss during l eaching peri od n (mg) 

i n i t i al amount of contaminant present i n  the specimen (mg) 

= vol ume of spe c i men (cml ) 

= surface area of spec i men ( cmz) 

= t ime to end of l each i ng per i od n (sec) 

= effect i ve d i ffus i on coeffi c i ent (cm2/ sec)  

( 1 )  

Model s have al so been devel oped to account for other factors and cond i t i ons i n  

the l each i ng proces s .  For examp l e ,  where Godbee and Joy ' s model assumes 

l each i ng from an i nfi n i te dep t h ,  l each i ng i n  cementi t i ous waste forms occurs 

i n  a narrow, but i nwardly-mov i ng ,  l each i ng zone . A model that addresses this  

i s  di scussed in  Sec t i on 4 . 6 . 3 . 3 .  
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FIGURE 4-4 . ILLUSTRATION OF SPEC I ES D ISSOLUTION WITHIN A POROUS SOLID .  
D ISSOLUTION ACROSS A PORE WAlL I S  SHOWN, COUPLED WITH TRANSPORT 
THROUGH THE SOLUTION-FILLED PORE TO THE EXTERNAL SURFACE .  
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Batchelor ( 1990) revi ewed the theory and appl icat i on of l each ing 

model s .  H i s  resul ts i nd i cate that a vari ety of mechan i st i c  l eachi ng mode l s  
can be devel oped to descr ibe l each i ng and pred i ct the effects o f  process 

vari abl es on the performance of sol i d i fi ed wastes . These model s are d i st in­

gui shed by the assumpt ions made about the l eachi ng envi ronment and the 

chemical and phys i cal mechani sms at work. 
Several s impl e l eachi ng model s predi ct that the fracti on of contami ­

nant l eached i s  proporti onal to the square root of l each ing t i me .  The 
d i fferent model s assume that contaminants ei ther do not react or react by 
l i near sorpt i on ,  by prec i p i tati on ,  or by an undefined mechani sm that resul ts 
in compl ete i mmobi l ization of part of the contami nant.  The observed d i ffus iv­

i ty i s  the parameter i n  these model s t hat descri bes the extent of immobi l i za­
t i on ,  and i t  can be determined by conducti ng a l eachi ng test . However , these 

l each tests cannot themsel ves descri be the type of immobi l izat i on occurring.  
Each model resul ts i n  a rel ati onsh i p  that shows that the observed d i ffusi vity 
i s  proport i onal to the effect i ve d i ffusi v i ty .  The effective di ffus i v i ty i s  

the parameter t hat descri bes d i ffus ive transport by F ick ' s l aw and therefore 
descri bes only phys i cal i mmobi l i zat i on .  The proporti onal i ty coeffi c i ent 
depends on parameters that descri be the particul ar chemi cal immob i l izat ion 
mechani sms assumed for that model . 

Batchel or appl i ed mechan i st i c  l each model s  to descri be performance 
of sol i d i fi ed wastes i n  the lClP test by mod i fy i ng a s i mpl e model to descri be 
the effect of i nward d i ffus i on of acet ic  acid from the l each i ng sol ution . 
However,  the model d i d  not i ncorporate changes i n  the aceti c acid concentra­

t i on that woul d  be observed over t i me as  pH ri ses .  Bat chel or further notes 
that mechan i st i c  l each model s coul d al so  be appl i ed to pred i ct l ong-term 
l each i ng ,  to quant i fy the rel at i ve importance of chemi cal and physi cal 
immobi l i zati on mechan i sms , to correl ate and extrapol ate l each i ng data for 

vari ous contami nants and bi nders , and to pred i ct ul t i mate performance from 

early c haracterist ics o f  the sol i d i f ied waste . 
Numerous other l each i ng mode l s  have been devel oped, with a vari ety 

of i ntended app l i cat i ons .  Many of these model s are soph i st i cated and requi re 
an experi enced user. For SIS remed i at i on projects requi ri ng appl i cat i o n  of a 
l each i ng model to eval uate l ong-term performance , the use of a techn i cal 
expert with experience i n  l each i ng model i ng i s  strongl y  recommended. 
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4 . 6 . 3 . 3  The Movi ng Boundary or Shrinking Core Model 

A qual i tati ve model of the l each i ng of cement-based waste forms. i n  

contact with an acid i c  l eachant , has recently been deve l oped by Cheng et al . 

( 1 992) based on experimental observations . Accordi ng to thi s  model . acids i n  

the l eachant are thermodynami cal ly favored to be driven i nto the waste form . 

Once i n s i de ,  they cause the waste form to decompose , l eaving a residue (the 

l eached l ayer) that i s  both porous and rich in s i l i ca .  The unleached core of 

the waste form i s  separated from the l eached port i on by a very thi n boundary 

wh i ch gradual l y  moves i nto the core and thus reduces i ts vol ume . The thi c k­

ness of th i s  boundary i s  onl y about 100 �. but the pH vari es from l ess than 6 

on the l eached s ide to greater than 12 wi thin  the 100 pm di stance . 

What i s  needed i s  for th i s  general physi cal model to be quanti fied ,  

that i s ,  to be expressed i n  mathematical form.  Then i t  could be ·used a s  a 

pred ict i v e  tool as wel l as an aid i n  the i nterpretation of experimental data . 

One way to beg i n  woul d  be to determine the appl icabi l i ty to thi s  probl em of 

certain mathemat i cal model s that have al ready been developed to descr i be the 

l each i ng of gl asses that contai n h i gh-l evel nucl ear waste . Al though the 

material s ,  soluti on chemi stry, di stance scal es , and even the associ ated 

phys i cal processes may not be the same as for SIS wastes , the mathemati cal 

approaches may be appl i cabl e ,  to some extent , to the model of Cheng et al . 

( 1992) . For exampl e ,  Banba et al . ( 1 985 ) have devel oped a one-di mensi onal 

mathemat ical treatment of a "mov i ng boundary· model for the l eachi ng of 

nuc1 ear-waste-contai n i ng g lasses . Th i s  treatment i nvol ves a surface l ayer 

that moves i nto the bul k glass. Al so, Harvey et al . ' ( 1984) have developed 

some d iffus i on-based mathemat i cal model s for l eachi ng of gl assy nucl ear waste 

forms . I n  th i s  1 attp.r work, they descri bed a depl eted l ayer i n  the waste-form 

matrix wh i ch i s  s i tuated between the matrix/leachant i nterface and a so-cal l ed 

depl eti on fron t .  Thi s  front i s  the i nterface between the depl eted and 

undep1 eted matrix and advances i nto the matri x  as l eaching progresses . Again .  

the mathemat i cal structure o f  these vari ous model s may have some appl i cabi l i ty 

to the mov i ng boundary model of Cheng et al . ( 1992 ) .  

4 . 7  LONG-TE� PERFORMANCE 

A s i gni fi cant unresol ved SIS technol ogy i ssue i s  how wel l the S/S­

treated waste ma i ntai ns its  immobi l i zat i on propert i es over t ime .  Al though the 
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l ong-term durabi l ity of cement i s  wel l proved i n  conventional constructi on ,  

some amount o f  rel ease i s  vi rtual l y  i nevi table .  SIS materi al s can be depos it­

ed in l andfi l l s  to provide secondary barri ers between natural waters and the 

wastes . Contaminant rel ease begi ns when these secondary barriers permit 

natural waters to come i nto contact wi th the waste forms (Cote and Bri dl e ,  

1987) . The question i s  not whether SIS wastes eventual ly rel ease contaminants 

into the envi ronment ,  but whether the rate of rel ease i s  envi ronmental l y  

acceptabl e .  SIS technol og ies for waste treatment have been i n  use for only a 

few decades,  so the number and durat i on of studi es on fi el d-di sposed SIS 

wastes are l imi ted . Dec i s i ons about the acceptabi l i ty of part i cul ar SIS 

products must be based on the ava i l abl e shorter-term field data, l aboratory· 

test s ,  and model s of l each ing behavior . 

There i s  evi dence that el ements can be fixed i n  cementi t i ous 

materi al s for mi l l enn i a  i n  a vari ety of geochemi cal setti ngs (Dole ,  1985) : 

Anc i ent grouts from Cyprus and Greece that are 3500 to 2300 years ol d have 

hel d the i r  trace metal fi ngerpri nts , al l owing their consti tuents to be traced 

to nearby p i ts from wh i ch they had been mi ned . These anci ent grouts are 

composed l argely of und i fferenti ated , amorphous hydrosi l icate s ,  even after 

thousands of years . The i n  s i t u  performance of these anci ent grouts demon­

strates  the e ffect i veness of these metastabl e amorphous hydrosi l i cates i n  

sequeste r i ng a w ide range of el ements . However,  these observat i ons are not 

d i rect l y  appl i cabl e to SIS wastes because of d i fferences i n  the phys i cochemi ­

cal  forms of  the trace met a l s  i n  anci ent grouts versus modern waste and 

d i fferences i n  the di sposal envi ronments i n  a Med i terranean cl imate versus the 

wetter cl i mate that dominates most of the Uni ted States.  

4 . 7 . 1  Fi el d Stud i es 

There have been only a few stud i es of the effects of several years ' 

dura t i on of envi ronmental exposure on SIS-treated waste . The Coal Waste 

Art i fi c i al Reef Program ( (WARP) studi ed the envi ronmental consequences of 

us i ng stab i l i zed coal combus t i on wastes as construct i on materi al for art ifi­

c i al f i s h i ng reefs . On September 1 2 ,  1 980 , some 1 6 , 000 bl ocks of stabi l i zed 

waste  were rel eased from a hopper barge to form an art if i c i al reef i n  the New 

York B i gh t .  The bl ocks cons i sted of coal fly ash and fl ue gas desul furi zat ion 

res idues  stab i l i z ed w ith l i me and Portl and cement add i t i ves . B l ocks recovered 

and tested i n  1 988 i nd i cated l i tt l e  deter i orati on and no decrease i n  compres-
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s i ve strength. Chemical analyses and surveys of b iol og i cal communi ti es 

establ i shed on the reef i ndi cated contami nants were s uccess ful ly  i mmobi l i zed 

(Hockley and van der Sl oot, 1991 ) .  

A Superfund Innovative Technol ogy Eval uation (SITE) field eval uation 

examined the l ong-term performance of SIS treatment of l ead and other metal s ,  

o i l  and grease, and mixed vol ati l e  and semivol ati l e  organi c  compounds us i ng 

Portl and cement and a proprietary add i t i ve .  Durabi l i ty was tested wi th 

weatheri ng tests , by wet-dry and freeze-thaw cycl i ng ,  and by sampl i ng S/S­

treated waste after 9 and 18 months of buri al . The test i ng showed that l ead 

and other metal s remai ned highly immobi l ized , the physi cal properti es of the 

SIS-treated waste deteri orated only s l i ghtly ,  and the porosi ty decreased . The 

organi c  contami nant s ,  however, were not effectively i mmobi l i zed (de Perci n  and 

Sawyer, 1 991 ) .  

The demonstrated long-term durabi l i ty of concrete structures may 

hel p i n  the analys i s of the l ong-term durabi l ity of SIS waste forms . Struc­

tures made with cement have l asted hundreds and even thousands of years . 

Long-term durabi l i ty of a structure i s  not di rectly anal ogous to immobi l iza­

tion of contaminants i n  SIS-treated waste . However, i t  does i ndi cate the 

abi l i ty of i norgani c bi nders to res i st gross structural degradation  from 

exposure to the natural envi ronment . Natural mineral depos i ts occurring i n  

the envi ronment are another poss ibl e  anal og to certai n  SIS waste forms . Metal 

sulfide deposi t s ,  for exampl e ,  have remai ned stabl e for many mi l l i ons of years 

in subsurface geol og i c  format i ons . I n  general , mi neral l each rates i n  nature 

do not approach those in the l aboratory. The same processes that i nh ib it  the 

l eachi ng of natural substances al so may apply to SIS wastes di sposed i n  

subsurface envi ronments ( Conner , 1990) , provi ded that the chemi cal spec i at ion 

of the materi al s d i sposed and the d i sposal envi ronment are the same . 

4 . 7 . 2  laboratory Studies 

At present ,  the envi ronmental acceptabi l i ty of a hazardous waste i n  

the Uni ted States i s  based pr imari ly upon the EPA ' s  Extraction Procedure 

Toxi c ity Test ( EP Tox) or the Toxi c i ty Characteri stic  Leachi ng Procedure 

(TCLP) . Nei ther test ,  however, s imul ates real -worl d ,  l ong-term condi t i ons , 

al though they may const i tute a fa i rly  severe set of cond i t i ons for s i ng le­

exposure l each ing .  
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Perry et al . ( 1 992) used TCLP to examine l ong-term l eachi ng perfor­

mance of four types of wastes contaminated with metal s or i norgan ics .  Each 

waste was treated with s ix  di fferent commerci al stabi l i zation processes.  TCLP 

was performed on raw waste and at 28, 90 , ZOO , 470 and 650 days after treat­

ment . Resul ts indi cated that the effect of time on the TCLP resul ts was h i ghly 

waste-dependent . Leachate val ues for some wastes remained stabl e over t ime 

whi l e  l eachate concentrati ons for other wastes increased over t ime .  In some 

wastes , changes i n  TCLP concentrati ons d id  not occur unti l  90-200 days after 

stabi l i zati ons .  Si mi l ar resul ts have been obtai ned by Akhter and cartl edge 

( 1 991 )  and Cartledge ( 1 992) , except that both i ncreases and decreases in metal s 

l eachabi l i ty as measured by the TCLP have been observed with agi ng .  In some 

cases,  these changes i n  TCLP data have been associ ated wi th changes in the 

chemical structure of the stabi l ized waste,  as measured by spectroscopic 

analyses . These resul ts suggest that addit i onal eval uat ion of stabi l i zat ion i s  

requ ired to ensure confidence i n  l ong-term l each i ng performance . 

The U . S .  EPA ' s  Mul t ip le  Extracti on Procedure (MEP) or other tests 

that expose the waste to repeated , sequenti al l eachi ng can g i ve information on 

l each resi stance over time .  Other sequenti al or fl ow-through l eaching tests 

such as ANS IjANS/ 16 . 1  (see Sect i on 3 . 2  and Tabl e 3-3) can g ive information  to 

support pred i ction of l ong-term l each res i stance.  

By and l arge ,  however, attempts to correl ate l aboratory l each i ng 

tests with field data have not been successful . The EP Tox test , for exampl e ,  

can b e  used only t o  pred i ct t h e  potenti al for l eaching ;  it  cannot predi ct the 

rate of l each i ng over t ime (Bi shop , ] 986) . Dev i ati ons between the l aboratory 

and field are sometimes caused by test ing mater i al s  under oxi di zed condit ions 

(open contact with a ir ) , whi l e  the groundwater in contact with the waste may 

be chemically reducing .  Laboratory l eaching tests use conti nuous wett i ng of 

the waste with a l eachant at contro l l ed temperature . I n  s i tu cond it ions 

typi cal ly i nvol ve periodic  contact wi th water and fl uctuati ons in temperature . 

4 . 7 . 3  Model i ng 

Numerical model i ng (Sect i on 4 . 6 . 3 )  i s  another approach to predi cting 

the l ong-term performance of SiS-treated waste . Parameters based on the 

phys ical and chemi cal propert ies of a waste form can be used in conjunction  

with mathemati cal model s to  i nfer l ong-term l eachab i l i ty ,  based on  assumpt ions 

about the l eachi ng mechan i sms and envi ronment (Cote et al . ,  1 986) . 
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Mathemati cal model s have al so been combi ned with accel erated dynamic l each i ng 

tests to assess the l ong-term stabi l i ty of SIS waste forms containing arsenic,  

cadmi um, chromi um, and l ead . 

Other recent research al so i ndi cates that metal l eachi ng fol l ows 

di ffusi on theory and that mathemati cal model s combi ned with various l eachi ng 

tests al l ow some predi cti ons about metal l each i ng over time ,  with particle  

s ize ,  l eachant vel ocity ,  and l eachant acidity bei ng key vari abl es (Bi shop, 

1 990) . Al though these model s suggest good l ong-term stabi l i ty for several 

SIS approaches ,  a test or model that s imul ates fi el d  cond i t i ons to a degree 

that would al l ow for confi dent pred ict i ons of l ong-term stabi l ity i s  l acking. 

4 . 8  USE/REUSE VERSUS DISPOSAL 

One of the princi pal aims of SIS processes i s  to produce an end 

product that i s  l ess  envi ronmental ly  threateni ng than the original waste . 

There i s  an added benefit i f  the stabi l ized waste can be put to s ome practical 

end use .  The abi l i ty to use SIS end products eases the burden of di sposi ng of 

the' waste and provides obvi ous economi c and envi ronmental advantages over 

hazardous waste d i sposal practices.  However, concerns about the l ong-term 

performance of the SIS product and the poss i bl e  exposure of human or ecol ogi­

cal receptors to contami nants rel eased from i t  greatly restrict use/reuse 

options , and i n  pract i ce rel at ively few SIS-treated wastes have been reused or 

recycl ed to date . 

4 . 8 . 1  Al ternati ves 

The purpose of use/reuse i s  to ease the burden on l and di sposal . 

Therefore, use/reuse al ternat ives , when deemed envi ronmental ly  safe , can be a 

producti ve al ternative to d i sposal . Poss i bl e  use/reu se al ternati ves for 

stabi l i zed/sol idi fi ed waste i ncl ude con structi on materi al for use i n  £oncrete ,  

Portl and cement , asphal t ,  road base materi al , l andfi l l  cover, or agricul tural 

add i t i ves . I n  add it ion ,  some sol id i fied waste may be used i n  di rect water 

contact appl i cati on s ,  such as for d i king material  and for forming new l and  

from l akes , streams , mari ne waterways , or  l ow-l ying swamp areas . Another 

potenti al appl i cation i s  to hel p sol ve shorel i ne erosi on probl ems by i nstal l ­
i ng support structures made from i nci nerator ash and cement.  These structures 

are being stud ied by the State Un ivers i ty of New York not only for the i r  
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potenti al  to reuse SIS products ,  but al so for the i r  ecol ogical benefit i n  

control l ing erosi on and offeri ng a marine habi tat for some speci es . Another 

potenti al appl ication for SIS products i s  to construct art ifi ci al reefs from 

stabi l i zed dri l l i ng muds from offshore dri l l i ng rigs (Kel l ey, 1988) . In 
Europe,  there i s  an emphasi s  on comb in ing wastes from i nci neration pl ants with 

fly ash , water , and pl aster to form a sol i d  materi al that can be used to 

create seal ed l andfi l l  reservoirs (Lukas and Saxer, 1990) . 

Unt i l  the l ong-term performance of SiS-treated waste in  such 

appl ications is cl early demonstrated, most SIS products in the United States 

wi l l  sti l l  have to be d i sposed of i n  a more cauti ous manner, which general ly  

means d i sposal i n  a l andfi l l . Envi ronment Canada (WTC, 1 990b) has suggested 

an overal l cl ass i ficati on system for SIS waste . Cl ass i fi cati ons are based on 

batch extract ion tests to esti mate the amount of contami nant avai l abl e for 

l eachi ng and an eval uat i on of monol i t h i c  waste form l eachi ng performance . 

Analys i s  of l each i ng performance uses mathemati cal model s derived from the SIS 

l i terature w ith  i nput from a database on SIS waste properti es .  For the 

purpose of t h i s  cl ass i fi cati on system, two ut i l i zati on and two di sposal 

scenari os have been sel ected that requ i re d i fferent degrees of contaminant 

conta i nment i n  a SIS waste . The scenari os are bri efly descri bed bel ow,  i n  

order of decreas i ng performance requ i rements for SIS waste . 

SIS wastes that do not qual i fy for uti l i zation or d i sposal accord i ng 

to one of these scenarios  woul d need to be d i sposed i n  a secure l andfi l l  or 

subjected to a more effect i ve treatment process . I n  a secure l andfi l l ,  

conta i nment i s  more a funct i on of eng i neered barri ers and the host geol ogi cal 

sett i ng than of the waste propert i e s .  Space i n  a secure l andfi l l  i s  at a 

premi um and waste treatment that results i n  vol ume i ncrease i s  usual ly 

undes i rabl e .  The performance requ i rements for SIS wastes d i sposed in secure 

l andfi l l s  are not addressed here . 

• Unrestri cted Uti l i zati on - I n  an unrestri cted 
uti l i zati on scenari o ,  the SIS waste has a negl i g i bl e  
l each i ng potenti al and may be used i n  any way that a 
natural materi al mi ght be used , on l and or i n  water 
( e . g . ,  as a constructi on materi al ) .  Once a g iven 
wastestream and SIS process have been approved , the 
resul t i ng product becomes exempt from waste 
management regul ati ons . 
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• Control l ed Uti l i zation - In  th is  scenari o ,  t he 
leaching potenti al of the SIS waste i s  acceptabl e 
for a speci fic  uti l i zation (e . g . ,  quarry rehabi l i ­
tat i on ,  l agoon cl osure, road-base materi al ) .  The 
envi ronmental impact of SIS waste l eachabi l i ty 
measured by thi s cl ass i fi cat ion should  be assessed 
and uti l i zat ion approved on a s ite-speci fi c  bas i s .  

• Segregated landfi l l  - The SIS waste i s  not 
acceptable for utili zati on ,  or uti l i zati on i s  not 
poss i bl e  or pract ical . The SIS waste i s  i sol ated 
from other wastes in a segregated l andfi l l  whi ch 
does not necessari l y  have an engi neered barr ier or a 
l eachate col l ecti on system. 

• San i tary landfi l l  - The S/S waste is not acceptable 
for uti l i zati on and i s  not acceptabl e for d i s posal 
i n  a segregated l andfi l l  wi thout speci al engi neered 
protection of the envi ronment . Di sposal wi th muni­
c ipal garbage i n  a sanitary l andfi l l  i s  permitted 
(WTC , 1990b) . 

Use/reuse of waste mater ial s was the subject of a recent conference 

on ·Waste Hateria l s  in Construct ion, the Proceedings of the Internat iona l 

Conference on Envi ronmental Imp l i cat ions of Construction w i th Waste Hateri als 

(eds . ,  Goumans et al . , 1991 ) .  The focus of th i s  conference was on use/reuse 

of waste mater i al s  i n  general . However, several of the studi es addressed 

wastes treated wi th S/S technol ogi es . For exampl e ,  the U . S .  EPA Ri sk  Reduc­

t ion Engi neeri ng Laboratory (RREL )  i s  i nvest igat ing use of S/S-treated 

resi dues from combusti on of muni c i pal sol i d  waste ( fly  ash , bottom ash , and 

combi ned res i dues ) . W i l es et al . ( 1 991a and b) reported that the type of S/S 

treatment had l i tt l e  effect on the spec i es of metal s found in the muni c i pal 

waste combustion res i dues . Instead , attenuat ion of metal s was attri buted to 

pH and di l ut ion effects. In  another part of th i s  study, Hol mes et al . ( 1991 )  

i nvesti gated the physi cal properties of SIS-treated mun i c i pal waste combust ion 

residues ( bottom ash,  a i r  pol l ution control residue and combi ned ash ) . 

Resu lts  i nd i cated that wastes treated with Portl and cement only, that i s ,  w i th 

no propri etary add it ives ,  general ly produced the most durab l e  test specimen s .  

Of the three types of res i dues,  the a i r  pol l ut ion control residues produced 

the l east durabl e test spec imens . Kosson et al . ( 1 99 1 )  researched the 

l each i ng propert i es of S/S-treated mun i c i pal waste combust ion res i dues us ing a 

vari ety of l each i ng tests .  

4-72 

• 



In  add it ion to the U . S .  EPA studies , the conference proceedi ngs 

i ncl uded two other i nvest igati ons on the use of SIS-treated waste . Wah l strom 

et al . ( 1991 )  i nvestigated the properti es of SIS-treated soi l s  contaminated 

wi th wood preservi ng chemi cal s (As , Cr, Cu) or l ead for potent i al use i n  

construction of roads or storage areas i n  l andfi l l s .  D ijkink  et al . ( 1991 )  

i nvesti gated the potenti al use of SiS-treated ri ver sedi ments as bui l d i ng 

materi al i n  the Netherl ands . 

4 . 8 . 2  Limitati ons 

Al though there are many potenti al ways to use or reuse SiS-treated 

waste , there are many nontechn i cal factors to cons ider when eval uati ng any 

spec i fi c  appl i cat i on .  Certainly ,  a key Quest i on wi l l  be that o f  l i abi l i ty ,  

wh i ch i s  rel ated to pol i t i cal , publ i c ,  and l egal Quest i ons  that are becomi ng 

i ncreasi ngly sens i t i ve i s sues of publ i c  concern . 

Associ ated wi th the l i abi l ity Question ; s  the l ack of knowl edge 

about the l ong-term performance and envi ronmental impacts of SIS waste . The 

envi ronmental consequences of the uti l i zat i on of waste products or materi al s 

contai n i ng waste products on the bas i s  of a s i ngl e type of test ( e . g . ,  an 

extracti on test) i s  imposs i bl e  i n  v i ew of  the w ide range of scenar ios that 

wi l l  occur i n  actual use/reuse s i tuat i on s .  Test methods to better determine 

the l each i ng mechani sms and characteri sti cs of SIS-treated waste have been 

studied by van der Sl oot et al . ( 1 989) , but much research rema i n s .  I n  

add i t i on ,  Waste Ma teri a l s  i n  Const ruc t i on ( eds . ,  Goumans et a1 . ,  1 991 ) 

contai ned numerous stud ies on l each i ng procedures for .eval uat i ng waste 

mater i al s  proposed for use i n construc t i on .  I n  any event , demand wi l l  

i ncrease both for benefi c i al use/reuse o f  SIS products because of i ncre as i ng 

constra i nts on l and d i sposal and for technol og i es that can produce materi al s 

that are envi ronmental ly  ben ign .  However, the regul atory community is  l i kely 

to be unwi l l i ng to encourage or permi t reuse opti ons unl ess envi ronmental 

ri sks are cl early and confidently defi ned . 

4 . 8 .3 Compat i bi l i ty With the Disposal Envi ronment 

In eval uat i ng the performance of SIS technol ogi es ,  the focus i s  

often on the SIS process i tsel f .  What i s  often overl ooked i s  the fact that 

the stabi 1 i zed waste st i 1 1  must be eva 1 uated i n terms of i ts performance in  
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the envi ronment i nto whi ch i t  i s  p l aced, regardl ess of whether that envi ron­

ment i s  a l andfi l l , a roadbed,  or the ocean fl oor. Often, the interacti on of 

the stabi l ized waste and i t s  surroundings i s  hardly addressed ,  but the fact 

remains  that both mobi l i zati on and immobi l i zat ion may occur at the stabi l ized 

waste/soi l or stabi l ized waste/water interface . The stabi l i zed waste and the 

s i te should be eval uated together as a system to real i st i cal ly  assess the 

compati bi l i ty of the SIS product with the d i sposal envi ronment . The forces 

and e lements to which a treated waste i s  exposed would vary signi ficantly ,  for 

examp l e ,  dependi ng on whether di sposal occurred at the surface, in deep 

excavati ons , or i n  the ocean . 

Envi ronmental compatib i l i ty i s  a major i ssue at CERCLA S i te s ,  

al though past stud ies have general ly not cons idered thi s  factor. Compatibi l i­

ty with the di sposal envi ronment shoul d h ave a beari ng on the design and 

conduct of the treatabi l ity study as wel l  as what tests are performed . 

Hockl ey and van der Sl oot ( 1991 )  have model l ed the i nteracti ons  

occurri ng at  the waste-so i l  i nterface. They noted that the i nteracti ons 

between the waste and soi l phases l ead to phenomena that are not predi cted by 

consi derati on of e ither phase separately, as i s  the case with most of the 

tests currently used to assess the acceptab i l ity of a waste for pl acement i n  

the envi ronment . 

Another possibl e opt i on to i mprove envi ronmental compat ibi l i ty i s  to 

codi spose with the SIS waste materi al to modi fy certain physicochemi cal 

character i st i cs of the disposal envi ronment . Such materi al coul d be pl aced 

between the waste and i ts d i sposal envi ronment to improve the l ong-tenn 

performance of the SIS-treated waste . Envi ronment mod if iers might i ncl ude 

benton i te or other c l ays to reduce groundwater i nfi l trat i on ;  surface-reactive 

mater i al s  to adsorb migrat i ng contami nants ; or substances to buffer the pH or 

redox potential of the d i sposal envi ronment.  With or wi thout the use of modi­

fiers ,  however , one  message cl early commun icated by stud i e s  of  environmental 

compat i bi l i ty i s  that , to be successful , SIS process sel ect i on and design must 

cons ider the SIS product as part of a system that i ncl udes the di sposal 

envi ronment . 

4 . 9  COST INFORMATION 

The two major cost categories i n  remed i at i on by SIS are ( a) the 

treatabi l i ty study ( l aboratory screening and bench-scal e study) , and (b)  ful l -
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scal e remed iat ion .  The costs associ ated wi th these two efforts are di scussed 

i n  thi s sect ion . Because each project i s  d i fferent , i t  i s  very difficul t to 

general i ze the costs of SIS treatment .  Hence the costs menti oned i n  thi s 

section shoul d be regarded as estimates . 

4. 9 . 1  Treatabi l ity Study Costs 

The major cost el ements of a treatabi l i ty study for SIS include 

(a )  waste and s i te characteri zati on (Sect i on 2 . 2) ;  and (b) bench-scal e treat­

abi l ity screeni ng and performance test i ng and associ ated chemical analyses 

(Secti ons 2 . 6  and 2 . 7 ) . Si nce these stud ies are expens i ve ,  i t  i s  important to 

str ike a bal ance between col l ecti on of enough data to provide stat i st i cal ly 

sound resul ts and the ava i l abl e budget . Al so , i t  i s  i mportant to remember 

that the regul ators drive the testi ng and that the i r  requi rements must be met 
before the treatabi l i ty study can be accepted and ful l -scale remedi at ion can 

proceed . 

4 . 9 . 1 . 1  Waste Characteri zati on and 
Establ i sh i ng Performance Objectives 

Waste sampl i ng and characterizati on i s  conducted to determi ne the 

type , l evel s ,  and spat i al di stri buti ons of the contami nants ,  presence of 

poss i bl e  i nterferants , and for other purposes (Secti on 2 . 2 ) . Sampl i ng often 

requ i res  the use of dri l l  ri ngs depend i ng on depths to be sampl ed . Analyses 

of waste propert i es must be conducted in suffi ci ent repl i cat ion to permi t  

determi nati on of  data qual i ty by statistical methods . Refer to Sect i on 2 . 2  

for gui dance . Some of the analyt ical tests conducted and the ir  esti mated 

costs are g i ven i n  Tabl e 4-7 . Not a l l  these analyses are neces sary for every 

waste type.  

4 . 9 . 1 . 2  Bench-Scal e Testi ng and Analys i s  

The l evel o f  effort wi l l  depend o n  the number o f  candidate bi nder 

systems sel ected for test i ng ,  the number of tests performed based on the 

desi gn study (or stati stical des ign ) , and the types of chemi cal analyses to be 

performed, w ith organi c  analyses be i ng s ign i fi cantly more expens i ve than 

i norgan i c  analyses (Tabl e 4-7) . 
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TABLE 4-7. COSTS OF TYPICAL ANALYTICAL TESTS OF UNTREATED AND TREATED WASTES 

Analysi s  

Physi cal 
Part i c l e  size analys i s  
Suspended sol ids  
Dens i ty 
Permeabi l i ty 
Unconfined compressive strength 

(UCS) of cohes i ve soi l s  
Unconfined compress i ve strength 

of cyl i ndrical cement specimens 
Cone i ndex 
Fl exural strength 
Heat of hydrati on 
Wet/dry weatheri ng 
Freeze/thaw weathering 
Pai nt fi l ter test 
Atterberg l imi ts 
Moi sture 

Chemical 
pH 
Oxi dati on reduction  potenti al 
Total organic  carbon (TOC) 
O i l  and grease 
Al kal i n i ty 
Vol ati l e  organi c  compounds ( VOCs)  
Semi vol at i l e  organi cs 
Base. neutral . and ac id ic  compounds 
Pol ychl ori nated bi phenyl (PCB) 
As 
Se 
Hg 
As, Ag . Ba . Cd . Cr. Pb . or Se 

Leach Tests 
- Extracti on 
- Extract i on 
- Vol ati l e  organ ic  compounds 
- Semi vol ati l e  organic  compounds 
- Pest i cides 
- Herb i c ides 
- As 
- Se 
- Hg 
- As . Ag , Ba. Cd . Cr. Pb, or Se 

(BNA) 

Method Uni t  Cost C.) , $ 

ASTH D 422 
Standard Method 2092 
Vari ous 
EPA 9 100 
ASTM D 2166 

ASTM D 1 633 

ASTM D 3441 
ASTM 0 1635 
ASTH C 186 
ASTH 0 4843 
ASTM 0 4842 
EPA 9095 
ASTH D 4318 
Various 

EPA 9045 
ASTH 0 1 498 
EPA 9060 
EPA 413 . 2  
EPA 403 
EPA 5030. 8240 
EPA 3510.  8270 
EPA 3540, 3520 , 8270 
EPA 3540, 3520 . 8080 
EPA 3050, 7060 
EPA 3050, 7740 
EPA 7470 . 
EPA 3010,  6010 

EPA 1 3 1 1 TClP Metal s 
EPA 1 3 1 1  TCLP ZHE 
EPA 8240 
EPA 3510 .  8270 
EPA 3510 . 8080 
EPA 8150 
EPA 3050 , 7060 
EPA 3050, 7740 
EPA 7470 
EPA 3010 ,  6010 

30- 160 
20 
40-240 
350-450 

25 

20-130 

20 
25 
30-75 
530 
530 
1 0-25 
40-100 
1 0-20 

10-20 
75 
50 
60-80 
35 
300-400 
600-800 
600-1400 
1 50-2001 

25-30 eaCb) 
25-30/eaCb) 
20-25 
10-20 I ea Cc) 

70-90 
1 00- 140 
150- 175 
600-800 
125-175  
125- 175 
25-30 eaCb) 
25-30jea(b) 
20-25 
1 0-20jea(C ) 

,., 1991 costs. MIY vary consi derably among various laboratories. Approximate ranges ere gi ven based on 
quoted prices. There may be some savings of scale if 8 large f"M.II't>er of ssaples are being analyzed. 

�. Furnace atomic absorbtion spectroscopy. 
Ie) Irduct i vely coupled plasma atomi c emission spectroscopy. 
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The total analytical cost wi l l  depend on the number of samp l es and 

shoul d always i ncl ude qual i ty assurance sampl e s .  Analytical costs are the 

major el ement in treatabi l i ty testi ng (usual ly �50% of the cost) . Typ ical 

total costs of bench-scal e treatabi l i ty s tudies for SIS range from $ lOK to 

SIOOK, depending on process compl exi ty ,  number of sampl es ,  types of analyses, 

and the need to capture and test air emi s s i ons . A number of d i fferent treat­

abi l i ty l aboratori es are avai l abl e that wi l l  conduct bench-scale treatab i l i ty 

test i ng for SIS on a serv ice bas i s .  

4 . 9. 2  Ful l -Scal e Remedi ation Costs 

The costs i nvol ved i n  ful l -scal e SIS treatment fal l i nto four major 

categories - pl anning , mobi l i zation and demobi l i zat i on ,  treatment,  and d i sposal . 

4 . 9 . 2 . 1  Pl anning 

The pl anni ng costs are the admi ni strative and engineering pl anni ng 

costs associ ated wi th the remed i at i on .  Waste and s i te characterizat i on 

activ i t i es and the treatabi l ity study are assumed to have been compl eted 

before project pl ann ing starts .  Pl anni ng costs may i ncl ude perm itt ing ,  

eng i neer i ng des ign ( scal e-up) , equi pment and materi al s procurement, and 

preparati on of a work p lan ,  qual i ty assurance p l an ,  and/or a heal th and safety 

pl an. Perm itt i ng can take weeks or months ,  and costs can be substanti al ,  

espec i al l y  for uncommon contami nants or compl ex s i tes . 

Engi neer ing costs i nvol ve des i g n i ng and eng i neering for ful l - scale 

operation based on bench-scal e (treatabi l i ty testi ng) data. A p i l ot- or 

fi el d-scal e demonstrati on may be necessary ,  ei ther to establ i sh scal e-up 

factors or to sati sfy potent ial l y  respons i bl e  part i es ( PRPs) and/or regulators 

of the feas ib i l i ty of the cl eanup . The actual price of equi pment or raw 

materi al s i s  not i ncl uded i n  th i s  category, but the l abor i nvol ved i n  procure­

ment i s .  I f  the remed i ati on i s  to be performed through a contractor, contract 

procurement costs are al so i nvol ved . 

A s i te-spec i fi c  work p l an ,  qual ity assurance pl an ,  and/or a heal th 

and safety pl an are almost al ways required, and rev i ew comments from regUl ato­

ry agenci es and other part i es must be addressed. Dependi ng on the magni tude 

of the project , p l anni ng costs can range from S2SK to several hundred thousand 

dol l ars. 
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4 . 9 . 2 . 2  Mobi l i zati on and Demobi l ization 

Mobi l izati on costs i nvol ve transportat i on of personnel , equipment , 

and raw material s to the site,  s i te preparation ,  and equ ipment i ns tal l ation 

and start-up .  Demobi l i zation costs i ncl ude equi pment shut-down and di sassem­

bly, and transportat i on of personnel and equi pment from the s ite .  Mobi l iza­

t i on and demobi l i zat i on (mob/demob) costs vary dependi ng on type of equi pment, 

faci l i t ies  avai l abl e at the s ite ,  decontaminat ion requi rements , and the l oca­

t ion of the s ite .  When l arge-scal e  equipment i s  necessary, mob/demob costs 

wi l l  range from S25K to S50K or more i f  extensive s i te preparat i on i s  

i nvol ved . 

4 . 9 . 2 . 3  Treatment 

Treatment costs typi cal ly  i ncl ude costs for excavati on ' ( i f  treatment 

i s  ex s i tu ) , chemical s ,  equi pment , uti l i t ies ,  l abor, and sampl i ng and analy­

s i s .  Ful l -scal e S/S treatment services are offered by a variety of firms ,  

i ncl ud ing S/S vendors , remediat ion compan ies ,  and constructi on compan ies 

cert i fi ed to conduct hazardous waste remed i ation . Ful l - scal e treatment should 

not be undertaken by anyone not ful ly qual i fi ed and cert i fi ed ,  i ncl udi ng OSHA 

safety certi fi cat i ons . 

Excavat ion appl ies to s i tes containing contaminated materi al s that 

are to be stabi l i zed by pl ant mixing . Excavati on equi pment cons i sts of 

typ ical earth-mov i ng equi pment, whi ch can be rented al ong wi th an operator at 

most s i tes . Cost for excavat i on ranges from about SO. 85/yd3 to S4 . 09/yd3 

( U . S .  EPA, 1987b) . 

Chemical costs depend on the type of chemi cal s requi red for the 

bi nder system and the amounts as determi ned by the waste-to-bi nder rat i o .  

Tabl e 4-8 shows the costs of some typ ica1 stabi l i zation chemi cal s .  If 

chemi cal s are transported for l arge di stances . the transportation co�ts may 

equal or exceed the chemical costs .  

Equi pment costs other than for excavat i on are based o n  the type of 

equ i pment sel ected for materi al s handl i ng and processing .  Qual i fi ed S/S 

vendors and remed iati on fi rms wi l l  own the necessary equi pment and charge a 

use-rate based on the t ime i t  i s  used . Equi pment can al so be purchased (for 

l arge and l ong-term projects) . i n  wh i ch case depreciat ion costs shoul d be 

considered , or rented (for smal l er s i tes) . Customary equi pment i ncl udes 
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TABLE 4-8 . COSTS OF TYPICAL STABILIZATION CHEMICALS 

Chemical s Costs $/Ton'·) 

Portl and cement $55 - 70 (bul k) 

Qui ck l ime $45 - 75 (bul k) 

Hydrated 1 i me $55 - 80 (bul k) 

Ki l n dust $10 - 40 ( bul k) 

Fly ash $ 1 - 40 (bul k) 

Sod i um s i l i cate S160 - 239 (bul k) 

Chl orananCb) $600 

IWT -HWT 20MCe) S300 

Concrete admixtures S 2 - 12/gal l on 

'al 1991 Costs obta i ned from supp 1 i ers . Costs may vary based on supp 1 i ers and 
the l ocat i on of the s i te .  

eb) Propri etary add i t i ve 
eel  Propri etary mod i fied cl ay bi nder 

backhoes , front-end l oaders ,  storage tanks , mixers , conveyors, etc .  Sometimes 

equi pment and i ts operators are avai l abl e for an hourly ,  weekly,  or monthly 

charge . The purchase costs of di fferent types and s i zes of equi pment ,  and 

est imates of the i r  rental costs are menti oned i n  the Handbook for Stab i l iza­

t ion/So l id i f i cat ion of Hazardous Waste ( U . S .  EPA ,  1986c) . 

Tabl e 4-9 shows the major un i t  cost el ements for SIS treatment wi th 

cement by typi cal stabi l i zat i on techn i ques ( i n-drum m ix i ng ,  i n  s i tu mixing ,  

pl ant mix ing ,  and area m i x i ng as  defi ned i n  Sect ion 2 . 8 . 2 ) . These are the 

un i t  costs for mi x i ng onl y and excl ude the numerous other cost el epents such 

as mob i l i zat ion and demob i l i zat i on ,  eng i neering and admi n i strat ion ,  and heal th 

and safety . In  add i t i on to processing equ ipment , personal protect i ve equ ip­

ment may be needed , i nc lud i ng Tyvek s u i ts , respi rators , decontami nat i on 

equ i pment ,  etc. 

4-79 



.j>. 
I 

co 
0 

TABLE 4-9 . COMPARISON OF MAJOR COST ELEMENTS OF SOL IDIF ICATION/STABILIZATION WITH CEMENT 

Cost, $/Cubi c Yard 

C ategory In-Drum Mix ing In S i tu  Pl ant Mi x ing Area M ix ing 

Labor , overhead , and 2 16 . 30 1 . 40 1 . 10 3 . 00 
profi t 

Equi pment and meteri ng 65 . 40 1 . 60 0 . 70 3 . 00 

Conveyance NA NA 1 . 40 

Pretreatment NA NA 0 . 50 NA 

Mon i tori ng and test i ng(8) 1 1 5 . 40 4 . 00 3 . 10 5 . 10 

Reagents and m ix ing 3 1 . 10 3 1 . 10 3 1 . 10 31 . 10 
mater i al s  

Offs i te di sposal NA NA 3 . 10 NA 
(nonhazardous waste) 

Suppl i es 84 . 60 0 . 60 0 . 80 1 . 30 

TOTAL 512 .80 38 . 70 4 1 . 80 43 . 50 

(a) Moni tori ng and testi ng costs assume that in-drum wastes require sampl i ng of each drum, whi l e  the other 
approaches require representat ive sampl es of a l arge ,  rel ati vely uni form body of waste . 

Source : Arn i el l a  and Blythe , 1990 , p .  101 . Excerpted by speci al permi ss ion from Chemica l Engineering, 
February 1990 , © 1990 by McGraw-Hi l l ,  Inc . ,  New York, NY 10020 . 

NOTES : 
1 .  NA � not appl i cabl e 
2 .  Not i ncl uded are cost s  for mob i l i zat i on and demob i l i zation,  engi neer ing and admi ni strat ion ,  and heal th 

and safety . 
3 .  Al l mi xes are based on 30% Portl and cement and 2% sod i um s i l i cate . 
4 .  Cost for del i vering reagent i s  not incl uded . 
5 .  Approximate producti on rates assumed are : i n-drum m ix ing ,  5 drums/h : i n  s i tu ,  500 yd3

/d: pl ant mixing,  
650 yd3/d ; area mixing ,  400 yd3/d . . 
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Uti l i t ies  normally i ncl ude water and el ectri ci ty .  Sometimes  the 

remediat ion may have to provide its own energy supply, such as d iesel genera­

tors . I f  pretreatment i s  necessary, other sources of heat , such as oi l ,  gas , 

or steam may be needed . 

Labor costs are based on the number of equipment operators , supervi­

sory personnel , and managers , as wel l as the number of hours of operation .  An 

important factor i n  remedi at i on can be the stand-by t ime . If operat i ons are 

not scheduled appropri ately or i f  unantici pated del ays such as stop work 

orders are i ncurred , equi pment or personnel wi l l  go unut i l i zed . For exampl e ,  

i f  the operati on runs short of  a chemical , or i f  a pi ece of  equ i pment breaks 

down, the ent i re operation may have to be temporari ly  halted.  Another type of 

work stoppage i s  when sampl i ng and anal ys is  of treated waste show that the 

stabi l i zat ion is i neffective .  Cl early ,  some types of work stoppages can be 

avoi ded or m i n i m i zed by effecti ve pl anning .  Other types o f  stoppages are l es s  

control l abl e ,  such a s  stop work orders i s sued by regul ators so that they can 

revi ew prel imi nary data . 

. Sampl i ng and analysi s are conducted during ful l -scale remedi at i on to 

determi ne whether the treated process i s  ach i ev i ng the performance goal s for 

chemi cal and phys i cal propert i es . A sampl i ng and analys i s  and/or qual i ty 

assurance pl an wi l l  be prepared duri ng pl ann i ng .  Impl ementat i on of the pl ans 

may be a s i gn ifi cant part of the remed i ation  cost . Part i cul arl y during the 

earl y stages of ful l -sca l e  treatment , i t  may be necessary to have samp les  

analyzed on  a rush bas i s ,  i n  order to  m i n i m i ze standby t ime whi l e  wa i t i ng for 

data . Note that with rush fees , ana lys i s  costs can be. 2 or 3 t i mes h i gher 

than fees for normal turnaround-time analyses . 

I f  a ful l -scale demon strat ion  precedes ful l -scal e cl eanup ,  regul ato­

ry approval for the ful l - sca l e  cl eanup may be conti ngent on resul ts of the . . 
demonstrat i o n .  I f  the i n i t i al demonstration shows defi c i enc ies i n  the 

process , then process mod i fi cat i ons fol l owed by add i t i onal demonstrat i on runs 

wi l l  have to be conducted unt i l  the process i s  worki ng sat i sfactorily .  As 

di scussed i n Sect ion  2 . 8 ,  demonstrati on runs pri or to ful l -scal e process i ng 

are hi ghly recommended for refi n i ng the proces s and ver i fy i ng that process 

scale-up i n  the fi el d  has been accompl i shed sati sfactori l y .  However, thi s 

step has potenti al l y s i gn i fi cant cost impact on the project, part i cul arly i f  

several demonstrati on runs need to be conducted prior to ful l -scal e treatment .  
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4. 9 . 2. 4  Fi nal Disposal 

When fi el d treatment i s  compl eted , the SIS-treated waste has to be 

di sposed of as pl anned . In some cases , depending on the characteri sti cs of 

the treated waste and on regul atory approval , the SIS-treated waste can be 

returned to i ts orig i nal l ocat i on .  Some fi nal steps such as compacting or 

capping (wi th the associ ated costs )  may be requi red. 

However i n  other cases , the treated waste cannot be d i sposed of on 

s ite .  Then arrangements have to be made to transport the treated waste to a 

s anitary or secure l andfi l l , again dependi ng on waste characteri st i cs and 

regul atory pol i cy .  Tippage fees at san i tary l andfi l l s  typical l y  range from 

apprOXi mately SID  to $50/ton and for secure (RCRA-permi tted) l andfi l l s  range 

from $100 to $300/ton . Added to thi s i s  the cost of waste transport to the 

l andfi l l . The cost for transportat ion by covered bed dump truck or rol l off 

box carri er typi cal ly  ranges from SO .  15/yd3-mi l e  to SO .60/yd3-mi l e .  Costs 

i ncl ude the actual charge for haul i ng ;  demurrage (cha�e for truck wai ti ng 

t ime) ; and trai n i ng ,  l i censi ng ,  and protecti ve cl othi ng for the truck operator 

( i f  requ i red) (U . S .  EPA, 1 987b) . Because there are far fewer secure l andfi l l s  

than san i tary l andfi l l s , the transportati on d i stance to secure l andfi l l s  wi l l  

general l y  be much greater. 

4 . 9 . 3  Estimates of Stabi l i zati on Costs 

Tabl e 4-10 l i sts the esti mated costs reg i stered i n  the records of 

dec i s i on ( RODs ) for CERCLA s i tes . Because costs i n  thi s  tabl e are esti mates,  

there is  no i nd icati on whether or not the remed iat i on was actual l y  accom­

pl i shed for that cost.  Total costs vary accord ing to type of contami nants 

and amount of wastes . H iss ing from th i s  tabl e is i nformation on necessary 

pretreatment steps and other project -speci fi c requ irements that may s ign ifi­

cantly impact total cos t .  I n  general , a rel at i vely straightforward S/S 

project i nvol v i ng more than 5 , 000 to 1 0 , 000 tons of waste shoul d cost i n  the 

range of S 100 to Sl50/ton of waste processed . Bel ow thi s amount , un i t  costs 

can i ncrease because of fi xed costs ;  above 1 0 , 000 tons , uni t  costs can 

decrease because of economi cs of scale .  Therefore , the hi gher uni t  costs i n  

Tabl e 4- 10 ,  some of wh i ch greatly exceed the S 100 to S l50/ton range, are 

almost certai nly i nfl ated by pretreatment requi rements or other factors . 

4-82 



• 
I 

00 
w 

e e 

TABLE 4-10. ESTIMATED TREATMENT PROJECT COSTS MENTIONED IN  THE RODs FOR SUPERFUND S ITES 
WHERE STABILIZATION HAS BEEN SELECTED AS A COMPONENT OF THE REMEDIAL ACTION 

Project 
S ite Med i a  Vol ume Contami nants Cost , $ 

Love Canal , NY Soi l  7 , 500 cy d i oxin  3 ,675 , 000 

Marathon Battery ,  NY Sed iment/so i l  23 , 700 cy Cd , Co , Ni , 16 ,640 , 000 

Al l ad i n  P l at i ng,  PA So i l  12 ,000 cy Cr 4 , 461 , 000 

Amn i col a Dump , TN Soi l  400 As , Cd , Cr, cyanide ,  256, 000 
Pb, Hg , PAH , 
pest ic ides,  VOC 

Davie  Landfi l l ,  Fl Soi l /51 udge 75, 000 cy As , Cd , Cr, cyanide, 3 , 700, 000 
Pb, Hg , sul fides 

Independent Na i l ,  SC Sediment/so i l  6, 200 cy Cd , Cr, cyanide,  Ni , 1 , 132, 000 
Zn 

Burrows San itat ion , MI 51 udge/sol l  . 250 cy Cr, Cu , Pb, Zn 237 , 700 

Outboard Marine Sedi ment 5 , 700 cy PCB 3 , 150 , 000 

Co) Incl udes pl anning,  sampl ing,  and pretreatment costs as wel l as di rect SIS process costs . 
Source : Based on data contained i n  U . S .  EPA ( 1989a) . 

e 

Uni t 
Cost, S/cyCI) 

490 

702 

372 

640 

49 

183 

951 

553 

'" 



4 . 9 . 4  Case study 

A treatabil i ty study and field  demonstrat i on/cl eanup of 1800 cubi c 

yards of l ead-contaminated soi l  conducted by Battel l e  (Means et al . ,  1991b) at 

Port Hueneme, Cal i forn i a ,  demonstrates the various aspects of an SIS field  

project and the associ ated costs . To establ i sh a basel i ne concentrati on on 

the amount of l ead in the so i l  before treatment ,  18 grab sampl es ( and two 

bl i nd repl i cates) of the untreated so i l  were col l ected and analyzed for total 

and sol ubl e l ead . 8ecause the l evel s of l ead i n  these sampl es vari ed great ly ,  

seven add it ional sampl es were col l ected . Total l ead l evel s averaged 178 

(±162 ) mg/kg i n  the soi l . The EP Tox average of 0 . 9  mg/L l ead was l ower than 

the u . s .  EPA standard (5 mg/L l ead) . Previ ous data on the Cal WET test , 

however , showed that the average of 1 1 . 7  mg/l l ead exceeded the STLC estab­

l i shed by Cal i forn i a  ( 5  mg/l) . (See  Secti on 3 . 2  for further di scuss i on of 

l eachi ng tests . )  

The bench-scal e treatabi l i ty study i nvol ved eval uat i ng two stabi l i ­

zat i on techni ques , a sulfi de-based process and a s i l i cate-based process . 

El even samples were treated with the sul fide process ,  wh i ch i nvol ved addi ng a 

hydrated sod i um sul fide sol ut i on i n  water , l ow-al kal i ne Portl and cement,  and a 

sma l l  amount of detergent.  Ten samples  were treated with the s i l i cate 

process , wh i ch i nvol ved add i ng sodi um s i l i cate i n stead of the sul fi de . The 

sul fi de process was used i n  th i s  i nstance as an al ternati ve to the s i l i cate 

process to determine the rel ative attri butes of the two processes . Al though 

the sul fide process produced s l ightly l ower sol ubl e l ead val ues than the 

s i l icate , the s i l i cate process was concl uded to be the preferabl e based on 

ease of appl i cation in the fi e l d .  

The stabi l i zation formulat i on used i n  the fiel d was the same as that 

used during bench-scal e test i ng ;  no add i t i onal tes t i ng to determi ne optimum 

rat i o  was done i n  thi s case.  Duri ng the fi e l d  demonstration ,  e i ght sets each 

of pre- and post-stab i l i zation samples  were col l ected and analyzed for pH , 

total l ead , and Cal WET test .  The average Cal WET test resul ts were reduced 

from 1 1 . 7  mg/L  before stabi l i zati on to 2 . 7  mg/L  after stabi l izat ion .  After a 

number of  d i scuss ions  w i th cogni zant regul atory agenc i e s ,  the treated soi l was 

rel eased for pl acement in a sani tary l andfi l l . 

Tabl e 4-11 prov ides cost deta i l s  for th is  project . A pug mi l l  was 

rented for the mi xing of so i l ,  cement , s i l icate , and bicarbonate . Most of the 
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TABLE 4-1 1.  STABI L I ZATION COSTS FOR AN 1aOO-CUBIC-YARD S ITE 
CONTAMINATED WITH LEAD 

1 .  Bench-Scal e Treatabi l i ty StudylPl anni ng 
Chemi st , 8 hrs @ SsO/Hr . $ 400 

Chemical Anal ys i s ,  12 samples each 
TTLC, STLC , and pH 3 ,240 

Project Manager, 16 hrs . @ S95/hr 1 . 520 
Subtotal $5 , 160 

2 .  Move Soi l  from Storage Hut to Work Area 
End-dump trucks , Z trucks x 1 day 

each x S55/hr $ 880 

Fiel d supervi s i on, a hrs @ $7B/hr 624 

Laborers, 2 x a hrs each @ S30/hr 480 

Pl ast i c  sheeting , 10 rol l s  @ SI 20/rol l  1. 200 
Subtotal $3 , 184 

3 .  Steam Cl ean Storage Hut (Subcontracted) $4 , 000 

4 .  Power S i ev i ng 
Power screen @ S4, 00O/wk 

i ncl udi ng mob i l i zati on/demobi l i zati on $4, 000 

Front-end l oaders , 2 l oaders x 
1 day each @ $90/hr 1 , 440 

F i eld  supervi s i on ,  8 hrs @ $78/hr 624 

Laborers , 2 x 8 hrs each @ S30/hr 480 
Subtotal S6 , 544 

5 .  Debr i s  D i sllosal 
Front-end l oader, 1 l oader x 1 day 

@ S90/hr S 720 

End-dump trucks , 2 trucks x 10 trips 
each x 1 hr/round-trip @ S55/hr 1 , 1 00 

Field superv i s i o n ,  10 hrs @ S78jhr 780 

Laborers , 2 x 10 hrs each 
@ S30jhr 600 

Ti ppage at l andfi l l ,  300 tons 
@ SI8 . 70/ton 5.610 

Subtotal S8 ,810  
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TABLE 4-1 1 .  STABILIZATION COSTS FOR AN lSOO-CUBIC-YARD SITE 
CONTAMINATED WITH LEAD (Conti nued) 

6 .  Stabi l ization (approximately 4 working days 
and 10 hour-days , incl uding mobi l izati on/demob i l izat i on )  

Cement, 150  tons @ $0.04/l b 

Sod i um s i l i cate sol uti on ,  150 tons 
@ $O .OS/l b 

Sod i um bicarbonate , 1 5  tons 
@ $0 . 10/l b 

Fre ight for chemical del iveries 

Pl ast i c  sheet i ng, S rol l s  @ $120/rol l 

Pugmi l l  and components ,  i ncl uding 
mobi l i zati on/demobi l i zation 

Front-end l oaders , 2 l oaders x 40 hrs 
each @ $90/hr 

End-dump trucks , 1 truck x 40 hrs 
@ $55/hr 

Baker tank, 1 month @ $30/day 

F i el d  superv i s i on ,  40 hrs @ $78/hr 

Project Manager, 24 hrs @ $95/hr 

Chemi st ,  32 hrs @ $50/hr 

Laborers , 2 l aborers x 40 hrs 
each @ $30/hr 

Travel and subs i stence for contractor 
staff, 5 persons x 7 days 
each @ $l OO/day 

Industrial hyg i ene monitori ng and 
overs ight 

Analyti cal fees , rush  bas i s  ( 100% 
surcharge) 

Subtotal 
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$ 12 , 000 

24,000 

3 , 000 

3 , 000 

600 

29, 000 

7 , 200 

. 2 , 200 

900 

3 , 120 

2 , 280 

1 , 600 

2, 400 

3 , 500 

2 ,.000 

1. 080 
$97, 880 



TABLE 4-11.  STABILIZATION COSTS FOR AN 1800-CUBIC-YARD S ITE 
CONTAMINATED WITH LEAD (Continued) 

7 .  Post-Treatment at Proiect Closure Activities 

Chemi cal analysi s ,  TTLC, STLC , and 
pH on 12 samples ,  normal turnaround 

Regul ator meetings concerni ng di sposal 
opt ions,  Project Manager 20 hrs 
@ S9S/hr 

End-dump trucks, 4 trucks x 2S tri ps each 
x 1 hr/round trip @ $55jhr 

Front-end l oader, 1 truck x 2S hrs 
@ $90jhr 

Report ing and documentat i on ,  Project 
Manager , 16 hrs @ S95jhr and 
secretary ,  16 hrs @ S40/hr 

Subtotal 

Grand Total - Expenses 
Contractor Fee 
Total Cost 

$3 , 240 

1 ,900 

5 , 500 

2 , 250 

2. 160 
$ 15 , 050 

$140 , 628 
9.372 

$150,000 

other equi pment , such as dump trucks , power screen , and front-end l oaders , was 

al so rented . A number of other cost el ements are i temi zed to provi de the 

reader w ith the vari ety of typi cal cost el ements for an SIS treatment project 

and the stages of the project i n  wh i c h  they were i ncurred . Note, however, 

that the un i t  costs assoc i ated w i th thi s project were fa i rly  modest compared 

to those for other l arger-scal e S/S proj ects ( e . g . , Tabl e 4-9) . The total 

cost of the cl eanup of 1800 cubic  yards (approximately 2 , 430 tons) was 

5 150 , 000 , for an average of S83/cu yd or S62/ton. 
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5 TECHNOLOGY SHORTCOMINGS AND LIMITATIONS 

Thi s  chapter discusses some of the shortcomings and l imi tations of SIS 

technol ogy pertai n i ng to SIS processes/binders , waste form and treatabi l i ty/per­

formance test i ng ,  and other i ssues .  The top i cs d i scussed shoul d be vi ewed as 

exampl es of i ssues rather than an exhaust ive l i st of technol ogy l imi tati ons .  

5. 1 PROCESS/BINDER CONSIDERATIONS 

5 . 1 . 1  Hi erarchy of Waste Management 

As d iscussed i n  Chapter 1 ,  techno log ies that l ead to the recycl i ng .  

recovery, or reuse (3R) of  some porti on of  the contami nant or  waste material 

are preferred over treatment technol ogi es in the waste management h i erarchy. 

Technol og ies such as i nci nerati on that destroy the contami nant al so are 

typi cal ly  preferred over SIS processes . However , SIS i s  sti l l  an important 

treatment opt i on because of i ts versat i l i ty and effecti veness (Secti on 1 . 1 ) . 

5 . 1 . 2 Scal e-Up Uncertainties 

Process scal e-up from bench-scal e to ful l -scal e operati on i nvol ves 

numerous compl ex i ssues that should not be taken for granted. These i ssues 

are no l ess i mportant for SIS technol ogy than for any other remedi at i on 

technol ogy . Vari abl es such as i ngred i ent fl ow rate control , materi al s mass 

bal ance , m i x i ng .  and mater ial s handl i ng and storage , as wel l as the unpredi ct­

abi l i ty of the outdoor el ements compared wi th the more control l ed envi ronment 

in the l aboratory, al l may affect the success  of a fiel d operati on .  These 

potent i al d i ffi cul t i es underl i ne the need for a field demonstrat i on prior to 

ful l -scal e impl ementat i on (Sect i on 2 . 8) . 

5 . 1 . 3  Propri etary Binders 

The nature of the SIS bus i ness at present i s  such that most vendors 

protect the i r  exact bi nder formul ati ons as propri etary or trade secret . 

Rel at i ve ly  few formul at i ons are covered by patent . The propri etary desi gna­

t i on protects the formul at i ons from be i ng read i ly recogni zed by compet i tor 

vendors ( Sect i on 4 . 1 ) . The real i ty i s  that there are several d i fferent 

generi c bi nder systems that are - used by the major i ty of SIS vendors , and each 

vendor has i ts own vari at i ons i n  the form of spec i al add i t i ves . 
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Bi nder i ngred i ents are frequently des ignated i n  the l i terature as,  

for exampl e ,  " fly ash An  or ·propri etary add i t i ve . - As a resul t ,  the report 

on a treatabi l i ty study l acking i nformat ion on bi nders and add i t i ves has no 

technol ogy transfer val�e ,  and the abi l i ty to eval uate the data i n  terms of 

chemi cal mechani sms i s  absent, because bi nder chem i stry i s  unknown or 

unreported . 

5 . 1 . 4  Bi nder ·Overki l l · 

Too much of a part i cul ar bi nder i ngredient can l ead to unnecessary 

expense and even to an i mproperly stabi l i zed waste form. For exampl e ,  many 

metal s are amphoteri c ,  mean i ng t hat they are sol ubl e under both ac i d i c  and 

bas i c  condi t i ons (Sect i on 4 . 2) . The metal wi l l  be at mi n i mum sol ubi l i ty when 

a suffi c i ent base ( i n  the form of an SIS i ngred i ent) i s  added to make the 

waste moderately al kal i n e .  Too much base wi l l  cause the metal to resol ubi l i ze 

andlor make the waste hazardous by v irtue of the RCRA corro s i v i ty 

characteri st i c  ( i . e . ,  pH >1 2 . 5 ) . 

5 . 2  WASTE FORM/CONTAMINANT ISSUES 

5 . 2 . 1 Compl i cations of Physi cochemi cal Form of the Target Contami nants 

In  a recent SIS fiel d demonstrati on (Means et al . ,  1991b) , the 

unsat i sfactory degree of stabi l i zat i on of the copper and l ead was a di rect 

resul t of the ir  encapsul ati on in organ i c  coat i ngs of vari ous types ( anti foul ­

i ng compounds ,  pigment s ,  etc . ) .  Peopl e conducti ng SIS treatabi l i ty tests 

frequently measure the type and amount of contami nant present , but , in compl ex 

waste forms such as sandbl asti ng gri t ,  the type and amount of contami nant do 

not prov ide suffi c i ent i n format i on .  I t  i s  i mportant to understand the 

physi cochemi cal form of the contami nant as wel l .  However, the chemi cal 

analyses necessary to characteri ze the physi cochemi cal form of the contaminant 

can be expens i ve and nonrout i ne { Section 3 . S} .  

5 . 2 . 2  Interferences and Incompati bi l i ti es 

As di scussed i n  Sect i on 4 . 3 ,  numerous chemi cal constituents may 

i nterfere wi th vari ous SIS proces ses.  Thus, spec i fi c  chemi cal i ncompat i bi l i­

t i es shoul d be recog n i zed and avo i ded. 
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5 . 2 . 3  Vol ati l e  Organi c  Cont,,'nants 

Several stud i es have been performed that strongly i ndi cate the 

i nadvi sabi l i ty of us i ng S/S as the pri nci pal remedi ation technol ogy for 

organ i c wastes , parti cul arly wastes contai n i ng hazardous vol ati l e  organi cs 

(Wi l es and Barth , 1992) . The fol l owing guidance i s  provi ded based on the 

current state of knowl edge about us i ng S/S for treating organi CS 

(Section 4 . 4 ) : 

• Accordi ng to the h i erarchy of waste management , treat­
ment by a destructi ve technol ogy (e .g . , i nci nerat i on )  
i s  preferabl e to contaminant i mmobi l i zat ion ( e . g . , by 
S/S) because the former processes el imi nate the con­
tami nant and the concern over the l ong-term stabi l i ty 
of the SIS process . The same i s  true for removal 
processes , such as thermal desorption ,  that concen­
trate the contaminant i nto a much smal l er vol ume of 
materi al whi ch can then be ei ther reused as a raw 
materi al or i nci nerated and destroyed . 

• General ly .  SIS shoul d not be used to treat a s i te 
contai n i ng only  organic waste . Al ternative 
technol ogi es (e . g . , i nc i nerat i on ,  steam stri pping ,  
vacuum extracti on) shoul d be used to  remove and/or 
destroy the organi cs . If  resi dues remain  after thi s  
primary treatment , SIS treatment may be effect i vely 
used to stabi l i ze the res i due . However , a wel l ­
designed and control l ed treatabi l i ty study shoul d be 
conducted to assess S/S effecti veness and to sel ect 
and design a proper SIS process . 

• There are exceptions to avo i d i ng S/S treatment of 
organi c  wastes . For exampl e , i f  the organic i s  
general ly  not mobi l e  through air,  so i l , and water 
( e . g . , l ow l evel s of oil and grease) , then S/S may be 
an acceptabl e ,  cost-effect i ve treatment al ternati ve 
for a g i ven s i te .  Careful attent i on must be paid to 
any exi st i ng state and federal envi ronmental regul a­
ti ons concern ing the part i cul ar organi c contaminant 
( e . g . , d iox ins ,  etc . ) .  Treatabi l i ty stud i es must be 
performed i ncorporat i ng appropri ate test methods to 
eval uate the organ ic  waste ' s  potenti al for escape . 

• Based on exi st ing data, vol ati l e  organic  compounds 
(VOCs) usual l y  cannot be treated by current S/S 
technol ogy . Whether a s i te conta in i ng VOCs as a mi nor 
constituent can be treated by S/S wi l l  depend on 
spec if ic  cond it ions eXi sti ng at the s ite .  

• Avai l abl e data al so i ndi cate that semi vol ati l e  organic 
compounds general ly  cannot be effect i vel y treated by 
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current SIS techn i ques. Whether a s i te containing l ow 
to moderate concentrati ons of semi vol atil e  organi cs 
should be treated using SIS also  depends upon s i te­
specifi c  factors . 

• Notwithstandi ng the above factors , there are s i tua­
tions i n  whi ch SIS can be a sati sfactory treatment 
method for wastes contain i ng organics.  When SIS 
treatab i l ity tests are performed on such matr i ces,  i t  
i s  i mportant to understand that <a> aqueous l each i ng 
tests wi l l  be a meani ngl ess i nd icator of the degree of 
immobi l i zat i on for organi c  compounds hav i ng l ow 
sol ubi l i ty i n  water and ( b) i n  the aggress i ve chemi cal 
environments associ ated with certain bi nders , certain 
organi c  contami nants may be degraded or transformed 
i nto by-products that , i n  some cases, may be as toxic 
as or more toxic  than the parent compounds . 

5 .2 . 4  Mul ticontaminant Wastes 

Wastes conta i n i ng a l arge number of contaminants are general ly more 
d i fficul t to stabi l i ze than wastes contai n i ng one or a few contaminant s ,  
parti cul arl y when the mul t i pl e  contami nants have widely varying chemi stries 
(Secti on 4 . 2 ) .  The probl em i s  that a gi ven type of b i nder might be more 
compat i bl e  wi th an organ i c  waste than wi th a primar i ly metal l i c waste . 
Therefore , when both organ i cs and metal s occur i n  the same waste form, the 
bi nder sel ected wi l l  not be opt imal for both types of contami nants . On a more 
spec i fi c l evel , because metal chemi stry varies widely, metal s wi l l  respond 

di fferently to the same b inder . As a general rul e ,  a physi cal encapsul at ion 

process (sol i d i fi cation) may be the best comprom i se . for a mul t icontami nant 

waste,  whereas a chemical stabi l i zati on process may be the best approach when 

there i s  only one contami nant or when the contami nants present have s imi l ar 
chemi cal propert i es .  

5 . 2 . 5  Li mi tat i ons of Cement-Based Waste Forms 

The weaknesses of cement-based waste forms are as fol l ows : 

• The fate of the waste spec ies wi th i n  the waste form i s  
unknown . 

• They are porous sol i d  bodies .  

• The total vol ume of  materi al to be d i sposed o f  usual l y  
i ncreases .  
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• Smal l changes i n  the waste composi ti on or mix 
proportions can al ter the propert ie s ,  someti mes 
wi thout the knowl edge of those ut i l iz i ng the waste 
form. 

• Managers and operators charged with  the task of waste 
di sposal frequently do not understand the compl exi ty 
of the heterogeneous materi al they are attempting to 
create . 

It i s  of utmost importance that users of these waste forms be aware 

of these weaknesses and the ir  rami fic at ions .  I n  most i nstances ,  probl ems 

origi nati ng from the weaknesses can be avoi ded or c ircumvented . Future 

research i s  expected to hel p expl a i n  and overcome these weaknesses (McDaniel 

et al . ,  1 990) . 

5 . 2 . 6  Sampl e Heterogeneity 

Sol i d  wastes' can be h ighly heterogeneous i n  composition ,  both 

macroscopi cal ly and mi croscop i cal ly .  A person can analyze two d i fferent 

port i ons of the sample and obta i n  two very d i fferent analyti cal resul t s .  

Therefore , sampl e heterogene i ty shoul d be recogni zed as a poss ibl e  causati ve 

factor when expl a i n i ng treatabi l i ty data that are d i screpant or d i ffi cul t to 

i nterpret . 

5 . 3  TREATABILITY AND PERFORKANCE TESTIN6 I SSUES 

5 . 3 . 1  Test i ng Limi tati ons 

Several unresol ved i ssues perta i n  to SIS processes . In part icul ar, 

tests that have been devel oped to assess technol ogy performance are not 

appl i cabl e to every d i sposal scenari o .  Test i ng methodol og i es must be tai l ored 

to the spec i fi c  nature of the SIS-treated waste . Personnel i nvol ved i n  

treatabi l i ty test ing shou ld  be aware o f  the various tests '  l i mi tations when 

i nterpret i ng the data (Chapter 3 ) .  

Exampl es of the l i mitat i ons of treatab i l i ty studi es and SiS-treated 

waste test ing based on actual fi eld  experi ence are as fol l ows : 

• Al though the pri nc i pal objecti ve of the s i te s ampl i ng 
i s  to obta i n  a samp le  that i s  representati ve of the 
waste as a who l e ,  vari at i on from sampl e to samp le  i s  
common and must be cons i dered when i nterpreti ng the 
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analyt i cal data.  Many factors affect s i te sampl i ng .  
I f  the goal i s  a s i ngl e compos i te sample ,  s i te debri s ,  
such as l arge boulders o r  rocks , t i mbers , sh ingl es ,  
etc . ,  usual ly  shoul d be segregated by phys i cal 
screen i ng before sampl es are col l ected from a wide 
range of l ocat i ons ,  in order to produce a repre­
sentati ve sampl e .  

• N o  s i ngle  l each i ng methodol ogy i s  sui tabl e for al l 
waste forms or target contaminants,  and none of the 
l each i ng methodol ogi es i s  cal ibrated in terms of 
contami nant migrati on in actual groundwater. The TClP 
does not provi de data on l ong-term stabi l i ty ;  i n  fact, 
d i fferent resul ts  are frequently obta ined when the 
TClP test i s  conducted on the same stabi l i zed waste at 
d i fferent cure t i mes . leach tests i n  general are 
probably most useful for assess i ng the rel ati ve 
stabi l ization effi c iencies of d i fferent binders . 

• Some l eachi ng test methods are more appropri ate for 
metal s ,  some are not appl i cabl e to nonvolat i l e  
organ ics ,  and others are appl i cabl e only t o  monol i th ic  
wastes that do  not change i n  surface area appreci ably 
dur ing test i ng .  Batch methods usual ly do not use 
suffi c ient aci d  to exhaust the acid-neutral i z i ng 
capacity of most stabi l ized waste forms . Sequenti al 
methods accelerate l each i ng to assess l ong-term 
performance . The i nterpretati on of resul ts i s  
d i fficul t ,  however . Accelerated l eachi ng i n  the 
l aboratory may occur by d i fferent mechani sms than the 
l onger term leach i ng that occurs in  the fi el d .  

• At t i mes i t  i s  appropri ate to modi fy a standard 
l eachi ng protocol to address a speci fi c i ssue. 
Examples i ncl ude the fol l owing : 

- El imi nate the l eachate fi l tration step to address 
col l o idal contami nant transport . 

- Use s i te-speci fi c groundwater as the l eachant 
i nstead of the generi c l eachant speci fi ed i n  the 
procedure . 

- Consider use an organi c  solvent (e . g . ,  acetone) as 
the l eachant i nstead of an aqueous l eachant for 
addressi ng the SIS of organic contaminants ( see 
Section 4 . 4 . 3  for d i scuss i on of pros and cons ) . 

- Determi ne when i t  i s  appropri ate to create an 
art i fic i al surface area pr ior to l each i ng ( e . g . ,  
by crush i ng ) .  

- Dei onized water can be more aggress i ve than acid 
i n  some cases . 
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• Microbes may eventual ly affect the l ong-term 
performance of certain waste forms, particul arly 
organi c  bi nders (Section 3 . 4 ) .  However, these 
mi crob i al react i ons can be very sl ow ,  and accelerated 
tests that are generally recognized and approved and 
that cl osely s imul ate real -worl d b i ochemical reactions 
are not avai l abl e .  

• Bi oassay data may confl i ct with chemical data. 

• There are l imitations to i nterpreti ng and applying the 
resul ts of physi cal tests. For exampl e :  

- The unconfined compress i ve strength test i s  not 
appropri ate for noncohes i ve substrates and i s  not 
a d i rect i nd i cator of constructabil i ty • .  

- No correl at i on has been ident i fi ed between the 
physi cal strength of a waste form and i ts l each i ng 
behavi or. 

- Permeabi l i ty measurements  are d i ffi cul t to conduct 
and are subject to wide var i at i on .  Al so , l arge 
d i fferences have been observed between val ues 
measured i n  the l aboratory and i n  the field for 
the same substrates . 

• W i th the except i on of a smal l group of "regul atory· 
tests ,  no performance standards or acceptance criteri a 
exi st for many tests . In  fact, acceptance cri teri a 
shoul d vary ,  dependi ng on waste composit ion ,  di sposal 
or reuse s i te character ist i cs ,  and other factors . 
Thi s  l eaves much to the i nterpretati on of i nd iv idual 
SIS project personnel . 

• In  general , the bench-scale treatabi l i ty study should 
exceed the performance cri ter i a  establ i shed for the 
project . That i s ,  a margi n  of safety shoul d be 
establ i shed that al l ows for the greater vari abi l ity of 
the process when impl emented in the fiel d ,  especial ly 
in the area of mixing.  The necessary magn i tude of the 
safety margi n ,  however, is unknown and probably var ies 
from project to project (Secti ons 2 . 6  and 2 . 7) . 

5 . 3 . 2  Long-Term Performance 

The l ong-term performance of treated waste i s  not cl early under­

stood , and no defi n i t i ve test procedures exi st to measure or assess thi s  

property. The TCLP i s  not an adequate measure of l ong-term l each ing .  

Mon i tori ng data from fie ld  d i sposal s ites are needed t o  detect the premature 

deteri orat ion of sol i d i ficat i on or stab i l i zation of previ ously processed 
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wastes . Because of the uncertai nt i es surroundi ng l ong-term performance, 

wastes previ ously treated usi ng SIS and disposed of may have to be retrieved 

and retreated i n  the future (Secti on 4 . 7) . 

5 . 3 . 3  Reproduci bi l ity 

The reproduci bi l i ty of treatabi l i ty data can be poor because of 

sampl e heterogene i ty ,  uneven mixing,  the complexi ty of SIS chemical reacti ons,  

and other reasons . Timing is  al so a cri ti cal vari abl e .  It i s  not unusual to 

see d i fferent analyt i cal results  when samples from the same treatab i l i ty study 

are cured for d i fferent peri ods of t ime prior to l each i ng .  

5 . 3 . 4  Limitat ions i n  SIS Treatabi l i ty Reference Pata 

SIS processes woul d be used more successful l y  i f  experi ences were 

shared more effecti vely .  However, wel l -documented SIS treatabi l ity data are 

scarce . Many of the common reporting defic iencies are a s  fol l ows : 

1 .  Propri etary b inders (Secti on 5 . 1 .3 ) . Without spe­
c i fi c  i nformat ion on b inder characteri st i cs the 
process i s  not reproduci bl e ,  and the treatab i l i ty 
data have no technol ogy transfer val ue . 

2 .  Incompl ete treatab i l i ty data and data gaps. 
Certai n  types of data that are needed to eval uate 
the stabi l i zat i on effi ci ency and hel p  understand 
the chemi cal mechan i sm ( s )  of stabi l i zati on are 
frequentl y  m iss ing ,  for examp le :  

• Basel ine  sol ubl e metal concentrati ons  in  the 
untreated waste . Th i s  i s  needed as a point of 
compari son for the sol ubl e metal concentra­
t i ons i n  the treated waste so that the percent 
reduct i on attri butabl e to treatment can be 
assessed . 

• Total metal concentration i n  the untreated 
waste and the treated waste . The l atter i s  
necessary to demonstrate that a l ow post­
treatment sol ubl e metal concentrati on '  i s  not 
attri butabl e s.imply to sampl e heterogenei ty .  

• Bi nder-to-waste rat i o .  Th i s  i s  needed to 
est i mate the vol ume expans ion of the waste 
dur ing treatment and the effect of d i l ut i on on 
posttreatment sol ubl e metal concentrati on s .  
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• pH of the l eachate from the untreated and 
treated wastes .  Thi s  i s  an important para­
meter for i nterpreti ng the performance data.  
Frequently, h igh sol ubl e-metal concentrati ons 
are due to pH . The pH parameter should be 
routinely measured at the concl usion of l each 
testi ng • 

• Extent of d i l ution from binder i ngredient s .  
Th i s  can be estimated from the binder/waste 
rat i o ,  where gi "ven, but should be careful ly 
characteri zed in each treatab i l ity study so 
that the performance data can be corrected for 
d i l ut i on .  Frequently ,  a s i gn ificant propor­
t ion of the reducti on i n  sol ubl e metal concen­
tration i n  the treated waste can be attributed 
to d i l ution from the bi nder i ngredi ents . 

3 .  Data rel i abi l ity.  Many treatab i l i ty reports do 
not i ndi cate whether data were col l ected under an 
appropri ate qual i ty assurance/qual i ty control 
(QA/QC ) program . Therefore, many exi sting SIS 
performance data have unknown val i d i ty .  

4 .  Treatabi l i ty procedures . Simi l arl y to data 
rel i abi l i ty , the frequent absence of deta i led 
treatab i l i ty procedural i nformati on greatly l imits  
the technol ogy transfer val ue of a treatabi l i ty 
study . The success or fai l ure of  a treatabil i ty 
study may depend on smal l vari at i ons i n  the 
amounts of the i ngred i ents and i n  the order and 
t im ing of i ngredient addi t i on .  

5 .  B i as of  exi st i ng SIS performance data toward 
successful treatabi l i ty stud i es .  Treatabi l i ty 
projects that ach i eved a h igh degree of metal 
stabi l i zat i on are reported more frequently i n  the 
l i terature than projects i n  wh i ch the treatment 
systems worked poorl y .  Therefore , the exi st i ng 
SIS database i s  probably bi ased toward the most 
s uccessful treatab i l i ty stud i es .  
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6 CURRENT RESEARCH AND FUTURE DEVELOPMENT NEEDS 

6 . 1  CURRENT RESEARCH 

Sol i d ifi cati on/stabi l i zation i s  the subject of act i ve research aimed 

at improving the range and effi c i ency of SIS process appl i cati on .  Some of 

that research i s  descri bed i n  secti ons 6 . 1 . 1  through 6 . 1 .8 .  

6 . 1 . 1  Bi nders 

Experimental Study of SIS Treatment of Hazardous Substances . 

Stat i st i cal l y  desi gned treatabi l i ty studies  are bei ng appl i ed to i denti fy env ir­

onmental l y  acceptabl e and economi cal ly  feas i bl e  methods for SIS process ing of 

organ i c  and i norgan i c  wastes . The work focuses on i nexpens i ve pozzol ani c  bi nd­

ers such as fly ash, s i l i ca fume , l ime ki l n  dust,  cement k i l n  dust , and ground 

bl ast furnace s l ag .  Waste types tested i ncl ude el ectric arc furnace dust (K061 )  

and arseni c-contaminated so i l  ( Fan,  l .T . , 1991 , personal communi cation ) . 

Improvement i n  SIS Treatment of Hazardous Inorgani c  Wastes by S i l i ca 

Fume 'Mi crosi l i ca} Concrete . A prel imi nary experi mental program i s  bei ng 

conducted to assess the potenti al of s i l i ca fume concrete for sol i d ifi ca­

tion/stabi l i zati on of K061 metal arc dust from steel manufactur i ng .  TClP 

l eachi ng tests are being used to i nvesti gate the effectiveness  of the vari ous 

methods of SIS processing . The study i s  test ing SIS process performance for 

condensed s i l i ca fume and cement b inder or fly ash , cement ki l n  dust,  and 

cement bi nder. It was concl uded that s i l i ca fume concrete can s i gn ifi cantly 

enhance the stabi l i zation of furnace arc dust as compared w ith the other SIS 

processes . The results were based on studying the concentrati on of metal s i n  

the l eachant a s  speci fi ed by U . S .  EPA (Fuessl e and Bayas i ,  1991 ) .  

Physi cal and Chemi cal Aspects of Immob i l izati on .  Recent studies  are 

us ing sod ium as an i nternal marker for physi cal retardati on .  Al most any 

product wi l l  contai n  some Na, K, or Cl , wh ich can be used i ndependently as 

indicators for tortuos ity .  The d i fference between the mass transfer coeffi ­

ci ents for Na and other el ements deri ved from l each i ng tests , such as the 

mod ifi ed ANSI /ANS/16 . 1 ,  refl ects the contri buti on of chemi cal retention in the 

product matri x to the overal l mass transfer coeffi ci ent for the product . The 

types of rel ease mechan i sms that can be di stingui shed are : 
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• di ssol ution 

• surface wash-off 

• diffus i on (de Groot and van der Sloot, 1990) 

Evaluati on of SolidificationlStabil tzation of RCRAICERCLA Wastes . 

U . S .  EPA R isk  Reduct ion Engi neeri ng Laboratory i s  sponsori ng a project to do 

bench- ,  p i l ot- , and field-scal e eval uation of the performance of cementi t i ous  

bi nders i n  SIS treatment of  metal -contaminated wastes over t ime (Tri sh 

Eri ckson , 1992 , personal communi cation) . Performance wi l l  be measured i n  

terms of l ab l eachab i l i ty tests , sol i ds composi tion and actual water qual i ty 

of i nfi l trati on/runoff. F ield  measurements wi l l  extend over at l east 5 years , 

whi l e  smal l er tests are i ntended to s i mul ate fiel d resul ts  at a much-accel er­

ated pace .  The Uni versity of Cincinnati protocol for accel erated weatheri ng 

test i ng descri bed bel ow can be tested i n  thi s  project . 
6 . 1 . 2  Mechani sms 

Revi ew and Analysis of Treatabi l ity Data Involving SIS Treatment of 

Soi l s .  Thi s  project i s  us ing geochemi cal equi l i bria  model s t o  determine 

m i n imal ly  sol ubl e forms of the eight Toxicity Characteri st i c  Leachi ng Proce­

dure ( TCLP) metal s .  Emphasi s  i s  on i dent i fying physi cochemi cal forms of these 

metal s that are rel evant to the stab i l i zat i on or sol idification of typical 

hazardous wastes and the chemi cal condi tions needed to produce the physi co­

chemi cal forms of these metal s .  

These data are bei ng analyzed to i dent i fy empirical or theoreti cal 

geochemical  rel at i onsh i ps that appear to govern the success of SIS appl i ed to 

metal -contami nated soi l s .  Rel ati onsh i p s  for mul t i pl e  metal systems are bei ng 

quanti fied ,  where poss ibl e  (Means et a1 . ,  1991c) . 

Morphol ogy and Microchemistry of SIS-Treated Waste . Scanni ng 

el ectron microscopy and X-ray d i ffracti on techni ques al ong with sol vent 

extracti ons are be i ng used to i nvestigate waste/binder i nteract ions . The 

object i ves of these i nvesti gati ons are to better understand SIS processes by 

characteri z i ng the bi nder phase composi t i on and structure and the distri bution 

of the contami nants in  the sol i d  phases , and to determine i f  mi crostructure 

can be correl ated to macroscal e physical properties (U . S .  EPA, 1990f; and 
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several other papers i n  preparation) . Contaminant d istributi on data i ncl ude 

anal ys i s  of the contami nant concentration, chemi cal forms and crystal struc­

ture , and bindi ng mechanisms i n  each phase. 

Fate of PCBs i n  Sof l Fol l owing Stabi l f zation wi th Quickl i". 

Several researchers have reported destroying polychlorinated biphenyl s (PCBs) 

i n  contaminated soi l by applyi ng qui ckl ime .  These reports are based on 

retrospecti ve data from s i te remedi ati on programs , anecdotal information and 

resul ts of one bench-scal e project. Accord i ngly,  an i nvest igat i on was 

conducted to veri fy cl aims that use of quickl ime al one can promote decomposi­

t ion of PCBs . Synthetic  so i l  sampl es were spi ked w i th three PCBs and treated 

with qui ckl ime and water . S ign i fi cant PCB l osses (60% to 85%) were evidenced 

after five hours of treatment . However , evaporation and steam stri pping at 

el evated temperature condi tions ,  rather than PCB decomposi t i on ,  accounted for 

most of the l osses observed . low l evel s of part i a l l y  dechl orinated PCBs were 

detected i n  l i me-treated sampl es , but the quantit ies were stoichiometrical ly 

tri v i al . The amounts of observed dechl ori nat i on products were not dependent 

on the durat i on of l ime treatment ,  and no ev i dence of phenyl -phenyl bond 

cl eavage was found . The use of qui ckl ime al one as an i n-s i tu treatment for 

removal of PCBs i s  not supported by these resul ts (U . S .  EPA, 1991c ) . 

SIS Treatment of Sal ts of As . Cd . Cr. and Pb. The behavi ors of 

vari ous metal sal ts i n  cement-based SIS processes are being studi ed through 

l each i ng test s ,  conducti on cal orimetry, and sol id-state NHR. The research i s  

aimed at i dent i fying the chemi stry i nvol ved dur i ng cement hydrat i on react ions 

i n  SIS processes treat i ng metal salts (U . S .  EPA, 1 990f) . 

The Nature of lead, Cadmi um, and Other El ements i n  Incineration on 

Resi dues and Thei r Stabi l i zed Products . A detai l ed l aboratory study of metal 

speci es i n  raw and SIS-treated wastes is bei ng conducted to test how the 

chem i cal nature and bi nding state affect l eachabil i ty .  Focus wi l l  be on the 

appl i cati on of sophi sti cated surface analys i s  techni ques to characterize 

poorly crystal l i ne i n homogeneous metal forms . Exi sti ng geochemi cal model s 

wi l l  be appl i ed to test i f  they can pred ict the formati on of sol ubi l ity­

control l i ng sol i d  phases as determi ned analyt i cal ly  ( E i ghmy et al . ,  1 992 ) . 
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6 . 1.3 Interferences 

Factors Affecti ng the SIS Treatment of Toxic Waste. Research on 

interfering agents i s  being done to quanti fy the physical and performance 

characteri stics of SiS-treated waste contai n i ng i nterferi ng chemical s .  The 

data are bei ng analyzed to determine whether physical properti es can be 

correl ated with durab i l i ty and l each resi stance . Interferences from i norgan­

i cs such as Pb, Cd, and Zn and from sul fates and organics  such as o i l , grease, 

hexachl orobenzene, trichl oroethyl ene, and phenol are being studi ed (Jones 

et a1 . ,  1992 ) .  

Effects of Sel ected Waste Constituents on SIS-Treated Waste Leach­

abi l i ty. The effects of 10 common waste consti tuents on the strength and 

contami nant immobi l i zati on of SiS-treated waste were stud ied . The contami­

nants were cadmium ,  chromium, mercury, and nickel . The potent i al - i nterferenc­

es were n i trate sal t s ,  sodi um hydroxi de ,  sod i um sul fate , and fi ve organic  

substances . The SIS bi nders tested were Portl and cement, cement p l us fly a sh ,  

and l ime/fly ash (Jones et a1 . ,  1992 ) . 

6. 1 . 4  Organics and Ai r Emi ssi ons 

Rol es of Organic Compounds i n  Sol id i fi cation/Stabi l i zati on of 

Contami nated Soi l s .  Organi c  compounds pose probl ems for sol id ifi cation/ 

stabi l i zation processes in  three ways : 

1 .  Nontarget organ i cs can i n terfere with the 
immobi l i zat i on of target metal s .  

2 .  Target organ i cs are more d i ff icu lt  to stabi l i ze 
than metal s .  

3 .  Some organics  can vol at i l i ze dur i ng m ix i ng wi th treat­
ment agents , l ead i ng to unacceptabl e a ir  emi s s i on s .  

The Un i vers i ty o f  C i nc i nnat i , o n  behal f o f  the U . S .  EPA, i s  eval uat i ng the 

effect i veness of SIS process i ng for organ i c/metal wastes ,  i n  terms of organ i c  

immobi l i za t ion and organ i c- i nduced effects on metal i mmobi l i zati on . Organ i c  

em i ss i ons during SIS proces s i ng are bei ng measured . Pol yaromat ic  hydrocarbons 

(PAHs)  wi l l  be used i n  th i s  project to represent a common c l ass  of organ i c  

compounds of  concern i n  waste remed i at i on .  
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Measurement of Vol ati l e  Emi ss ions from SIS-Treated Waste .  Al though 

the mechan i cal strength and l eachi ng characteri st i cs of SiS-treated wastes 

have been i nvest igated, few data are avai l able on the emi ss ions of organics 

from the SIS process and from the treated waste . Acurex Corporat ion at 

Research Tri angl e Park, North Carol ina ,  i s  devel oping organi c  measurement 

methods and u s i ng them to test SiS-treated waste to address th i s  data gap . A 

'Wind Tunnel " system, a "Modif ied Headspace" sampl ing system, and a "Sampl e  

Venti ng "  system have been devel oped and are bei ng used to measure organ i c  

rel eases from SIS-treated waste (Wei tzman et  al . ,  1990) . 

Fi el d Assessment of Air Emissions From Hazardous Waste SIS Process­

i ng. The u . S .  EPA is col l ect i ng informati on to develop standards necessary to 

control a ir  emi s s i ons from hazardous waste treatment , storage , and di sposal 

faci l i t ies .  F ie ld  tests have been conducted to quanti fy emi ss ions of vol a­

t i l e ,  semi vol ati l e , and parti cul ate emi ss i ons from SIS treatment proces ses 

(Ponder and Schmi tt ,  1991 ) . 

SIS Treatment of Metal Wastes Contami nated with Volati le  Organi cs. 

SIS-treatment of sl udge contami nated with about 1% metal i ons and about 0 . 04 % 

VOCs was tested . Waste sl udge contai n i ng 1 1  metal contami nants was spi ked 

with 8 VOCs . Four di fferent cement based SIS processes were appl ied to treat 

sl udge sampl es (Spence et al . ,  1990) . 

Immob i l izati on of Organics i n  SIS Waste Forms . U . S. EPA RREl i s  

sponsori ng a l aboratory study to i n vesti gate ( 1 )  the i"mmobi l i zati on of target 

organics  by sel ected SIS formul at ions and ( 2 )  the effects of nontarget 

organ i cs on the i mmobi l i zation of target metal s .  I n i t ial studies  wi l l  be 

performed on spi ked soi l s  to systematical ly vary rel at i ve contaminant concen­

trati ons ( Tri sh Erickson , U . S .  EPA, personal communi cati on ,  1 992) . 

6 . 1 . 5  Test Methods 

Method Devel opment .  laboratory and fi el d  test methods are needed to 

support opt imum bi nder sel ect i on ,  assess short-term and l ong-term performance 

of SIS-treated waste, and al l ow better corre lat i on of l aboratory and field 

tests .  A project i s  be i ng conducted to study these three areas ( U . S .  EPA, 

1991a) : 
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• Eval uate the effect of sample s i ze and configurati on on results 
from l eachi ng tests . 

• Assess durabil i ty tests such as ANSI/ANS/16 . 1 and the accelerated 
agi nglweatheri ng protocol bei ng devel oped through cooperative 
agreement between the U . S .  EPA and the Univers i ty of  C inc innat i .  

• Eval uate methods to moni tor SIS-treated waste i n  s i tu .  

Invest i gati on of Test Methods for Sol idifi ed Waste. An effort was 

conducted with Envi ronment Canada to eval uate several l eachi ng and physical 

property measurement methods .  Thi s  research i s  l eading toward devel opment of 

a protocol for eval uati ng SIS-treated waste . The protocol i s  based on the 

measurement of several physi cal , engi neeri ng , and chemi cal properties  of S/S­

treated wastes to al l ow d i fferent use and d i sposal scenari os to be eval uated. 

Several of the test i ng methods i n  the protocol have been eval uated in a 

cooperati ve project with i ndustry i n i ti ated by Envi ronment Canada .  Others are 

methods recommended by standards organi zati ons i n  the fields of hazardous and 

radi oact i ve wastes .  F i nal ly ,  some properti es of  SIS wastes were measured 

us i ng methods i n  the devel opmental stage (Stegemann and Cote, 1991 ) .  

Cri ti cal Characteristics of Hazardous SIS-Treated Waste.  The 

physi cal and chemi cal characterist i cs of the waste .affect performance, as do 

the cl imat i c  (temperature and humidity) condit ions duri ng cur ing and after 

pl acement i n  the fi nal di sposal or reuse envi ronment .  Th i s  research i s  bei ng 

conducted to determ ine the cri t i cal characteri st i cs affecting waste perfor­

mance and how to measure them. The work i s  l eadi ng to qual i ty control proce­

dures for use i n  the field to better assure performance of  SiS-treated waste 

(Wi l es and Howard , 1988) . 

Advanced Test Methods . A program eval uat ing test methods for 

construction materi al s and stabi l i zed waste i s  ongoi ng at Enegi eonderzoek 

Centrum Nederl and ( ECN) . Aspects be i ng dealt with are changes w ith i n  the 

product with t ime ,  probl ems i n  determin i ng the proper geometri cal surface 

area , boundary cond it ions  for model i ng the rel ease from products , devel opment 

of a three-dimensi onal l each i ng model , and chemical spec iat ion wi th i n  a waste 

form. Testing i nvol ves radi onucl ide tracers i n  speci fi c  chemical forms in the 

SIS-treated waste (van der S loot , ECN , personal communi cat i on ,  1991 ) .  
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Assessment of Long-Term Durabi l i ty of Sol idi fied/Stabi l i zed Hazard­

ous Waste Forms - Lab Component and Field Component. U . S .  EPA RREL i s  

sponsoring a l aboratory study of synthetic  and real hazardous wastes to 

devel op a protocol for accel erated weatheri ng testi ng of cementit i ous  waste 

forms . Durabi l i ty testi ng i s  focused on the use of el evated temperature or 

acid  to speed degradat i on react i ons .  

A fiel d project i s  al so bei ng conducted to devel op and uti l i ze 

sampl i ng and analys i s  methods that al l ow assessment of waste form durabi l i ty 

after vari ous peri ods of exposure to field condi t i ons .  Early efforts are 

concentrati ng on detecti on of the i nterface between buri ed waste forms and 

adjacent fi l l  materi al . Subsequent work wi l l  focus on sampl i ng to obtai n  

surfi c i al « I  cm) weathered materi al for analys i s  as wel l as bul k sampl i ng .  

The observed weatheri ng patterns wi l l  be compar.ed with those i nduced under 

l aboratory or lys imeter cond i t i ons . (Tri sh Eri ckson , U . S .  EPA, personal 

communicat i on ,  1992 ) . 

6 . 1 .6  leaching and Transport Model s 

Contaminant Profi l e  Analys i s .  Chemical and X-ray d i ffraction  

analys i s  methods are be i ng used to  determi ne the compos i t i on profil es i n  

bl ocks of  SIS-treated waste that have experi enced l ong-term l each i ng .  These 

analyses eval uate the actual rel ease from SiS-treated waste and provide 

i ns i ght i nto the processes occurri ng wi t h i n  the waste during l each i ng (Hockl ey 

and van der Sl oot , 1991 ) .  

The Bfnding Chemi stry and Chemi cal leachi ng Mechanism of Hazardous 

Substances i n  Cementi t i ous SIS B i nders . Type I Portl and cement sampl es 

contai n i ng the sol ubl e n i trates of the pri ori ty pol l utant metal s chromi um, 

l ead , bar i um, mercury, cadm ium ,  and z i nc have been i nvest igated u s i ng therm­

ogravi metri c and Fouri er-transform infrared techn i ques ,  i nc l ud ing di ffuse 

refl ectance. The major v i brat i onal bands and thermal stabil i ty of the 

carbonate, sul fate, s i l i cate , water, and n i trate species have been tabul ated 

i n  compari son to uncontaminated Portl and cement .  

and the i r  effect on  contami nant l each i ng are be i ng 

1 989 ; Ortego , 1990; and Ortego et a1 . ,  1991 ) .  
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Devel opment of a Numeri cal Three-Dimens ional leaching Model . The 

overal l goal of th i s  research effort i s  to improve the fundamental understand­

i ng of bind ing chemi stry and l each i ng mechani sms i n  SIS-treated waste and to 

apply thi s understand i ng to devel opment of improved SIS technol ogy and of 

improved methods for pred ict i ng the envi ronmental i mpacts of d i spos i ng of S/S­

treated waste . Th i s  work i s  taking the approach of devel opi ng mechan i st ic  

l each model s  and devel opi ng character izat i on methods that can be used with the 

l each model s .  An underl yi ng theme throughout th i s  research i s  the need to 

separately descri be the phys i cal and chemi cal immobi l i zat i on mechani sms.  A 

set of s i mpl e l each model s has been devel oped based on vari ous s impl e  reacti on 

systems and rectangul ar geometry. I rreversib le  i mmobi l i zat i on ,  revers i bl e  

l i near sorption ,  revers i bl e  prec ip itat i on ,  and reaction between a prec i pi tate 

and i nwardly d i ffus i ng reactant are the mechan i sms consi dered i n  the s i mpl e 

l each model . A general numeri cal three-dimens i onal l eachi ng model i s  be i ng 

devel oped based on the Crank-Ni chol son fin i te d i fference al gor ithm (Batchel or. 

1991 , personal communi cat ion) . 

Acid leaching Rate and Advancement of Acid Front in  SIS-Treated 

Waste . Thi s  program i s  study ing the behav ior of l each ing  of a cement-based 

waste form. The i nvest i gat ions i nd i cate that acids i n  the bul k sol ution 

d i ffuse through the pores of the waste form l eadi ng to a reduction i n  pH and 

d i ssol uti on of metal s .  

The d i s sol ved metal s l each out of the sol i d  matrix i nto the bul k 

sol uti on ,  l eavi ng a l eached l ayer on the surface of the waste form. A sharp 

l eachi ng boundary was ident i fi ed i n  every l eached sampl e ,  us ing  pH i nd i cators . 

The movement of the l each ing boundary was found to be a s i ngl e d i ffus ion­

control l ed process .  Studies  were conducted usi ng both stat ic  and semidynamic 

l each i ng procedures (Cheng and B i shop , 1992 ) . 

leachi ng Test Methods and Model s .  Several l eachi ng mechan i sms , 

i ncl uding di ssol ution of the matri x ,  washoff of surface contami nant s ,  and 

d i ffusi on-control l ed rel ease, were studi ed .  A vari ety of l each test i ng 

methods were descri bed and the capab i l i t ies  compared . A d i ffus ion model for 

l each i ng was devel oped (de Groot and van der Sl oot,  1992 ) . 
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Revi ew and Analys i s  o f  Treatabi l i ty Data Invol v ing Sol idi fi ca­

tion/Stabi l i zation of Soi l s .  A paper study of eXi st i ng treatab i l i ty data for 

SIS of 18 metal s and appl i cat ion of geochemi cal model s i s  being conducted to 

i dent i fy factors control l i ng metal sol ubi l i ty .  The data base conta ins  

approximately 2600 records representing approximately 80  stud i es .  Desp ite the 

vol ume of data ,  i nconsi stent data col l ect i on and procedural uncertai nt i es 

l imi t i nterpretation .  No stati sti cal l y  s i gni ficant correl ati ons could be 

found when post-treatment parameters were tested agai nst measured waste 

characteri stics . However, subsets of the data base wi l l  conti nue to be tested 

to ident i fy chemi cal control s as the model i ng work proceeds (Means et al . ,  

1991a) . 

6. 1 . 7  Compat i bi l i ty with Di sposal or Reuse 

Assessment of long-Term Durabi l i ty of SIS-Treated Waste . The 

mechan i sms governi ng the durabi l i ty of SIS-treated waste are not wel l  under­

stood . Stud i es are needed to examine how the di sposal envi ronment i nteracts 

to modi fy the physi cal and chemi cal performance of the waste . I n  one study, 

SIS-treated waste i s  bei ng tested to quanti fy waste form performance and 

exami ne degradati on mechan i sms . Testi ng i nvol ves accel erated freezelthaw and 

wetldry cycl es and vari ous envi ronments,  such as h igh or l ow pH , h i gh pres­

sure, h igh- or l ow-redox potent i al .  Conventional and advanced l arge-scal e 

l each i ng tests are being performed . The SIS-treated waste i s  being character­

i zed by sophi sti cated techni ques such as l aser hol ography, acoust i c  stress 

wave test ing ,  and dye i njection (Bi shop et al . ,  1990a) . 

Effect of Curing Time on leaching. The effect of curi ng time on 

metal l each i ng , as measured by the TCLP test , i s  being studi ed in synthet ic  

wastes for a vari ety of  metal contaminants .  I n i t i al resul ts i ndi cate a 

s i gn i fi cant effect of curi ng t ime ,  both on TClP results and on the chemi cal 
structure of the stabi l i zed waste as evidenced by spectroscop ic  analyses 
(Akhter and Cartledge ,  199 1 ;  Cartl edge,  1992 ) . Both i ncreased and decreased 
l each i ng i s  bei ng observed, depend i ng on the metal contami nant , b inder, and 
other factors . These observati ons  underl i ne the l imi tat ions of the TClP test 
as an i ndi cator of the l ong-term l each i ng of stabi l i zed waste and emphasize 
the need for other types of l each i ng data . 
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Fiel d Performance of SIS-Treated Waste . Sol i di fi cation/stabi l i zat i on 

i s  used at CERClA s i tes and i n  other waste treatment appl i cati on s .  However, 

durab i l i ty of SIS-treated waste remains  uncl ear due , i n  part , to the rel ati ve 

newness of the technol ogy and the l ack of i nformati on from s i tes currently 

apply i ng SIS processes .  A three-phase project i s  under way (U .S .  EPA, 1991b) : 

• Identi fy s ites usi ng SIS processes . 

• Core sampl e and test SIS-treated waste from several 
s i tes. 

• Desi gn and i mpl ement a program to sol i d i fy 
representati ve wastes by various SIS processes and 
moni tor the wastes over an extended peri od . 

utn hation and Di sposal . The performance of SIS-treated waste 

depends on the envi ronment the materi al i s  exposed to as wel l  as the treated 

waste and contami nant properties .  The Waste Technol ogy Centre i n  Canada i s  

devel opi ng an eval uat i on protocol as a dec i s i on-maki ng tool for management of 

SIS-treated waste . One factor i n  the protocol i s  i denti fi cat ion and defi n i ­

tion of use and di sposal scenari os .  Scenarios i ncl ude unrestricted use , 

approved use , san i tary l andfi l l , segregated l andfi l l ,  and secure l andfi l l  

(WTC , 1990b) . 

6 . 1 . S  Treatabi l i ty Tests and SIS Process Appl ication 

Superfund Innovati ve Technol ogy Eval uati on (SITE) Program. The SITE 

Program was establ i shed to accel erate the devel opment and use of innovat i ve 

cl eanup technol og ies at hazardous waste s i tes across the country . The Demon­

strat i on Program of S ITE focuses on fi eld demonstrati on of emergfng s i te . . 
remed i at i on technol ogies . The Demonstrati on Program has 37 active tests,  

i ncl udi ng the ei ght l ow-temperature SIS technol ogi es summari zed i n  Tabl e 6-1 .  

Municipal Waste Combustion Residue SIS Program. Vendors of SIS 

processes are cooperat i ng w ith the U . S .  EPA Offi ce of Research and Development 

Ri sk Reduction Engineeri ng laboratory to demonstrate and eval uate the perfor­

mance of SIS processes for treat i ng res idues from the combust i on of muni c i pal 

sol i d  waste (MSW) . The program i ncl udes four SIS processes :  cement , s i l i cate , 

cement ki l n  dust , and a phosphate process .  The a im  of the project i s  to 
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TABLE 6-1 .  SUPERFUND INNOVATIVE TECHNOLOGY EVALUATION PROGRAM: 
SOL IDIF ICATION/STABILIZATION TECHNOLOGIES 

Sol i d i f i cat ion/ 
Stab i l  i zation 

Technol ogy 

Appl i cabl e Waste 

Devel oper 

Chemfi x  Technologies ,  Inc . 
Meta i r i e ,  LA 

HAZCON , Inc . 
Brooksh i re ,  TX 

Internat i onal  Waste 
Technol og i es/Geo-Con , Inc . 
W i chi ta,  KS 

S . M . W .  Se i ko ,  I n c .  
Redwood C i ty,  CA 

Separation and Recovery 
Systems , Inc . (SRS) 
I rvi ne ,  CA 

S i l  i cate Techno-l ogy Corp . 
Scottsdal e ,  AZ 

Sol idi tech , Inc . 
Houston , TX 

Wastech , Inc .  
Oak R idge, TN 

Sol ubl e s i l i cates and 
s i l icate sett ing agents 

Cement and proprietary 
add i t i ve 

In s i tu - s i l i cate and 
proprietary add i t i ves 

In s itu - proprietary 
bi nder 

L ime and propri etary 
addit ives 

S i l icate , cementit ious 
materi al , and propri etary 
add i t  ives 

Pozzol an or cement and 
propri etary l i qu id  
addit ives 

Proprietary 

Appl i cabl e 
Waste Med i a  Inorgani c  

Soi l ,  sl udge , Metal s 
other sol ids 

Soi l ,  sl udge Metal s 

So i l , sediment Nonspecifi c  

So i l  

Li quid/sol id 

Groundwater, 
s l udge , soil 

So i l , sl udge 

Soi l , sl udge, 
l i qu id  waste 

Metal s 

Low-l evel 
metal s 

Metal s ,  
cyanide, 
ammoni a  

Metal s 

Nonspec ific ,  
radioacti ve 

Nonspeci fi c  - Technol ogy i s  general ly appl icabl e to that waste type . 

Sources: U . S .  EPA, 1988d and Barth , 199 1 )  

''''- .' 

Organ i c  

Hi gh-mol ecul ar­
weight organ ics 

Not an inh ib itor 

PCBs , other 
nonspecific 
organi c  compounds 

Semivol ati l e  
organi c  compounds 

Specific  for 
ac idic sl udges 
wi th at l east 5% 
hydrocarbons 

Hi gh-mol ecul ar­
weight organics 

Nonspeci fic 

Nonspeci fic 



enhance the envi ronmental performance of SIS-treated MSW combusti on res idue i n  

a range of fi nal envi ronments .  The fi nal environment may be d i sposal i n  the 

l and or use as roadbed aggregate, bui l d i ng bl ocks , or art if i c i al reefs for 

shore eros i on control (Wi l es et a1 . ,  1991a and b) . 

Leaching Mechanisms and Performance of SIS-Treated Hazardous Waste 

Substances i n  Modi fi ed Cementitious and Pol ymeric Matrices . In t h i s study, a 

l atex polymer add i t i ve i s  being used with Portl and cement to treat i n organic­

and organi c-contaminated waste . The l atex polymer i s  used to reduce the 

poros i ty of the SIS-treated waste in order to improve immob i l izat i on (Dan i al i ,  

1 990) . 

Stabi l i zati on Potenti al of Lime Injecti on Mult i stage Burner (LIMB) 

Product Ash Used With Hazardous Disti l l ati on Res i dues . A study i s  under way 

to invest i gate the trace metal b i nd ing mechani sms i n  SIS h igh-sul fur coal fly 

ash and fl ue gas desulfuri zation ( FGO) sl udges .  F ly ash and sl udge from a 

typ i cal wet FGD process and dry fl ue gas desul furi zat i on by-product from a 

demonstrati on L IMB process are be i ng eval uated .  The l atter mater i al conta i ns 

substanti al porti ons of ava i l abl e l ime and may prove amenabl e as a sol i d i fying 

agent with  the fly ash . Th i s  work i s  be i ng done to characteri ze the waste, 

determ ine the sol i d i fi ed/stabi l i zed waste formul at ion ,  and measure the 

i nfl uence of l i qu id/sol i d  rat io  on metal l each i ng from the waste forms ( B i shop 

et al . ,  1992 ; Dus i ng et a1 . ,  1991 ) .  

Stabi l i zed Inci nerator Res i due 1n a Shore Protecti on Device . The 

goal s of th i s research are to stabi l i ze potenti al ly tox ic  i nci nerati on 

res i d ues and to use the stabi l ized materi al to construct energy-defl ecti ng or . -
absorbi ng structures to reduce shore eros i on .  The i n i t i al phases of the 

project wi l l  deal w i th develop i ng the proper mix des ign for stabi l i zed 

mater i al s  i n  h i gh-wave energy envi ronments and w ith  determ i n i ng the i r  engi­

neeri ng propert ies ,  l eachate character i st ics ,  and potent i al toxi c i ty to  

organ i sms . Permits  w i l l  be  secured to  construct a model wave defl ec­

tor/absorber i n  a mar ine system. The actual construct i on wi l l  occur i n  t he 

next phase ( Swanson , 1 990 ) . 
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6 . 2  FUTURE DEVELOPMENT 

For more than 20 years , SIS processes have been used to treat 

i ndustr ial and rad i oact i ve waste. More recently,  the technol ogy has been used 

to treat contami nated so i l s  at CERCLA s i tes , fly ash, i nc i nerator ash,  and 

metal -contami nated sl udges .  

Despi te extens ive appl i cat ion and cons i derabl e research , there st i l l  

are areas that coul d profi t  from add i t i onal effort . An i ncreased under­

stand i ng of SIS mechan i sms,  i nterferences , l each i ng behavi or,  and l ong-term 

performance woul d  al l hel p to improve process effic i ency and i ncrease confi­

dence i n  the technol ogy . Some areas to  consi der for future research are 

summari zed in sect i ons 6 . 2 . 1  through 6 . 2 .8 .  

6 . 2 . 1  Binders 

• Increase i mmobi l i zat i on performance by mod i fying 
exi s t i ng b i nders . 

• Deve lop advanced b i nders to min imi ze vol ume increase 
i nherent i n  most exi sting SIS processes . 

• Devel op advanced bi nders with better tol erance to 
organ i c  contami nants and i nterferences .  

• Determi ne factors affect i ng opti mum b i nder add i t i on 
rate. Too much of a part i cul ar bi nder i ngredi ent 
can l ead to an i mproperly stabi l i zed waste form . 
For example ,  many metal s  are amphoteri c ,  mean i ng 
that they are sol ubl e under both aci d i c  and al kal i ne 
cond i t i ons .  The metal wi l l  be at mi n imum solubi l i ty 
when a suffi c i ent base (SIS i ngred i ent)  i s  added to 
make the waste moderately al kal i ne .  Too much base 
wi l l  cause the metal to resol ubi l i ze and/or make the 
waste hazardous by v i rtue of the RCRA corros i v i ty 
characteri st i c  ( i . e . ,  pH >12 . 5 ) .  

6 . 2. 2  Mechani sms 

• Devel op an understand i ng of chemical spec i ation and 
how i t  affects immob i l i zat i on .  

• Ga i n  understand i ng of  SIS process bond i ng mechani sms 
wi th presently used b i nders and add i t i ve s .  

• Gai n understand i ng of microstructure and chemi stry 
of the complex i nteracti ons among bi nder phases and 
contami nants (McDan i el et al . ,  1990) . 
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6 . 2 .3 Interferences 

• Organ i c  matter i n  the waste can prevent setting of 
the SIS-treated waste or reduce the strength or 
immobi l i zat i on performance of the fi nal product . 
Research i s  needed to determine threshold l evel s for 
i nterfering organi c  compounds wi th i norgan ic  and 
organ i c  SIS binders . 

• Interferi ng agents shoul d be cl assi fied i nto groups 
based on s im i l ari ty of i nterference mechan i sms . 
Once the mechani sms are defi ned and i nterferences 
grouped , control parameters could be set for 
i nterfering chemi cal s such as vol ati l e  organi cs ,  
i nsol ubl e organ i c s ,  sol ubl e organ ics ,  sol ubl e sal ts ,  
sul fates ,  and ammon i a .  

6 . 2 . 4  Organi cs and Air Emiss ions  

• Devel op methods to  effi c iently remove organi c  
contami nants from sl udge, soi l , and soi l -l i ke wastes 
( Barth ,  1990 ) . 

• Devel op methods to  determi ne whether bondi ng occurs 
between bi nder and organi c  waste. Increased 
understandi ng of the mechani sms for organi c  
immobi l i zati on wi l l  speed devel opment o f  better 
bi nders for organi c  contami nants .  

6 . 2 . 5  Test Methods 

• Characteri ze the chemi cal i nteracti on within the 
SIS-treated waste and at the wastelsoi l  i nterface by 
d i ffus i on tube measurements with rad iotracers . 

• Develop methods to more accurately predi ct and 
measure the performance of SIS processes and 
products i n  the l aboratory and to i mprove the 
correl ati on of l aboratory resul ts wi th performance 
i n  the fi el d (McDani el et al . ,  1990) . 

• Devel op and eval uate Simpl e methods for deter­
mi nat i on of metal spec i at i on for use i n  bi nder 
eval uat i on and sel ect i on .  

• Devel op and eval uate methods for i nexpens ive 
determi nati on of metal spec i ati on .  

• Devel op better test methods for deta i l ed research of 
SIS-treated waste performance (e .g . ,  X-ray 
fl uorescence ,  computer i mag i ng ,  l aser hol ography) . 
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• Identi fy factors affecti ng scal e-up of treatabi l i ty 
test resul ts to determi ne the safety margin  needed 
i n  performance measures .  Scal e-up from bench-scal e 
to fi e ld-scal e i nvol ves a number of vari abl es that 
cannot be exactly repl i cated in the bench-scal e 
experiment s ,  e . g . , f ield-curing cond i t i ons ,  degree 
of mi x i ng ,  and i ngredi ent control , among others . 
Therefore , the resul ts of the bench�scale tests 
shoul d exceed the performance measures for the fi el d  
project by a wide enough marg i n  to a l l ow for unknown 
cont i ngencies.  As a general rul e,  i f  a bench-scal e 
test meets the field performance measures by only a 
s l im  marg i n ,  then one may expect probl ems wi th ful l ­
scal e impl ementati on .  

• Quant i fy the effect of the sma l l -scale treatabi l i ty 
test envi ronment on SIS-treated waste performance.  
The j ar environment promotes good contact between 
the b inder and waste form and can enhance the degree 
of stabi l i zation.  

6 . 2 . 6  leaching and Transport Models 

• Devel op approaches to better pred i ct field  
performance from l aboratory resul t s .  

• Quant i fy contai nment rel ease rates by di ffusi on and 
advect i on over l ong-term exposure to envi ronmental 
cond i t i on s .  Use the transport data to eval uate the 
acceptabi l i ty of the rel ease rates . 

• The TCLP does not ful ly  address  the mai n  l eachi ng 
mechani sms for many organi c s .  In many cases , the 
organ ics  i n  l eachates are assoc i ated w i th 
part i cul ate matter . Methods need to be developed to 
assess the fracti on of organi cs mobi l i zed by 
mechani sms not di rectly rel ated to di ffus ion or 
di ssol ution such as sorpti on on part i cul ates . 

• Devel op better, more economi cal , and more rapid  
l each i ng tests that al low rel i abl e pred iction of 
l ong-term performance of SIS-treated waste . 

6 . 2 . 7  Compati bi l i ty with Di sposal or Reuse 

• Ident ify and val idate methods to produce SIS-treated 
waste that can be reused or recycl ed ( Barth, 1990) . 

• Determ ine the l ong-term phys i cal durabi l i ty and 
contami nant retent i on propert ies of SIS products by 
the fol l ow ing means : 
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Define the phys i cal and chemi cal environments 
for various end use s .  

- Devel op accel erated weatheri ng test s .  
- Defi ne bi odegradation potent i al . 
- Determine the rel at i ve meri ts of granul ar 

versus monol i th ic  materi al s .  

• Analyze the cond i t i ons needed for l ong-term 
envi ronmental protecti on for S{S-treated waste 
pl aced in a d i sposal or use envi ronment . Analysi s  
wi l l  i ncl ude determi nat i on and eval uat i on of the 
ul t i mate rel ease pathways . 

• Eval uate and deve lop cri teri a for reuse of 5/5-
treated waste ( e .g . ,  bri cks or subgrade fi l l ) .  

6 . 2 . 8  Treatabi l i ty Tests and SIS Appl i cation 

• Determine the effecti veness of SIS processes and 
equ i pment for treat i ng contami n.ated soi l and 
i mpounded l i qu i d .  

• Determi ne effecti veness of  m ix ing methods ( i ncl uding 
i n  s i tu methods ) .  

• Eval uate effecti veness of sl ag add i t i on or other 
pretreatment opt i ons to al ter the val ence states of 
metal contami nants pri or to SIS process ing .  

• Establ i sh a database recording  i mportant 
characterist ics of SIS processi ng , such as bi nders , 
waste character i st i c s ,  i nterferences ,  and 
performance .  

• Devel op expert systems to a i d  i n  pl anni ng and 
eval uat i ng treatabi l i ty stud i es ,  SIS processes , and 
pretreatment opt i on s .  The expert systems can be 
used to screen potent i al SIS proces s e s  for spec i fi c  
waste types and contami nated s i te condi t i on s .  

• Devel op real -t ime QA/QC methods for SIS process 
control . 

• Evaluate uses, based on experi ence w i th S{S 
treatment of i ndustr i a l  sl udge , for s i mi l ar wastes 
such as dredged mater i al s from harbors and waterways 
or ashes and re s i dues from combu s t i on of coal and 
mun i c i pal sol i d  wa ste . 

• Devel op strategi es to optim ize sampl e col l ect i on and 
an al ys i s  to i ncrease effi c i ency and reduce cost . 
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APPENDIX A 

SOLIDIFICATION/STABILIZATION TECHNOLOGY SCREENING WORKSHEETS 

INTRODUCTION 

Th i s  sect i on s ummarizes the steps i n  the technol ogy screen ing 

process  for SIS technol ogy. I t . provides a checkl i st of the material descri bed 

i n  deta i l  i n  Chapter 2 .  The organi zat ion of the checkl i st paral l el s  the 

organi zation of Chapter 2, integrating the i ssues covered in that secti on i nto 

a user-fri endly format . The checkl i st worksheets hel p the unin i t i ated u ser to 

fol l ow orderly and comprehens i ve screening procedures . The screen ing could be 

repeated at several stages throughout a project , as  appropri ate . For the 

first use , the checkl i st woul d serve as a tool to guide preparati on of test 

pl ans .  The checkl i st would then be appl ied at major mi l estones , such a s  

sel ect i on of an  SIS process or  compl etion of  bench-scal e screen ing ,  to revi ew 

progress ,  i dent i fy weaknesses i n  the project , and deve lop methods to improve 

the test i ng .  Later i n  the testi ng the checkl i st wou l d  be appl i ed t o  rev iew 

and eval uate the project . 

INSTRUCTIONS 

Each major subhead i ng i n  the checkl i st i s  fol l owed by 1 )  a brief 

statement or quest ion that cl ari fies the scope and aspect of SIS technol ogy 

covered i n  that sect i on and 2 )  a seri es of quest i ons  to guide eval uat i on of 

the SIS project with respect to that aspect . The question can be eval uated as 

"favorabl e , "  "neutral , "  "unfavorabl e , '  " not known , "  or "not appl i cabl e . "  

" Favorabl e"  means l ower complex i ty or a h igher probabi l i ty of succes s  for the 

SIS project . "Neutral " means that the i ssue has a known effect but the effect 

i s  not s i gni fi cant to the outcome of the project .  ·Unfavorabl e" means greater 

chal l enges to SIS technol ogy . "Not known" means there i s  high probabi l i ty of 

an effect but the magni tude andlor di rect ion are not known . "Not appl i cabl e"  

means a l ow probab i l ity of  any effect . The questions are typ i cal l y  cl ari fi ed 

or el aborated w ith  notes in  the " I ssues" col umn . In  most cases the eval ua­

t i ons are qual i tat ive ,  but in a few cases Quant i tative performance cri teri a 

are g iven as g u i dance . Typi cal l y ,  an answer of "yes " to the questi on equal s a 

favorabl e cond i t ion .  Cases where the reverse i s  true are noted . 

A summary sheet for tal lying  the responses for each subhead i ng i s  

� provi ded at the concl us i on of th i s  chapter. The purpose of the summary sheet 
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i s  to ass i st i n  ident i fy i ng trends or possi bl e  weaknesses i n  the treatabi l i ty 

study . 

Not every i s sue l i sted i n  the checkl i st i s  appl i cabl e to every 

treatabi l i ty study .  Irrel evant i ssues shoul d be i gnored . I t  i s  hoped that , 

through considerat ion of the i s sues conta i ned here i n ,  future SIS treatment 

projects can be improved i n  terms of both pl ann i ng and conduct . 
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SOLIDIDCATION/STABILIZATION TECHNOLOGY SCREENING WORKSHEETS 

Indicator 

� 

1 � � .� 

l 
0 � i 
> -< .:! '0 -
c 0 

Information Roouirements" tl. ::> Z Z Issues 

1 SITE-SPECmC BASELINE INFORMATION 
REQUIREMENTS 

1 . 1  Waste Sampling - D o  the waste samples 
accurately reflect the chemical and physical 
characteristics of the entire volume of the 
waste? 

1.  Are preliminary field surveys available? Plamring for sampling 

2. Are waste sampling procedures Representativeuess, holding times, 
documented and consistent with guidance chain-of-<:ustody, etc. 
in SW-846 (U.S. EPA, 1986a) and/or 
other agency guidance? 

3. Are sampling locations statistically Representativeness 
randomized? 

4. Is sample variability addressed by Representativeness 
statistical analysis? 

5.  Were samples composited prior to Composites preferred for 
analysis? comparative treatability testing but 

do DOt define extremes in waste 
composition. Variation is 
particularly important for testing 
of continuous processes, e.g., pug 
mill mixing. 

6. Were debris, large rock fragments, Representativeness vegetative material, etc. removed prior to analysis? 

7. Is material available sufficient for pilot- Need to support waste 
scale testing? characterization and bench- and 

pilot-scale tests. 

8. Is some material being arew ved for QAlQC 
possible later testS? 

" An answer of "yes" to a question indicates a favorable condition unless otherwise indicated. 
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SOLIDIFICATIONISTABILIZATION TECHNOLOGY SCREENING WORKSHEETS (cont'd) 

Indicator 

Information Requirements· Issues 

1 .2 Waste Acceptance - Is the waste material 
toxicity low enough to allow contact handling 
needed for SIS testing and application? 
1. Was a representative sample analyzed Identification of chemical hazards 

prior to shipping? 

2. Is waste composition in compliance with Toxicity and U.S. DOT shipping 
shipping-regulations? regulations 

3. Is the hazard to SIS workers acceptably Worker safety 
low? 

1.3 Waste Characterization - Is there an 
adequate, statistically valid database to 
support selection of binding agents? 

1 .  Is historical information available? Optimize data collection 

2. Does characterization include a ·total Identify target contaminants 
waste analysis·? 

3. Were TCLP data generated on the Baseline leaching data; RCRA 
untreated waste? toxicity characteristic 

4. Have other hazard characteristic tests Ignitability, corrosivity, reactivity. 
been performed or are they known to be toxicity, infectivity 
unnecessary? 

S. Have other chemical analyses been pH, redox potential, acid 
performed to establish baselines and neutralization capacity, etc.; 
possible SIS interferences? Interferants screen, e.g. , oil and 

grease, salt content, nitrate, 
sulfate, etc. 

6. Have baseline physical characteristics of UCS, specific gravity, Paint Filter 
the untreated waste been measured? Test, permeability, etc. 

• An answer of ·yes· to a question indicates a favorable condition unless o:herwise indicated. 
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• SOLIDIFICATION/srABn.IZATION TECHNOLOGY SCREENING WORKSHEETS (cont'd) 

Indicator 

Information Requirements· Issues 

7. Are any other data available on the X-ray diffraction, SEM-EDXA, 
physico-chemical form of the target microscopy, spectroscopy, etc. 
contaminants? 

1.4 Site Characterization - Are fundamental site 
characteristics established to give baseline 
data for the design of the treatment system? 

l. Does the site support the setup and Available space, topography, 
operation of SIS equipment? excavation difficulty, climate 

2. Are necessary resources close to the Design flexibility 
site? 

• Water, gas, electricity 

• Supplies and chemicals 

• Equipment 

• Access routes 

• Disposal facilities 

3. What proportion of the waste occurs Excess water can make excavation 
above the groundwater table (or difficult and require dewatering of 
uppermost aquifer)? waste material. 

100% = favorable 

4. Has the total waste volume been Smaller volumes, more limited 
estimated, measured, or calculated? treatability study; larger volumes, 

more extensive treatability study 

S. Does the waste contain debris that may Pretreatment and handling 
interfere with field treatment? requirements; interferences may 

be process-specific. 
no = favorable 

• An answer of ·yes· to a question indicates a favorable condition unless otherwise indicated. 
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SOLIDIFICATION/STABILIZATION TECHNOLOGY SCREENING WORKSHEETS (conI 'd) 

Information Requirements' 

6. What are the textural characteristics of 
the waste? 

dry, granular '" favorable 
clayey, sludge, or liquid = neutral 
bard, blocky = unfavorable 

7. How heterogeneous is the distribution of 
the target contarninant(s) within the 
waste? 

fairly homogeneous = favorable 

Quality Assurance/Quality Control - Is 
QA/QC sufficient 10 determine and document 
data quali]y? 

1. Does the anal ytical laboratory 
performing the analyses on the untreated 
waste possess appropriate 
qualifications/certifications? 

2. Are the characterization data collected 
under an appropriate QA/QC program, 
or is there some other indication of the 
quality of the analytical measurements? 

3. Are there a sufficient number of 
replicates analyzed to permit a statistical 
analysis of the results? 

4. Is a second 'analytical laboratory 
available for interlaboratory verification 
on a portion of the more critical 
measurements? 

" 

1 

Indicator 

" 
Z Issues 

Pretreatment and handling 
requirements 

More analytical data needed to 
compensate for higher variabili]y. 

CLP, other 
qualifications! certifications 

Blind replicates, duplicates, 
bracketed calibration, standard 
additions, blanks, etc. 

Mean, standard deviation, 
confidence intervals, etc. 

Data accuracy, interlaboratory 
verification 

• An answer of 'yes' to a question indicates a favorable condition unless otherwise indicated. 

A-6 



SOLIDIF1CATIONIST ABn..IZATION TECHNOLOGY SCREENING WORKSHEETS (COIIt'cI) 

Indicator 

" � 1 
j 

:a != I!! ] 
<:> 

0 

� 
.s 

'0 
� iii � Information Requireme:nts' r::.. Z Issues 

1 PERFORMANCE OBJECTIVES 

2.1 Regulatory Requirements - Have CERCLA 
and RCRA regulatory-driven requirements 
been considered in developing performance 
requirements? 

1. Is the site close to Jlossible receptors of Possible source of localion-
noise, fugitive dust, volatiles, or odors? specific ARAR 

2. Is the site close to sensitive Possible soun:e of locaIion-
�viromnenW areas such as floodplains, specific AR.AR 
wetlands, or the breeding grounds of 
protected species? 

3. Are the primary contamioants meWs or SIS BDAT for lDIIIY sDetaIs; _ 
organics. or both? types of orpnics may teqIlite 

pretreatlJHmt unless pteSIIQt in low 
metals = favorable concentrations. 
metals and organics = neutral 
organics OIIly = lU;Ifavorable 

4. If mostly metals, bow many metals are Potential for �1ibIe 
present in regulated concentrations? chemistries; complex wastes are 

more difficult to satisfactorily 
1 = favorable SIabilize 
2-3 = . neutral 
4 or more = unfavorable 

5. If arsenic and chromium are among the Toxicity issues; may affect biDcIer 
target contamioants. bave their valence selection; data may also be 
states been determined? inferred from waste origin in 

some cases. 

, An answer of "yes" to a question indicates a favorable condition unless otherwise indicated. 
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SOLIDIF1CATION/STABll..IZATION TECHNOLOGY SCREENING WORKSHEEJ'S (cont'd) 

Indicator 

.! 
.. 

E 1 .. 1 l 1 ] 0 � 
� il j � -

:3 0 
Information Requirements" '""' Z Z Issues 

6. If mercury, nickel, tin, arsenic or lead is Toxicity iSsues; may affect binder 
among Ihe target contaminants, are selection; data may also be 
analyses planned for organic (e.g., inferred from waste origin in 
tetraelhyl lead, tributyl tin, some cases. 
organoarsenic) or 01her unusual and 
toxic forms (e.g., nickel carbonyl)? 

7. Does Ihe waste contain volatile organic Levels of concern will vlU}' with 
contaminants and, if so, in what the contaminant; SIS not 
concentrations? demonstrated for volatiles; 

probable release during mixiD& 
no or < SO ppb = favorable and curing; pretreatment probably 

necessary. 
8. Does the waste contain olher high Levels of concern vlU}' with the 

hazard or special contaminants, such as contaminant; pretreatment will 
PCBs, dioxins, pesticides, likely be necessary; SIS may not 
chlorophenols, radionuC\ides, or be preferred approach, unless a 
cyanide? strong rationale is provided. 

no = favorable 

2.2 Technical and Institutional Requirements -
Have technical and institutional factors been 
considered in developing performance 
requirements? 

1 .  Will testing determine Ihe leaching (e.g., Demonstrate basic feEibility. 
TCLP) or physical properties (e.g., 
compressive strength) of treated waste? 

2.  Are reagent costs consistent wilh project Calculate binder cost per volume 
economics? of stabilized waste. 

3. Does Ihe waste contain compounds that Off-gas treatment increases 
may decompose or volatilize to produce processing costs. 
off-gas? 

no = favorable 

" An answer of ·yes" to a question indicates a favorable condition unless otherwise indicated. 
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SOLIDIFICATION/SI'ABILIZATION TECHNOLOGY SCREENING WORKSHEETS (cont'd) 

4. 

s. 

6. 

7. 

8. 

9. 

Information Requirements" 

Will the waste mix well with the binder? 

Does the waste interfere with setting or 
cause unfavorable reactions with the 
binder? 

no = favorable 

Is the wastelbinder mixture fluid and 
amenable to material handling and 

. .  ? mumg. 

Does SIS increase waste volume 
significant! y? 

no = favorable 

Is the S/S-treated waste amenable to 
placement? 

Is the binder material subject to possible 
biodegradation? 

no = favorable 

10. Are longer-term leaching tests on the 
treated waste planned? 

INITIAL TECHNOLOGY SCREENING 

3 . 1  Technology ScreeninglFeasibility Study -
Has SIS been compared to other treatment 
alternatives and been found to be the most 
appropriate technology? 

Indicator 

Issues 

Good mixing and wetting is 
needed to ensure a strong, 
uniform product. 

Interferences should be identified. 

PumpabIe wastelbinder mix makes 
handling easier. 

Large volume increase raises costs 
and increases disposal problems. 

Need long-term sInIctural integrity 
and ability to support heavy 
equipment soon after placement. 

Long-term stability 

TCLP is not a good indicator of 
long-term stability. 

" An answer of ·yes· to a question indicates a favorable condition unless otherwise indicated. 
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SOLIDIFICATION/STABILIZATION TECHNOLOGY SCREENING WORKSHEETS (cont'd) 

Indicator 

Information Requirements" Issues 

3.1.1  CERCLA Technology Screening 

1. Do the selected methods protect human Methods should attain threshold 
health and the environment? criteria. 

2. Do the selected methods meet ARARs? Methods should attain threshold 
criteria. 

3. Do the selected methods reduce toxicity, Methods should provide good 
mobility, or volume? trade-<lff of primary balancing 

criteria. 

4. Do the selected methods minimize Methods should provide good 
impact to human health and the trade-<lff of primary ba1ancing 
environment? criteria. 

s. Do the selected methods reliably Methods should provide good 
maintain low residual risk to human trade-<lff of primary balancing 
health and the environment? criteria. 

6. Do the selected methods allow efficient, Methods should provide a good 
cost-effective application at the site? trade-<lff of primary ba1ancing 

criteria. 

7. Are the selected methods likely to Modifying criteria are evaluated 
receive state acceptance? after the public comment period. 

8. Axe the selected methods likely to Modifying criteria are evaluated 
receive community acceptance? after the public comment period. 

3.1.2 Technology Screening at RCRA TSD 
Facilities 

1 .  I s  the waste banned under another Review waste for suitability of 
regulatory system such as TSCA? SIS treatment. 

yes = not suitable for SIS 

" An answer of "yes" to a question indicates a favorable condition unless olherwise indicated. 
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SOLIDIFICATION/STABILIZATION TECHNOLOGY SCREENING WORKSHEETS (CODt'd) 

Indicator 

Information Requirements" 

2. Is the waste classified as "not suitable" Adhemlce to RCRA landban and 
for SIS or land disposal under the BDAT recommendations 
landbans. or is a technology other than 
SIS recommeded as BDAT? 

yes = not suitable for SIS 

3. Is the waste not yet covered or extended Landban requirements 

under landbans? 

yes = SIS not required 

4. Does the generator certify that the waste Landban requirements 
meets landban requirements? 

yes = SIS not required 

s. Is the waste restricted or banned under Permit complianCe 
site pennit conditions or otherwise 
unacceptable to a TSD facility? 

yes = not suitable for SIS 

6. Is treatment required to prepare waste Treatment process complexity 
for a TSD facility's SIS system? 

yes = less favorable 

3.2 General Criteria for Not Using SIS - Is the 
waste compatible with SIS technology? 

1. Is the waste amenable to recycling. RecycIiDg. _. and recovery reuse, or recovery technology. all other are preferred over treatmIint or 
factors being equal? dispoul. 

no = favorable for SIS 

• An answer of ·yes" to a question indicates a favorable condition unless otherwise indicated. 
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SOLIDmCATION/STABILIZATION TECHNOLOGY SCREENING WORKSHEEl'S (cont'd) 

Indicator 

J! 
J I .. 1 

I ] 0 

� .! � � 
Information Requirements" "" :!5 � I-. 

2. Is the waste treatable by a destruction Contaminant destruction is 
technology. all other factors being preferred over disposal. 
equal? 

no = favorable for SIS 

3. Are there ARARs that cannot be Can. SIS meet regufatory 
satisfied by existing SIS technology? requirements? 

DO = favorable for SIS 

4. Is SIS waste treatment inefficient or Cost effectiveness 
expensive when compared to another 
remedy? 

no = favorable for SIS 

S. Does the waste exhibit poor mixing. Ameuability to SIS 
incompatibility. or other unacceptable 
characteristics? 

no = favorable for SIS 

6. Does the waste contain volatile organics Organics can be difficult to 
or a large fraction of total organics? stabilize. 

no = favorable for SIS 

4 WASTEIBINDER COMPATmn.ITY 
LITERATURE SCREENING - Has a 
comprehensive review and selection process 
found a group of test SIS binder formulations 
that have a high probability of providing good 
stabilization? 

• An answer of 'yes' to a question indicates a favorable condition unless otherwise indicated. 
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SOLIDMCATION/SIABILIZATION TEC1INOLOGY SCREENING WORKSHEETS (cont'd) 

Indicator 

� 1 j 
j 
'a 

I! ] � � 
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Info1'Dl8tion Requirements" '" ;:::l Z Z Issues 

1. Are interf_ and chemical Pozwlanic binders IInl 
incompatibilities considered as part of incompatible with high 
the binder selection? concentrations of oil, grease. 

organics, chlorides, and other 
soluble salls. Sodium sulfite 
binder is incompaoble with acids. 

2. Has metal chemistry been considered in Formation of metal hydroxides is 
the binder formulation? an important stabilization 

mechanism with alkaline binders; 
however, high pH can inct:ease 
the solubility of some melsls 
(e.g., As and (J). 

3. Is SfS-created waste COmpabble with the Possible end usc includes disposal 
planned end usc? such as landfill, monofill, or 

burial or reuse as fill, road base, 
or construction material. 

4. Are the SIS costs kDown. and are they Cost is a consideration but sbould 
competitive with other treatment and be secondary to perfonnance. 
disposal methods? 

5. Does the SIS process have a proven While proven performance is 
track record on similar wastes? desirable, innovative methods 

should not be discouraged. 

S LABORATORY BENCH� 
SCREENING OF TIlE W ASTEIBINDER 
MIXTURES • Although laboratory scr'een.ing can 

be conducted in a variety of ways, it is typically 
an interactive procus involving two sequential 
steps. A wide range of formulations are given 
simple tests. Then a more refined group are 

tested against more complex or demanding 
criteria. Test criteria and issues are discussed 
below • 

• • An answer of ·yes· to a question indicates a favorable condition unl� otherwise indicated. 
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SOLIDIF1CATION/srABILIZATION TECHNOLOGY SCREENING WORKSHEETS (conl'd) 

lndicator 

" 
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il of � -
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Information Requirements" u.. Z Z Issues 

l. Has an appropriate pretreatment step Highly toxic constituents; 
been devised, if necessary? contaminants that do not respond 

well to SIS; interferants; debris 

2. Have at least 3 to 4 different binders Maximize potential for successful 
been selected for bench -scale testing? treatability study. 

3. Are several different binder-to-waste CostIbenefit; excess binder may 
ratios used in the testing? hinder SIS process. 

4. Have wastelbinder compatibility issues Target contaminants; interferants; 
been considered in selecting a binder? compatibility with disposal 

environment 
s. Is laboratory testing being based on Composite best for process 

composite or "worst-olSe" samples, or comparison; may be necessary to 
both? design for worst case. 

issue was considered = favorable 

6. Are any chemical additives to the binder Reproducibility, interpretability. 
carefully monitored and controlled? sensitivity analysis 

7. Are several rounds of bencb-scaIe Process optimization is an 
testing penormed, i.e., have the most iterative process; ability to 
successful processes been adapted to the "engineer" solutions to treatability 
site-specific waste form? problems 

8. Are the chemical compositions of the Hazardous properties 
binder and of any other chemicals added 
dwing SIS (e.g., fairy dust) known? 

9. Are all of the additives mentioned in Corrosivity (PH), reactivity (free 
item 8 above nontoxic and sulfide or lime), etc. 
nonhazardous? 

" An answer of "yes" to a question indicates a favorable condition unless otherwise indicated. 
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SOLlDIF1CATIONISTABILlZATION TECHNOLOGY SCREENING WORKSHEETS (a:JIIt'd) 

Indicator 

.. 

.. 

J 
� 

..!! :i! :.:::I 

� 
e g: 

J 
0 
> < 0 4!! 

i:i CI '0 '0 
Information ReQUirements" � ;::I Z Z '-

10. Are there any new ARAR.s that result Toxicity and hazazd 
from the binder additivU/ �cs, e.g., pH, raICCivo 

sulfide, meIIl 1each criteria. 
no = favorable volatile emissioos. dust, etc. 

1 1 . Is there provision for a third party or Objectivity 
regulatory agency to observe the 
treatability study? 

12. Were anticipated field conditions "lar effect" enhances performance 
simulated during waste curing? 

13. Were the samples allowed 10 cure for an 28 days recommended befOte 
appropriate time period prior to UCS testing for most pozzolllls 
analysis? 

, 14, Does the test program cover critical Leaching and critical 
ARARs? chemical/physical properties 

15. Does the test plan provide for split IDtedaboratory comparison to 

samples \0 be sent 10 a second inctase confidence in results 
laboratory? 

16. Does the test include good statistic.al Data accuracy and reliability 
design. replication. blind controls, 
laboratory QAlQC. etc? 

17. Is the waste volume increase resulting Bud use compatibility. �cal 
from binder additions determinable from feasibility 
the.test? 

• An answer of 'yet;" 10 a qUetitioo indicates a favorable condition uoless otherwise indicated. 
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SOLIDIF1CATION/SfABILIZATlON TECHNOLOGY SCREENING WORKSBEt:l'S (cont'd) 

Indicator 
.!! 

:I 
J 

"8 .!! e 
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� 1 � 0 � 
Information Requirements' 

� � :§ � � "" Issues 

6 BENCH-SCALE PERFORMANCE 
TESfINGIPROCESS OPTIMIZATION - Does 
the bench-scale perfOl'lDllllCC test demonstrate that 
the S/S-treated waste meets predetermined 
performance standards? 

1.  Are the guidelines applied in the bench- Completeness and CODSisteDcy 
scale screening also considered in the 
bench-scale performance testing? 

2a. If subsurface disposal is anticipated, are 
appropriate pbysical tests being e.g., ues, permeability etc. 
conducted? 

2h. If surface or near-surface disposal is e.g., wetJdry, freeze/lhaw, etc. 
anticipated, are the appropriate physical 
tests being conducted? 

2e. Is the longer-term stability of the waste e.g., multiple extraction 
toward leaching being evaluated? procedure, ANSIIANS/16.1, etc. 

2d. For wastes containing organic Aqueous leachate is a meaningless 
contaminants with low aqueous indicator of process effectiveness 
solubilities, are leaching tests in an because of low solubility of 
organic solvent being conducted? contaminant. 

2e. Are there any technical reasons to Assess in leach test by modifying 
suspect that colloidal contaminant or eliminating filtration step. 
transport may be important at this site? 

no = favorable 

2f. Is there any technical reason for e.g., humic-ricb groundwater, or 
conducting leacb tests with site-specific groundwater with other 
groundwater as leacbant? complexing ligands (e.g., 

carbonate, fluoride, high chloride. 
no = favorable etc.) 

• An answer of "yes" 10 a question indicates a favorable condition unless otherwise indicated. 
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SOLIDII1CATION/STABILIZATION TECHNOLOGY SCREENING WORKSHEEI'S (cont'd) 

Indicator 
co 

J! 
J 

� 
I 

1 g; ] g -< 
� .:! � '5 c 

Information Requiremeols' ;> Z Issues 

2g. If the binder is biodegradable, is a Waste form. stability 
biodegradation performance test being 
conducted? 

2b. If the disposal site could potentially leak Leachate toxicity to aquatic 
into an aquatic system, are leachate ecosystem 
bioassays being performed? 

2i. Are specific binding agent properties Examples include: 
considered in the' test plan? 

• pH and reactive sulfide 
analyses for sulfide-alntaining 
treatment chemicals 

• biodegradation tests for 
thermoplaslic or other organic 
biDders 

3. Is a total metal analysis being performed Eliminate false negatives. 
on the same subsample as the leach test? 

4. Have the leaching performance data Subtract out effect of dilution. 
been corrected for dilution by binder 
additives? 

s. Is there a safety margin in the Mixing, ingredient control, and 
performance data compared to the curing environments are not as 
performance criteria? well controlled in the field. 

6. Is the process implementable in the Materials handling issues; process 
field? complexity; mixing, throughput, 

and storage requirements 

7. Is the bulking factor (volumetric Criteria will vary depending 011 
expansion of the waste due to binder the site. 
additives and water) compatible with 
disposal constraints? 

< 2S % expansion = favorable 

e " An answer of 'yes" 10 a question indicates a favorable condition unless otherwise indicated. 
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SOLIDIFICATION/STABILIZATION TECHNOLOGY SCREENING WORKSHEETS (cont'd) 

Indicator 

.!l 
j I ., � � ] 0 > 0 'E i:i iii "0 "0 

Information Requirements" '" Z ;J Z Z Issues 

8. Is the estimated cost of field treatment Will vary depending on several 
reasonable? factors, such as waste volume, 

binder type, and process 
< $100/ton = favorable complexity. Includes both 
$100 - $1 50/ton = neutral operating and capi tal costs. 

9. Does the process or binder selected have Innovative processes may require 
a successful track record for this type of slower implementation, e.g., 
waste? mandatory pilot-scale test, more 

extensive field performance data. 

10. Does the test plan provide for split Interlaboratory comparison to 
samples to be sent to a second increase confidence in results 
laboratory? 

1 1. Is there provision for a third party or Objectivity 
regulatory agency to observe the bench-
scale performance study? 

12. Does the study simulate field conditions • Representative of field 
as closely as possible during curing? conditions 

• Improve use of data for 
scale-up 

13. Is the SIS-treated waste allowed to cure Test reliability 
for the appropriate period of time? 

14. Is the amount of performance testing The greater the risk, the more 
consistent with the guidance provided in performance testing is needed. 
Section 2.7.2 regarding project risk? 

15. Does the analytical laboratory CLP, other qualifications/ 
performing the analyses on the treated certifications 
waste possess appropriate 

qualifications/certifications? 

• An answer of "yes" to a question indicates a favorable condition unless otherwise indicated. 
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SOLIDIFICATION/STABILIZATION TECHNOLOGY SCREENING WORKSHEETS (conl'd) 

Indicator 

..!! 
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j J � 
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] 0 
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i: il � 0 � Information Requirements· II. Z Z Issues 

16. Were the performance data rollected Binder replicates, duplicale/l. 
under an appropriate QAlQC program, bracketed calibration, standud 
or is there some other indication of the additions, blaDka, inIer\aboraloJy 
quality of the analytical measurements? verification, etc. 

17. Have a sufficient number of replicates Mean, standard deviation, 
been analyzed to permit a statistical confideace intervals, etc. 
analysis of the resu1ts? 

7 PILOT-SCALE AND FIELD 
DEMONSTRATIONS 

7.1 The Need for Process Scale-Up - Is 
technical, regulatory, and institutional 
confidence in the SIS binder and 
binderlwaste ratio high enough to obviate the 
need for bench-scale testing? 

L Has the binder been used successfidly in Field Ipplication increases 
field applications? confidence. 

2. Does the waste to be treated have • Similar wastes' characteristics 
physical and chemical characteristics imply similar � 
similar to waste successfully treated in a performance. 
prior field application? 

• Particular 8UeDti0ll should be 
given to complex mixtures � 
possible in� 

3. Are site surroUDdings similar? Review site-specific performance 
and institutional issues. 

4. Are regulatory requirements similar? Site-specific regulatory issues and ARARs 
S. Are process scale-up issues well • Material balldling 

understood? • Mixing 
• Vapor evolutiOll 

• An answer of ·yes" to a question indicates a favorable condition unless otherwise indicated. 
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SOLIDmCATION/Sl'ABlLIZATION TECHNOLOGY SCREENING WORKSHEEIS (coot'cI) 

Indicator 

J! 
D 
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1 � 0 :.'2 � > .:! � il :!l "0 � Information Requirements" "" Z Z Issues 

6. Are process costs known? • Pilot plairt test will improve 
accuracy of cost estimate. 

7. Is waste reasonably homogeneous and Waste composition variations can 
well characterized? affect SIS binder perfonDlllCe. 

7.2 Scale-Up Issues - Do your pilot-scale tests 
address the major remediation steps? 

1.  Is the performance of earth-moving or • Throughput 
other waste removal equipment known? • Free liquid bandling 

• Operator safety 

2. Is the performance of material-haDcIling • Throughput 
equipment known? • CalringlPlugging 

• Spillage 

3. Is the storage and handling system for • Inventory needs 
the SIS binder known? • Throughput 

• Space 

4. Is waste pretreatment needed to improve • Size adjustment by crushing 
material handling? andIor screening • Moisture adjustment 

5. 15 waste pretreatment needed to improve Blending, homogenization, pH 

binder compatibility or efficiency? adjustment, volatile organic 
removal 

6. Are the mixing system for the SIS In situ, batch, continuous 

binder and the waste disposal approach 
known? 

7. Is the SIS-treated waste disposal Handling, placement, CO�OII, 

approach known? moisture cootent, final closure and 
capping 

• An answer of "yes" to a question indicates a favorable condition unless otherwise indicated. 
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SOLIDJFICATIONISI'ABILIZATION TECHNOLOGY SCREENING WORKSHEETS (cant'd) 

Indicator 

7.3 Analytical Testing of the Treated Waste - Is 
sampling and analysis of pilot plant S/S-
treated waste sufficient to determine 
performance? 

1. Is basic testing included? Leaching am:t physical strength 

2. Ase lIdditionaJ tests required? Permeability, moistuR content, 

chemisIry 

tit ' An answer of 'yes' to a question indicates a favolllble condition un1ess otherwise indicated. 
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APPENDIX B 

DRAFT REPORT: SAMPL I NG AND ANALYTICAL PROCEDURES 

Note: The sampling aad aaalytical procedures dOClllllellt presented In this 
appendix was developed for sampling piles of waste material contaminated 
with copper and lead. The document is included here only as aa example 
and has heen modified to protect client confidentiality. 
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DRAFr REPORT 

FOR 

SAMPLING AND ANALYTICAL PROCEDURES 

1.0 INTRODUcnON 

[The introduction is specific to each project and should briefly describe the project 

background and objectives.] 
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2 
2.0 PROJECT SCOPE 

The existing waste consists of three accumulated piles of material situated on pavement in 

an approximately rectangular shape (Figure 2-1). Approximate estimates of the dimensions of the 

piles are: Pile 1 :  43 it by 27 it and 2 it deep; Pile 2: 53 it by 38 it and 2 to 2.5 it deep; and Pile 

3: 53 ft by 20 it and 3 it deep. 

A preliminary sampling of the waste was conducted by Battelle to obtain an estimate of the 

number of contaminants of concern as well as the concentrations. In addition, previous sampling 

of other similar which had been collected in rolloff boxes and stored in the parking area was 

analyzed in order to obtain a better estimate of the contaminants likely to be found in the piles. 

Copper and lead were the primary contaminants from both sampling surveys. Average 

concentrations of copper and lead from the rolloff boxes and piles are shown in Tables 2-1, 2-2, 

and 2-3. These preliminary measurements of the metal concentrations were used to design ,the 

sampling program. 

The waste tends to be fairly uniform in consistency throughout, but possible variations in 

metal concentrations require that samples be collected at varying locations, both spatially and as a 

function of depth. Specific details of the sampling design are discussed in the following section. 

( B- 6 )  
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FIGURE 2-1. SCHEMA TIC DIAGRAM OF SPENT WASTE PILES 
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TABLE 2-1 . SUMMARY OF COPPER AND LEAD LEVELS IN WASTE BOXES 

Results by Analytical Methods Copper Lead 
S11.C 

Tl1.C 

Regulatory Threshold (mgIL) 25 5.0 

Mean (mgIL)l 35 2.2 

Coefficient of Variation 0.97 0.43 

Regulatory Threshold (mg/kg) 2500 1000 

Mean (mgIkg)l 3240 28 

Coefficient of Variation 0.33 0.40 

Samples which contained oondetectable concentrations were used in ciaJ.c:uIations· as 
the mean between 0 and the derec:tion limit. 

( 8- 8 )  
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TABLE 2-2. SUMMARY OF COPPER LEVELS IN WASTE Pn.ES 

Results by AnaIytical Methods Pile I  

1 2 3 

sn.C 

Regulatory Threshold (mg/L) %S 

Mean (mgII.}l 45 79 31  

Coefficiestt of Variation 0.33 0.91 0.85 

TI1.C 
Regulatory Threshold (mgJlcg) 2500 

Mean (mgIkg)l %SSG 3080 2600 

Coefficiem of VariatioD 0.14- 0.27 0.1 1  

Avenge of fbur samples. 

• 

( B- 9 )  
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TABLE 2-3. SUMMARY OF LEAD LEVELS IN WASTE Pll..ES 

Results by Analytical Methods Pile I 

1 2 

STLC 
RegulaIDry Threshold (mglL) 5.0 

Mean (mgIL)1 3.0 2.0 

Coefficient of Variation 0.23 0.26 

TIl.C 
RegulaIDry Threshold (mglkg) 1000 
Mean (mg/kg)1 66 58 

Coefficient of Variation 0.21 0. 1 1  

1 Average of four samples. 

( B- I O )  
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3.0 SAMPLING PROGRAM 

The sampling design will be of a random grid layout. Piles I and 3 will be gridded into 

equal surface areas by marking a coordinate every 3 ft, both horizontally and laterally. Due to the 

variation in size between piles, this will result in approximately 130 grids for Pile 1 and 
approximately 120 grids for Pile 3. Each grid will have a surface area of 9 square ft. Pile 2 will 

be gridded into equal surface areas by marking a coordinate every 4 ft, both horizontally and 

laterally. This will result in approximately 125 grids. Each grid will have a surface area of 16 

square ft. The grid areas will be numbered consecutively so that sample locations may be 

referenced. 

Six different samples will be collected along with two blind replicates for each pile. 

Location of the sampling points will be selected for each of the sampling locations from a random 

number table (see Section 5 .2.3). 

Trained teclmicians will be required to collect samples of waste from the piles using the 
techniques described in Sections 5.0 through 10.0. Composite samples will be collected from each 

randomly selected grid. Composite sampling will consist of collecti.tig five subsamples from each 

of two different depths in the randomly selected grid for a total of ten subsamples. The depths will 

be O.S ft from the surface of the pile and approximately 0.5 ft from the pavement. Subsamples 

will be collected from four corners of the grid in addition to one subsample from the center. The 

subsamples will then be composited in a tray and mixed using a stainless steel or Teflon spoon. 

The composited sample will be split and placed into two or three precleaned polyethylene bottles 

for analysis as follows: 

• 

• 

• 

500 cc from all sampling pointS. These samples will be sent to the primary 
analytical laboratory. 

1000 cc from all sampling points. These samples will be archived in the event that 
additional analyses are required. 

500 cc from l out of 10 sampling points. These samples will be sent to a separate 
�alytical laboratory to verify results from the primary laboratory. 

This type of sampl ing versus a single grab sample will provide a better estimate of the 

mean concentration of the contaminants within the sampling grid and, correspondingly, a better 

e estimate of the mean concentration of the contaminants in the waste pile. 

( B �  1 1  ) 
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4.0 ANALYSIS PROGRAM 

One sample from each pile will be analyzed for the seveoteen California Assessment 

Manual (CAM) metals plus Cr (VI). Total metal conceutralion is to be compared to California 

Total Threshold Limit Concentrations (ITLCs) for the seventeen metals plus Cr (VI) using 

appropriate methods as found in "Test Methods for Evaluating Solid Waste, Physical/Chemical 

Methods",  SW-846, 3rd Edition. The remaining samples need be analyzed for only total copper 

and lead since previous testing has shown these to be the major metals. The waste will be 

analyzed for soluble metals using the following two methods: 

• The Toxicity Characteristic Leaching Procedure (rCLP) will be carried out on I 
out of 5 samples in furore sampling programs to _ die waste is. not a RCRA 
waste. The waste piles which are now undergoing analyses have already been 
tested by this method. 

• Soluble metal concentrations using the Califumia idie 22 Waste Extraction Test 
(WE1), to be compared with the California Soluble Threshold Limit 
Concentrations (STLCs) standards for these metals. 

The total metal analyses (all 17 metals plus Cr(Vl) are condllc:lP:d first and are conducted' 

to determine major metals for subsequent analysis. A major meal is ODe whose total concentration 

is ten times above the STLC for that metal. Then all the remaining samples are analyzed for total 

metals content for just the major metals. Finally, any sample whose total metal concentration is :l!: 

ten times its STLC should be analyzed by the WET to determine any STLC exceedances. The 

approach to analysis described in this paragraph is relatively simple, quick, and cost-effective. 

It is important to inform the analytical laboratory to use as large a sample volume as 

possible for analyses in order to obtain an accurate. representation of die metal concentrations in 

each sample. A minimum of 100 g of sample should be used for die WET and a minimum of 5 g 

of sample should be used for acid digestion. 

The analytical laboratory must meet the following quality c:outrol and quality assurance 

standards: 

• The minimum acceptable detection limit is 100 times lower than TILCs and 10 
times lower than STLCs for WET analysis. 

( B- 1 2 )  
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• Results from spike analyses must be provided to demonstrate the accuracy and 
reproducibility of laboratory methods. An error of ± 20% is acceptable. 

Also, in future sampling programs we recommend that approximately one out of ten 

samples be analyzed for totaI metal concentrations of all 17 CAM metals plus CR(VI). It is not 

necessary or cost-effective to analyze every sample for all 17 metals. However, a representative 

fraction of the samples used needs to be completely characterized in order to determine the major 

metals present. 

Additional details on the statistical design of the sampling program are provided in Section 

S.O. Sampling equipment and operation, sample collection and preservation, personal protective 

equipment and decontamination, and quality assurance and quality control are discussed in Sections 

6.0 through 10.0 . 

( B- 1 3 )  
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5.0 STA11STICAL DESIGN 

An overview of the sampling effort will be discussed first followed by details on each 

aspect of the sampling design. The overview is intended to provide a general understanding of 

how the waste will be sampled. The details which follow the overview will include information on 

how the number of samples and grid sizes were selected, as well as detailing the method for 

selection of the grids and the sampling method within a grid. 

5.1 Overview 

Each waste pile will first be subdivided into either 3 ft by 3 ft grids (Piles I and 3) or 4 it 

by 4 it grids (pile 2). Random sampling will then be used to select six grids for sampling. Within 

each of these grids, ten samples will be taken and compasited, five samples from each of two 

levels. 

The key elements which must be defined for this type of sampling design include: 1) the 

number of samples; 2) the grids (spatial area) to be sampled; 3) the selection of the grids; 4) the 

sampling method within a grid; and 5) the estimators used to characterize the papulaticin. 

5.2 Approach 

5.2.1 NUMBER OF SAMPLES PER WASTE PILE 

Factors affecting the number of samples which should be .collected are the homogeneity of 

the contaminant in the waste, the desired confidence interval, and the cost per sample. Based on 

previous sampling at the site (Tables 2-1 - 2-3), an
" 
estimate of the number of samples which would 

provide statistical confidence in the results may be determined. 

In order to provide a basis for the determination of the number of samples to acquire per 

pile, a table was generated which compares the coefficient of variation of a sample set (standard 

deviation/mean) versus K, which is a ratio of the mean of the sample set to the regulatory 

threshold (Table 5-1). In order to generate this table, the sample mean, standard deviation, and 
sample size are related to determine an upper bound, T u, which represents the highest value for 

the 

( 8- 1 4 )  
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TABLE S-l. SAMPl...E SlZEl REQUIRED TO DEMONSTRATE COMPLIANCE WITH 
REGULATORY THRESHOLD (RT) AS A FUNCTION OF 
ANTICIPATED AVERAGE CONTAMINATION LEVEL (X) 
AND COEFFICIENT OF VARIATION 

K = l00XJRT 

1 cv 10 30 SO 70 90 

80$ CONFIDENCE LEVEL .� ., 

0.1 1 1 1 1 1 1 
O.S 1 1 1 2 15 

0.9 1 1 1 4- 38 

1.3 1 1 2 6 63 

1.1 1 1 2. a &1 

1.0 1 1 3 9 103 

90$ CONFIDENCE LEVEL 
0.1 1 1 1 1 2. 

0.5 1 1 1 3 34-

0.9 1 1 3 8 108 

1.3 1 1 4- 13 147 

1.7 1 2 S 18 202 

�.O 1 2. 6 21 239 

95$ COf'jrIDENCE LEVEL 
0.1 1 1 1 1 3 

005 1 1 2. S 55 

0.9 1 1 4 13 145 

1.3 1 3 6 22 242 

1.7 1 3 
• 

8 29 332 

2.0 1 4 10 3S 393 

1 These sample sizes correspond to a statistical power of SO" at a Cl)D!3mioation level 
x. and were calculated assuming a lopormal probability disIribution fOr the meal 
conc:eatratiom. alOllg with assumpIioDs that the SUDdan1 deviation of the 

e 
measurements is knowu, and that spatial correlation effectS are not important. 

(B-1 5 )  

• 



12 

concentration that is plausible based on the samples taken. If Tu is found to be below the 

regulatory threshold, then it is decided that the true average concentration is also below that 

threshold. From an environmental point of view, the use of T u is probably most defensible 

because it requires that an area be demonstrated free of contaminants at the regulated levels. 

where: 

T u is calculated from the statistical formula shown below: 

2 
In(Tr\ = m+g ..!!-. +2-U/ l - · rn 2 

where m is the mean of the log-transformed metal concentrations: 

m =  

t(X;) = the log-transformed metal concentrations 

n = sample number 

gl ... = the (l-a) percentile point of the standard normal distribution 

(f = the standard deviation of the log-transformed metal concentrations· 

( 5 . 1) 

( 5 . 2 )  

The sample sizes shown in Table 5-1 have been generated by assuming an average mecal 

concentration (x), a standard deviation «(f), and a desired Tu to give a range of CVs «(fIx) and Ks 
(100x1RT). In order to use Table 5-1 ,  it is necessary to either assume an expected x and CV or a 

small preliminary sample should be taken to provide an estimate of x and the CV. These values 

can then be used to select an appropriate sample size. The mean and standard deviation of the 

sample set may be calculated in the standard method as shown. The mean of a SaDlple set may be 
calculated as follows: 

(5 . 3 )  

The standard deviation of the sample set may be calculated as follows: 

( B- l � )  
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(5 .4)  

Th e  coefficient of variation (CV) is simply the ratio of the sample standard deviation to the 
sample mean: 

cv = S x ( 5 . 5 ) 

From Table 5-1, one can see that as the K value increases or the coefficient of variation 

increases, a greater number of samples are required to demonstrate compliance. In other wo�, as 

the expected sample mean approaches the regulatory threshold, it will require many more samples 

to demonstrate that the actual metal concentration in the waste is below the. threshold. 

As shown by the preliminary sampling (rabies 2-1 - 2-3), the results demonstrated that 

most of the waste in the piles contain copper concentrations above the regulatory thresholds for 

both soluble and total metals content, although a high coefficient of variance was often found with 

these results. Theoretically, additional sampling of any pile of waste might result in finding the 

metal concentrations to be below the regulatory limits (although this is not recommended for these 

particular piles because the soluble copper content is too high); however, one must balance the cost 

of sampling with the likelihood of being able to dispose of the waste as nonbazardous. 

Although the calculations in Table 5-1 show that in some cases one sample would be 

sufficient to demonstrate compliance, this would be difficult to justify from a regulatory 

perspective. From a statistical sla!ldpoint, a minimum of six samples per waste pile (where a 

waste pile is equal to 300 ydl or less) would provide relatively good confidence in the calculated 

average metal concentration. The number of samples required if. for example, the average metal 

concentration is expected to be close to the regulatory threshold and the coefficient of variation is 

high, can be as high as 390 samples, which would clearly be economically unfeasible. Therefore, 

it is recommended that six samples per pile be taken to detennine the average metal concentration. 

If waste piles generated in the future are significantly larger than those now in question, sample 

size should increase proportionally. 

( B- 1 7 )  
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5.2.2 GRID SIZE 

The grid size selected was based upon the area required to collect the samples and a "rule 

of thumb" that for a sample of size n, there should be 20 x n grids. There are six samples to be 

taken from each waste pile, therefore, 120 grids would be adequate. This number of grids 

indicates a grid size of 3 ft by 3 ft would be appropriate for Piles 1 and 3 (generating 

approximately 130 and 120 grids, respectively), while a grid size of 4 ft by 4 ft would be 

appropriate for Pile 2 (generating approximately 125 grids). 

for sampling of other piles, the following steps may be followed: 

1) Determine the number of samples to be taken as discussed in the previous section. 

2) . Multiply the number of samples, n, by 20 to determine the number of grids 
required per strata. 

3) Based upon the dimensions of the pile, determine the size of the grids required. 
for example, to take 5 samples from a waste pile with dimensions of 40 ft by SO ft 
would require 100 grids. Selecting a grid size of 4.5 ft by 4.5 ft would yield 
approximately 100 grids. 

5.2.3 SELECl'ION OF GRIDS 

Grid areas should be numbered consecutively. Selection of the grids for sampling will be 

done randomly. In order to select the grids, use the set of random numbers shown in Table 5-2. 

Select the first, middle, cr last three digits from each five-digit number, but decide which digits 

will be selected prior to beginning. Choose any number randomly in the table as a starting point. 

From this number, go down the column, then to the top of the next column on the right, until six 

numbers have been sp.lected with no repetitions. If a number is selected for which there is no grid, 

select the next consecutive random number. For example, if we choose to select the middle three 

digits from the five-digit number and we begin in the seventh column, proceeding down column 7 

would give us the numbers �. 1 19, 75, 22, 95, and 130. The grids corresponding to these 

numbers would then be selected for sampling. 

( B- 1 8 )  
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TABLE 5-2. RANDOM NUMBERS TABLEI 

Line/Col. (11 121 (31 ('I 151 (II i1I III 191 1' 01 

• '0010 'SOli 01534 02011 .. &017 11&018 19'79 , .. ,,.. 52590 lI2V7 
2 2l3A '1573 Z559S I5l9l lO995 89191 27912 53'02 !13965 -3 2"30 'IlIO = 97255 7a39l I5oIIO!l 15'79 2<130 <93010 llIII' 
• 42117 93D93 0112'3 1111110 07156 '1378 19oIoIO 53Sl7 71341 S7COoI I m70 1997I 1'137 ,_ De12' 91782 500IaI 113(1S -- 50172 
I �. 0I9D7 11001 427!i' 277S1 !S3o&98 '1802 70159 90155 '5053 
7 995al 72905 - - 98172 3'0'1 71 1901 11711 ..a,3 ...." I 91301 919n - Q7972 '1171 2D!22 901595 5&1&9 190" iIIO'5 
9 89579 ''lO2 113M. '021' 17053 1" 03 snoo 1'l71 ZS33' '25611 

.0 150175 311157 S3Jq 53SIS 53010 59S33 31847 I23l1O 01'58 11983 

" lIS'l 11571 1IZ3' 33Z7I 70997 79935 _5 05159 90106 31 5S5 
'2 I3S53 4091' 'IZ35 II3Q7 GI2S 19'AS 1l1li3 72195 52110 201&7 '3 at&29 93919 S2I3I !12737 .. 70 l30III lI320 '7117 30015 can 
" .- " 129 17Ut - 01237 52287 S7111!1 - 01511 211351 
15 01" 9 !T.Il8 71001 01.71 77233 'lI,1 '7561 111151 97735 115117 
11 5.0IS '2755 511121 5'259 n'52 1130& - !12'" q,wz -
17 022U 2'312 S2«M lOllS 19318 '!IIIIS 55J22 "" 9  01111 I52S5 II 01011 50092 J33&2 - 3.273 00''1 '115M ZSIS2 71515 15030 
" 5211:1 539.8 - 51511 mIl IOS'l 13'05 91731 23oI!J5 -lD 01tI5& 97IZI 3l7I7 - QIJ8 oeu, 7U8I '3102 5'85' "'00 
21 -- "2OS 85IZI 1'l'1 09'72 30'" 90229 0073< 5f'!3 22171 
l2 50&11' 51'92 22<2. '4103 '7070 Z5306 7&0lil :z&lI.< SI'5' 0l&oI8 2l m39 l23I3 05597 2QOQ 13113 3ID05 94342 ana l5IIDI 015'2 24 2Il34 l7OD' nl37 17301 51731 00251 45130& 153S11 44557 41'35 21 02411 J3OII2 2IIl4 0735' 19nt !l2QD IO!I5l illIG 5000' 57151 

I Ott, L. 1984 An Imrodugjon to Statistical Methods and Para Analysis Sec:oDd Edition. Duxbury Press, Boston 
• 

( B- 1 9 )  

1"1  (12) (13) I") 
lO!II59 99570 91291 90700 52111 19"" 391115 !I9S05 - '9155 11334 sm9 1lOIII9 US" !I77SI '5379 
'''110 01927 0'253 500613 

Z1911 11125 - Q8IQ 53213 2'019 '0630& .2952 '1425 &01903 Q50I 32307 51178 ",,7 D55I5 589011 
.- 11<51 .1SI3 64952 
0'507 115590 ,,110 78111 
1 223'  90511 337Dl 90322 
14" 5 27158 lOI13 70952 15100 2DZI5 29975 -2Sl72 70'1' 2155' 90707 

- - T5Sl' <0'719 IoIa3S ..,,, 0S90I0 55'57 
SII12 019'5 !12"7 iI'9S' 
901731 .nsz 35'58 25705 
119'1 '9509 %5125 51'00 

lD'2' 11161 ,..,. 321'2 
2'52' 15227 911!10!1 44592 '70'2 64151 '129Ii 2215' 
'0317 07114 31.11 18510 325111 81179 -511720 !14953 
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5.2.4 SAMPLING METIlOD WITHIN A GRID 

Spatial composite sampling will be used to characterize the waste within a grid. Five 

subsampJes will be taken within each grid from the corners of the grid and the center at a depth of 

0.5 ft from the surface. An additional five subsamples will be taken in the same manner from a 

depth of 0.5 ft from the pavement. These ten subsamples will then be composited via mixing in a 

lined container into a homogenous sample for the various analyses. 

( B-20 )  
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6.0 SAMPLING EQUIPMENT AND OPERATION 

The following pieces of equipment will be used to perform sampling of the waste placed in 

roll-off bins, grit piles, and the rinsate water. The two main requirements for the sampling 

equipment are: 

• The tool must DOt contribute any chemical col)taminmn to the sample, and 

• The tool must be capable of collecting a representative sample. 

Stainless steel equipment is generally the most durable and is often used for sampling 

sludge, sediments, and soils. The following paragraphs below discuss the pieces of sampling 

equipment which are recommended for use in sampling the waste and the rinsate water resulting 

from decontamination. 

6.1 Dipper 

A dipper consists of stainless steel, glass, or Teflon beaker constructed with or clamped to 
the end of a bandle (Figure 6-1). Dippers are used for sampling tanks, bins, outfalls, and 

discharge. The following precautions should be observed: 

• A stainless steel dipper should have a riveted handle not a soldered handle, because 
metals from the solder could leach into and contaminate the sample. 

• Use only Teflon, stainless steel, or glass to sample wastes containing organic 
materials. 

• When using a beaker clamped to a pole, the handle aDd damp shoaId be painted 
with a 2-part epoxy or other chemically-inert paint when sampling either alkaline 
or acidic materials . 

( B- 2 ! ) 
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Telescoping Sla lnless Steel 
(optional ) 

L.ength determined b�sed on 
necessary reach 

) 
( 

FIGURE 6-1 . SCHEMATIC DIAGRAM OF DIPPER 
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Procedures for Use: 

1 .  Decontaminate the dipper, clamp, and handle (see Section 6.2). 

2. In tanks, tum the dipper so the mouth of the dipper faces down and insert it into 
the waste material. Tum dipper right side up when dipper is at desired depth. 
Allow dipper to dill completely as shown by the cessation of air bubbles. When 
sampling drums, submerge the dipper to the desired depth, allow the beaker to fill. 

3. Raise dipper and pour the sample material into an appropriate container. 

4. Decontaminate the dipper. 

6.2 Stainless Steel Spoon or Scoop 

A stainless steel spoon or scoop is the simplest, most direct method for collecting soil 

samples. In general, the procedure is used to sample the first three inches of surface soil. 

However, samples from greater depths and samples of sludges, sediments and bulk samples may 

also employ this technique in some situations. 

Procedures for use: 

1. Collect and composite samples from the rop three inches of soil. 

2. Mix the samples in a lined container, then deposit in the appropriate container. 

3. Wipe sample containers clean of surface contamination. 

4. Place in individual plastic bags in an insulated ice chest with freezer packs if 
refrigeration is necessary .  

6 .3  Glass Tube Thief 

A bollow glass tube is a simple rool which is used to sample liquids from drums (Figure 6-
2). The advantages of using a glass tube thief include inexpensive cost, ease of disposal, its 

availability in variable lengths, and capability ro sample a vertical column of waste. The tool 

( B - 2 3 )  
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S' - Length depends on 
depth of sample 
container-

FIGURE 6-2. SCHEMAnC DIAGRAM OF GLASS roBE THIEF 
( B-24 ) 
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consists of a glass tube, typically between 8 and 16 mm in diameter. This device will be used to 

sample the drums containing rinsate from the decontamination of the dipper. 

Procedures for use: 

1. Decontaminate the glass tube (see Section 6.2) 

2. Slowly insert the tube into the waste container. This should be done at a rate 
which permits the level of the liquid inside and outside the sampler to remain the 
same. If the level of waste in the sampler tube is lower inside than outside, the 
sampling rate is too fast and may yield a non-representative sample. 

3. When the tube contacts the bottom of the waste container, place a rubber stopper 
or attach a squeeze bulb over the exposed end of the sampling tube. The use of a 
squeeze bulb improves the ability of a glass tube to retain very viscous fluids 
during sampling. It is important that none of the fluid comes in contact with the 
rubber squeeze bulb. If using your thumb, ensure your hands are protected by 
gloves which are resistant to the chemicals sampled. With the end of the tube 
plugged, slowly draw the tube from the waste container. In order to enable the 
sampler to retain the fluid in the glass tube, the glass tube may be withdrawn at an 
angle such that the thumb may be kept over the end of the glass tube. 

4. Place the end of the glass tube in the sample container and remove plug from the 
end of the tube. 

S. Repeat steps.2 through 5 untiI the required amount of sample has been collected. 

6. Place the contaminated glass tube in a plastic storage tube for subsequent cleaning, 
as described in Section 6.2. If used to sample a drum of waste, the glass tube may 
be disposed in the drum prior to resealing the bung. Notch the glass with a steel 
file to avoid shattering the glass when breaking long pieces. 

6.4 Auger and Thin-Wall Tube Sampler 

The system consists of an auger bit. a series of drill rods, a "T" bandle, and a thin-wall 

corer (Figure 6-3). The auger bit is used to bore a hole to the desired sampling depth and is then 

withdrawn. The auger tip is replaced with the tube corer, lowered down the borehole, and forced 

into the soil at the completion ·depth. The corer is then withdrawn and the sample collected. 
Alternatively. the sample may be recovered directly from the auger. This technique 

however, does not provide an 'undisturbed" sample as would be collected with a thin-tube 

( B-25 ) 
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FIGURE 6-3. SCHEMATIC DIAGRAM OF AUGERS AND THIN-WALL 11JBE SAMPLER tit 
( B- 2 6 ) 



\ 

23 

sampler. When the soil is rocky, it may not be possible to force a thin-tube sampler through the 

soil or sample recovery may be poor. Sampling directly from the auger may be the only viable 

method. Several auger types are available: bucket type, continuous-flight (screw), and posthole 

augers. Bucket types are good for direct sample recovery, are fast, and provide a large volume of 

sample. When continuous flight (screw) augers are used, the sample may be collected directly off 

the flights, however, this technique will provide a somewhat unrepresentative sample as the exact 

sample depth will not be known. The continuous-flight augers are satisfactory for use when a 

composite of the entire soil column is desired. Posthole augers have limited utility for sample 

acquisition as they are designed more for their ability to cut through fibrous, heavily rooted, 

swampy areas. In soils where the borehole will not remain open when the tool is removed, a 

temporary casing may be used until the desired sampling depth is reached. 

Procedures for use: 

1 .  Attach the auger bit to a drill rod extension and attach the "T" handle to the drill 
rod. 

2. Clear the area to be sampled of any surface debris (twigs, rocks: litter). It may be 
advisable to remove the first 8 to IS em of surface soil from a 3Ck:m diameter area 
around the drilling location. 

3. Begin drilling, periodically removing accumulated soils. This prevents accidentally 
brushing loose material back down the borehole when removing the auger or 
adding drill rods. 

4. After reaching desired depth, slowly and carefully remove auger from boring. 
(Note: When sampling directly from auger, collect sample after auger is removed 
from boeing and proceed to Step 10). 

S. Remove auger top from drill rods and replace with a precleaned thin-wall tube 
sampler. Install proper cutting tip. 

6. Carefully lower corer down borehole. Gradually force corer into soil. Take care 
to avoid scraping the borehole sides. Do not hammer the drill rods to facilitate 
coring as the vibrations may cause the boeing walls to collapse. 

7. Remove corer and unscrew drill rods. 

8. Remove cutting tip and remove core from device. 

( 8- 2 7 )  
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9. Discard top of core (approximately 2.5 em) which represents material collected by 
the core before penetrating the layer in question. Place remaining core into sample 
container. 

10. Verify that a Teflon liner is in the cap if required. Secure the cap tightly. 

1 l .  Label the sample bottle with the appropriate sample tag. Label the tag carefully 
and clearly. addressing all the categories or parameters. Complete all chain-of­
custody documents and record in the field logbook. 
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7.0 SAMPLE COLLECTION AND PRESERVATION 

7.1 Sample CollectiOll 

The following procedures will be followed for sampling waste from waste piles: 

I .  Identify the specific pile which wUl be sampled. 

2. Construct the sampling grid as described in Section 5.2.3. 

3. Go to the random numbers table (fable 5-2) and select six numbers. Each number 
represents the grid unit which will be sampled. 

4. Use the appropriate instrument to obtain the sample. Follow the recommended 
procedures for use as stated in Section 6.0. 

S. Collect a composite sample from each randomly selected grid. Composite 
sampling will consist of collecting five subsamples at two different depdls (0.5 ft 
from the surface and 0.5 ft from the pavement) from each corner of the randomly 
selected grid in addition to one sample from the center for a total of 10 
subsamples. The samples will then be composited in a tray and mixed using a 
stainless steel or Teflon spoon. The composited sample will be placed in 
precleaned polyethylene bottles for analysis. 

6. From each sampling point, split the composite sample into a 500 cc subsample for 
the analytical laboratory and a 1000 cc subsampJe to archive. From l out of 10 
sampling points, reserve 500 cc of the composite sample to send to a separate 
analytical laboratory. No preservation is required for samples. Rinsate blanks 
must be preserved with a solution of nitric acid. This can be provided in the 
sample jar by the analytical laboratory. Holding time for the samples is 6 months, 
unless sampling for mercury which has a holding time of 28 days. 

7. The collection of the sample does not require filling the sample jar in any special 
manner. 

8. Discard the outer latex gloves after each sample into an appropriate container and 
then replace them for the next sampling event. 

9. For the rinsate blank (which will be required once for every twenty samples), 
simply run deionized water over the sampling instrument after it has been 
decontaminated. 

( B-2 9 )  



26 

10. The sampler must pay attention while filling the sample bottle for the rinsate blank 
due to the fact that the sample bottle will have a preservative already in it. If the 
bottle were to be overfilled during collection, some of the preservative would be 
lost resulting in insufficient preservative remaining in the bottle and an inaccurate 
analysis. 

7.2 Sample Preservation 

No preservatives will be required for the sampling of the waste itself. Only the rinsate 

blank (equipment washing) will require a preservative of nitric acid in order to lower the pH of the 

sample below 2. The analytical laboratory can provide the sample containers containing the 

appropriate quantities of preservative for this. Caution should be exercised when these samples are 

collected to prevent accidental exposure by splashing. 
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3.0 PERSONAL PROTECTIVE EQUIPMENT AND DECONTAMINATION 

8.1 Personal Protective Equipmmt 

The following personal protective equipment shall be worn during the sampling of the 

• Tyvek suit 

• Latex gloves (two pairs) 

• Dust protector 

• Safety glasses with splash shields (only necessary for wilen rinsate blanks 
(equipment washes) are collected). 

8.1.2 CLEANING OPERATIONS (DECONTAMINATION) 

The followiDg personal protective equipment shall be worn during all cleaning operations 

for sampling equiptnellt: 

• Safety glasses with splash shields 

• Latex gloves (water decoI1tamination) 

• Neoprene or nitrile gloves (wben using solvents) 

• Tyvek or cloth coveralls 

8.2 Decontamination 

Decontamination (cleaning) of sampling devices prior to and after use is required. 

Decontamination is important so that material from a previous sampling event does not contaminate 

subsequent samples. Decontamination should be perfooned as follows: 
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• Scrub the sampling tool with a brush in a laboratory-grade detergent (Alconox, 
Liquinox, or the equivalent) and tap water solution 

• Rinse with water 

• Rinse again with deionized water or the equivalent 

• If sampling for organic contamination, rinse a final time with pesticide-grade 
isopropanol or pesticide-grade acetone or methanol (a minimal amount is necessary 
for rinsing and this should be conducted under a fume hood or in the open, but 
never in a closed room without adequate ventilation) 

• Allow sampling tool to air dry 

• Wrap in aluminum foil or other similar protective covering to avoid contamination 
before the next use 

• No eating, smoking, drinking, chewing, or any hand to mouth contact will be 
permitted during cleaning operations. 

The following are cleaning procedures for the glass tube thief: 

• Wash thoroughly with laboratory detergent and hot water using a brush to remove 
any particulate matter or surface film 

• Rinse thoroughly with hot tap water 

• Rinse with at least a 10 percent nitric acid solution 

• Rinse thoroughly with tap water 

• Rinse thoroughly with deionized water 

• Rinse twice with solvent and allow to air dry for at least 24 hours 

• Wrap completely with aluminum foil to prevent contamination during storage 

The following are cleaning procedures for stainless steel sampling equipment: 

• Wash thoroughly with laboratory detergent and water with a brush 

• Rinse thoroughly with tap water 

• Rinse thoroughly with deionized water 

• If sampling for organic contamination, rinse twice with solvent and allow to air dry 
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• Wrap completely with alllmjmlm fuB 

• Rinse with tap water after use in the field 

Decontamination wash waters should be collected and colltainerized separately ftom solvent 

rinses in a 55-gallon drum. Since potentially hazardous wastes are being rinsed from sampling 

equipment, the collected rinse waters should be handled and sampled for hazardous constituents 

using a glass tube thief prior to disposal. 'The storage area should bave a drum staged fur the 

disposal of rinse waters and one for disposal of solvents. Upon filling the rinse water drum., it 

should be sampled fur metals to determine if it must be disposed of as a hazardous waste or down 

the industrial drain. The contents of the solveot drum may be recycled. 
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9.0 SAMPLE CUsroDY, LABELING, PACKAGING, AND TRANSPORTATION 

9.1 Sample Custody 

The purpose of a sample chain�f-custody is to document the possession of a sample from 

the time of collection, through all transfers of custody, until it is delivered to the analytical 

laboratory. This requires that a form (Figure 9-1) be filled out in permanent ink: and sent along 

with the samples to the storage area. This form will contain the following minimum information: 

• Sample number 

• Date and time of collection 

• Shipyard location 

• Waste type 

• Signature of collector 

• Preservation 

• Container type 

• Analysis request 

• Appropriate notations relative to sample integrity and handling practices 

• Signature of all persons involved in the chain of possession 

• Inclusive dates and times of possession 

9.2 Sample Labelinc 

A sample lahel is applied to a sample container before a sample of waste is collected 

(Figure 9·2). The label will be completely filled out with permanent ink. It will contain the 

following information: 
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SAWLERUS ......... I 
DATE TIME 

R.A ...... h.O\,: (Sfooa .... 1 
R�by: /SIono ..... 1 
R ............ dby: ISI_, ... I 
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� NL  ______________ _ 
CHAIN OF ct/STOPY RECORD 

P,oI.ct "d. SAMPLE TYH Iv'! 

IIIIIIIIIII/; 
.; 

! .  j z 
c • 8 � z c SAMPL" I.D. a 

Fl ..... "" 

OahmtrW 
I Dat.lTI .. 
I OaM!1'IInI 
I 

RUleI'" by: (S�., ""'-""'" by: I_,u,,) 
ReClINed by: R.a __ by: IS!to ...... 1 1_ .... ' 
_hoM'. Laboq .... V by: o. .. rr- A._ 1Siono .... 1 

FIGURE 9-1. CHAIN-OF-CUSTODY SHEET 

( B- 3 5 ) 

Oat.mme R.ca1.-1 by: 1_ ... 1 
O.t.rr .... R.edMd by: IS""t •• ) 

.... - 01 __ 



SAMPLE NO . 

SAMPLE MATRIX 

SAMPLE PRESERVATIVE 
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ANALYSIS REQUIRED 

INITIALS OF SAMPLER � 
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TIME AND DATE OF COLLECTION ____ ---, _______ _ 

FIGURE 9-2. SAMPLE LABEL 
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• Sample number 
33 

• Date and hour the sample was taken 
• Sampler's initials 

• Sampling site 

• Tests required, if known 

• Preservative used, if any 

9.3 Sample PackagiDl 

The laboratory will typically provide all sample containers, preservatives, and packaging 

for transportation of samples. Proper preparation of sample containers for transport to the 

laboratory is essential to prevent breakage of containers and spillage of potentially hazardous 

material . . The following steps will be taken during sample packaging: 

• Ensure sample container is labeled correctly 

• After sampling activities are complete, clean the outer surface of all sample 
containers 

• Wrap each glass container with plastic insulating material (bubble wrap) and 
enclose in a plastic bag to prevent contact with other sample containers. Plastic 
containers also should be placed into bags, however, bubble wrap is not needed. 

• Place sample containers in thermally-insulated, rigid ice chests which contain ice or 
reusable ice paclcs if the temperature must be held at 4°C. If the sample does not 
need to be held at 4°C, an ice chest is not required. However, an ice chest is a 
lightweight, rigid, and easily secured container in addition to being thermally 
efficient. 

• Ensure the chain-of-custody fonus are filled out and secure the inside the sample 
chests. Packers should retain one copy. 
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9.4 Sample Transportation 

Transport samples to the laboratory as soon as possible after collection. 

/ 
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10.0 SAMPLE QUALITY ASSURANCE AND QUALITY CONTROL 

10.1 Rhute Blanks (Equipment Washes) 

Equipment washes serve as checks of field decoDtamination procedures. They are obtained 

after final wash and decontamination of equipment by pouring reagent-grade water 

into/through/over a decontaminated piece of sampling equipment. The water is collected in 

appropriate sample containers and transported to the laboratory with other samples. The equipment 

blanks are analyzed in the same manner as the field samples. Equipment blanks should be 

collected prior to each sampling event at each sampling site. However, once good equipment 

decontamination technique (equipment blanks are " clean") bas been demonstrated, the frequency of 

equipment wash samples may be reduced to an occasional basis. Initially, one rinsate blank 

(equipment wash) will be collected for every twenty samples taken. 

10.2 Laboratory Quality Control and Certification 

Laboratory quality control procedures are instituted to ensure the reliabilitY of analytical 
data obtained throughout the sampling effort. Procedures include the analysis of laboratory 

samples to measure the accuracy and precision of laboratory procedures. A laboratory duplicate 

should typically be analyzed one time in twenty samples. Ally analytical laboratory used should 

have current certification from the state of California for performing all the necessary chemical 

analyses. 

10.2.1 MATRIX SPIKE ANALYSIS 

Matrix spike analyses are performed to assist the accuracy of laboratory methods. Spiked 

samples are used to determine if chemical interferences are occurring. One spike analysis per 

sample set is generally adequate. 
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10.2.2 MATRIX SPIKE DUPUCATES 

Matrix spilce duplicates are used to evaluate the reproducibDity of the analytiCal 

procedures. A field sample is analyzed and the results are compared to the original matrix spike 

sample test results. In general, this is only necessary for large numbers of samples (> 30). 

10.2.3 METHOD BLANK TFSI'S 

Method blank tests are performed in the laboratory by analyzing distilled, deionized water 

for all analytical methods employed by the laboratory. Method blanks are analyzed for each 
matrix to verify that laboratory-induced contaminants are identified and distinguished from 

environmental contaminants of concern. 
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APPENDIX C 
GLOSSARY OF SOLIDIFICATION/STABILIZATION TERMS AND ABBREVIATIONS* 

AA - atom i c  absorption spectroscopy, a mi crocharacteri zati on method . 

ANC - Acid  Neutra l i zat i on Capac i ty ,  a chem i cal test . 

ANS - Ameri can Nucl ear Soci ety . 

ANSI - Ameri can Nati onal Standards Insti tute. 

ANS I/ANS/16 . 1  - Ameri can Nucl ear Soci ety test 1 6 . 1 ,  a l each i ng test . 

Aoe - area of contam i nati on . 

APe - a i r  pol l ut i on control . 

API - Ameri can Petrol eum Insti tute . 

ARAR - appl i cabl e o r  rel evant and appropri ate requ irement . These are cl eanup 
standards , standards of control , and other substanti ve requ i rements , c r i ter i a ,  
o r  l i mi tati ons promul gated under federal , state, o r  l ocal envi ronmental l aws 
or fac i l i ty s i t i ng l aws that : ( 1 .  appl i cabl e )  spec i f i c a l l y  address a h azardous 
substance , pol l utan t ,  contami nant,  remed i a l act i o n ,  l ocat i o n ,  or other 
c i rcumstance found at a CERCLA s i te or ( 2 .  rel evant and appropriate)  address 
probl ems or s i tuat i on s  s i mi l ar to those entountered at a CERCLA s i te (40 CFR 
300 . 5 ,  p p .  7 and 1 2 ) . 

ASTH - Ameri can Soci ety for Testing and Material s . 

absorpti on - ass i m i l a t i on o f  fl u i d s  i nto i nterst i ces (ASTM 0 653 , p .  1 29 ) . 

aci d i ty - the quan t i tat i ve capac i ty o f  materi a l s to react w i t h  hydroxyl i ons . 

addi t i ve s  - mater i al s i ncl uded i n  the b i nder to improve the SIS proce ss .  
Examp l es of some types of add i t i ves are : ( 1 )  s i l  i cates or other materi al s  
t h at al ter t h e  rate of  harden i n g ,  ( 2 )  cl ays or other sorbents t o  i mprove 
reten ti on  of water or contami nants , or ( 3 )  emul s i fi ers and surfactants that 
i mprove the i ncorporation of orga n i c  compounds .  

adsorpt i on - attract i on of sol i d ,  l iqui d,  or gas mol ecul es , ions , or atoms to 
part i cl e  s urfaces by physi ochemi cal forces . The adsorbed mate r i a l  may have 
d i fferent propert i es from those of the materi al i n  the pore s pace at the same 
temperature and p ressure due to al tered mol ecul ar arrangement ( after ASTM 
D 653 and Parker,  ] 989,  p .  3 7 ) . 

advecti on - u n i d i rect i onal , progressi ve bul k movemen t ,  such a s  water under the 
i nfl uence of a hydraul i c grad i ent . 

al kal i n i ty - the quant i tat i ve capac i ty of aqueous media  to react wi th hydrogen 
i on s .  

*Acronyms and abbrevi at i ons are l i sted at the beg i n n i ng o f  each l etter of the 
a l phabet . 
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ani on -- an i on that i s  negat i vely charged. 

asphal t -- a brown , bl ack, hard , bri ttl e ,  or pl ast i c  bi tumi nous materi al 
composed princi pal l y  of hydrocarbons .  It i s  found i n  nature or can be 
prepared by pyrolys i s  of coal tar ,  certain petrol eums , and l ign ite tar.  It 
mel ts on heati ng and i s  i nsol ubl e i n  water but sol ubl e in  gasol i ne .  

BDAT -- Best Demonstrated Avai l abl e Technol ogy. 

BNA -- base , neutral , and ac id  (organi c )  compounds ,  a chemical analys i s  
i dent i fi cati on .  

benton i te -- a cl ay formed from vol can i c  ash decompos i t i on and l argel y composed 
of montmori l l on i te and bei del l i te .  Usual ly  characteri zed by h i gh swel l i ng on 
wetti ng .  

bi nder -- a cement ,  cementl i ke mater ial , or res i n  (possi bly i n  conjunct i on with 
water, extender,  or other add i t i ves)  used to hol d particl es together . 

bi tumen -- natural ly  occurr i ng or pyrolyti cal ly  obtai ned dark or bl ack col ored , 
tarry hydrocarbons cons i sti ng al most enti rely of carbon and hydrogen , with  
very l i ttl e oxygen , n i trogen, or  sul fur .  

buffer -- a sol ution sel ected or prepared t o  mi n imize changes i n  pH ( hydrogen 
i on concentrat i on ) . Al so known as buffer sol ut i on .  

CAA -- Cl ean Air  Act . 

Cal WET -- Cal i forn i a  Waste Extract i on Test ,  a l each i ng test . .  

CERCLA -- Comprehen s i ve Envi ronmental Response, Compensat i on ,  and Li abi l i ty 
Act . 

CERCLA hazardous substance -- any substance ,  pol l utant , or  contami nant as 
defi ned i n  CERCLA sect i ons 101 ( 14 )  and 101 (33) , except where otherwise  noted 
i n  the Hazard Ranking System (see 40 CFR 302 .4) . 

CERCLA h azardous wastestream -- any mater ia l  contai n i ng CERCLA hazardous 
substances that was depos i ted , stored , di sposed, or pl aced i n  or that migrated 
to a s i te be i ng eval uated by the HRS ; any materi al l i sted i n  the NPL . 

CERCLA waste -- a term wi th no regul atory meani ng that i s  often used as a 
shortened form of CERCLA hazardous wastestream. 

CFR -- Code of Federal Regul at i ons .  

CLP -- Contract Laboratory Procedures . 

COE -- U . S .  Army Corps of Eng i neers . 

CRN -- Core Research Needs for Conta i nment Systems . 

CSH -- Cal c i um S i l i cate Hydrate . 

CWA -- Cl ean Water Act . 
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CWARP - Coal Waste Art i fi c i al Reef Program. 

cati on - a pos i t i vely charged atom or group of atoms . 

cement - a mixture of cal ci um al umi n ates and si l icates made by combi n i ng l ime 
and cl ay wh i l e  heat i ng .  

characteri stic  waste - see RCRA characterist ic waste 

cl ay - fi ne-grai ned soi l or the fi ne-grai ned port ion of so i l  that can be made 
to exh i bi t  pl asti c i ty ( putty-l i ke propert ies )  wi thi n a range of water contents 
and that exh i bits cons i derabl e strength when ai r-dry. 

col lo id  - the phase of a col l oidal system made up of parti cles  havi ng 
d i mens i ons of 1 to 1 000 nanometers and wh i ch i s  di spersed i n  a di fferent 
phase . 

col l oidal system - an i ntimate m ixture of two substances , one of wh ich ,  cal l ed 
the di spersed phase (or col l o i d) , i s  uni formly d i stri buted i n  a finely d i v i ded 
state through the second substance , cal l ed the d i spers i on med i um. 

compress i ve strength (unconfi ned or un i ax i al compress i ve strength) - the l oad 
per uni t area at whi ch an unconfi ned cyl i ndrical specimen of soi l or rock wi l l  
fai l  i n  a s imple  compress ion tes t .  Commonly the fail ure l oad i s  the maximum 
that the specimen can w ithstand i n  the test .  

contami nant - typi cal ly  undes i rabl e mi nor consti tuent that renders another 
substance impure . 

corrosi veness characteri stic - exh ibit i ng the hazardous characteri stic of 
corrosi vi ty due to extreme pH or fa i l i ng under the test condi t i ons defi ned in 
40 CFR 261 . 22 .  

OlT - Dynami c leach Test, a l each ing test where the specimen i s  exposed to an 
actual or s i mul ated fl ow of the l eachant . 

OQO - Data Qual i ty Object i ve , a pl anned quanti tati ve measure of prec i s i on ,  
accuracy, and compl eteness of data. 

DRE - destruction-removal effic iency . The combined eff ic i enci es of one or 
more processes i ntended to reduce the target contami nant (s ) . The ORE may be 
expressed as a ratio  or percentage . 

dens ity, apparent (of sol ids and l i qu ids )  - the mass of a uni t vol ume of a 
mater ial at a speci fi ed temperature . Only the vol ume that i s  impermeabl e i s  
cons idered . 

dens ity,  bul lc (of sol ids) - the mass of a unit vol ume of the materi al at a 
spec i fi ed temperature . 

di  ffus ion - movement of mol ecul es towards an equ i l i br ium driven by heat or 
concentrat i on gradients (mass transfer wi thout bul k fl u i d  fl ow) . 
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di ffus ivi ty - di ffus i on coeffi c i ent, the weight of mater i al , i n  grams , 
di ffus ing across an area of 1 square centimeter i n  1 second due to a unit  
concentrati on gradi ent . 

dimensi onal stabi l i ty - the abi l ity of the sol id i fi ed/stabi l i zed waste to 
retain  i ts shape . 

di sposal faci l i ty - a fac i l i ty or part of a faci l i ty at whi ch waste i s  
i ntentional ly pl aced i nto or on any l and or water, and at whi ch waste wi l l  
rema i n  after cl osure .  

durabi l i ty - the abi l i ty o f  sol i di fied/stabi l i zed wastes t o  res i st physi cal 
wear and chemi cal attack over time.  

EeN - Energi eonderzoek Centrum Neder1 and (Netherl ands Energy Research 
Foundation) . 

IDXA - energy d i spersi ve X-ray analys i s ,  a microcharacteri zati on method . 

EE/CA - Economi c Eval uati on/Cost Anal ysi s ,  CERCLA technol ogy screeni ng process 
for a removal act i on 40 CFR 300 . 4 1 5 .  

ELT - Equi l i bri um Leach Test , a l eachi ng test where, under the cond i t i ons of 
the test, an equi l i br i um between the specimen and the 1 eachant i s  attained . 

EP lox - Extraction Procedure Tox i c i ty Test, a regul atory l each i ng test used 
s i nce 1 980 to determine i f  a waste i s  toxi c (40 CFR 261 , Appendi x  I I ) . 

embedment - the i ncorporat i on of waste masses i nto a sol i d matrix before 
di sposal . 

emul s i fier - a substance used to produce an emul s i on of two l iquids whi ch do 
not natural ly mi x .  

emul s i on - a col l o i dal mi xture o f  two i mmi sci bl e  fl u i ds ,  one bei ng d i spersed 
i n  the other i n  the form of fi ne dropl ets .  

ettri ngi te - a mi neral composed of hydrous basi c  calc i um and al uminum sul fate . 
The formul a for ettring i te i s  Ca6A1 2 ( S04)3 (OH) 1 2 . 26 H20. 

extender - an add i t i ve whose pri mary functi on i s  to i ncrease the total bul k of 
the SiS-treated waste . 

FGD - fl ue gas desu 1 furi zat i on ,  a pol l ut i on abatement process . 

FR - Federa 1 Regi ster. 

FS - Feas i b i l ity Study, a study undertaken to develop and evaluate opt i ons for 
a treatment process .  

FTIR - Fouri er transform i nfrared spectroscopy, a microcharacterizati on 
method . 

FY - fi scal year. 
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fl y ash - the fi nely d iv ided res i due from the combustion of ground or powdered 
coal and whi ch i s  transported from the fi rebox through the boi l er by fl ue gas . 

free water - water that i s  free to move through a soi l or rock mass under the 
i nfl uence of grav ity .  

freeze/thaw cycle - al ternation o f  a sample temperature to al l ow determination 
of wei ght l oss  and vi sual observation of sampl e d i s i ntegration resul t ing from 
phase change from water to i ce .  

GC/MS - gas chromatography Imass spectrometry . 

grout - as used in  soi l and rock grout i ng ,  a materi al i njected into a sai l or 
rock formati on to change the physi cal characteri sti cs  of the formation . The 
term "grout" i s  not used i n  th i s  document but i s  frequently  encountered i n  the 
SIS i ndustry as a synonym for the term "binder . "  

HCB - hexach 1 oro benzene . 

HRS - Hazard Ranking System, the primary mechani sm for cons ideri ng s i tes for 
i ncl usion on the NPL . 

HSL - Hazardous Substance L i s t ,  a l i st of designated CfRelA hazardous 
substances as presented i n  40 eFR 302 . 4 .  

HSWA - Hazardous and Sol i d  Waste Amendments of 1984 . 

hazardous characteri stics - igni tabl e ,  corrosive ,  reactive ,  and toxic as 
defined i n  40 CFR Part 261 . 10 .  

hazardous waste - see RCRA hazardous waste, CERCLA hazardous substance , and 
CERCLA hazardous wastestream. 

heat of hydration ( i n  SIS reactions )  - the heat generated due to the reacti on 
of cementi t i ous or pozzo1 an i c  mater ial s with water . 

hydrate - a compound conta i n i ng structural water. 

ICP - i nducti vely coupl ed p l asma atom ic  emi s s i on spectroscopy. 

i gni tabi l i ty character; stic - exh i b i t  i ng the hazardous characteri sti c of 
igni tabi 1 i ty as defi ned i n  40 CFR 261 . 21 .  

immobi l i zati on - the reduction i n  the abi l i ty of contami nants to move through 
or escape from SIS-treated waste . 

i nci nerati on - a treatment technol ogy i nvol v ing destruct ion of waste by 
control l ed burn i ng at h igh  temperature s .  

i nhi bi tor - a materi a l  that stops o r  sl ows a chemi cal reacti on from occurring . 
Used i n  th i s document to apply to stopping or sl owi ng of the sett ing of S/S­
treated mater ial  . 

C-5 



i nterference (S/S) -- an undesirabl e change i n  the setti ng of the SIS materi al 
resul t i ng in l ower strength ,  poorer l each res i stance , or evol uti on of noxi ous 
or hazardous gases ,  or other degradat i on of the SIS-treated materi al . 

i on -- an atom or mol ecul e which by l oss or gai n of one or more el ectrons has 
acqui red a net el ectric charge . 

i nterstitial -- see pore water. 

kaol i n  -- a variety of cl ay contai ning a h igh percentage of kaol i n ite .  

kaol in ite -- a cOlllllon cl ay mineral hav i ng the  general formul a  Alz(S i zOs) (OH4) .  

ki l n  -- a heated and usual ly rotating encl osure used for drying ,  burn ing ,  or 
fi ring materi al s such as ore or cerami cs . In thi s document -ki l n "  typi cal ly 
refers to  a ki l n  used for producti on of l ime or cement . 

ki l n  dust -- fine part i cul ate by-product of cement producti on or l ime 
cal ci nat i on .  

LDR -- Land O i  sposa 1 Restri ct i on .  

LIMB -- Li  me Inject i on Mul t i  stage Burner . 

LRT -- Liqu id  Rel ease Test .  

1 eachabi 1 i ty -- a measure of rel ease of const i tuents from a waste or  
sol id i fi ed/stabi l i zed waste . Leachabi l i ty i s  one measure of the mobi l i ty of a 
const i tuent . Hi gh 1 eachabi l  i ty means h igh  consti tuent mobi l ity .  

l eachant -- l i quid that comes i n  contact with a materi al e i ther from natural 
exposure (e . g . , water in a di sposal s i te)  or in a pl anned test of 
l eachabi l i ty .  The typ ical ly used l eachants are pure d i st i l l ed water or water 
contai n ing sal t s ,  aci ds , or both . 

l eachate -- any 1 iqui d ,  i ncl udi ng any suspended components i n  the 1 i qu id ,  that 
has soaked , percol ated through, or drai ned from materi al duri ng l each i ng .  

l each i ng -- the rel ease of const i tuents from a sol i d  through contact wi th the 
l eachant . The l each i ng may occur by ei ther natural mechan i sms at waste s i tes 
or as part of a l aboratory l each i ng test". 

1 eachi ng agent -- 1 eachant . 

1 eachi ng rate -- the amount of a canst i tuent of a spec i men or sol i d waste form 
which i s  l eached duri ng a un i t  of time (usual ly normal ized by samp le  vol ume , 
area, or weight) . 

l each i ng res i stance -- the i nverse of l eachab i l i ty .  High l each res i stance 
means l ow contami nant mobi l i ty .  

l each i ng test - exposure of a representat ive sampl e o f  contaminated waste,  
SiS-treated waste ,  or other materi al to a l eachant under control l ed cond i t i ons 
to measure the rel ease of constituents .  
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l ime - spec i fical l y ,  cal c i um oxide (CaO) ; al so l oosely ,  a general term for the 
vari ous chemi cal and phys i cal forms of qui ckl i me ,  hydrated l ime, and hydraul i c  
hydrated l ime . 

l isted waste - see RCRA l isted waste. 

l ong-term stabi l i ty - the abi l i ty of sol idi fied/stabi l i zed wastes to mai ntain 
their properties  over t ime whi l e  exposed to the envi ronment.  

MCl - maximum concentrat i on l im i t .  

KEP - Mul t i p l e  Extracti on Procedure, a l each i ng test in  wh i ch the sample i s  
repeatedly l eached with fresh batches of l eachant . 

M5DS - Materi al Safety Data Sheet . 

M5W - mun i c i pal sol id  waste . 

MWEP - Monofi l l ed Waste Extracti on Procedure, a l each i ng test. 

macroencapsul ati on - a process of encas i ng a mass of sol i d  or SIS-treated 
waste in a protecti ve l ayer, such as bi tumen (thermopl asti c ) . 

meq - mi 1 1  i equivalent.  

microencapsul ati on - contai nment of the contami nants on a microscopi c  or 
mol ecul ar scal e .  

mi crostructure - the structure of  an object or materi al a s  reveal ed by a 
mi croscope at a magni fi cat ion over )0 times . 

mixer - machi ne empl oyed for bl end ing the constituents of grout , mortar, or 
other mi xtures . 

modi fi ed cl ays - cl ays (such as benton i te)  that have been modi fied by i on 
exchange with sel ected organic compounds that have a pos i t i ve charged s i te 
(often a quarternary amine ) , hence rendering the cl ay/organo comp lex 
hydrophobi c .  

lDonol i th - a free standi ng sol id  cons i st i ng o f  one p i ece.  

monomer - a simp l e  mol ecul e which i s capabl e of comb i n i ng with a number of 
l i ke or unl i ke mol ecul es to form a polymer . 

montmoril lonite - a group of cl ay mi nera 1 s characterized by a weakly bonded 
sheet-l i ke i nternal mol ecul ar structure ; consi st ing of extremely fi nely 
d iv ided hydrous al umi num or magnesium s i l i cates that swe l l  on wetting ,  shrink 
on dry i ng ,  and have i on exchange capac ity .  

mul timedi a - ai r ,  l and , and water. 

NAAQ5 - Nat i onal Ambi ent Ai r Qual ity Standards .  

Kep - Nati onal O i l  and Hazardous Substances Conti ngency Pl an , provides the 
organizati onal structure and procedures for prepari ng and respondi ng to 
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d i scharges of o i l  and rel eases of hazardous substances,  pol l utants , and 
contarni nants (40 CFR 300 . 1 ) . 

NESHAP - Nati onal Erni ssion Standards for Hazardous Air Pol l utants . 

NMR - nucl ear rnagneti c  resonance spectroscopy. a rni crocharacteri zat i on rnethod. 

NPL - National Pri ori t i es l ist ,  l i st of CERCLA s i tes  (40 CFR Part 300 
Append i x  B) . 

NRC - U . S .  Nucl ear Regu latory Commi ss ion .  

NYSC-HWM - New York State Center for Hazardous Waste Managernent .  

OAQPS - Offi ce of Ai r Qual i ty Pl anni ng and Standards (of the U . S .  EPA) . 

OSHA - Occupati onal Safety and Heal th Act ;  Occupati onal Safety and Heal th 
Adrnin i strat ion .  

PAH - pol ynucl ear arornati c  hydrocarbon .  

PCB - pol ychl ori nated bi phenyl . 

PFT - Pai nt Fi l ter Test ,  a physi cal characterizati on test . 

ppb - part per bi l l  i on .  

pprn - part per rni 1 1  i on .  

PRP - potent ia l ly  responsibl e  party, potenti al ly l hbl e for the contarn i nati on 
and cl eanup of CERClA s i tes . 

percol ati on - rnovernent of water under hydrostati c  pressure or gravi ty through 
the srna1 l er i ntersti ces of rock,  soi l , wastes , or SiS-treated waste s .  

performance cri teri on - a rneas urabl e performance standard set for an 
i nd iv idual property or pararneter. 

perforrnance i ndicator - an easy-to-rneasure property or parameter selected to 
characterize the SIS process or SIS-treated waste . 

perrneab i l  ity - a measure of fl ow of a fl ui d through the tortuous pore 
structure of the waste or SIS-treated waste . It  i s  expressed as the 
proporti onal i ty constant between fl ow vel oci ty and the hydraul i c  grad i ent .  I t  
i s  a function of  both med i a .  If the permeati ng fl uid i s  water , the 
perrneabi 1 i ty i s  terrned as hydraul i c  conduct iv ity .  

phase (of a materi al ) - a regi on of a materi al that i s  phys i cal l y  di sti nct and 
i s  hornogeneous i n  compos i t i on and morphol ogy. 

polymer - a chernical with repet i t ive structure formed by the cherni cal l i nking 
of s i ngl e mol ecul es (rnonomers) .  

pore - a smal l cav ity or void i n  a sol i d .  
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pore s i ze di stri bution - var iat i ons i n  pore s izes in  sol i d s ;  each materi al has 
i ts own typ ical pore s ize di stri buti on and rel ated permeab i l i ty .  

pore water - water contai ned i n  voids i n  the sol id  materi al . 
porosi ty - the rati o  of the aggregate vol ume of voi ds or i nterst i ces to the 
total vol ume of the medium .  

Portl and cement - a hydraul i c  cement produced by pul veriz ing c l i nker 
cons i st i ng essent i al ly of hydraul ic cal c i um s i l i cates ,  usual l y  contain ing one 
or more of the forms of cal c i um su l fate . 
pozzol an - a s i l i ceous or s i l i ceous and al umi nous mater ial , whi ch i n  i tsel f 
possesses l i tt le  or no cementi ti ous val ue but wi l l , i n  finely d iv ided form and 
i n  the presence of moi sture , chemical ly  react with cal c i um hydroxide at 
ordi nary temperatures to form compounds with cementit i ous properti es . The 
term i s  derived from an early source of natural pozzol anic  materi al , Pozzuol i , 
I taly . 
QA/QC - Qual i ty Assurance/Qual i ty Control . 

QAPjP - Qual i ty Assurance Project Pl an . 

QAPP - Qual i ty Assurance Program Plan.  

3Rs - recovery, reuse , and recyc le .  

ReRA - Resource Conservati on and Recovery Act . 

ReRA characteri stic waste - any sol id waste exhib it ing a characteri st i c  of 
i gni tabi l i ty , corro s i v i ty,  react i vi ty or toxic ity ,  as defi ned i n  40 CFR 261 , 
Subpart C .  

ReRA hazardous waste - any RCRA sol id waste, as defined by 40 CFR 261 . 3 ,  that 
i s  not excl uded from regul at i on under 40 CFR 261 . 4  and that meets any one of 
the characteri sti c  or l i sti ng cri teri a ( incl udi ng mi xtures) described in 
40 CFR 261 . 3 ( a ) {2 ) . For more deta i l , see 40 CFR 260, Append i x  I .  

ReRA l i sted waste - any sol i d  waste l i sted i n  40 CFR 261 , Subpart 0;  or a 
m i xture that contains  a sol id  waste l i sted in 40 CFR 261 , Subpart 0 that has 
not been excl uded under the prov i s i ons of 40 CFR 261 . 3  in accordance with 40 
CFR 260 . 20 or  40 CFR 260 . 2 2 .  

ReRA son d waste - any garbage, refuse , o r  sl udge; or any sol i d ,  l iquid,  semi­
sol i d  or contai ned gaseous materi al that i s ;  ( l )  d i scarded ; ( 2 )  no l onger t o  
b e  used for its  or i g i nal purpose,  or (3 )  a manufacturi ng or  mi n i ng by-product 
and i s  not excl uded by the prov i s i ons of 40 CFR 261 . 4 { a ) . For more detai l , 
see 40 CFR 260,  Append ix  I .  Also note that the defi n i t i on o f  sol i d  waste 
i ncl udes materi al s  that are not "sol ids·  in the normal sense of the word . 

RI - Remedi al Invest igat i on ,  a process undertaken by the l ead agency to 
determi ne the nature and extent of  the probl em presented by a CERCLA s i te ( 40 
CFR  300 . 430(d» . 

RIfFS - Remed i al Investi gation/Feasi bi l i ty Study, see RI or FS. 
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ROD -- Record of Deci s i on ,  a document prepared to expl a i n  and defi ne the final 
remedy sel ected for a CERCLA site (40 CFR 300 . 430 (f) (4) ( i » . 

RP -- Respons i bl e  Party , persons or corporate ent it i es found to be respon s i bl e  
for contami nation and cl eanup at a CERCLA s i te .  

RPM -- Remed i al Project Manager, the offi c i al designated by the l ead agency to 
coordi nate , mon i tor, or di rect remedi al or other response acti ons under 
subpart E of the NCP (40 CFR 300 . 5) . 

RREL -- Ri sk Reducti on Engi neeri ng Laboratory (of the U . S .  EPA) . 

reactivity characteri sti c -- exhib it ing the hazardous characteri st i c  of 
react iv i ty as defi ned i n  40 C FR 261 . 23 .  

redox -- abbrevi at ion for oxidat ion-reduction ,  now accepted a s  a word . 

resi dual l i quid -- free l i quid rema i n i ng i n  the SIS-treated waste after 
treatment .  

SARA -- Superfund Amendments and Reauthori zat ion Act . 

SDWA -- Safe Dri nking Water Act . 

SCE -- sequenti al chemi cal extraction , a l eachi ng test with a vari ety of 
aqueous chemi cal s used sequenti al ly  to characterize the contami nant bondi ng .  

SEM -- scanni ng el ectron mi croscopy, a mi crocharacterizat i on method . 

SET -- Sequenti al Extracti on Test, a l each i ng test wi th a seri es of sequenti al 
aci d extractions used to determ ine the sampl e buffering c apac ity .  

SITE -- Superfund I nnovat i ve Technol ogy Eval uation.  

SRS -- Separati on and Recovery Systems , Inc .  

SIS -- sol id i fi cati on/stabi l i zation ,  used in  th i s  document to encompass the 
vari ety of processes that may contri bute to i ncreased physi cal strength and/or 
contami nant immob i l izati on .  

SIS-treated waste -- a waste l i qu id ,  sol ut i on ,  sl urry, sl udge , o r  powder that 
has been converted to a stabl e sol i d  (granul ar or monol ith ic )  by an SIS 
treatment proces s .  

STLC -- Sol ubl e Threshol d L im it  Concentrat i on ,  l i mi t appl i ed to Cal WET 
l eachi ng results (Ca 22 Cal i forni a  Code of Regul ati ons 66699) . 

s i l i ca fume -- very fi ne s i l i c a  dust produced by condensat i on of s i l i ca fumes .  

s l udge -- i n  th i s  document ,  s l udge means a vi scous semi -sol id or fl uid  
contai n i ng contami nants requi r i ng. treatment . The regulatory defi n i t i on i s  any 
sol i d ,  sem i-sol i d ,  or l i qu i d  waste generated from a mun i c i pal , commerc i al , or 
i ndustri al wastewater treatment pl ant , water supp ly  treatment pl ant, or a ir  
pol l ut ion control fac i l i ty with the except i on of speci fi c excl usi ons such a s  
the treated effl uent from a wastewater treatment pl ant (40 CFR 260 . 10 ) . 

C-I0 

! 



sol i d  waste - see RCRA so l id waste.  

sol i d i fication - a process in wh ich materi al s are added to the waste to 
convert i t  to a sol i d  or to s i mply improve i ts handl ing and physi cal 
properti es .  The process may or may not i n volve a chemi cal bonding between the 
waste, i ts  contami nants ,  and the b inder. In  sol i d i fi cation ,  the mechani cal 
b ind i ng of contami nants can be on the mi crosca le  (mi croencapsul ation, 
absorpti on ,  or adsorption) or the macroscal e (macroencapsu l at ion) . 

sol ubi l i ty - the maxi mum concentration of a substance d i ssolved i n  a sol vent 
at a g iven temperature . 

sol ubi l i ty product - a type of s impl if ied equi l i bri um constant defi ned for and 
useful for equi l i br ia  between sol i ds and the ir  respective i ons i n  sol ution . 

sol ution - a s i ngl e ,  homogeneous phase of l iquid ,  sol i d ,  or gas i n  whi ch a 
sol ute i s  uni formly d i stri buted . 

sorption - a general term used to encompass the processes of adsorpti on ,  
absorpti on ,  desorpti on ,  i on exchange , ion excl us ion ,  i on retardation, 
chemi sorption ,  and d i alysi s .  

stabi l ity -- the stabi l i zation and sol i d i fi cat i on provided by an SIS process .  

stabi l i zation - a process by whi ch a waste i s  converted to  a more chemi cal ly  
stabl e form. The term may i ncl ude sol i d i fi cat i on ,  but al so i ncl udes chemi cal 
changes to reduce contami nant mobi l ity .  

storage - the hol d i ng of hazardous waste for a temporary period, at the end of 
whi ch the hazardous waste i s  treated , d i sposed of, or stored el sewhere (40 CFR 
260 . 10) . 

surfactant - surface-acti ve agent , a sol ubl e compound that reduces the surface 
tensi on of l i qui ds , or reduces i nterfacial  tens ion between two l i quids or a 
l i quid  and a sol i d .  

TeE -- tri chl oroethyl ene. 

TClP - Toxic ity Character ist ic  leachi ng Procedure , the primary l each test i ng 
procedure r.equi red by 40 CFR 261 . 24 and the most conmonly used test for degree 
of i mmobi l i zat i on offered by an SIS process . 

TDS -- total di ssol ved sol ids .  

Toe -- total organ i c  carbon , a chemi cal analys i s .  

TRD -- Technical Resources Document . 

TSCA -- Toxic  Substances Control Act .  

TSD - treatment, storage , and di sposal faci l ity (RCRA) . 

TIlC -- Total Threshold l imit  Concentrat ion ,  l i mit appl i ed to Cal WET l eaching 
resul ts (Ca 22 Cal i forn ia  Code of Regul ations 66699) . 
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TWA - Total Waste Analys i s ,  total concentrat i on of priori ty pol l utants , 
organ i cs ,  and metal s i n  the waste 

technol ogy screening - the l ogi st i c  of technol ogy sel ect ion ,  eval uation , and 
opt imizat ion .  A treatment technol ogy properly screened prior to ful l -scal e 
impl ementati on has the h ighest probabi l i ty of success  i n  the fi el d .  

thermopl astic  resi n  - an organ i c  polymer with a l i near macromol ecul ar 
structure that wi l l  repeatedly soften when heated and harden when cool ed ; for 
exampl e styrenes ,  acryl i cs ,  cel l ul os ics ,  polyethyl enes, v inyl s ,  nyl ons ,  and 
fl uorocarbons .  

thermosetti ng res in  - an organi c  polymer that sol i di fies when first  heated 
under pressure , and which  cannot be remelted or remolded without destroyi ng 
i ts orig i nal characteri stics ;  for exampl e epox ies ,  mel ami nes , phenol i c s ,  and 
ureas . 

tortuosity - the rati o  of the l ength of a s inuous pathway between two points 
and the l ength of a straight l ine between the poi nts . 

toxi city characteri stic - exhib it i ng the hazardous characteri stic  of toxi c i ty 
as defi ned i n  40 CFR 261 . 24 .  

transportati on - the movement of hazardous waste by air ,  rai l ,  h ighway, or 
water (40 CFR 260 . 10) . 

treatabi l ity study - a study i n  wh i ch hazardous waste i s  subjected to a 
treatment process to determine : ( 1 ) whether the waste i s  amenabl e to the 
treatment process , ( 2 )  what pretreatment ( i f  any) i s  requi red , (3) the optimal 
process cond i t i ons needed to ach i eve the des i red treatment ,  (4 ) the effi c i ency 
of a treatment process for a specif ic  waste or wastes , or (5 )  the 
characteri sti cs and vol umes of res i dual s from a part icul ar treatment process 
(40 CFR 260 . 10) . 

treatment - any method , techni que, or process , i ncl udi ng neutral i zati on ,  
des i gned to change the physi cal , chemical , or bi ol og i cal character or 
compos it ion of any hazardous waste so as to neutral i ze such waste , or s o  as to 
recover energy or materi al resources from the waste , or so as to render such 
waste non-hazardous , or l ess hazardous ;  safer to transport , store , or d i spose 
of; or amenabl e for recovery, amenabl e for storage,  or reduced in vol ume (40 
CFR 260 . 10) .  

tri axi al compress i on - compress ion caused by the appl i cati on of normal stress 
in l ateral d i recti ons (ASTM D 653 , p .  1 52 ) . 

tri axi al  shear test (tr i ax ial compress i on test) - a test i n  whi ch a 
cyl i ndri cal specimen encased i n  an imperv i ous membrane i s  subjected to a 
confi n i ng pressure and then l oaded ax ial ly  to fai l ure . 

UCS - unconfi ned compress i ve strength , the l oad per un i t  area at whi ch an  
unconfi ned cube or  cyl i ndri cal specimen of  mater ia l  wi l l  fai l i n  a s impl e 
compression test wi thout l ateral support . 

u . s .  DOE - Uni ted States Department of Energy . 
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J . S .  DOT - United States Department of Transportat i on . 
U . S. EPA - Uni ted States Envi ronmental Protection Agency. 

VOt - vo l at i l e  organi c  compound, an organi c  compound wi th a low bo i l i ng point. 

WOW - wet/dry weathering .  

WET - see Cal WET , a l each i ng test . 
WTt - Wastewater Technol ogy Centre , formerly of Envi ronment Canada . 

wet/dry cycl e - al ternat ion of soaki ng and dryi ng a sampl e to al l ow 
determi nation of materi al l oss  and v i sual observat i on of samp le  d i s i ntegration 
resul t i ng from repeated soaking and dry i ng cycl es . 
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