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Foreword 

The superfund Innovative Technology Evaluation (SITE) program was ' 

authorized in the 1986 Superfund amendments. 
between EPA's Office of Research and Development and Office of Solid Waste 
and Emergency Response. 
ment of hazardous waste treatment technologies necessary to implement new 
cleanup standards which require greater reliance on permanent remedies. 
This is accomplished through technology demonstrations which are designed 
to provide engineering and cost data on selected technologies. 

cation process. 
reprocessing plant which comprises the Douglassville Superfund site. 
demonstration effort was directed at obtaining information on the performance 
and cost of the process for use in assessments at other sites. Documentation 
consists of two reports. The Technology Evaluation Report (EPA 540/5-89/001a) 
describes the field activities and laboratory results. 
Analysis provides an interpretation of available data and discusses the 
ptential applicability of the technology. 

The program is a joint effort 

The purpose of the program is to assist the develop 

This project consists of an analysis of iiazcon's proprietary solidifi- 
The technology demonstration took place at a former oil 

The 

This Applications 

Additional copies of this report may be obtained at no charge from 
EPA's Center for Environmental Research Information, 26 West Martin Luther 
King Drive, Cincinnati, Ohio, 45268, using the EPA document number found on 
the report's front cover. Once this supply is exhausted, copies can be 
prchased from the National Technical Information Service, Ravensworth 
aldg. , Springfield, VA, 22161, (702 1 487-4600. 
available at EPA libraries in their Hazardous Waste Collection. 
also cail the SITE Clearinghouse hotline at 1-800-424-9346 or 382-3000 in 
Washington, D.C. to inquire about the availability of other reports. 

Reference copies will be 
YOU can 
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Program Management and 
Whnology, OS'~JER 

Off ice of Environmental Engineering 
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Abstract 

This document is an evaluation of the HAZCON solidification technology and its 
applicability as an on-site treatment method for waste site cleanup. 

A Demonstration was held at the Douglassville, Pennsylvania Superfund site in the 
fall of 1987. Operational data and sampling and analysis information were carefully 
monitored and controlled to establish a data base against which other available data 
and the vendor’s claims for the technology could be compared and evaluated. 
Conclusions were reached concerning the technology’s suitability for use in clean up of 
the types of materials found a t  the test site, and extrapolations were made to cleanups 
of other materials. 

Site materials were sampled to characterize the site. Untreated feedstock materials 
were sampled to provide a base case against which to compare the product materials, 
and solidxied materials were sampled after 7 days and after 28 days of curing. The 
samples were analyzed to determine physical properties such as unconfined 
compressive strength and permeability, chemical properties such as leachability, and 
microstructural characteristics. The results of these tests were then considered, along 
with those obtained by other investigators, and conclusions on the technology drawn 
from all the work. 

The conclusions drawn from the test results and other available data are that: (1) the 
process can solidify wastes high in organics; (2) the process does not immobilize 
volatile and semivolatile organics in most instances; (3) heavy metals are successfully 
immobilized; (4) a large volume increase can be expected where moisture content of 
the wastes is low; (5) the solidified material shows good s t ructure  with high 
unconfined compressive strengths and low permeabilities; (6)  the microstructure 
indicates a potential for degradation over the I long term; and (7) the process is 
economical. 
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Executive s u rn maPy 

In Production 
T h e  IIAZCON' solidification process was tested and 
e va I u a t e d  u n d e r  t h e  S u  p e  r f u n d  I n r.0 v a t  i ve 
Technology Evaiuation (SITE) Program. The  process 
involves the mixing of hazardous waste material and 
cement  with 3 patented nontoxic chemical  called 
Chloranan. Ch1orana.n is claimed to neutralize the  
i n h i b i t i n g  e f f e c t s  t h a t  o rgar? ic  c o n t a m i n a n t s  
normally h a v t  on, t h e  hydrat ion of cement-based 
mater ia i s .  HAZCON cla ims  t h a t  t h e  was tes  a r e  
immobilized and bound by encapsula t ion  in to  a 
hardened leach-rejistant concrete-like mass by this 
process. Therefore, the  major objectives of the SITE 
project were to e ,mluate  the HAZCON solidification 
technology in the following areas:  

0 Effec t iveness  for  t r e a t i n g  a n d  s o l i d i f y i n g  
Contaminated soils w r y i n g  from '% t o  2.5% by 
wt oil and grease dizrlng t h e  Demonstrat ion 
Test  and other  types of waste high in  organics. 

0 .4bility to immobilize t h e  s i te  cor 'arninants ,  
which inclgded volati!. organics (VOCs), base 
neut raVacid  e x t r a c t a b l e s  ( B N A s ) ,  oi l  2 n d  
grease, polFchlorinated t iphenyls  (PCBs), and 
heavy metals. 

8 Probable long-term stability a n d  integri ty  of 
the  solidified soil. 

0 Performance and  re l iab i l i ty  of t h e  process  
system. 

0 Costs for commercial-scale applications 

Concdwsions 
T h e  conclusions drawn from reviewing the data  on 
t h e  H A Z C O S  p r o c e s s ,  b o t h  f r o m  t h e  S I T E  
Demonstration, where the  most extensive resul ts  
were obtained, and the  l i terature ,  in  relation to SITE 
Program objectives, are:  

0 The process can solidify contaminated materiai 
high in organics. Soils a t  t h e  Douglassville 
Superfund site with up to 25% organics were 
s o l i d i f i e d .  O t h e r  a p p l i c a t i o n s  s h o w e d  

successful solidification of petroleum refinery 
was te  s t r e a m s ,  a n d  o t n e r  w a s t e s  h i g h  i n  
organics. 

@ Heavy metals were immobilized with leacha'e 
reductions in excess of a facLor of 100 in many 
instances. 

0 Organic contaminants ,  VOC and BSA, were 
not immobilized for the most par t .  Instances 
where immobilization of organics occurred were 
observed in some s tudies  outs ide  t h e  SITE; 
Program. In the  SiTE Program the  'Toxicity 
Charac te r i s t ic  Leaching Procedure  ( T C L P )  
produced equivalent  leachate  concentrat ions 
for the t reated and  :intreated wastes. 

0 The physical properties of the treated wactes 
wzre  in  g e n e r a l  q u i t e  s a t i s f a c t o r y .  High 
uncor;!Lred compressive s t rength  (UCS), low 
permeabi l i t i es ,  a n d  s a t i s f a c t o r y  r e s u l t s  of 
weathering tes:s were obtained. However, iarge 
volume increases in treated soils were found. 
The microstructural analyses of the solidified 
soil mater ia ls  indicate a potential for long-term 
durability problems, although a prediction on 
solidified mass durability is not possible. 

0 E f f i c i e n t  o p e r a t i n g  c a p a b i l i t i e s  of  t h e  
e q u i p m e n t  a r e  a t  t a  i n a b  I e ,  e ve  n t h o  11 g h 
n u m e r o u s  o p e r a t i n g  d i f f i c u l t i e s  w e r e  
encountered by HAZCOS d u r i n g  t h e  S I T E  
Demonstration. It is likely t h a t  design changes 
in the raw mater ia l  feed sys tem and  in  t h e  
blender, t h e  two areas where shor tcomings  
were observed, can improve operations. 

0 The 1iAZCOS system is economical. Costs will 
approach $100/ton of cmtaminated  soil when 
u s i n g  l a r g e r  u n i t s  a n d  r e d u c e d  a d d i t i v e  
consumptio.1 within the  defined p a r a m e t e r s  
!sse Section 4!. 

Applications for immobilization of heavy metals in 
wastes containing high organics ,  e*.ren a t  organic  
levels higher than  those of the  SITE project, are 
likely. Immobilization of organic  contaminants  in 

1 
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m o s t  a p p l i c a t i o n s  i s  u n l i k e l y ;  s o m e  s e i e c t  
applications may exist, and for each a treatability 
study should be performed. Where solidification cf 
high organic ccjntent wastes i s  the  pr imary concern 
satisfactory physica! properties a r e  expected. 

S e v e r a l  m o i s t u r e - r e l a t e d  l i m i t a t i o n s  m u s t  b e  
c o n s i d e r e d  i n  a p p l i c a t i o n  of  t h e  H A Z C O N  
technology. For  wastes with low m o i s t x e  contents, 
such as soils, t h e  large volume increases may require 
the  capability to relwate the treated material so as 
not to adversely affect site contours and access. For 
areas where t h e  solidified blocks become water-  
s a t u r a t e d ,  w e  a t  h er  i n g  c y  c I e s ,  p a  r t i c u I  a i I y 
freezdtbaw, may become detrimental to the highly 
porous treated blocks; they could f rac ture  due  to 
freezing ofabsorbed water. 

In  s u m m a r y ,  t h e  H A Z C O N  t e c h n o i o g y  h a s  
applications for the immobilization of heavy metals 
in soils and sludges where organics levels a re  high.lr! 
addition, the  *mediation site should 1) conta in  
organic b x i n s  !hat are either sufficiently immobile 
or  proven by a treatability study to be immobilized 
and 2) be such t h a t  physical soil solidification is 
desirab!e. 

Results 
Physical Tests 
The most extensive physical testing on the HAZCQN 
pr.ocess w a s  p e r f o r m e d  a s  p a r t  o f  t h e  SITE 
Demonst ra t ion ,  a l t h o u g h  a d d i t i o n a l  d a t a  w a s  
obtained by Environment Canada [I], by Waterways 
Experiment Station (WES) [2], and a t  tests a t  ?he 
S a n d  Springs,  OK S u p e r f u n d  s i t e  [31. T h e  key  
physical  t e s t s ,  w h i c h  are  u s e d  in  e v a l u a t i n g  
potential t rea ted  soil durabi l i ty ,  a r e  unconfined 
compressive s t rength (UCS), weather ing  (wetldry 
and freeze/thaw), permeability, and bulk density. 

The tics values for HAZCON-treated soil ranged 
from 220 psi for the  F i l k r  Storage Cake Area (F3A) 
samples during the SITE Demonstration to 2,959 psi 
i n  t h e  E n v i r o c m e n t  C a n d d a  s t u d y  on  a meta!  
finishing sludge. These a r e  very satisfacbsry wh+n 
compared to t h e  EPA guidel ine of 50 psi for 
stabilizatiodsolidification s y s t e m s  nnci 0thi . r  
concrete-based w a s t e  t r e a t m e n t  syster.:s, w i t h  
resul ts  typically in  the  range of 15 to 150 psi (51. 

T h e  r e s u l t s  f r o m  t h e  1 2 - c y c l e  w e t l d r y  a n d  
freezdthaw weathering tests showed low absolute  
weight losses, less t h a n  1.0% by wt in  a l l  cases. When 
compared to control samples, the  weight losses were 
less than 0.3%, which is  considered very low. UCS 
t e s t s  a f t e r  t h e  w e a t h e r i n g  t e s t s  o n  t h e  SITE 
Demonstretion samples  showed no loss of strength. 
T h e s e  w e a t h e r i n g  tests a re  more  s e v e r e  t h a n  
weather ing under  a n  a c t u a l  f ie ld  e n v i r o n m e n t ,  

* 

blit due to the limited number of cycles involved, 
t h e y  p r o v i d e  i n d i c a t i o n s  of o n l y  s h o r t - t e r m  
d u r a b i l i t y .  Q u c n t i f i c a t i o n  of  s o l i d i f i e d  m a s s  
integrity in terms of life expectancy ir  not possible 
Permeabi l i ty  is  a measure  of a solid's abi i i ty  to  
permit  the  passage of water. The treated soil values 
obtained for t h e  SITE Demonst ra t ion  a n d  f rom 
Envi ropment  Canada  were very low, a b o u t  10-8 
c d s e c ;  while a t  Sand Springs the  value was  10-6 
r d s e c .  This  relates very satisfactorily to  the target  
value of 10-7 c d s e c  or less used for designing soil 
barriep liners for hazardous waste landfill sites. Low 

. p e r m e a b i l i t i e s  should  reduce  both  e ros ion  a n d  
leaching potentials. 

Bulk density resu l t s  wcre obtained for t h e  SITE 
De mons t ra t i o k I a n d E n v i r o n me n t C a n a d  a w o r k , 
where detailed information was ava i lab le  on t h e  
wastes  a n d  on t h e  mater ia l  b a l a n c e s .  T h e  bulk  
density changes upon solidification were relatively 
small ,  producing large volume increases, averaging 
120% dur ing  the Demonstration Test .  Therefore, for 
r e l a t i v e l y  d r y  was tes ,  p a r t i c u l a r l y  i n  d i f f icu l t  
applications where large quant i t ies  of c e m e n t  and  
Chlorariali ma:. be used, volume increases of 100% C; 

more may w x r .  ZAZCQN can reduce the volume 
increzses by Wtimizing the quant i ty  of additives, bu t  
this  may a l te r  the  physical m d  chemical properties 
of the treated soil. 

T h e  microstructual  ana lyses  performed on S I T E  
D e m o n s t r a t i o n  s a m p l e s  i n c l u d e d  o p t i c a l  a n d  
scanning electron microscopy and x-ray diffraction 
analysis  of the crystalline structures. These resul ts  
showed a porous and incompletely hydrated matr ix  
wi th  u n d i s p e r s e d  brownish  a g g r e g a t e s .  T h e s e  
shortcomings may be d u e  in  par t  to insufficient 
mixing,  q h i c h  could be  cor rec ted  wi th  a m o r e  
vigorous mixer. Therefore, a long-term potential for 
t rea ted  soil degradat ion exis ts ,  a l though a t i m e  
frame for degradation cannot be predicted. 

Solidification occurred for all wastes reported in the  
various referer~ccs on the HAZCOS technology, even 
those high in organics and moisture 

Chemical Tas:s 
Chemical a i idyses  were performcd on untreated and 
t rea ted  waste ,  a l c n g  w i t h  cor responding  T C L P  
ieacha te  analyses .  Aithough e x t e n s i v e  l e a c h a t e  
analyses exist on treated soil, onil; limited d a t a  is  
available on the  original untreated wastes, a n d  a 
p r i m a r y  goal  of t h i s  e v a l u a t i o n  i s  to c o m p a r e  
contaminant  mobility of treated waste versus  r a w  
waste. 

The  HAZCON process is effective in immobilizing 
heavy metals ,  a n d  it is expecked t h a t  appl icable  
regulations will be met. A reduction factor of over 
100 for lead, thc predominant metal at  the  site, as 
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well  as for z inc ,  w a s  s e e n  d u r i n g  t h e  S I T E  
Demonstration. TCLP leachate levels for treated soil 
were about 100 ,&I. The WES resul ts  for t rented 
B a s i n  F l iqu id  a t  Cocky M o u n t a i n  A r s e n a l  
(untreated copper content ,  5,680 mg/lJ us ing  t h e  
Extraction Procedure Toxicity ( E P  Tox) leach t e s t  
showed a value of 410 pgA in  the leachate. 

A significant amount  of d a t a  is available from eight  
s o u r c e s ,  in  v a r y i n g  d e g r e e s  of d e t a i l ,  o n  t h e  
imrnobikat ion of organics. In most cases, the resul ts  
show t h e e x t r a c t s  from the  TCLP leaching tes ts  of 
untreated soil to be equal to those of t reated soil. 
I iowever ,  some T C L P  d a t a ,  p a r t i c u l a r l y  that  
prepared for the American Petroleum Institute (MI) 
151 on petroleum ref inery wastes ,  showed s h a r p  
reductions in leachate  concentrat ion a f te r  was te  
treatment. This indicates tha t  there  may be select 
appl ica t ions  w h e r e  immobi l iza t ion  of o r g a n i c s  
occurs. 

T C L P  analyses  dur ing  t h e  D e m o n s t r a t i o n  w e r e  
performed for VOCs and  BNAs. T h e  resul ts  for total 
VOC of untreated and treated soils were below 1.0 
mgil for soil concentrat iow up to 150 ppm by wi .  For 
BNA, the htntreated and treated leachate values for 
the  most contaminated location, FSA, were both 
a b o g t  3.0 mg/l, c o n p r i s i n g  a i m o s t  exc lus ive ly  
p h e n o l s .  T h e  o t h e r  B N A s ,  p h t h a j a t e s  a n d  
naphthalene,  were found to  leach  on& s l i g h t l y  
( < l o 0  pgA) from both untreated and  treated soils. 
The  results of leach tests MCC-1P and ANS 16.1, 
where the core sample is l e n  intact (not crushc-d like 
TCLP), provided leachate values of the same order of 
magnitude as the'!'CLP results, with ANS 16.1 less 
than  MCC-1P. 

, 

The results reported by WES 121 indicate tha t  86.76 
of the  organics were leached after five cycles of a 

seqLential leach test where the  treated mater ia l  is 
crushed (similar to t h e  TCLP test). The conclusion of 
this report was t h a t  t h e  HAZCOK process did not  
effectively stabi'ize the  total organic carbon in  Basin 
F liquid. Other  reports, by Environment Canada  and  
HAZCON confidential report B [SI, showed s imilar  
r e w l  ts. 

However, the  API repor t  15) on t r e a t i n g  ref inery 
wastes shawed TCLP leachate reductions For treated 
waste up to 99%. Also the tests performed a t  Sand 
Springs, OK showed T C L P  !eachate co!icentration 
reductions, although all i*a!ues were very close to 
de tcction 1 imi ts. 

Ecanomics 
Thr: economic analyses was based upon the  HAZCON 
10 cu y d h r  mobile field blending uni t  ( M F U )  utilized 
at Douglassville under  the  SITE Demonstratioh Test  
conditions. Then a range of potential operat ing costs 
was determined assuming system improvements of a 
l a r g e r  u n i t  and  lower  chemica l  c o n s u m p t i o n s ,  
r e a s o n a b l e  a s s u m p t i o n s  for  f u t u r e  u n i t s .  T h e  
a n a l y s e s ,  based  upon r e m e d i a t i n g  p a r t  of t h e  
Douglassville, PA Superfund site, considcred two on- 
s t ream factors (70% and 9011, two chemical additive 
rates  ( the SITE Demonstration level and two-thirds 
of that) ,  a n d  operating capacities of 300 and  2,300 
Ibi'min. The cost to process the feedstock, with all the  
site-specific assumptions defined in Section 4 of this  
report, ranged from $97 to $206/ton of soi!. The  lower 
value is based upon reduced additive consumption 
and a new and  larger  processing uni t  than  the  one 
utilized for the SITE Demonstration. 

The  process is very intensive in labor and chemical 
additives, with these i tems timounting to a b u t  85% 
to 90% of the  total reported costs. 



Section 2 
Introduction 

The SITE Program 
i n  1986, t h e  EPA's Ofiice of Solid W a s t e  a n d  
E m e r g e n c y  Response  (r)SWf.:K) a n d  Off ice  of 
Research a n a  Ilevelopmeni (ORIl) es tabl ished t h e  
Superfund 1 n no va t i v e Tcc h no I ogy F: va I u;i t ion (Si TK ) 
i'rograin to promote t h e  development  and  use of 
innovative technologies to clean up Superfund sites 
rcross the couiitry SOW in i1.s third year ,  SITE is 
h e  I p ing to  pro  v ide t h e  t r c'a t ni e n t t cc h no I o g  i  c s 
necessary t o  i m p l e m e n t  new federa l  a n d  s t a t e  
cleanup s tandards aimed a t  permanent  remedies:. 
r a t h e r  thar: quick fixes. T h e  SITE P r o g r a m  is 
c o m p o s e d  of  t h r e e  m a j o r  e l e m e n t s :  t h e  
Demonstration Program. the Emerging 'Technologies 
Program,  and  the  Measurement  a n d  Monitor ing 
Technologies Program. 

The  major focus h a s  been on t h e  Drmonstral ion 
Program, which is  designed to prob.ide engineering 
and cost da ta  on selected technologies. To date, the 
demonstration projects have not involved funding for 
t e c h n o l o g y  d e v e l o p e r s  E P A  a n d  d e  i e l o p e r s  
participating in the program share  the cost of t h e  
d e m o n s t r a t i o n .  Developers  a r e  respons ib le  for 
demonstrat ing their innovative sys tems a t  chosen 
s i tes ,  usually Superfund sites. EPA is responsible for 
sampling, analyzing, and evaluating all test resuits. 
T h e  result is a n  assessment  of t h e  technology 's  
performance. reliability, and cost. This  information 
will be used in conjunction with other  d a t a  to select 
the  most appropriate technologies for the cleanup of 
Superfund sites. 

Developerr: of innovative technologies apply to t h e  
Demonstr:yon Trogram by responding to EPA's 
annual  s o h t a t i o n .  EPA also will accept proposals a t  
any  time when a developer has  a t reatment  prcject 
scheduled with Superfund waste. To qualify for the 
program, a new technology must  be at  the pilct or 
full scale and offer some advantage  over exis t ing 
technologies. Mobile technologies are of par t icular  
interest to EPA 

Once EPA has  accepted a proposal, EPA and t h e  
deve%px work with the EPA regional offices and  
s ta te  agent-ies to identify a site containing wastes  

suitable for testing the capabilities of thc technology 
EI'A preparcs a detailed sampling arid analysis plan 
designed to thoroughly evaluate the technology nnd 
to ensure that  the resulting da ta  a r e  reliable. The  
duration of a demonstration varies from a few days to 
several months. depending on the length of time and 
quantity of waste needed to assess the  technology. 
After the completion of a technology demonstration, 
E!'A prepares two reports, which a r e  explained in 
more detail below. Lltimately, the Demonstrat ion 
Program leads to a n  ana lys i s  of t h e  technology's 
overall applicability to Superfunc! problems 

The second principal element of the  SITE Program is 
the Emerging Technologies Program, which fosters 
the  f u r t h e r  inves t iga t ion  a n d  d e v e l o p m e n t  of 
t r e a t m e n t  t e c h n o l o g i e s  t h a t  a r e  s t i l l  a t  t h e  
laboratory scale. Successful va l ida t ion  of t h e s e  
techaologics could lead to the  development  of a 
s y s t e n  ready for Eeld demcns t ra t ion .  '?he t h i r d  
compor,ent of the SITE Program, the  Men:clrement 
and Mot>itoring Technologies program,  provides  
assistance in the development and demonstration of 
innovat ive  technologies  to b e t t e r  c h a r a c t e r i z e  
Superfund sites. 

SITE Program Reports 
The analysis of technologies par t ic ipa t ing  in t h e  
D e m o n s t r a t i o n  P r o g r a m  is c o n t a i n e d  i n  t w o  
documents, the Technology Evaluation Report a n d  
the Applications Analysis Report. The  Technology 
E v a l u a t i o n  R e p o r t  c o n t a i n s  a c o m p r e h e n s i v e  
description of the demonsf.ration sponsored by t h e  
SITE program a n a  its results. This  report gives  a 
detailed description of the technology, the site 3nd 
waste used for the  demonstrat ion,  sampl ing  and  
analysis during the test, and the da ta  generated. 

The purpose of the  Applications Analysis Report is to 
estimate the Superfund applications and costs of a 
technology based on all available data .  This  report 
compiles and summarizes the  resu l t s  of t h e  SITE 
demanstration, the vendor's design a n d  tes t  data. 
and other laboratory and field appl icat ions of t h e  
t e c h n o l o g y .  I t  d i s c u s s e s  t h e  a d v a n t a g e s ,  
disadvantages, and l imitat ions of t h e  : chnology. 

Preceding page blank I 5 
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Costs of the technology for different applications a r e  
estimated based on available data  on pilot- and full- 
sc' le applications. The  report discusses the factors, 

major impact on costs and  performance. 
s u  9 h as site and waste characteristics, t h a t  have a 

The amount  of available data  for the evaluation of a n  
innovative technology varies widely. Data  may be 
limited to bboratory tests on synthetic wastes. o r  ' may include performance d a t a  on ac tua l  wastes 
treated a t  the  pilot o r  fhll scale. In addition, there  a r e  
l i m i t s  t o  c o n c l u s i o n s  r e g a r d i n g  S u p e r f u n d  
applications tha t  can be drawn from a single field 
demonstration, t\ successful field demonstration does 
not necessarily a s s u r e  t h a t  a technology wi l l  be 
wide ly  a p p l i c a b l e  o r  f u l l y  d e v e l o p e d  to  t h e  

'.I commerc ia l  s c a l e .  T h e  A p p l i c a t i o n s  A n a l y s i s  
a t t e m p t s  to synthesize whatever  in format ion  is 
avai lable  a n d  d r a w  reasonable  conclusions. This  
document will  be very useful to those considering the 
technology for Superfund cleanups and represents a 
c r i t i c a l  s t e p  i n  t h e  d e v e l o p m e n t  a n d  
commercialization of the t reatment  technology. 

Key Contacts 
For more information on the  demonstration of the  
H A X O N  technology, please contact: 

1. Regional contact concerning the  Douglassvill:, PA 
site: 

Mr. Victor Janosik 
Superfund Branch (3HW21) 
USEPA, Region 111 
841 Chestnut St. 
Philadelphia. PA 19107 
215-597-8996 

2.  EPA project manager concerning the  SITE 
de morstra  tion: 

Mr, Paul de I'errin 
USEPA 
'Risk Keduction Engineering Laboratory 
26 W. Martin Luther King  Drive 
Cincinnati, OH 45268 
5 13-569-7797 

3. Vendor concerning the process: 

HAZCOIU Engineering, Inc. 
Mr. Timothy Smith 
P.O. Box 1247 
32522 McAlliskr Rd. 
Brookshire. TX 77423 
713-934-4500 

I 
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Section 3 
Tee h no  I ca g y A p 1 i c: a t i o n s A n a I y s is 

Introduction 

Concliisions 

The conclusions drzwn frttm reviewing :lip 
:tie HAZC0.V procew arp: 

on 

0 The process can solidify contamingled material 
high in organics. S i ! .  a t  the  ~ 0 u g I a s s v i : l c  
Superfund site with up  to 2 5 6  organics were 
solidified. Other app!icatior" showed S:' '--"~sFut 
so ! id i fica t i  o n o f  p e t r o 1 c ""1 r e  f i ne  f ! -I9 a s t e 
streams, organics, water  hlgh in organics from 
a waste storage pond, metal finishing sluJg?, 
and other  less clearly defined wastes. 

0 In;mobilization of heavy metals was o b p r v p l ,  
v i t h  leachate improvem,-:ltq for Icsd ;-I!:' z - : ~ c  ip 
rxcess o f a  h c t o r  of 1c\C. 

Application for irnniohili7ation of heavy nictals ( u p  
to 2.3% I)y wt) in wa.;tes :ont:iiriing high organics, up 
to a t  least 25% by W L  in soils. h a s  beer: showvn. 
Succcssful inimohili-ation of higher  q u a n t i t i e s  of 
ticavy metals a t  cvdn highcr cil a n d  grrase le:.els 
would be a r i t i c i p P d .  imniobilization of VOCs and 
R N A s  did not orziir i r i  the  SITE Demorlstration test 
on  soils u p  I J  2.5% by wt oil  a n d  g r e a s e , a n d  
immobil i ta t i  J I I  of o ther  organics ,  as repor:eti by 
other  inves+~gators ,  was also unqllccossful. 1 Iotvever, 
imniobili7.ttiort of soriiri r!etr:;I**-~ri~ y f i r i n r  9: \.:!sirs 
WDS successful. 

'I 'hereforc, app1;c;itions for i i n i r o t ~ i l i ~ i ~ ~ q  organic  
contain in ants .  compared to a simple so I idi f?c:t ti on 
process with only ce!rientitious materinls. n::\y Iiavr 
t o  h e  tested on B s i t e - b y - s i t e  basis  tli p r o v e  
appl icabi l i ty  of the  IfAZCON proccs.:. I.'or h i r h  
organics rontclit w s t e c ,  ss!idificpti:xl i!?:i\ bo i pry 
di f f icu i t :  the. u s r  of Ch!qr:~t;?:! w ! ! l  or!!t;;r1ce 
V I  i i (r i  fi r n  t i on of n r g i* I I ics. 



weather ing  cyc12s could !ead , t o  f rac tures  in  t h e  
high!? porous solidified mass of treated soil. 

Techno logy Eva lua lion 
T h e  two cr i te r ia  def ined in  t h e  S I T E  P r o g r a m  
Demonstration Plan 171 to eva lua te  t h e  tiAZCON 
technology are:  

e ?Aobility of the  contaminknts  a s  de te rmined  
from leaching and permeability tests, and 

CJ Ihtegrity of the solidified soil as de termined  
from var ious  physical  t e s t s  such  as L C S ,  
weather ing  (weVdry arid f r c e z d t h a w ) ,  a n d  
microstructural analyses (microscopy and x-ray 
diffraction). 

T h e  following d iscuss ions  u t i l i ze  t h e  a v a i l a b l e  
I-IAZCOS information to provide  more  d e t a i l e d  
conclusions on the process, particulariy as related to 
t h e  var ious physical and chemical  proper t ies  of 
treated material. The  reader shou!d note t h a t  the  
resul ts  differ from the claims expressed by I IAZCOS 
in Appendix B in some instances. - 
Physical Test Results 
The most extensive physical testing ox the  HAZCOS 
process was performed in  the  SITE Project  a n d  

. r e p o r t e d  i n  d e t a i l  i n  t h e  SITE T e c h n o l o g y  
Evaluation Report is]. Additional data ,as  defined in  
Appendix D, was provided by Environment Canada 
[I], by Waterways Experiment Station (WES) on the  
laboratory investigation they performed on Basin F 
flgid wastes a t  Rocky M o m t a i n  Arsenal [2], and for 
tests a t  the Sand Springs Superfund s i te  [31 n e a r  
Tulsa, Oklahoma. This  limited quant i ty  of dzta ,  both 
physical and chemical, is not unexpected, since the  
purpose of the SITE Program is f,o eva lua te  new 
innovative processes. . 

Unconfined compress ive  s t r e n g t h  is a p r i m a r y  
indicator of the durability of solidified wastes. The  
r e s u l t s  of t h e  s t u d i e s  s h o w  v e r y  s a t i s f a c t o r y  
s t rengths  for the solidified wastes relative to EPA's 
guideline of 50 psi [4] for stabilizatiodsolidification 
systems. The  Demonstration Test results for 28-day 
samples ranged from 219 psi a t  FSA to 1,574 at PFA. 
An inverse relation exists between s t rength and oil 
a n d  grease content ,  a l t h o u g h  s a m p l e s  wi th  t h e  
lowest oil and grease content, at  DSA, did not give 
the  highest LCS. If the  inverse relationship of UCS 
to oil and grease continues a t  higher concentration 
levels, then high organic content wastes (>25% by 
wt)  may produce solids a p p r o a c h i n g  the 50 ps i  
guide1 ine. 

The values obtained a t  Sand Springs averaged 530 
p s i  f o r  a n  u n d e f i n e d  f o r m u l a t i o n .  F o r  t h e  
Envi ronmect  Canada  laboratory s tudy ,  with t h e  

' 

I 

I 
same ratio of waste to cement to Chloranan as a t  the 
SITE project, the  C C S  w a s  2.959 psi, The value 
reported in the WES study was  2,902 psi. T h e  la t ter  I 
three studies did not involve contaminated soils. and 
al l  involved higher water  conten t  was te  t h a n  t h e  
SITE test material 

S lTE Demonstration CCS values a t  7 a n d  28 days 
were essentially equal. For the formulation ;est?; on 
s a m p l e s  prepared  i n  t h e  laborator!  wi:hout I 

I 

I Chloranan, the UCS increased abou: 40% between 
the  7- and 28-day samples, which is a n  expected 
increase for Type I cement. A possibie explanation is 
tha t  Chloranan  acce lera ted  t h e  c e m e n t  s e t t i n g  

s h o w e d  U C S  v a l u e s  below 4 0  psi .  t h u s .  t h e  
reactions. 'i'hc laboratory f o r m u l a t i o n s  for FSA i 
Chloranan addition in LIIC field tests, a s  seen above, 
ti;, I a very positive effe-t on CCS. S o  apparent  c ( T i ~ t  
on s t r e n g t h  \vas s e e n  for soil f rQm LAS T h i s  
suggests t h a t  the  Chloranan's contribution to C C S  
s ta r t s  to occur above 16.58 by wt oil and grease .ind 
below 25% by wt oil and grease in the  untreated soil. 

These a r e  all very satisfactory resu l t s ,  especially 
compared  to  t h e  EI'A guide l i r ie  of 50 psi  for  
s t a  hi I iza  t ion/so I id i fi c a  t ion s y s t e m s .  H i  g h L'C S 
v a l u e s  i m p l y  t h e  p o t e n t i a l  f o r  m a i n t a i n i n g  
s t ructural  integrity for many years .  Other  cement- 
based waste t reatment  systems a r e  typically in the  
r a n g e  of 15 ps i  t o  150 ps i  151, a l t h o u g h  t h e  
comparison mi?y not be fair since the weight ratio of 
waste tn  cement  varies widely in these processes. 

Weather ing  effects c a n  break  down t h e  in te rna l  
s t ructure  of the  solidified soil producing potent ia l  
p a t h s  for  w a t e r  f low,  w h i c h  would  i n c r e a s e  
permeabi i i ty  and  t h e  potent ia l  for  c o n t a m i n a n t  
leaching. Twelve-cycle weVdry and  freezeithaw tests  
performed during the SITE Demonstration produced 
good results, in which the weight  loss of t h e  tes t  
specimens was  only s l igh t ly  g r e a t e r  t h a n  t h e i r  
corresponding controls  (0.98% vs. 0 84% for t h e  
weVdry and  1.10% v s  0.80% for the freezel thaw).  
Four-cycle weVdry tests a t  Sand Springs 131 showed 
losses of about  0.10%, which is very low. i n  addition, 
a 12-cycle freezekhaw test  performed as par t  of the  
E n v i r o n m e n t  C a n a d a  s t u d y  s h o w e d  t h e  t e s t  
specimen weight  loss to be less  t h a n  t h a t  of t h e  
zontrol. These tests, which a r e  more severe  t h a n  
conditions in  the field, provide a n  indication of short- 
term treated soii integrity under na tura l  weather ing 
stresses. The tests a r e  recommended as a means  of 
compar ing  weather ing  p e r f o r m a n c e  of  d i f f e r e n t  
processes, but cannot be used lo predict long-term 
durability. 

Freezelthaw weathering is of concern because of the  
recognized potential for frost d a m a g e  of concrete  
structures. The  test uses a grea te r  ra te  of cooling 
than  the maximum of about  5°F per  hour  t h a t  is  

8 J 
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- .  ,. .,.6~ii!ic.inl anwun: d d t d  is avail:thle 0.1 t h e  
I 1 A %C 0 S t vc h no i o g y ' s  il b i I i  i y ?<I i  iii m (1 b i 1 i xt' 
o r y a n i c s .  VOCh. a n d  i3SAs , T h i s  d a t a  showy 
immobiliration of organics in a few instances but. not 
in  most. In man>- cases only pos t t rea tment  TCI.1' 
leachate ana l>ses  a r e  available The  most ex:ensive 
d a t a  w a s  accumulated for the  ilemonstraiion Test ,  
with soil ana lyses  before and  af te r  solidification 
matched to leachate concentrations. Three  different 
leach tes ts  were performed: TCLP, A S S  16.1, and 
MCC-IF'. In t h c T C L P  test. the  solidified samples  3rc  
c r u s h e d ,  whi le  for t h e  o t h e r  t w o  t h e  s o l i d  is 
maintained intact. Since many tes t  parameters  differ 
between leach test procedures, and experience with 
M C C - I P  a n d  ANS 16.1 is limited for hazardous  
wastes, the  significance of any  differences between 
leach test resu l t s  is unclear ,  b u t  i n d i c a t i o n s  of 
leachability can be discerned. 

The  resul ts  of the TCLP tests performed during :he 
Demonstrct ion Test showed t h a t  t h e  VOCs a n d  
B N A s  w e r e  noL i m m o b i l i z e d .  C a l c u l a t i o n s  of 
migration potential, which is weiL'ht of a specified 
analyte  in  the  leachate divided by its weight in the  
soil, were approximate ly  e q u a l  for t r e a t e d  a n d  
u n t r e a t e d  s o i l s .  T h e  t o t a l  VOC v a l u e s  w e r e  
m o d e r a t e l y  low,  l e s s  t h a r ,  1 .0  m g / l ,  f o r  s o i l  
concentrations up to 150 ppm by wt in the untreated 
soil. Leachate analyses for the  BSA for both treated 
a n d  unt rea ted  soils showed very low v a l u e s  for 
p!ithalates and naphthalene, less than 100 p g l ,  but  

! 
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high vzlues for phenols. A i  FSA. where the phenols 
content was 405 m g k g ,  the leachate concentration 
ranged from 2.8 to 3.8 mg/l for both t rea?ed and  
untreatea soils. 

Pos t t rea tment  leaching  r e s u l t s  of a 7 - d a y  t e s t  
perfarnied by Environment Cagada  11 J with P 4: 1 
weight ratio of leachate to,crushcd solid showed very 
low leaching of benzene and triciiloroethylene, and 
very high leaching of phenol. Approximately 80% of 
tho phenol contaminant was  cxtracted. with o ther  
organic components  between t h e  t w o  e x t r e m e s .  
P r e t r e a t m e n t  v a l u e s  were  not p e r f a r m e d  for a 
comparison, 

T!>e results for h s i n  I-' liquid a t  ltocky Mountain 
Arsenal, as reported by W E 5  121, indicated t!iat a 
high percentage of the total organics ,  86.7%, was 
extracted after 5 cycies of a sequential leaching test, 
with 67% extracted after the first cycle. Caution is 
advised by the a-chors regarding extrapolating this 
d a t a  to the field, because the test sample leached is 
crushed a n d  so i ts  surface- to-mass ra t io  may be 
different. 

Leach tests cs ing E P  Tox were also pGrformed, with 
!he r e s u l t s  e q u i v a l e n t  t o  o t h e r  t e c h n o l o g i e s  
inves t iga ted  by WES o n  B a s i n  F l i q u i d .  T h e  
conclusion of the WtES report was t h a t  the.HAZCON 
process did not effectively stabilize the  t+l organic 
carhon.in Basin F liquid. , .  

A brief excerpt of confidential HAZCOX re& "B" 
[SI on TCLP leach tests for penbchiorophenol (PCP) 
s h o w e d  n i n e  p o i n t s  of  d a t a :  H A Z C O N  i n  a 
subsequent  le t ter  indicates  t h i s  w a s  p a r t  of a n  
optimization study. The raw sample TCLP ext rac t  
concentrat ion was 2.1 mg/l PCP,  while t h e  nine 
t r e a t e d  s a m p l e s  r a n g e d  f r o m  1 . 1  t o  2 7  mg/ l .  
Information on quant i t ies  of cement  and  Chloranan 
w e r e  not  provided.  For e i g h t  of t h e  a n a l y s e s ,  
immobilization did not occur, b u t  for t h e  n i n t h ,  
where the leachate concentration was 1.1  mg/l, some 
immobilization may have occurred, but  i t  cannot be 
confirmed because pretreatment  and posttreatment 
waste compositions a r e  not available and the  amourlt 
of additives used is undefined. 

In a report by Risk Science in te rna t iona l  for t h e  
American Petroleum Inst i tute  [12], t h e  HAZCON 
process was one of many remediation technologies 
evaluated on petroleum refinery wastes, including 
API separator sludge, slop oil emulsion soiids, and 
two different filtey. cakes. The  emphasis  of the  report 
w a s  to c o m p a r e  d i f f e r e n t  t y p e s  of  p r o c e s s e s ,  
m ec ha  n i ca  I, so l:e n t e x t r a c t  i o n  , t h e r m  a I ,  a n d  
stabilizatioid solidification. However, for each type, a 
n u m b e r  of t e c h n o l o g i e s  w e r e  t r e a t e d .  Fo r  
s t a  bil iza t ion/sol idi f ica  t io  n , P r o c e s s  # 1 i s t h e  

. . . . >>*. . .- , : 9  . *  ,, . 
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HAZCON solidification technology. TCLP leachate 
results for liAZCON-treated and untreated wastes 
were presented: the  API separator  sludge showed a 
reduction of approximately 99% for VOCs, B S A s ,  
organic acids, and metals. For the slop oil and the 
filter cakes, the primary contaminants  were VOCs, 
and equivalent reductions were observed. IIowever, 
for these three wastes the leachate quant i t ies  of totzi 
BNAs, o r g a n i c  a c i d s ,  a n d  m e t a l s  a r e  low a n a  
c.:attered, so the  technology's ahility to immobilize 
them cannot be confirmed. The  ra t io  of wastk to 
cement to Chloranan was 2: 1:0.05. These resul ts  a r e  
good, p a r t i c u l a r l y  for  t h e  VOCs, b u t  a r e  n o t  
con . ' s tcn t  wi th  tk,e o t h e r  r e s u l ~ s  toted aho:ce. 
Although not dcJcribed i i i  a n y  d e t a i l ,  a proper  
quality assur;rnce program appears  to have existed 
for the anaiyses. 

In a n  IWC study [ 101, the HAZCO.3 process was one 
of th ree  solidification technologies evaluiiteci on 
organic s ludges high in  moisture .  T h e  H A % C O X  
process  proved to  he t h e  bes t  a n d  w a s  j u d g e d  
sat isfactory by t h e  a u t h o r s  to m e e t  r e g u l a t o r y  
requirements. One apparently positive se t  of results 
0.1 the mcst difficult wastc, which contained a total of 
9'3~ to 10% tolcene, trichloroeth:,-iene, and  henzenc, 
showed tha t  the TCLP leachate for treated material 
contained 23.4 mg/l of these components. Leach tests 
on untreated waste were not performed , so proof of 
the technology's effectiveness cannot be confirmed 
from these resuits. 

TCLP leachate resul ts  were obtained on raw sludge 
f r o m  t h e  S a n d  S p r i n g s ,  O K  S u p e r f u n d  s i t e ,  
containing about  10% by wt  oil a n d  grease :  t h e  
HAZCON-treated material contained some VOC and 
BNA. T h e  t r e a t e d  w a s t e  l e a c h a t e s  s h o w e d  PO 
detectable levels of these organics. T h e  i intreated 
was te  e x t r a c t  v a l u e s  for  t h e  i n d i v i d u a l  VOC 
components ranged  from nondetected to 50 pg/l. 
Thus. some imm&ilization of organics  may have  
occurred. A11 the values reported a r e  very low, and 
analyses of the corresponding site waste  were not 
reported. although various Sand Springs s i te  wastes 
c o n t a i n e d  io t o  100 mg/kg  o f  t h e s e  o r g a n i c  
contaminants. 

Thus, it  can be concluded t h a t  immobilization of 
volatile and seniivolatiie organics does not usually 
occur .  T h i s  w a s  observed  in  most  of  t h e  t e s t s  
reported, with the Demonstration Test  providing the 
most complete d a t a  s e t  avai lahie .  Demonstrat ion 
Test results of the special leach tests, which a t tempt  
to simuiatc the leaching of a solidified mass, were 
the same order of magnitude a s  the TCLP leachate 
concentrations. This  would appear  to show tha t  the 
TCLP results a r e  indicative for this technology of 
leaching from a solidified mass. However, as some 
p o s i t i v e  r e s u l t s  o n  o r g a n i c  c o n t a m i n a n t  
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immobil iza-  :on have  been repor ted ,  s o m e  s i t e -  The Resource Conservation and Recovery Act 
specific test may need to he performed. (RCRA) 

Operations 
Since IT."J: of the data  on the HAZCON process is 
based u@n laboratory tests, c p r a t i o n a l  da ta  is only 
availabie from thc Demonstration. These results a r e  
described in Appendix C. It was noted t h a t  although 
H A Z C O N  e n c o u n t e r e d  m a n y  d i f f i c u l t i e s  a t  
Doug 1 ass vi 1 1 e ,  par t  i< u 1 a r I y for the  5 - c u- y d r u n s  , 
design changes in the feed and mixing systems will 
produce a I?liablc operating system. 

I 

Summary 
Soiidificationlstahilization technclogies general ly  
reduce contaminant mobility. particularly for toxic 
metals ,  and increase volume.  T h e s e  t e c h n i q u e s  
nearly always leave some uncertainty about  long- 
t e r r,i ekfec t ;\re n e s s ,  he ca u s  e I a bora t o r y t c Y t s c a n 
neither fully dupl icate  field conditions over long 
periods of time nor establish what actually happens 
to the contaminants during t reatment  114.1 51. This  
is t rue for the IIAZCON technology also.  

In conclusion the overal l  physical p r o p e r t i e s  of 
wastes treated by the IIAZCOX process a r e  good, 
althoggh the potential for some reme'diation design 
engineering and durabiiity difficulties ex is t s  The  
innovative aspect of the  HAZCON technology is the 
use of Chloranan in conjunction with solidification 
by Port!and cement or  other pozzolans. Chloranan  
appears  to 1) mitigate some of the detr imental  effects 
oforganics on the rate  of cement hydration reactions, 
2) allow solidification of waste high in organics, and 
3) improve some physical propertiek of the treated 
material. Chloranan may also al ter  and improve the 
ability of Port land cement  to immobi l ize  h e a v y  
metals. However, it does not appear  to enhance the 
immobilization of organics, except possih!y in select 
applications. Thus,  the technclogy appears  to have 
applications for the immobilization of heavy metals 
in soils and sludges, where oil and grease levels a r e  
high; and  at s i tes  where specific organic toxins a r e  
suf f ic ien t ly  immobi le  a n d  w h e r e  phys ica l  so i l  
s tab i l iza t ion  is d e e m e d  n e c e s s a r y .  F o r  o t h e r  
a p p l i c a t i o n s ,  a t  s i r e s  c o n t a i n i n g  o r g a n i c  
c o n t a m i n a n t s ,  t r e a t a h i i i t y  s t u d i e s  s h o u l d  be 
performed. 

Environmental Regulations and the 
HAZCON Results 
This  section briefly discusses regulations pertaining 
t o  h a z a r d o u s  w a s t e  c l e a h s .  T h e  d i s c u s s i o n  
par t icdar iy  focuses on the Land Disposal Restriction 
(LDR) s t a n d a r d s  a n d  t h e  u s ?  o f  s t a b i l i -  
xatiodsolidification for Superfund actions. 
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l 'he ResGurce C o n s e r v a t i o n  a n d  Recovery  Act  
(RCRA)  was passed in 1976 and expanded under the 
Hazardous and %I'd Waste  hmendmcnts  (HSWA)  of 
1984. Section 3004 of IISWA prohibits land disposal 
of untreated hazardous wastes af ter  specified dates  
and requires EPA to develop treatment, s tandards,  
which must be met before disposal is allowed. 

After these s tandards,  o r  Land Disposal Restrictions 
(LDRs) ,  become erect ive,  w n s k s  tha t  a r e  not treated 
to meet :hose s tandards will  be banned from land 
disposal. 

'I'he key portion ol' this section of the 1984 f lSWA is 
the mandate  for t rea tment  s tandards for every waste 
or group of s imilar  wastes. AI1 industrial hazardous 
wastes  were rafikcd according to t h e i r  in t r ins ic  
hazard and their volume. 13ased upon t h a t  ranking. 
thc list was divided into thirds, a:id a schedule was 
prepared for cs ta b I i s h i n g t r e a t  men t s t a n d  a rds .  
Wastes t h a t  a r e  considered hazardous based upon 
their characteristics wer:' scheduled for t h e  f ina l  
third. l 'he hazardous characteris:ics defining wastes 
include ignitability , corrosivity, and reactivity, and 
wastes  t h a t  a r e  h a z a r d o u s  based on e x t r a c t i o n  
procedure tosicity (EI' Tox-leach test). Land disposal 
of untreatecl wastes  was  prohibited on  Augus t  8. 
1988 for the "First Third": planned for J u n e  8, 1959 
for the " Second Third": and May 8, 1990 for t h e  
"Third Third" of the schcdulrd wsstes. 

Trea tment  stand i r d s  a r e  based on the  performance 
of the  Best  De:nonstrated Avai lable  Technology 
( B D A T )  t o  t r e a t  t h e  w a s t e .  .4 t e c h n o l o g y  is 
comidered to be demonstrated for a par t icular  waste 
if t h e  t e c h n ~ l o g y  is i n  f u l l - s c a l e  c o m m e r c i a l  
operation for t reatment  of t h a t  waste .  Treatmeil: 
s tandards c a n  be establ ished e i t h e r  as a specific 
technology or 3s a performance s tandard based on a 
BDAT technology. When t rea tment  s t a n d a r d s  a r e  
f ixed a t  a p e r f o r m a n c e  l e v e l ,  t h e  r e g u l a t e d  
community may use a n y  technology not otherwise 
prohibited to t rea t  the  waste so t h a t  i t  m e e t s  t h e  
t reatment  standard. 

On August 17, 1938. EPA promulgated t r e a t m e n t  
s t a n d a r d s  for t h e  F i r s t  T h i r d  of t h e  r e s t r i c t e d  
hazardous wastes. For three  of these nonwastewater 
inorganic wastes, F006, KO46, a n d  K022, the  BDAT 
performance s t a n d a r d  is based on s t a b i l i z a t i o n /  
solidiEcation technology; the s tandard for four other  
wastes is  also based on stabilization/solidification as 
the  BDAT for nonwastewater residuals (KO01  a n d  
K086) or  ash  residue ( K 1 0 1  and K102) following the  
initial treatment. 

On J a n u a r y  11, 1989, EPA proposed a d d i t i o n a l  
t reatment  s tandards for the "Second Third" of t h e  



rest r ic ted hazardous wastes .  EPA also proposed 
additional t r e a t m e n t  s t a n d a r d s  for some " F i r s t  
Third" wastes and for "Third Third" wastes. Of these, 
RDA'I' performance s tandards for F012, F006, and  
FO19 were bnsed OR stabilizatiorJsolidification. 

In each case research to develop the  performance 
s t a n d a r d  i n d i c a t e d  t h a t  f u l ! - s c a l e  s t a b i l i -  
zatiodsolidification is widely used throughout  t h e  
couiitry t o  bind these metal waste constituents into a 
cementitious matrix tha t  immobilizes them, thereby 
reducing their leaching potential. 

The  Comprehens lve  Environmental  R e s p o n s e .  
Compensa t ion ,  and, Liability Act (CERCLA) 
T h e  Corn p r e  hens i  ve En v i  r o n  nie n t a  I H cs  po n s e ,  
Cornpcnsation, and Liability Act (CERCI,/\) of 193l 
as amended by t h e  Supcrfund Amendments  a n d  
Reauthorization Act (SAiit\) of 1986 prosides  for 
federal funding to rehpund to rdeuscs  of hxirrdouh 
SubstiinceS tb a i r .  w a t e r ,  'ind l a n d .  CERCI.:\ 
a u t h o r i L e d  k : P t l  l o  p r r p . i r e  t h e  Y a t i o n a !  
Contincency Plan (SCi ' )  for haLardous 5ti;Lstancc 
response 'I'hc Scl' dcfincs iwthods m d  criteria for 
de te rmining  t h e  appropr ia te  e x t e n t  of r c m o s a l ,  
remedy, and other  measures .  Specific techniques 
ment ioncd  i n  t h e  SCP for  r e m e d i a l  a c t i o n  at 
hazardous waste sites include stabilization Isolidi- 
fication as ;I cost-effoctise technology for handl ing 
corxaminated soil m d  sediment. 

S e c t i o n  121  of  S A R A ,  e n t i t l e d  C l e a n u p  
Standards,s t rongly recommends r c n e d i a i  act ions 
us ing  on-s i te  t r e a t m e n t  tha t"  ...p e r m a m n t l y  and 
significantly reduces t h e  volume, toxicity,or mobility 
of hazardous substances." The  actio must assure  
protection of human health a n d  t h e  envi ronment ,  
mus t  be in accordance with the  SCP, and must be 
cost-effective. This  means t h a t  when select ing an 
appropr ia te  remedial  act ion,  t h e  first s t e p  i s  to 
determine the  level of cleanup t h a t  is necessary to 
protect the  environment, a n d  t h e  second s tep is  to 
choose the  mcst cost-efficient m e a n s  of achieving 
t h a t  go;.!. S r R A  f u r t h e r  s t a t e s  t h a t  "off-s i te  
t ransport  and disposal ... without  such  t r e a t m e n t  
should be t h e  least favored a l te rna t ive  remedial  
acjion where practical t rea tment  technologies a r e  
a+@ilable." 

SARA also added a new criterion to CEKCLA to be 
u s e d  i n  d e t e r m i n i n g  c l e z n u p  p r i o r i t y :  t h e  
csn taminat ion  or potential contaminat ion of t h e  
a bie:.t a i r  t h a t  is  associated with a release. Since 
s t  2 hilizationlsolidification o f t e n  i n v o l v e s  t h e  
t reatment  of organic constituents, this criterion is  of 
p r i m a r y  c o n c e r n  i n  t h a t  t h e  m e : b o d  o f  
st:i:-i!ization/solidification selected must not release 
V(JCS into the ambient  air. 
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Superfund Response Actions 
Superfund response actions must meet "applicable or  
relevant and appropriate requirements" (ARARs) for 
cleanup. If lac< disposal restrictions are applied io 
Superfund act ions,  they  m a y  be  "appl icabie  or 
re levant  a n d  appropriate." LDRs zre a p p l i c a b l e  
when existing federal or state !aws can be utiiized to 
have direst  authority over ?!acemen: of res t r ic ted 
hazardous wastes iF or on :he !and. LDKs n a y  be  
relevant and appropriate when Superfund hazsrdous 
substances are suflicie- ?!y s i m i l a r  in r e s t r i c t e d  
industrial hazardous wastes such that USE of LDKs is 
suited to the  circumstances oF:he re:ei?srs. 

in pddition to industrial prwft-5 rs-nr;tr. :f.r liSN't2 
iilso i iddressrs  soil . a d  dt-l\cjr. !h:t r ~ s u i !  fro.?: 
CEKCLA response actiur,+ . i d  14CW.i cawrectivc 
actions. Efkc t ive  Aucsc: 8. 1985, EYA I T S U ~  il 

national cugncity vnri-ie'cc t h r o u ~ h  Scovcmhw 8. 
i!Ho for all CP:896:i,,LP<CHA .<Vi! 3 r d  dchris, w*h:ch 
are contarnicetcd wi!A h 4 ~ ~ d : i u x  w,,:cs whta;c 
RDAT standard3 ,A:C h ~ c r i i  . r p ~  .ncnwr~; :hn  

I C  the mesn:i:ne, :he inl.<*nd> ::I dcveirbp 
separate  U3DAT treatment .;tacdard.; fcr wii dnq 
debris. fPccauw! thr RDAT <".,:r,durd> were dwe~:ped 
for industr ia l  tvclatr p r o c c s w s ,  which  a r e  after. 
different from tRe saii or debris waste mi t r ices  in  
t erms  o f  c h e m i c a l / p R ~ - s i c s ?  c o m p o s i t i o n  ~ 

concentrations, and media rs.::hic a c d  among sites. 

Until s tandards a r e  dor.e!o& ?or so;! a n d  debris .  
remedies  will cont inue to be sekctezi on a s i t e -  
specific basis. Since these remedies arc cot  likely 10 
conform to t h e  BDAT s t a n d a r d s  for  i n d u s t r i a l  
process waste, a variance is required. 

Under a t reatabi l i ty  var iance.  t r e a t m e n t  will be  
appIied wi ih  t h e  goal of a c h i e t  i n g  s u b s t a n t i a l  
reduction in toxicity and  mobility through t rea tment  
to a r a n g e  of t r e a t m e n t  levels. These  t r e a t m e n t  
levels were developed from a d a t a  base tha: EPA h a s  
com2iIed of treatability da ta  for contaminated soil. 

?he d a t a  were divided into t reatment  for organic and  
inorganic  const i tuents ,  a n d  f u r t h e r  d iv ided  i n t o  
structural-functional groups based upon treatability 
for the  organics, and for individual metals  for t h e  
inorganics. 

The t reatment  ranges for soil and  debris have been 
developed as interim guidance until final t rea tment  
s t a n d a r d s  for soil a n d  d e b r i s  a r e  p r o m u l g a t e d .  
Modifications to the  t reatment  ranges may occur and  
will be issued as revised guidance as addi t iona l  
t reatment  information becomes available. 

In developing the interim guidance,  solidification 
a n d  s tab i l iza t ion  t e c h n o l o g i e s  h a v e  n o t  b e e n  
demonstrated to be effective technologies for t h e  

. .  
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t~-eatr,lecit ..I 0 6  gdZi!t. ut...;! c: Solidif icat ion ai ,;  
stabi1iza:ibti data resi . ! t i~~g irb : I  t h e  treatme!ir of 
o rgan  I c wastes were ,  t ‘ric re fG r e ,  ri o t co ri s i d e r e d i Consequen:Iy, tile treztirnent teveis a;e expressed a: 

! total composition values for organics a n 6  t s  ieachattt 

k .  

\ alues for incrqnriics. 

Toxic Substances Coiittol Act CfSCA) 
I’he disposal  of f’CB.: and  P C B - c o n t a : n i n a :  ti 
materk ls .  50  pin by wt. and greater ,  a r e  rcgulr??ed 
uridcr the provisions of the ‘I’osic Subatilnres Control 
ilct of 1976. The rcgirlations. which arc‘ t i i : i n t i  in  4 0  
CFK 761.60, a d d r e s s  disposal r e q u i r e m ( ~ r i t ~  i n  
relation to the  coiiceriirati{ir! of the J’Cl3t,  i i l  ! / I C  

waste f’ch in concentrations of 50 to SWJ j)pttt may 
h,c disprscd of icith!.r iiy 1:11xi5~I in~  or iricirtc.r;tt i o i i .  

I’Ci3s i n  coiicentration.; greatvr thiiri 51JO ppm niust 
be disposer! of by incineration. d l  corit:crriiit;it*.r! \caste 
u n d e r  500  ppin  by w t  is ;i c a n d i d ~ t c  f o r  
s tabi l  iz:i t ionlsol i t i i  fica t ion. I: r i  1t*>s rl:g ti I . it  ion c; 
change,  l’CI3s in concentrations p,rc;ilL*r t h , i i i  500 
ppm m a y  n o t  \it: d i h p ~ i s ( ~ r l  o f  b y  s :a l : i l i -  
/.;ilic)ri!solidifi~.~~tii)ri t t x l m o l i q  AIsI ,  >t.vi.r::l s t a w s  
have  their own  I’CB regiilaiiorx ~ i i a t  : i i ; i ~  iiiiixict on 

;thv use of stabiliziitiorlisolidi~catic,ii tixhrioloqy 
t 

Comparison of Regulations to HAZCON Results 
Stabilizatic,nlsolidificati;,r! hds b w n  snowrl to he an 
eKective tert.i!iology for treating metals, In addition, 
.the i l  AZCOS process  ..ppears to  overcome t h e  
tinhibiting effect. from the presence of organics on the 
solidificatiwi process. I Iowever, there  is unccrtliinty 
c o n c e r n i n g  t h e  p o t e n t i a l  use o f  s t a b i i i -  
r a t  i G n,’so I i d  i f i c  a : i o  r i  s o  i I :i 
contsminnted wiih organics. The  I,ai!d i l isposal  
Restriction standards have been developed with the 
a s s u m p i o n  that  stabilization/solidificatior! is not a 
13I)A‘r f o r  o r g a n i c s .  T e s t  r e s u l t s  f r o m  t h e  
Douglassv i l le  dcmonst ra t io i i  for  t h e  I1AZCO.V 
technology tend to substantiate this assumption. a s  
long a s  the TCLP leach test Is  assumed as thc sole 
criterion fur effect’veness. 

for  s 11 p e  r f u  ri d 

\ 

,* 
511 per f u  nd I egi I a t i  o n r eq u i  1- c s con >: id era  t iu  ii of 
a1 t e r  ne t ives  t h a t  per ma ne n t I y a r;d si g n i fi c a n t I y 
reduce the volume, toxicity, or mobility of hazardous 
s u b s t a n c e s .  S i n c e  r e i n e 4 ; e s  arc  c h o s c n  s i t e -  
specifically based on cost-efiectiveness, there  mag be 
applicctions where stahilization/solidiCicztion is a n  
acceptable remedy for wastes with some organics .  
T h i s  will be e s p e c i a l l y  t r u e  i f  a m e a s u r e  of 
performance other than TCLP is chosen. 

i t  is more feasible to evaluate the IiAZCON process 
with respect to regulations and t reatment  levels for 
metals-bearing wastes. There a r e  regula t ions  and  
approved delisting petitions for several waste-coded 
materials, primarily FOOG, which is electroplat ing 
wastes. For these metals, barium, cadmiu-. lead, 
chromium, nickel. and mercury, wine treated waste 

4 leachate -:slues exist that  pri)vide ii guidciinc. for 
leachin< result.: i n  addition. the natioiial capacity 
variance for XCltA aiici CEKCLA soil a i d  debris 

Waste Characteri::tics and Performance 
or the Technolcgy 
Sol idifica 1ioii:sl t  i i  I iz;i t i t )  n pi (Jcess~!> i r? v o \  \’e t ti c. 
addition (if  itgriiis !hat  ::re inrendcd to niechanically 
o r  c h e ni i ca  i I y 1) i  n d o r 51 n c i i  pa u 1 a I e h a  7 a r d o  u s 
cons i i tuent .  !o  p r c v c n t  t h e i r  rele:-sc i n t o  t h e  
environment. ‘I’hesc processes gerierally Iricre.*sc the  
s t r e n g t h  a n d  tl~:crs~zrse thc !Jcrnieal)ili:~; cif t h e  
solidified m ~ s s  In gcner i i l ,  the s t r o n g e r ,  more  
i:nper-nieal)le, and rnwe  durable  a treated :vastc, t!ir 
rnorc e f f e c t i v e l y  i i  w i l l  c o n t a i n  h a z a r d o ~ s  
conStitiJentS. I f  the  mater ia l  does not f r a g m e n t ,  
create dust ,  or increase the  zurface a r e a  available for 
ieaching, losses wi l l  be rninimized. S i n e  processes 
produce solid pellets, where compressive strcngt!i is 
rat a criterion 

‘I’he 1-iAZC0.U pracess is a ceme.nt based process 
&’hose design concept is to solidif:; and immobilize 
:vast e con ta  m i  n a  n ts . The p r  i n c  i p a  1 d i f fe  r e nce  
be tween t h i s  process  arid o t h e r  c e m e n t - h a s e d  
processes is the use of a proprietary conipor.ent- 
C h lora n a n  - w  h i c h is c I ai in ed to per in i t so I idi fica ti on 
of waste materiais with high organic concentrations. 
It has  long been ki:dwn t h a t  organics may inhibit the 
cementa t ion  process ,  which  m a y  r e s u l t  i n  less  
favorable physic21 characteristics of the  solidiryed 
product ,  such  ;is UCS,  p e r m e a b i l i t y .  a n d  bulk 
density , 

Batch system feeds a r e  preferred by HAZCON, Inc. 
to c o n t i n u o x  feeds, since t h e  developer bclicves feed 
variations can be more easily identified witii a hatch 
system and s teps  can be taken to adjust admix ratios 
to compensatp for feed variatioiis. Thn IIAZCON 
process claims to be able  to handle a n y  type of feed. 
M a t r i c e s  p r e f e r r e d  hy HAZCON i n  o r d e r  of 
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preference are soils, sludges. emulsions. and  lastly 
liquids. w-ith t h e  p r e f e r r e d  c o n t a m i n a n t s  b e i n g  
z e t a i s ,  orgarrics, and  :as:!? volatiie organics. 

Although the  Chloranan admix was selected for use 
at the Dougiassville sire ar,d usually not defined in 
the  other  tests of the  H:\ZCOX technology, o t h e r  
formulations or admixes can  be chosen dependent  
u p o u  t h e  w a s t e  c o c t z r n i n a n t s .  H A Z C O S  is 
continuing to develop admixes tha: are contaminant- 
specific, but  h2s not provided an>- i ~ f o r m a t i o n  on 
what these changes a r e  o r  the  factors t h a t  influence 
their  selection. 

MtlZCOS iisuai!y ?es:s a!l s i t e  mater ia l s  before  
operat ion to determine  t h e  proper formula t ions ,  
admixes, and ra:ios for optimum resul:s. However, 
t h i s  was no: d o n e  for t h e  Demonst ra t ion .  2 n d  
conservatively high levels of Chloranan and cement  
were utitited. Cement-based mixtures generally a r e  
used, as the:; have prover. to he eKective. bu t  t h e  
equipment can process other  pozzolacic ( f l y  ash. kiln 
d u s t ,  e:c 1 mixtures as wel! 

T h e  HAZCOS systern :s claimed to work best with 
soil feeds: sticky mater ia ls  a r e  more difficult to t rea t  
because of mater ia ls  handling probiems. However. 
during the  Demonstration. the  sticky 5I ter  cake was 
processed more easiiy by the  VFL' than the other  soil 
feeds. I n f o r m a t i o n  f rom o t h e r  t e s t s  on e a s e  of 
processing various feedstocks was not rcportcd. The 
10 cu vd/hr cont inuous sys tem used in t h e  SITE 
Project works best with mater ia ls  of a consistency 
ranginq from soiL-like !e l i g h t  s ludges .  L iquids  
canna: 3e halidled because of insu,l?cies?& cquipmznt 
c o n p n c n t  sealing. f 

Varishi:ity o t  feedstock components  c a n  resu i t  in  
p r d l r c t  p r o b i e m .  ?'!?is car: be o v e r c o n e  by u s i n g  
k rge r  than  ??!Ernurn ratios of admixes. but ai t h e  
costafv.2Ignv increase or  the  necessity to frequently 

sample  the feedstock to ensure constancy.  Oui-of- 
specification product material may be recycled while 
still  in  a siurr:; s ta te ,  b u t  a f t e r  so1idifica;ion the 
problems with recycle become much more ser ious.  
For fur ther  t rea tment ,  special cqiriprnent such  as 
crushers. screens: etc.. a r e  requi red .  In addi t ion,  
l a b o r a t o i y  a n a l y s e s  m a y  h a v e  t o  b e  o b t a i n e d  
promptly to minimize the quant i ty  of r x y c l e .  

Cold weather  (below 40°F) can affect the  hydration 
reactions and  t h u s  the  product  qua l i ty .  However ,  
this efiect may be overcome by t h e  use  of special  
cements  i?r by preheating the precess s t r e a m s  a n d  
feedstock to a maximum of 40°F to 5 0 T ,  which woiiid 
avoid volatiiization of the lighi organics. Preheat ing 
of a n y  feed mater ia ls  would increase equipment  and 
operat ing costs. Since t h e  h:;draiion of c e m e n t  is 
exotnermic, additional heat  is not required once the  
reactions commence. 

Ranges o f  SlTE Characteristics Suitable 
for the Technology 
Currentl:; HiZZCON h a s  available two cont inuous  
Mobile Field B k n d i n g  Units  (MFU) t h a t  can process 
u p  to a'bout 10 cu j d h r  of untreated soil. H.AZCOS 
indicates t h a t  five 100 cu yd /hr  batch systems a r e  in 
the  planning s tages  and  are expected to be available 
in  the  fall of 1985: the!- will be managed through five 
planned regional of ices  tcntativcly selected t o  tie 
opened in Atlanta ,  Chicago. Houston, !.AS Angeles, 
and  New Jersey.  Prior to the  s t a r t  of operations of 
ihc 100 cu ydlhr systems, HAZCGX intends to serve 
as the  pr ime contractor to design site-specific batch 
remediation system components and  to subcontract 
the  use and operation of the  equipment. Remediation 
t ime constraints, a r e a s  of remediation, a n d  costs will 
d e t e r m i n e  w h i c h  s y s t e m  wil l  b e  s e l e c t e d  f o r  
remediat ion of a specific s i te .  Mul t ip le  s y s t e m s  
operat ing in paraiiel will  allow handl ing  o f  l a rge  
s i tes  HAZCOS has indicated t h a t  s i tes  grea te r  than  

'5 
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those capable of being handled by the multiple 100- 
cu-yd ar rangement  may be handled by subcontracted 
process equipment. All equipment is  selected based 
on contaminants  a n d  costs. H?\ZCOI?; places  n o  
limits on the  size of the site t h a t  can  be remediated. 
For  a site the size of Doug!assville-250,000 cu yd to 
be remediated-assuming a 90% on-stream factor and  
24 hours processing per day, one 1OG cu yd/hr system 
could remediate t h e  entire s i te  in  approximately 4 
months. The 10 cu yd continuous system would take  
more than 3 years  to coniplete the  remediation. 

T h e  10 c'i >2!hr s y s t e m  i s  c o m p a c t ,  w e i g h s  
approximately 17,020 pounds (empty) is mobile, and  
requi res  no s ec ia l  over - the- road  o r  o p e r a t i n g  

hazardous waste sites. The  system must be nearly 
level to operate, and  the site soil m u s t  be able  to  
s u p p o r t  t h e  s y s t e m ' s  weight  ful!y loaded w i t h  
cement, water, feedstock, and admixes, as well as 
support  auxi l ia ry  equipment  a n d  s torage  t a n k s .  
Therefore ,  s o m e  s i t e  p r e p a r a t i o n  work m a y  b e  
required to level the  terrain, p o w  slabs, and build 
access roads. T h e  t r a i l e r  a n d  support  equipment  
require a setup a r e a  of about 560 sq ft. Additional 
a r e a  is needed for s torage of cement, Chloranan, and 
fael, as well as personnel facilities for any long-term 
project. T h e  moving  components-pumps, feeders, 
etc.-are dr iven by a hydraulic power pack derivinE 
i t s  power off the  diesel engine of the  t ranspor t ing  
vehicle. The  cement  is a i r  conveyed from a separate  
cement truck to  t h e  cement  hopper on theMFU. 

T h e  100-cu-ydhr proposed system consists of a feed 
aggregate bin where the  waste feed i s  weighed, a 
cemest  feed bin, a n d  a rotary d r u m  mix tank. The 
feed and cement  are combined and  conveyed to the  
mix tank.  where  w a t e r  a n d  admixes  are added .  
Pumpable mater ia ls  can be metered directly into the  
mix tark T h e  system will be mounted on a n  over- 
the-mad t ra i ler  and  will weigh approximately 40,000 
pounds (empty). Some si te  work may be required to 
level a n  a r e a  fcr t h e  t ra i ler  or  to pour support slabs. 
Good traction for t h e  ear th-moving equipment  i s  
requi red .  T h e  t r a i l e r  a n d  s u p p o r t  e q u i p m e n t  
provided by HAZCON will occupy approximately a 
1,000 sq PL a r e a .  Addit ional  a r e a  is needed  for  
cement, fuel, a n d  Chloranan storage bins, as vieli as 
peiZOMe1 facilities. The system power source for the 
HAZCOK uni t  is  a 60 KW diesel genera tor ,  p lus  
additional power for support systems. 

Although t h e  MFU used a t  Douglassville is not  
corrosion-resistant, t h e  proposed 100-cu-ydhr batch 
system's major components, such  as the  feed and 
aggregate bins, belts, and rollers, will be corrosion- 
res i s tan t  s t a i n l e s s  steel. T h e  n e w  s y s t e m s  are  
designed to be operated under negative pressure to 
reduce emissions. T h e  small  MFU is ndt leak-tight 
a d  would experience diff icul ty  i n  m a i n t a i n i n g  

permits. 'rhus, 8 i t  would be accessible to nearly al! 
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negative pressure. The M F U  is claimed by HAZCOS 
to be explosion-proof, and a t  least one of t h e  five 100- 
cu-yd/hr systems will be designed to be explosion- 
prmf. 

Auxiliary equipment consists of storage tanks  a n d  
feed equipment  for the fuel. Chloranan,  and  cement; 
a personnel t ra i ler  for adminis t ra t ive functions; on- 
s i te  s a m p l i n g  facilities for a n y  laboratory work: 
par t s  supplies; health and  safety suppl ies ;  a n i  a n  
a r e a  with equipment for personnel and equiprnenL 
decontamination. 

Typically, t.he process consis ts  of excavat ing  t h e  
waste; t ransport ing it to the solidification unit: and 
s iz ing,  processing, and  removal  of t h e  solidified 
product to a permitted landfill. I t  may be lefl on a 
s i te  if it  meets the  established s i te  regulations or ,  for 
a coded waste, the  land ban (RCRA) requirements. 
The  placement of the treated was te  back into the  
original excavations is possible, a l though t h i s  h a s  
ncjt yet  been satisfixtorily demonst ra ted  for most  
sys tem appl icat ions.  Disposal on  o r  off s i t e  for 
rejected screened m a t r r i a l s  m u s t  be an t ic ipa ted .  
Local bridges a n d  roads m u s t  be  a b l e  to support  
s tandard excavating equipment. 

Off-site migra t ion  of airborn.: c o n t a m i n a n t s  o r  
vapors c a n  be a probiem dur ing  excavat im,  mixing, 
a n d  t ranspor t  of the  waste  to  remedia t ion .  High  
w a t e r  t a b l e s  c a n  r e s u l t  ir.  g r o u n d w a t e r  
contamination during excavation; high groundwater 
t h a t  r e s u l t s  in  bear ing  losses  a t  t h e  s i t e  could 
preclude use of the technology without appropriate  
support s labs  for equipment and roads for t ransport .  

The HAZCOS technology can  process a wide range of 
feedstocks, from dry  soils to liquid wastes. However, 
monitor ing of t h e  feedstock is r e q u i r e d ,  so t > z t  
adjustments  in  the  quant i ty  of cement ,  Chloranan,  
and  water  can be made. All feedstocks should not be 
processed with the  same quant i t ies  of additives, o r  
the  economics of the process will slrffer. 

Material Handling Required by the 
Demonstrated Technology 
A successfcJlly solidified product f rom HAZCOS's  
cont inuous  sys tem i s  dependent  on proper  t i m e ,  
weight., flow calibrations, ar,d ratios of t h e  admixes. 
Component feed variations, such as "slugs" of oil and 
grease in  a n  otherwise uniform soils feed, cannot  be 
easily handled by this system, a s  would be the case 
for m a n y  sys tems,  a n d  could r e s u l t  i n  improper  
mixture  ratios. Continuous measurements  of oil and 
grease or  of individual c o n t a m i n a n t  levels  i s  not 
possible. In order  to overcome this  disadvantage the 
process is capable  of using h igher - than- requi red  
admix ratios, bu t  this procedure is less cost-enective. 
HAZCON, therefore, prefers to use ba tch  sys tems 
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where $hey claim t h e  mix ra t ios  can  be  careful ly  
monitored, variations in  the  feed compcnents can &e 
easily adjusted, and improved mixing can  be applied. 
HAZCON does not define how feed variations will be 
identified cr defined. 

H e a v y  e a r t h - m o v i n g  e q u i p m e n t  is r e q u i r e d  to  
properly e x c a v a t e  t h e  feed s tock m a t e r i a l  a n d  
t ranspor t  i t  to  t h e  s y s t e m  f ree  i n l e t .  Both t h e  
continuous and batch systems require a i r  monitoring 
equipment  to t rack  organic  a n d  d u s t  e x p o s u r e s  
during excavation, transport, and  feed to the system. 
Feed materials must  be screened and/or crushed to 3- 
inch diameter for t h e  continuous system, and to 6- 
inch ciiameter for the  100 cu y&hr batch sys tem.  
G r i n d i n g ,  c r u s h i n g ,  o r  o t h e r  a p p r o p r i a t e  s i z e  
reduction equipment may be used to p r e t r e a t  t h e  

Q feedstock.  HAZCON c l a i m s  t h a t  c o n t a m i n a t e d  
' water, whether surface or  ground water, can be used 

i n  the  process as the  water  additive. 

A n y  s i t e  condi t ions  t h a t  could  i n t e r f e r e  w i t h  
I e x c a v a t i o n  would  p r e s e n t  a p r o b l e m  for  t h e  

technology, as they probably would for most o ther  
s imi la r  technologies. For example,  e high water  
table might require  process ad jus tments ,  p resent  

. excavation problems, and  might, indicate insufficient 
support  for access by heavv e q u i p m e x t .  Frozen  
ground could present  a n  excavation, screening, and 
processing problem. 

A t  the Douglassville site, the feed mater ia l  had a 
t e n d e n c y  t o  p a c k  w h e n  c o m p r e s s e d ,  c a u s i n g  
HAZCON to reduce t h e  feedra te  to s lower  t h a n  
originally intended because t h e  feed screw had a 
tendency to ride up  on t h e  mater ia l  and j a m .  The  soil 
also was fed to the  7 112 cu yd feed hopper only as 
rapidly as the  process screw could process it, which 
added s ignif icant  t i m e  a n d  expense  to  t h e  s i t e  
support operations. In addition, an uncontrolled and 
crudely measured water  feed s t ream was fed directly 
to t h e  s torage  b in  to fac i l i t a tp  soil m o v e m e n t .  
HAZCON suggests, without providing a n y  detai ls ,  
t h a t  i n  such  circumstances,  p re t rea t ing  t h e  feed 
mater ia l  to obta in  a nonpackahle  s l u r r y  would 
resolve such difficulties. HAZCON indicates that  the 
100-cu-yd batch system is not expected to experience 
the  same problems. 

Personnei Pssues 
Personnei required for t h e  10 cu yd/hr sys tem a t  
Douglassvilb were four operators as a minimum. not 
i n c l u d i n g  o p e r a t o r s  o f  o t h e r  e a r t h - m o v i n g  
equipment ,  office a n d  l a b o r a t o r y  w o r k e r s ,  e tc .  
HAZCON claims t h a t  the 100 cu yd/hr batch plant  
will require two people--a control room operator and  
a n  outside person--plus earth-moving, offce,  lab, and 
maintenance personnel. 
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HAZCOX claims t h a t  personnel a r e  usually widely 
available, and if not trained can be trained on s i te  by 
H A Z C O S .  H o w e v e r ,  t h e s e  people  m u s t  p a s s  
appropriate physical exams and have completed a n  
EPA-approved 40-hour hazardous material t ra ining 
course, which reduces local manpower availability. 

Personnel  are subjected to  t h e  s t e n d a r d  OSHA 
requirements  for operat ing moving equipment  and  
would be required to w e a r  t h e  proper  personal  
protective equipment dictated by t h e  specific s i te  
conditions and  contaminants. 

Tes?ing Procedures 
The samples  taken and  analytical procedures used 
for t h e  Demonstration Test  were selected based upon 
t h e  information required to provide answers to the 
technology evaluation criteria. The two i m p o r t a n t  
t e c h n i c a l  c r i t e r i a  t o  e v a l u a t e  a n y  s t a b i l i -  
zatiodsolidification technology are: 

o .Mobility of the  contaminants  

8 Durability of the  solidified mass 

Tests were drawr, from various related fie!ds a n d  
applied to hazardous waste  to obtain the  answers .  

T h e  m o s t  i m p o r t a n t  f a c t o r s  i n  e v a l u a t i n g  
contaminant  mobility are: 

0 To relate  pretreatment  to posttreatment results 
Q To measure contaminant  concentration in the 

waste  for the  samples  being used in  leaching 
tests 

Therefore, for all pretreatment  and pos t t rea tment  
samples  for the  Demonstration Test, soil analyses  for 
VOC, B3.4, PCB, and heavy metals were performed 
before samples  of the s a m e  material were leached. 
T h e  T C L P  test is  the  most widely accepted leaching 
procedure and is capable of measuring both organics 
and  heavy metals. It is the  most important  test in  the 
program for evaluat ing contaminant  mobi!ity. Two 
additionai leach tests, MCC-IP and A N S  16.1, were 
also used on szlected post t res tment  samples ;  they 
a t tempt  to s imulate  leaching from a solidified mass. 
MCC-IP s imulates  a s tagnant  groundwater regime 
'and ANS 16.1 a more rapidly moving groundwater 
where t h e  boundary (surface)  concentrat ions tire 
below saturat ion levels. These tests were drawn from 
the nuclear  industry and a r e  relatively expensive to 
perform. T h e  three tests use different leachate- to-  
solid r a t i o s ,  so only  a q u a l i t a t i v e  r e l a t i o n s h i p  
between test resul ts  is valid. 

Following the TCLP test, t h e  next most important 
test is permeability, which is a measure of flow of 
water through the solid. Since water is the  leaching 
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a g e n t ,  only w a t e r  coming in  c o n t a c t  w i t h  t h e  
contaminant can  leach the toxins out. A constant  
head permeability test. such as ASTM D-2.134-68, 
can be used for untreated soils where permeabilities 
a r e  relatively high, more than 1x10-4 c d s e c .  For the 
treated soils, where permeabilities may range from 
1x10-6 c d s e c  to  1x10-10 c d s e c ,  t h e  fal l ing head 
permeability tes t  is  used. This  is described in Tes t  
Methods for Solidified W a s t e  C h a r a c t e r i z a t i o n  
(TMSWC) (a d r a f t  d o c u m e n t  p r e p a r e d  by  t h e  
Matri-icis Characterization Center  of EPA). 

Once the c m t a m i n a n t  is immobilized, the concern is 
how long it will remain tha t  way. Therefore, tests 
were performed to provide informatior! on potential 
durability o f t h e  treated soil. In addition, a long-term 
,monitoring progiam, for th i s  SITE project over  a 
f ive-year  per iod ,  i s  inciuded;  s a m p l e s  wil l  b e  
collected from t rea ted  soil t h a t  is 'buried a t  t h e  
Douglassville site. The most prominent test is LCS, 
which provides a measure  of t h e  q u a l i t y  of t h e  
solidified mass. It is a test commonly used by the  
cement industry to evaluate cement  quality and is 
relatively inexpensive. 

WeUJry and  f r e e i d t h a w  12-cycle  t e s t s  provide  
addi t iona l  i n f o r m a t i o n  o n  d e g r a d a t i o n  of t h e  
solidified material. The tests used are described in 
TJ!SWC and a r e  very s imilar  to the ones used by 
ASTM. These tests. although more severe than  field 
weathering, provide a n  indication as to whether the 
so l id i f ied  m a t e r i a l  w h e n  s a t u r a t e d  o r  n e a r  
saturation, as when buried, will d i s in tegra te  over  
the f i r s t  few weather ing  cycles, which m a y  t a k e  
place within the first few years. The  tests cannot  be 
used to quantitatively predict t h e  life of the  solidi!ed 
mass in terms of years ,  decades, o r  centuries. 

The final group of tests, which can  be performed and  
interpreted a t  only a few laboratories, go under t h e  
general heading of microstructural analyses .  Both 
t r e a t e d  a n d  a few u n t r e a t e d  soi l  s a m p l e s  a r e  
analyzed by the  following methods: 

X-ray dXrac t ion  (XKD) - defines c rys ta l l ine  
structure, which can indicate changes from the  
normally expected structure. 

@ Microscopy both optical and scanning electron 
(SEM).- These techniques characterize crystal 

appearance, porosity, fractures, and  presence of 
unaltered wastc forms. From these  observa-  
tions, mixing efficiency can also be obtained. 

0 E n e r g y  d i s p e r s i v e  x-rr?y s p e c t r o m e t r y  - 
elemental snalysis of crystal s t ructures  can be 
determined. 

These  tes t s  a r e  proven methods  of a n a l y s i s  for  
u n d e r s t a n d i n g  t h e  m e c h a n i s m  of  s t r u r t u r a !  
degradation in mater ia ls  s imilar  to those of thc SITE 
D e m o n s t r a t i o n .  T h e  l i t e r a t u r e  is r e p l e t e  w i t h  
examples of SEM and SRD analyses of soil, cemeni, 
soil-cement mixtures, and each of these mixed with 
v a r i o u s  i n o r g a n i c s  a n d  o r g a n i c  c o m p o u n d s .  
However, there  have been relatively few studies of 
the  microstructure of complex wastelsoil mixtures, 
s u c h  as  t h o s e  r e s u i t i n g  f r o m  a s t a b i l i z a -  
tiodsolidification procedure. Consequent!y, in some 
c a s e s ,  i n t e r p r e t a t i o n  of t h e  m i c r o s t r u c t u r a l  
0bservatior:s may be difiicult. 

These  observa t ions  provide  i n f o r m a t i o n  on  t h e  
potential for long-term durahility of the solid. They 
cannot  quantitatively predict  t h e  life of t h e  solid 
mass  or piovide a direct relationship to t h e  o ther  
tests described above. Ia the  future. if a body of da ta  
is developed from long-term monitoring programs,  
the predictability of these procedures will improve. 

Another tes t  of importance, hut not directly related 
to t h e  two technology evaluat ior .  c r i te r ia ,  is the  
inexpensive test of measuring hulk densi ty .  In all 
so l id i f ica t ion  processes ,  pozzolans a n d  s p e c i a l  
additives, a l m g  with water in many cases, a r e  added 
to the wzste. This  could lead to major waste or  soil 
volume changes, which may affect the  remediatior! 
procedures. Bulk density measurements  of the soil 
before  a n d  a f t e r  soil t r e a t m e n t ,  a l o n g  w i t h  a 
m a t e r i a l  b a l P n c e ,  wi l l  p r o v i d e  a m e t h o d  of 
calculating volume change during the remediat ion 
process. 

The  other  physical tests--moisture, pH, and particle 
size distribution (PSD)--are typical soi ls  tes t s  and  
provide background information t h a t  could become 
impor tan t  if p r o b l e m s  occur .  M o i s t u r e  a n d  pH 
a n a l y s e s  a r e  very  i n e x p e n s i v e ,  a n d  a PSD is 
moderately priced. 

i 

i 
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Section 4 
Economic Analysis 

In I roduction developed ranging from using the  ex is t ing  u n i t  a t  
Demonstration conditions to using future  commercial 

A primary purpose of the  economic ana lys i s  is tr equipment  a t  optimized chemical  c o n s u m p t i o n s .  
a t tempt  to es t imate  costs (not Iwluding  profits) for a These costs are presented in‘rable 2. 
commerc ia l - s i~e  remediation. It w a s  expected t h a t  
stabilization~solidification technologies would be less Important assumptions were made i n  preparing the  
expensive t h a n  most o ther  techno;ngies, such as e ight  cases  t h a t  could s i g n i f i c a n t l y  i m p a c t  t h e  
inc inera t ion .  T h e  b a s i s  for  t h i s  a n a l y s i s  w a s  remediation costs. Many actual or  potential costs t h a t  
remediation of par t  of the Douglassville site. Because exist were not included as par t  of this estimate. They 
the Douglassville Superfmd site is a spacious a rea  in were  o m i t t e d  because  s i te-specif ic  e n g i n e e r i n g  
a r c r a l  s e t t i n g ,  i t  a!lows 8 ~ ~ r n p l i f i c a t i o n  a n d  designs would be required, which were beyond t h e  
el iminat ion of s o m e  potentially e x p e n s i v e  site- scope of t h i s  SITE project .  T h e r e f o r e ,  c e r t a i n  
specific costs. Many costs a r e  site specific, being functions were assumed to be performed by o t h e r s  
affected by such factors a s  siie geolWY; being i ~ i  a and  were not included in the estimates. The  major 
floodplain (as a t  the Douglassville %\Le); type a a d  assumptions t h a t  reduced the cost es t imates  were: 
q u a n t i t y  of c o n t a m i n a n t s :  p r o x i m i t y  t o  t h e  
community or  to other  industrial sites; regulatory 
requirements, and local costs of labor, utilities, and 
raw materials. 

Due to the short-term nature  of the Demonstratiorl 
a n d  the  fac t  t h a t  labor  a n d  chemica l  expenses  
dominate the remediation costs, the actual  test costs 
for HAZCOX and EPA were no: used. However, since Si te  preparation--roads, access !o feedstock, 
H A Z C O S  u s e d  a smal l - scc i e  ( 3 0 0  I b / m i n ) ,  and  prcviding utilities to plant bat tery limits. 
continuous, commercial unit, the  capacity, on-stream Bat te ry  l imi t s  c a n  be def ined as a s p a c e  
factor, and chemical usage during the Demonstration envelope t h a t  includes ail of t h e  I-IAZCOS 
Test comprise the  s t ing basis for :: z o m m e r c i a l  equipment plus support equipment to which 
cleanup es t imate .  0 T e change was m a d e  f o r  t h e  titilities and access must  be provided. 
analysis  in each of these variables, which would 
progressively improve the  com-=ercial po ten t ia l .  I n s t a i l a t i o n  of s u p p o r t  t a n k a g e ,  p u m p s ,  
First, the  existing small-scale unit w a s  assumed to p i p i n g ,  e t c . ,  f o r  f e e d i n g  t h e  c e m e n t ,  
operate a t  on-stream factors of 70% and 90%. Then, Chlcranan,  aild fuel to the  operat ing uni t .  
based upon HAZCOX’s recommendatioiia for  the si=,- 
of the w i t  t h a t  will be available in Cr.c foreseeabk R e m o v a l  of  s u p p o r t  e q u i p m e n t  a t  t h e  
future, a 2,300 l b m i n  batch uni t  is assumed at  h t h  complet im o f t h e  cleanup. 
704 and 90% on-s t ream factors. If a t reatabi i i ty  
s t u d y  h a d  b e e n  p e r f o r m e d  5 y  H A Z C O N  o n  
Douglassviile wastes, reduced quant i t ies  of cement  
a n d  Chloranan  might  have been used. However ,  
s i n c e  t h i s  d i d  n o t  o c c u r ,  H A Z C O N  u t i l i z e d  a 
conservat ive a p p r o a c h  a n d  probably used more 
cement and Chloranan than required for all or  most 
of the plant  areas. HAZCON has indicated that  loner  
cement and Chloranan rates arc !ikely to bi. used, 
possibly 25% to 50% by wt  lower. Therefore, a 3 3 8  
reduction in usage for each of the above conditions 
w a s  investigated. T h u s ,  e ight  cost scenarios were 

e A prime contractor is a t  the  s i te  who will perform 
many site functions including many services not 
charged to the  HAZCON remediation and  so only 
partially included in this cost es t imate .  These  
are: 

- 

- 

- 

A large volume increase between untreated and  
treated was tes  exists. T h u s ,  t h e  total  t rea ted  
w a s h  may not be able to be placed back into the 
or iginal  excavat ion.  A cost  for  r e m o v a l  t o  a 
landf i l l  i s  n o t  included a n d  could b e  q u i t e  
substantial. Even moving the  excess mater ia l  to 
treated waste may not be able  to be placed back 
into the  original excavation. A cost for removal io 
a landfill is not included a n d  could be  q u i t e  
substantial. Even moving the  excess mater ia l  to 



Table 2. Estimated Cost' C 

Demonstrauon 
Test Chemical Consumprion 

30G IWrnin 2300 IWmiri 
Reduced Chemical Consumption 

2300 INmin 300 IWmin 
0n.Strcain Factor 0n.S:ream Factor On-S1rcam Factor On-Stream FacIor 
9090 70% 90% 70% 90'0 70% 90% 709b 

100,000 
2 25 

a.05 

0 25 

0 81 

0 8 3  

0 25 

0 25 

50 32 

0 25 

50 00 
66 5' 

1 00 

0 03 
c oe 

5 65 

0 75 

0 53 

187 80 

100.000 

2 25 
10.35 

0.32 

0.84 
0 83 

0 32 

0.32 

64 7 0  

0 37 

50.00 

56.67 

1.29 

0.03 

0.08 

6.50 

0 32 

C.83 

205.98 

300.000 
6 75 

1.05 

0.11 

0.8r. 

o e3 

0 1 1  

0 1 :  

5 56 

0 1 1  

50 00 

66.67 

0.23 

0 03 

2.26 

0 I2 

0 8 3  

300.000 
6.75 

1 3 5  

0 13 

0 84 

o e3 

0 13 

0 13 

e 1s 

0 13 

50 00 
66 6 i  

0.29 

0 07 

2 40 

0.14 

0.83 

100.000 
2.25 

e m  
0.25 

0.84 

0 83 

0 25 

0.25 

50 22 

0 25 

33 33 
44.44 

1 00 
0.03 

@.08 

5 E5 

0.25 

0.e3 

I00.00c) 
2 25 

10.36 

0 32 

0.84 
0.83 

0.32 

0.32 

6C. 70 

0 32 

33 33 
4J.44 

1.29 

0.03 

0.08 

6.50 

0 32 

0.83 

300.000 
6.75 
1.05 

0.1 1 

0.36 

0.8,' 
0.1 i 

0.; 1 

6.56 

0 1 1  

33.33 
44.44 

0.23 

0.07 

2.26 

0.12 

0.83 

97.75 

300.000 
6.75 

1.35 

0 13 

o e4 

0.83 
0 15 

0. i3  

8.44 

0.13 

33.33 

44.55 

@.29 

0.07 

2.40 

0 14 

0.83 

100.23 

J This cosi mdysis docs ncI include orflfils 01 the cotr1raClor~ invclved. 
b Not used dircc@{ 51~1 IS U S C ~  for the eshmate of other cos:% 
c ThP Amencan Ass%ialmv 01 Cos1 Enqneevs  defines :!we lypcs of csiirria:es' order of nagniiudc. budgetary. and definitive. This estimaie 

wOtJ!d m a t  closely 61 an ordor of magnirudc estimate wiih an accuracy of 
me accurady range IS nrobahfy stgnifcan;ly wtder. 

509- io -30";. However. as HAZCON IS a new iechnology. 
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another  area a t  the Douglassville 
land contouring, would add apprecla*"? expense. 

Permit t ing and any  environmental monitoring of 
operations for any regulatory authori!y 5.: not 
included. 

along with 

Operations a r e  assumed to be 7 days per week 
and  24 hours per day. 
schedule would add to 
increasing the labor costs. 

Resujts of Economic Analysis 
The results of the anal'& show a cos tger  ton range 
of $97 to $205.  The  !ownst value  is based  upon 
HAZCON's  e x p e c t a t i o n  of r e d u c i n g  c h e m i c a l  
consumptions by 33%, at ta ining a n  on-stream factor 
of 9O%,%nd u s i n g  a new 2 , 3 0 0  lb /min  b a t c h  
processing uni t  .tSince 2 70% on-s t ream factor i s  
closer to t h a t  actually seen a t  Douglassville. PA, the 
costs for this level of operating efficiency a r e  also 
calculated. These cost values a r e  higher than those 
normally claimed by HAZCON. see Appendix B. In 
addition, m a n y  costs not charged to HAZCON as 
mentioned in the previous subsection and discussed 
in more detail under Basis of Economic Analyses ,  
would increase the actual cost. to those responsible for 
remediating the site. Extreme care  in defining the  
ground rules for the economic analysis is required. 

T h e  results show tha t  8 5 8  tn 90% of the costs a r e  for 
raw mater ia ls  (cement and Chloranan)  a n d  labor. 
SAZCON provided the  cost for cement  a t  $50/ton 
d e l i v e r e d ,  w h i c h  m a y  be  a l i t t l e  low for  t h e  
Dougla.=sville a rea ,  and for Chloranan at $3.00/gallon 
($66.67/ton). T h e  labor costs include 17 people to 
o p e r a t e  t h e  HAZCON e q u i p m e n t ,  17 people  to  
p r o v i d e  s u p p o r t  s c r v i c e s  s u c h  as f e e d s t o c k  
p r e p a r a t i o n ,  p l u s  5 m a n a g e m e n t  a n d  of f ice  
personnel. The  same size work force for both the  large 
and small processing uni t  is assumed. 

The  two largest potential savings in  remediating the 
s i te  resu l t  from chemical  use reduct ions a n d  the  
increased size of the processing uni t ,  which would 
reduce  o p e r a t i n g  t i m e  t o  r e m e d i a t e  t h e  same 
quant i ty  of contaminated soil, compared to the 300 
1Qmin system used at the Demonstration. The  next 
largest cost factors a r e  on-stream time, analyt ical  
costs, a n d  equipment  ren ta l s  a n d  consummables .  
T h i s  sugges ts  t h a t  larger  remediat ions would be 
more cost-effective, a n d  t h a t  equipment  operat ion 
must  be closely monitored to ensure high on-stream 
factors. Stable  operations may a l so  allow reduced 
sampling frequency, but  this  potential variable was 
not included in  the economic analysis. 

1 
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Basis of Economic Analysis 

The cost analysis  was prepared by breaking the costs 
into twelve groupings. These  will be descr ibed i n  
dctoii%s the!' =:Pply to the HAZCON process. T h e  
categories, solile of which do not have costs associated 
with them for this technology, a r e  as follows: 

Site preparation costs -- including s i te  design and  
layout, surveys  and s i te  invest igat ions,  legal  
searches, p?S~ r ights  and roads, preparat ions 
for s u p p f t  *"':iiities, decontamination facilities, 
utility conn?Ctlons, a n d  auxi l iary buildings. 

Pery ' t t ing  a n d  regulatory coots - -  i n c l u d i n g  
perfl'ys), system monitoring requirements, and 
develOpment  of m o n i t o r i n g  a n d  a n a l y t i c a l  
protocols and procedures. 

I 

i 

Equipment Costs -- broken o u t  by subsys tems,  
including a l l  major e q u i p m e n t  i tems:  process 
equipment. mater ia ls  handling equipment ,  a n d  
resid\!al h a n d l i n g  e q u i p m e n t .  Also inc luded  
descriptions of the equipment  specifications (Le., 
throughput ?--d utilization rate). 

S t z r t u p  %lid- f i x e d  c o s t s  - -  b r o k e n  o u t  b y  
categories, including mobilization, shakedown,  
testing, working capitai, depreciation, taxes, and 
ini t ia t ion of e n v i r o n m e n t a l  m o n i t o r i n g  pro-  
grams. 

!cabor cos:: - -  i n c l u d i n g  s u p e r v i s o r y  a n d  
administrative statT, professional and technical  
s ta f f ,  m a i n t e n a n c e  p e r s o n n e l ,  a v <  c l e r i c a l  
support. 

Supply cos ts  - -  inc ludes  t h e  r a w  m a t e r i a i s .  
cement ,  and Chloranan.  This  is  the Iz%cst of thr  
;Weive  c o s t  c a t e g o r i e s  f o r  t h e  !cAZCO;; 
technology, and a n y  design optimizations based 
on treatability studies or direct field experience 
could haye  a large impact on the  bottom line. 

Suppl ies  a n d  c o n s u m a b i e s  cos ts  - -  both t h e  
utilities required, which iI:'!ude fuel, c k c t r i r i t y ,  
and water, a d  a n y  bypprwucts or posttreatment 
of the treated soil. 

Zmuent  t reatment  and disposal c%ts -- both on- 
s i t e  a n d  o f f - s i t e  f a c i l i t y  c o s t s  i n c l u d i n g  
wastewater disposal and  monitoring activities. 

Residuals afld w a s t e  sh ipping ,  h a n d : b g ,  a n d  
transport costs -- including the  preparat ion for  
shipping and actuel waste disposal charges. 

Analytical costa -- including laboratory analyses  
for operations and  environmental monitoring. 
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@ Facility modificetion, repair ,  a n d  replacement  Equipment Costs 
costs _ -  including design adjustments ,  facility 
modif icat ions,  scheduled m a i n t e n a n c e ,  a n d  
equipment replacement. 

Si te  demobilization costs -- including shutc'own. 
s i te  cleanup atid restoration, permanent  storage 
costs, and site security. 

Based upon information provided by HAZCOX. the  
capital cost for !he smal! continuous processing uni t  
used during the Demonstration Tes t  is $100,000, and 
the  cost of their future  largo batch processing system 
is $300,000. In addition to the HAZCON mobile unit, 
there  a r e  stationary facilities required for the storage 
of cement, Chloranan, and fuel oil. In addition, there 
a r e  pumps for the fuel a n d  Chioranan  arid a n  a i r  
conveying system for the cement. This  involves added 
expenses  within ba t te ry  limits: s i te  prepara t ion ,  

T h e  rcmediat ion occurs a t  the Douglassvi l le  foundations, interconnecting piping, suppor t  s t~ee l ,  
Superfund site, No. 102 on the Sat ional  Priority ins t rumenta t ion ,  a n d  electr ical  suppl ies .  For t h e  
List (NPI,). s m a l l  H A Z C O N  s y s t e m ,  s e c o n d - h a n d  s u p p o r t  

equipment may be utilized t h a t  might  be discarded at 
A total of 35,409 tons of soil a r e  processed in  each project completion. 
of the eight cases estimated. (This figure is based 
u p o n  t h e  HAZCON M F L  u s e d  f o r  t h e  T a n k s  and pumps  might  be ava i lab le  f rom used 
Demonstrat ion Test operat ing a t  300 Ib/min, equipment suppl iers .  Even with re furb ish ing  and  
continuously for sis months a t  a 90% on-stream checkout, major savings both in t ime and ccst may be 
factor. ) realized. It is assumed tha t  there  is a project charge of 

$80,000 or $2.25 per ton of soil processed. For t h e  
There is a prime contractor on site responsible for large system, the charge is assumed to be triple this 
t h e  complete s i t e  c l e a n u p ,  who will provide a m o u n t ,  or 86.75 per  ton of soil.  A p r e l i m i n a r y  
certain functions for the  HAZCON processing design, along with ground rules for operation a t  the 
uni t ,  suzh a s  s i te  preparation, whose costs a r e  not, site, would be required to provide a more accurate  
included. estimate. Since there  are so many variables involved 

and this type of design is outside t h e  scope of :he 
S I T E  Program,  t h i s  pre l iminary  d e s i g n  w a s  n o t  
performed. 

A contingency cost, approximately 10% of :he direct 
costs on a n  anr.ua1 basis, is allowed for unforeseen or 
improperly defined cost definitions. Thls  is separate  
f r o m  t h e  p r e v i o u s l y  d e s c r i b e d  d e s i g n  b a s i s  
uncertainties. 

One of the largest costs af ter  chemicals m d  !abor is 
the  rental of equipment  a n d  consumables .  Rental  
equipment includes such i tems as: front-end loaders, 
backhoes for soil excavation and transport. a s team 
cleaner for decontamination, a pickup t ruck,  a drill 
rig, and personnel facilities. This  la t ter  item includes 
expendable hea l th  a n d  safely clothes, hea l th  e n d  
safety ins t rumenta t ion .  t r a i l e r s  for office space ,  
sani tary facilities, lights, and sampl ing  mater ia l s .  
Based upon a six-month program, this  is estimated to 
add up  to about $285,000. It is assumed t h a t  these 
costs are directly proportional to the  t ime a t  the  sitc. 

Startup and Fixed Costs 

T h e  costs  included i n  t h i s  g r o u p  a r e  operator  
t r a i n i n g ,  i n i t i a l  s h a k e d o w n  of t h e  e q u i p m e n t ,  Permitting and Regulatory Costs 

Since Douglassville is  a Superfund site, it  is assumed equipment depreciation, and insurance and taxes. 
t h a t  no permits  will be required, neither federai nor 
state. T h e  need for developing anaiyticai protocols or It i s  assumed t h a t  three days of operator t ra ining a r e  
monitoring records is  assumed not to exist. On non- r e q u i r e d  f o r  t h e  H A Z C O K  M F U  o p e r a t o r s ,  
S u p e r f w d  sites, this activity couid be espensive and  supplementary field personnel, the  Site FIealth and 
very t ime consuming. Safety Officer, and  t h e  s a m p l i n g  technician.  T h e  

0 

Some general ground ru!es defining the basis of the 
est imates  a r e  a s  follows: 

e 

e 

The twelve cost factors, along with the assumptions 
utilized, each are described below. 

Site Preparatlon Costs 

It is assumed t h a t  this  work will be performed by the 
s i te  pr ime contractor  and  t h a t  t h e r e  wil l  be no 
charges to the  HAZCON cleanup. This  assumes that  
roads, s i te  preparation for the HAZCON MFU and its 
support equipment, and access to the feedstock a r e  
provided by o t h e r s ,  a l o n g  w i t h  t h e  s u p p l y  o f  
electricity and  water to battery limits and connecting 
them to the  system. It is also assumed t h a t  the design 
of the  facilities and any  final contouring of the land 
will take hto consideration t h a t  the Douglassville 
Superfund s i te  is in a 100-year floodplain and tha t  it 
is covered by the Pennsylvania Scenic Rircrs Act of 
1972. These latter two factors may add considerable 
cost to a n y  remediation. 
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costs include salaries, overheads, and expenses a t  the 
rates  described under the grouping for labor. 

I n i t i a l  s t a r t u p  inc ludes  s e t u p  of t h e  H A Z C O N  
equipment  a n d  checkout of its operat ion T h i s  is  
equivalent to the HAZCOK s i te  mobilization, b u t  
travel costs to the Douglassville s i te  are not included 
T h i e e  d a y s  a r e  a l lowed for  t h i s  func t ion .  T h e  
installation of the support  tankage, pumps, e tc . ,  i s  
not assumed as a charge to the remediation. This  is  
probably a s ignif icant  cos t ,  e q u i v a l e n t  to  m a n y  
dollars per ton, but t h e  design of a sys tem a n d  a 
budgetary or detailed estiniate of i t  is outside t h e  
scope of th i s  economic analysis. For purposes of this 
e s t i x a t e ,  this  installation work is assumed to be by 
the site prime contractor and not charged directly to 
the HAZCOS operation. 

The  depreciation costs a r e  based upon a 10-year life 
for a the equipment. Therefore, the costs a r e  based 

the  small  system and $540,000 for the large system. 
upon Yl t e write-offoi$180,000 worth of equipment for 

Insurance and taxes a r e  lumped together  a n d  a r e  
assumed for the purposes of this estimate as 10% of 
direct costs taken on a n  annual  basis. 

Labor Costs 

These ccsts a r e  salaries plus overhead along with 
l iving expenses  a n d  some miscel laneous a d m i n i -  
s t ra t ive expenses. I t  is expected t h a t  a total of 39 
people will be  requi red ,  w i t h  t h e  s a m e  n u m b e r  
needed for both the large and  small operating units. 
It is expected t h a t  most of the  people will be on 
expenses, except for some support  people t h a t  a r e  
assumed to be lccal hires. 

HAZCON indicated they require three operators plus 
one supervisor per shift. with their salaries ranging 
from $17.50 to $35.00/hr. I t  is a l so  assumed t h a t  
there  is  one overall coordina!or, which costs  t h e  
project $50/hr. In addi t ion,  i t  i s  assunied t h a t  ail 
personnel are allowed $85/day living expenses. 

In order  to provide feedstock and other  field support 
services i t  i s  assumed t h a t  t h r e e  operators  plus  a 
supervisor a r e  required each shift. p lus  a n  overall 
coord ina tor .  Expenses  for  t h e s e  p e r s o n n e l  a r e  
assumed to range from $25/hr for the operators. who 
are local hires s n d  do not charge living expwses ,  to 
$40/hr for shif t  superv isors ,  a n d  $50/hr  for t h e  
coordinator. 

In addition, it i s  assumed there  is one s i te  health and 
safety o f i c e r  a t  $50/hr, a n  overall project manager a t  
$60/hi, a part-time sampling technician a t  $4O/hr, a n  
office manoger a t  $40 /hr to handle field accounting 
and  purchasing and  one secretary a t  $20/hr. T h e  
living expenses, with some rental cars  included, for 
t h e  f ie ld  s u p p o r t  s u p e r v i s o r s ,  f i e l d  s u p p o r t  
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coord ina tor ,  h e a l t h  a n d  s a f e t y  of f icer ,  p r o j e c t  
manager ,  and office m a n a g e r s  a r e  e s t i m a t e d  a t  
$120/day. A contingency of about 10% to 15% for all 
p e r s o n n e l  is a l s o  a l l o w e d  f o r  o v e r t i m e  p l u s  
unexpected expenses. This  results in a total average 
daily cos! of approximately $9.800. 

A n  a d d i t i o n a l  l a b o r - r e l a t e d  e x p e n s e  i t e r n  is 
administrative costs, which include office expenses, 
s u c h  as  s u p p l i e s ,  t e l e p h o n e s ,  f u r n i t u r e ,  a n d  
reproduction equipment, but  not salaries. This cost is 
assumed to be 10%. on a n  a n n u a l  basis ,  of d i rec t  
costs. 

Supply c o s t s  

The cost of raw mater ia ls  includes typical variable 
costs and is  the largest expense; the  raw materizls  
a r e  cement  and Chloranan. The costs were provided 
by HAZCOK and were assumed to be on a delivered 
basis. Cement  was charged to the  project a t  $50/ton, 
which may be a little low for the  Douglassville a r e a ,  
and Chlc ranan  a t  $66.67/ton !$3.00/gal). 

Supplies and C o n s u m a b l e  C o s t s  
The utilities included a r e  fuel, electricity, water: also 
included a r e  byproducts t h a t  require  t r e a t m e n t  o r  
transport to a landfill. 

HAZCON indicated t h a t  the i r  smai l  mobile fieid 
blending uni t  (MFU)  would consume fuel for i t s  
operation a t  4 gpt a n d  the proposed large uni t  a t  5 
gph. External e le -x ic i ty  is not required for the  .VFU. 
I t  i s  assumed t h a t  t h e  support  vehicles, f ront-end 
loaders, backhoes, a n d  pick-up t ruck  consume a n  
equivalent  a m o u n t  of d iese l  fue l .  T h e  fuel  was 
assumeti to cost $l.OO/gal. Electricity is assumed to 
power lights, trailers, pumps, etc. a t  a n  avera'ge daily 
ra te  of 5 kw. The cost of elcctricity is a s s u m e d  a t  
$0.04/kwhr. 

Water use is primarily for the process, with small 
quantities required for equipment decontamination. 
Based upon material balances in the SITE Program 
T e c h n o l o g y  E v a l u a t i o n  R e p o r t ,  t h e  w a t e r  
consumption is assumed to be !4 gpm for the  small  
MFU and approximately 100 gpm for the  large unit. 
The cost of water is  assumed a t  $0.80/1000 gal. There 
a r e  not any  byproducts from the HAZCON process, 
a n d  soil p r e t r e a t m e n t  or  p o s t t r e a t m e n t  i s  n s t  
necessary. If this were to change due to low pH or  
other factors, where neutral izat im of the untreated 
soil feed or special cover ing  of t h e  t r e a t e d  so i l  
becomes necessary, a n o t h e r  major cos t  could be  
added. 



Effluent Treatment and Disposal Costs Facility Modification, Repair, and Replacement 
COS& 

Since there  a r e  not a n y  liquid e f f luent  s t r e a m s  
associated with this technoiogy. no costs accrue to 
thic category. 

Residual and Waste Shipping, Handling, and 
Transport Costs 

There a r e  no residuals or  byproducts associated with 
the EIAZCON technology. Therefore ,  there  a r e  no 
expenses associated with this  category of potential 
costs. However, if this  changes due to the inability of 
the  s i te  k handle the  large volume increase produced 
in the t reatment  of the wastes, a major new expense 
fgr transporting the  excesses to a n  approved landfill 
would occur. 

i 
T h e  cos ts  a c c r u e d  u n d e r  t h i s  c a t e g o r y  i n c l u d e  
maintcp-nce a n d  working  c a p i t a l .  M a i n t e n a n c e  
materi6ls ‘nd labor costs a r e  difficult to e s t i y a t e  and 
cannot  be Predicted as func t ions  of p r e l i m i n a r y  
design COQcepls. Therefore ,  a n n u a l  m a i n t e n a n c e  
costs are assumed as 10% of capital costs. Working 
capital costs a r e  assumed to  be negligible, as all 
supplies purchased to have on-hand a r e  assumed to 
be fully consumed h? the  project’s completion. T h e  
cost of using rn~f’~’‘ ‘arty in the  project is neglected. 

c 

Analytical Costs 

It is a s s u n e d  t h a t  sample sets  will be taken daily for 
the f i rs t  two weeks of operation a t  a l l  opera t ing  
conditions. After that ,  sample sets  will be collected 
OXP per week until the  cleanup is completed. Both 
physical and chemical analyses will he r u n  on all 
sample sets ,  with the  cost per set  estimated a t  $5,000. 
The  cosVton reported ir! Table 2 is a n  overall average 
value, based upon a completed project. 

. .  

.- 
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APPENDIX A 

PROCESS DESCRIPTION 

Description of the Prlmary Treatment 
Mechanisms 

Solidif icat ion a n d  s tab i l iza t ion  a r e  t r e a t m e n t  
processes that  a r e  designed to accomplish one or 
more of the following results [1,21: 

e Improve t h e  h a n d l i n g  a n d  physical  c h a r a c -  
teristics of the  waste, a s  in the sorption of free 
1 iqu ids 

Decrease Lhe sar face  a r e a  of the  waste  mass  
across which the transfer o r  loss of conhaminants 
can occur. 

Limit the solubility of any  hazardous constitu- 
ents  of the waste such a s  by pH adjustment or 
sorption [3,41 

Change the  chemical  form of t h e  h a z a r d o u s  
c o n s t i t u e n t s  to r e n d e r  t h e m  a s  i n n o c u o u s  
compour.ds or make them less leachable. 

0 

0 

Solidif icat ion e n t a i l s  o b t e i n i n g  t h e s e  r e s u l t s  
primarilyby producing a monolithic block of treated 
waste with high s t ructural  integrity. Stabilizalion 
t e c h n i q u e s  l i m i t  t h e  m o b i l i t y  of t h e  w a s t e  
contaminants or detoxify them, whether or not t h e  
physical characteristics of the waste a re  changsu or 
improved. This  is accomplished usually through the 
addition of mater ia ls  to ensure tha t  the hazardous 
constituents a r e  maintained in  their least mobile or 
least toxic form (431. 

The HAZCON process is a cement-based process in 
which the contaminated mater ia l  is mixed with 
P o r t l a n d  c e m e n t ,  a p a t e n t e d  a d d i t i v e  c a l l e d  
Chlcranan,  and  water .  T h e  process is  capable  of 
treating solids: sludges, semi-solids, or liquids. The 
uni t  used for t h e  Demonstrat ion Test  could only 
process solids. T h e  Developer's claim is  t h a t  the  
m i x t u r e  h a r d e n s  i n t o  a c o h e s i v e  m a s s  t h a t  
immobilizes contaminants .  T h e  Chloranan is  re- 
por ted  to  m a k e  i t  poss ib le  to  f i x a t e  w a s t e s  

contaminated with high concentrat ions of organic  
compounds. 

The  cement hardens in a process brought about  by 
the  interlacing of thin, densely packed silicate fibers 
tha t  :row from the ,'ndividual cement  particles. The  
fiber matrix incorporates the added aggregates  and 
t h e  waste  into a monolithic, rockl ike mass .  T h e  
waste soil is entrapped in  the rigid matr ices  of the 
hardened concrete. A process flow d i a g r a m  of t h e  
IlAZCON technology is shown in Figure A-1. 

Figure A-1. HAZCON process flow diagram. 
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The  Chloranan is claimed to act  upon the  waste  to 
remove the  F igure  A-1.  HAZCON process  flow 
diagram. inhibiting effect tha t  organic contaminants  
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with the cement and water. A screw blender, used for 
the  Douglassville tes t ,  or a h igher  energy m o r e  
eflicient pugmill or ribbon blender may be used The  
resultant mass  is discharged into ei ther  a temporary 
or a permanent disposal a r e a  

Comparison to Existing Treatment 
Technologies 

normally have on the crystallization of pozzolanic 
materials such  as cement ,  by reac t ing  to form a 
c o a t i n g  a r o u n d  t h e  o r g a n i c  m o l e c u l e s .  T h e  
microencapsulation p r e v e n t s  t h e  organics  f rom 
inhibiting the normal crystallization of the pozzolan. 
According to HAZCON, Chloranan  is a pztented,  
proprietary, and nontoxic chemical b!end. 

Typical ratios of was tckement  on a weight basis  
r a n g e  f r o m  1:l to  3 : 1 .  For t h e  t e s t  a t  t h e  
Douglassville s i te ,  a conservative ra t io  of 1 par t  
waste to 1 par t  pozzolan was selected by HAZCON. 
Chloranan is pumped in to  t h e  m i x i n g  c h a m b e r  
followed by the addition of cement. Through precise 
control of the flowrate, ratios of waste-to-Chloranan 
can be metered accurately from a 1 O : l  to a 50: 1 blend 
ratio by weight .  Fbr the Demonstration Test, a 10:1 
rat io  was u s  . After initial Combination of t h e  
primary ingre f. Ients, water was added as necessary 
to achieve a desirable  consistency of the  mix as 
visually determined by HAZCON. 

All additives a r e  fed through a mixing chamber to 
achieve a homogenous blend. Various types of mixers 
can be used, a n a  the selection may be dependent  
ilpon the type of contaminants.Thorough mixing is 
required, particularly when high levels of organics 
a r e  present, so t h a t  t h e  Chloranan  is thoroughly 
dispersed into the waste, and then intimately mixed 

Comparing the HAZCOX Engineering,  Inc. scllid- 
ification process to other  cement-based technologies 
reveals t h a t  few differences exist in equipment and 
still fewer in the processes. Although the means to 
convey and mix the mater ia ls  can  vary,  the  basic 
unit operations remain the same. A different type of 
cement can be used in  the process or a more efficient 
mixer to blend the waste, cement, and additive, but  
the solidification reactions a r e  essentially the  same.  

The unique characteristic of the HAZCOX process is 
:he use of the  projxietary ingredient Chloranan The 
wastes most effectively solidified by the process a r e  
aqueous solutions, suspensions, or solids containing 
appreciable amounts  of heavy metals  and  inorganic 
sa!ts. The  claimed characterlstic of t h e  Chloranan 
to inhibit the effects of organics  on t h e  crystal-  
lization of the cement  is  unique to  t h e  FIAZCON 
process. 
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This  appendix to the report is based upon claims 
made  by HAZC0.V e i ther  in conversat ions or in  
w r i t t e n  or  publ i shed  m a t e r i a l s .  T h e  reader  is 
cautioned that  these claims and interpretation cf the 
regulations a r e  those made by the vendor and a r e  not 
necessari!y correct or able to be substantiated by test 
data .  Many of HAZCOS's claims a r e  evaluated in  
section 3 against  the  available tes t  data. 

Potential Applicability 

The HAZCON Process 

T h e  HAZCOX mcbi le  fieid b lending  u n i t s  2 r e  
capable of t reat ing extracted solids, sludges, or fluids 
a t  ra tes  up to 60 cu yd per hour. These  truck- or 
trailer-mounted h i t s  are supported by bulk cement 
c a r r i e r s  a n d  chemical  t a n k e r s .  Two cont inuous  
processing uni ts  a r e  cur ren t ly  avai lable;  the one 
used for :he Demonstration Test was sized for 10 cu 
yd per hour. This  system is not designed to process 
fluids. 

T h e  HAZCON process is  intended primarily for on- 
s i te  use a t  RCRA- and CERCLA-regulated remedi- 
ations. Utilization of multiple units of high produc- 
tion concrete batching equipment allows t reatment  
of up to 200 cu yd of waste each hour in high volume 
applications. 

Mater ia l s  t h a t  a r e  e i ther  pumpable ,  a b l e  to be  
extracted by earth-moving equipment, or conveyable 
using conventional means  a r e  most applicable to the  
process, because of the  e a s e  of in t roducing  t h e  
material into the blending equipment. 

HAZCON adapts  commonly available conventional 
c o n c r e t e  p r o c e s s i n g  eq i l ipmen:  t o  its w a s t e  
solidilkation operations. Truck and trailer systems 
are the  most convenient, since they a r e  readi ly  
a v a i l a b l e ,  b u t  a l m o s t  a n y  s t a n d a r d  m i x i n g  
equipment can  be used. For large sites. transportable 
systems, such as a n  asphalt batch plant or cement 

t APPENDIX B 

VENDOR'S CLAIMS FOR THE TECHNQLQGY 

mixers a r e  appropriate. Batch blending units a r e  the  
systems of choice, ;ince, according to HAZCOS, feed 
variations can be more easily identified Thus ,  s teps  
c a n  be taken to adjilst admix ratios to compensate for 
feed changes, a l lowing be t te r  control  of blending 
rat ios  and mix consstencies  These sys tems a r e  fa r  
more accurate than the  in-line blenders, such as was 
used dur ing  the  SITE demonst ra t ion .  t h e  in-line 
blender was used only because it was most sui iable  
for a relatively smali-scale operation, 

HAZCON suggests tha t  their process is superior to 
competitive systems such as in situ processes, in t h a t  
the i r  excavation and mixing process a s s u r e s  more 
e f fec t ive  m i x i n g  t h a n  i n  s i t u  s y s t e m s  A d m i x  
r a t i o i n g  is m o r e  e f f e c t i v e  a n d  carr b e  b e t t e r  
optimized, whereas in s i tu  s y s t e m  must  use excess 
admix materials to ensure proper ratios, leading to 
larger volume increases in the product mater ia l  

HAZCON makes no claim to a universal t rea tment  
a d v a n t a g e  i n  t h e  u s e  of t h e  c h e m i c a l  b l e n d  
Chloranan Applications of their  process where little 
or no organic contaminat ion ex is t s  would not  be 
appropriate, The additive has  been proven through 
extensive internal testing to  be capable of producing 
a highly leach- res i s tan t  product ,  y i e l d i n g  h i g h  
compressive s t rengths ,  from highly organic wastes 

HAZCON h a s  the  capabi l i ty  of t a r g e t i n g  was te-  
specific contaminants  with t h e  most  op t imal  Z i x  
formulations available, and  also has the  expertise to 
put these f x m u l a s  to use in  actual field applications. 
Scale-up from laboratary-sized batches to full-scale 
a p p l i c a t i o n  c a n  be  m a d e  d i r e c t l y ,  s i n c e  t h e  
stabilization chemistry is  more significant t h a n  the  
equipment used-any mechanical  e q u i p m e n t  t h a t  
u n i f o r m l y  m i x e s  t h e  w a s t e  a n d  a d d i t i v e s  is 
satisfactory. 

HAZCON usual ly  tes t s  a l l  s i te  m a t e r i a l s  before  
operat ion to de te rmine  the  proper formula t ions ,  
admixes. and  ratios for optimum resul ts  Cement -  
based mixt7;tes general ly  a r e  used, -.s they have  
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p t w e n  to k effective systems, but t h e  equipment  
can  process other  pozzolanic (fly ash,  kiln dust ,  etc.) 
mixtures as v d ! ,  as needed. HAZCOS claims thz t  
o p t i r n d l  r e s u l t s  have b e e n  a c h i e v e d  u s i n g  
Chloranadcement  mixes. 4 
Posttreatment is riot requ5ed.  HAZCOS also claims 
t h a t  contaminated clothing and water can  be used as 
raw materials in the prucess, and tha t  a n y  mater ia ls  
that  c a n n o t  be  fed t h r o u g h  t h e  s y s t e m  c a n  be  
entombed within the solidified mass 

HAZCGS claims to 'he able  t f l  handle  a n y  type of 
feed. such as liquids, sludges, emu!sions, and  soils. 
Only reactive components in the feed may affect, the  
technology. These components are identified during 
laborato-y characterization tes t s ,  a n d  proper pre- 
caut ions are take!: to k e e p  react ive components  
separa ted ,  o r  to  pretreat .  t h e m  to nullify t h e i r  
reactive character is t ics .  if the  laboratory tes t ing  
indicates t h a t  feed pre t rea tment  c a n  enhance  the  
so!idification process, :he waste feed may bc pre- 

Table E-1. W a s t e s  Compatible with the HAZCON System' 

treated as needed. HAZCOS stresses t h a t  pretreat- 
ment  usually is not required. 

HAZCOS reports  t h a t  t h e  waste  types shown i n  
Table B-1 a r e  compatible *ith their technology. The 
w'aste Lypes listed. found a t  RCRA a n d  CERCLA 
sites, a r e  those for whicf, tes t  d a t a  a r e  avai lable .  
Additional waste types and contaminants  for which 
no leachate data a r e  available are also t reatable  by 
t h e  HP.ZC0.U p r o c e s s .  M a t r i c e s  p r e f e r r e d  by  
HAZCOS in order of preference are scils, sludges, 
emulr,ions, a n d  las t ly  liquids, with t h e  preferred 
copkaminants  being meta ls ,  organics ,  a n d  l a s t l y  
volatile organics. Additional m a t e r i a l s  t r e a t e d  by 
t IAZCOS and process resul ts  a r e  shown below: 

'To d a t e  t h e  m o s t  c o m m o n  full-sca!e t r e a t m e n t  
process performed by i lAZCOS has been on sludges 
containing oil and grease. HAZCOS indicates that  
t h e y  h a v e  successfi.11y sol idif ied m a t e r i a l  f o r  
Monsanto Company, S te r l ing  Chemicals ,  Phi l l ips  
Puerto Rico Core, Inc., Mobil Chemical Co., S h L Z O  
Chemical Co., and others. Laboratory t reatment  has  
been accoinp1i~hs.i on 211 types of refinery. plating, 
and blending by-product wastes. 

Arsenic (6.7) Polychlormaled btcrenyrs fPCBs) (8) Toluene (3.8.9) 

011 8 Grease 18) 

SNA Phihalales (3.6) 

SNA Phe~ioIs (3.8.10: 

Tr;chlo:wthene (8)  

Tctrachlorwlhine 19) 

E!hylbenzene (3.8.9) 

%y?er.es (3.8) 

Lead (3.7.ai Y N A  NaoWaiene (3.3) aenrcqe (3.9.10) 

Mercury (7) Mclhylenc Ch!oride :9; Trichiorwthy!elie (9, I 01 

Nck@ (6.8) Pentachl3roDhenol IPCP) I1  1 )  Chloroethyiene (9.10) 

Selenium ( 7 )  : .: -Dtchtc;rCelhylene (9) Tet:achlorwthylene (9) 

~.2-Dc'l'o:o%?nicre f9) 

1.1 ,I . Tich'orobe~venc I9 I 

1.1 .Z-TicPloroe:h;.;le (9) 

1,1.1.2-TeIrach!o:oe:hane (9) 

1.1.2.2-Telrach'orosl~me (9) 

TW n u m b s  m brackets dsssyate rsfercrces uted 
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Extensive investigations a r e  tinderway ' 3  ident i fy  
other  wastes  t h a t  c a n  be t reated by ?he process, 
including low-level radioactive wzstes. 

System Adva n fa g es 

$me of the claimed advantages  of t h e  HAZCOX 
system over existing systems are: 

F o r m a t i o n  of a i lzmogeneous m a s s  t h a t  i s  
capable  of beiny r-mp!aced as a u n i t  arid i s  
re t r ievable ,  t r a c e a b i e ,  or useable  for o t h e r  
purposes. 

Leach resistance of the product, which c a n  be  
accurately measured and recorded. 

Creation of a material after t r e a t m e n t  t h a t  i s  
t r a n s p o r t a b l e  w i t h o u t  r i s k  of d i s p e r s i o n ,  
incremental loss in  trarisit, dilution, or mixing 
with other materials. 

Creation of a n  extrudable  cement- l ike s l u r r y  
tha t  can be formed into a n y  shape a n d  emplaced 
i n  a n y  s o r t  of f o r m  or  c o n t a i n e r  p r i o r  t o  
hardening to meet a multip!icity of requireinenis 
for disposal, emplacement, or reuse. 

Readily available ingredients (fly ash ,  kiln dust, 
Portland cement) except for small quantities of 
the  prop;iehry reagent  controlled by HAZCON. 

R e d u c t i o n  of t o x i c i t y  i m m e d i a t e i y  u p o n  
hardening, which occurs within 30 minutes  of 
pouring into forms or containers. 

Capability to immediately return the  mass to the 
biending system for reprocessing i,i case the mix 
is faulty, without  degradat ion of chemical  or 
physical characteristics. 

No necessity to  pH-balance  w a s t e  s t r e a m s ,  
a l lowing  t h e  HAZCON s y s t e m ' s  u n i v e r s a l  
application. 

S o  need to decant or filter to remove moisture. as 
t h e  system h a s  very tolerant  a l lowances  for 
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moisture content, which is utilized in ; r -  ccrnmt  
hydration reactions. 

Improved safety as designed, sirice the !IA2<3?' 
extraction and pumping syat2m t h a t  csr rie, ::lr 
waste  to a blending s ta t ion  requi re=  ~7 1:. e,:-: 

persen to be in the exclusion zone ir. , ~ - , * 2 ~ . d ~ : c  
clothing--the remainder  o i  the  staf; .I.-? fz.:. 
1,000 to  4,000 feet away. 

0 

HAZCOS h a s  performed in-house ial>f.rr,br. ,!rq'yc3 
to veri+ t h a t  they can solidif! pure acetor;.: ->;. a 
homogeneous, strong, and very dense solid ; -:.b: _f 
volatile gases a n 4  practically odorless. As a rE; iL  t -1; 

this  capability ccmbined with previous solidific>i .lgs, 
successes, I1XZCO.V c l a i m s  t h a t  no compuu'ic:.. 
known to exist in typical RCRA and Superfund F : - C S  

cannot  be treated by the i r  process. Feeds ha.,;-.  .. 
s o l v e n t s ,  v o l a t i l e s ,  o r  v a r i a t i o n s  i n  p H  .: 
t e m p e r a t u r e  do not  p r e s e n t  a probler?i i n  :!.e 
solidification process. HAZCOS presents 'I'ab:c t. i 
as indicative of their t reatment  successes. 

P~ooducl Characteristics 

T h e  p r i m e  a d v a n t a g e  of t h e  IIA%COX org.ir.ic 
fixation technology is in i ts  ab:l't. I v to OvercGnie 'i. 

inhibi t ing eifect t h a t  organics  typicaiiy h a v e  . 
pozzolanic fixation. The additive Chioranan.  v . ' . t n  
mixed with the  waste and cement  or kiln dust ,  rec;:a 
to form a coating around :he organic molecules. T'.. .., 
microencapsulat ion p r e v e n r s  t h e  o r g a n i c s  fra;: 
inhibiting t h e  normal crystallization of :he pozzola- 
Other  fixation processes, many of which do not P C  

proprietary chemicals, cannot claim to t rea t  waste: 
with high concentrations of organic mater ia l .  

T h e  HAZCOS solidiflcation process i s  c la imr.  
produce a h a r d e n e d  m a s s  w i t h  t h e  follci~ .:2 
characteristics: 

0 

0 Leach resistance 
0 

0 More dense than  concrete 

0 

Compressive s t rengths  of 300 to SO(l0 psi 

Low permeability (10-7 io 10.9 cmkec)  

Volumetric reductior? with most wastes c:' :Y-:- 
small increases 

0 Toxicity reduced 

0 Product available for usefiil purposes  suck 2s 
road construction 

HAZCON's formulalion creates  a hardened mass of 
sufficient s t rength for allowing capping even when 
epplied to wastes containing ever  508 total orpr?qic 
compounds. The  most s igniqcant  capability claimed 



Table 8-2. Prionfy Pollu?ant Ltniirs In TCLP Enracts  (pprn) 

Qiice bicnded, t hc  cenicnt I ikc  slurry r a n  11.. puni;)cd 
into concrcte f o r m  for hardcnine or rcturned t o  the 
ground fcr in s i t u  ernpiaccment .  T h e  prndiic! is 
den.Ger than cement. i:s hiEh strenetti rcdiiccs :iic 
p-Jssihility of fracturing and  rclcasc o i  io \ ; r  corm 
ponvnts. 

Cost Information 

0 v e M i e w~ 



, -*". , . . 

The HAZCON technology has  been eva lua ted  and 
reported upon a t  t he  Douglassville SITE Demon- 
stration [SI; in tests reported in the I.T./IWC report 
[9]; in two independent confidential studies [6,11]; in 
a report  by Risk Science  I n t e r n a t i o n a l  for t he  
American Petroleum I n s t i t u t e  (A.P.I . )  [ 11; in  a 
Canadian report [lo]; by the  Waterways Experiment 

Station (WES) a t  t '  .- -ky Mountain Arsenal [71; 
a n d  at  t h e  Sanc " .gs Supe r fund  S i t e  [131. 
HAZCON offers t he>=  eva lua t ions ,  t he  resul ts  of 
which a r e  highlighted in Section 3 and Appendix A, 
as confirmation of their capabilities to remediate a 
wide range of si tes and contaminants. 

\ 
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APPENDIX e 

SITE DEMONSTRATION RESULTS 
I 

introduction 

A wide variety of soil contaminant  concentrations 
exist a t  the  Douglassville Super fund  S i k ,  and  a 
var ie ty  of fecdstocks were  used in  t h e  t e s t s  to  
evaluate  the  HAXCOX technology. The soils treated 
contained oil and  grease ranging from 1% to 25% by 
wt, heavy metals  (primarily lead) from 0.3% to 2.3% 
by wt, volatile organics up to 150 ppm by wt , base 
neutrai /acid ex t rac tab les  (semivolat i le  organics )  
ranging up to mGre t h a n  500 ppm by wt, and small 
amounts  of polychlorinated biphenyls (PCBs). A test 
w a s  run  on contaminated soil from sifplant areas, 
each providing a d f l e r e n t  composition feedstcck. 

T h e  a n a l y t i c a l  d a t a  c o n s i s t  of  test r e s u l t s  of 
untreated soil, treated soil collected in  the field as a 
s lur ry  after a ?-day curing period, and core samples 
from the solidified blocks af ter  cur ing in the field for 
28 days. Clean soil, FSA soils, and L A N  soils, these 
two areas  containing the  highest organics content, 
each were mixed in the analytical laboratory with 
the cement  used in the  field without Chloranan and 
checked for physical properties as a baseline against 
which to compare  t h e  field resu l t s .  T h e  Demon- 
str tion results a r e  discussed separately in terms of 
the jhys ica l  tests, chemical tests, and operations. 

Results 

A large amount  of analytical and  operating data  was 
obtained, and it was sufficient to meet the program 
object ives .  T h e  d e t a i l e d  r e s u l t s  a n d  o p e r a t i n g  
summaries  a r e  in the  Technology Evaluation Report 
[81. 

Physical 

The physical tests showed t h a t  t h e  HAZCON process 
can  readily solidify contaminated soil with oil and 
grease  content  up  to  2 5 4  by wt .  T h e  HAZCON 
process produced a s t ructural ly  firm material, with 

few negative properties obserued. The  unconfined 
compressive s t r e n g t h s  (UCS) of tes ted  s a m p l e s  
ranged from 220 psi a t  FSA,  the  highest  oil a n d  
grease content area.  to 1,570 a t  PFA, one of the  lowcr 
oil and grease  reas as. In general, the  t rea ted  soil 
s t rength was inversely proportional to t h e  oil a n d  
grease content. These UCS values easily meet t h e  
E P A  g u i d e l i n e  of 50 psi [ 1 4 ]  for  t h i s  t y p e  of  
tee h n D It, gy 

Soil samples were prepared in the laboratory without 
Chloranan for FS.4 and L A N .  For FSA, th, solidified 
soil had a L'CS of less than 40 psi, while for LAN the 
results were equai to those samples with Chloranan. 
Therefore, for the  highest  oil and grease  conten t  
s a m p l e s ,  C h l o r a n a n  a p p e a r s  to  h a v e  a v e r y  
beneficial effect. 

The  permeabilities and other results of t h e  wetldry 
and freezelthaw weuthering tes ts  were good. T h e  
permeabi l i t ies ,  f G r  both t h e  field s a m p l e s  w i t h  
Chloranan  a n d  the  two laboratory f o r m u l a t i o n s  
without Chloranan, were in the range of 10-8 to 10-9 
c d s e c ,  which is  less t h a n  an  EPA and indus t ry  
guideline of,10-7 c d s e c  for hazardous waste landfill 
soil barr ier  liners. Not only does a low permeability 
reduce contaminant mobility, bu t  i t  reduces solid 
erosion and weathering. The weVdry and freezelthaw 
weather ing  t e s t s  showed re la t ive ly  low w e i g h t  
losses, less than  l.O%, over the twelve cycle tests, 
with the test specimen IGSSeS only s i ight ly  l a r g e r  
than the control samples, not subjected to drying or 
fr eezi n g . L n co n fi n ed co In pr  e ss i ve s t re n g t h t e s t s  
performed on the weathered test specimens showed 
nc? losses in strength. 

Less positive results were observed from t h e  bulk 
density and microstructural analyses. T h e  t rea ted  
soil bulkdensity increased approximacely 10% to 
15% resulting in a volume increase of the treated soil 
compared to the untreated soil of 120%. Thus,  one 
p a r t  soil plus  o n e  p a r t  c e m e n t  p lus  w a t e r  a n d  
Chloranan yields 2.2 par ts  treated soil by volume. 



This  may provide remediation difficulties involving 
where to place the excess material. HAZCON h a s  
indicated t h a t  smal le r  quant i t ies  of cement  a n d  
C h l o r a n a n  might  have  been  used ,  which would 
great ly  reduce the  volume increase, bu t  th i s  may 
impact  other physical and  chemical properties. In 
addition, the microstructural analyses showed that  
the  solidified mass was porous, that, mixifig of t h c  
various components was not highly cfficicnt, and 
t h a t  brownish aggregates passed through the  process 
unchanged. These character is t ics  a r e  factors t h a t  
may impact upon durability of the soiid mass  and 
immobilization of the  contaminants  A more efficient 

ixer, such as a ribbon blender, may el iminate  many 

I 

b 

l f  all of these deficiencies. 

T h e  physical properties of the untreated and treated 
soiis are shown in Tables  C-1 and (2-2. 

Chemical 

T h e  chemical  ana lys i s  consis ts  of bo th  soil and  
leacha te  a n a l y s e s  for m e t a l s ,  vo la t i le  o r g a n i c s  
( V O W ,  base neutraVac id extractables (BNAs), and 
polychlorinated biphenyls  (PCBs). T h e  l e a c h a t e  
resul ts  can be directly related to t h e  corresponding 
soil composition. 

Table  C-3 presents  t h e  resu l t s  for these  contam- 
inants  (except PCBs) in  te rms  of migration potential, 
which is  defined as the weight of a n  analyto in the 
leachate divided by the weight in  t h e  solid being 

Table C-1. Physical Propertlea of Untreated Soils 

Unlrcared So11 

T o l  Less than 
Masure. Bulk density.(n) Oil 8 Grease.(c) Organc Carboo. Permeatnlity. 200 mesh (74p). 

PbntArea W q h l %  pH qm1 Weight YO W w h l  O,b unlS?dbl % 

DSA ' 11.8 6.4 1 1.23 1 .o 4.9 5.7 x 10.1 50 
WN 17.6 3.69 1.40 16.5 23.0 1.8 x 10-3 37 
FSA 24.7 2.56 1.60 25.3 27.3 I m m w a M d )  NNdJ 
LFA 16.7 4.58 1 .a 4.3 0 9  10.5 x 10-2- 57 
PF A 6.6 7.00 1.73 4.5 7.5 7.7 x 10-2 19 
LAS 11.9 4.1 1 1.59 7 7  14.3 1.5 110-5 47 
Clean sal 15.7 6.43 1.63") 0.26 0.3 6.0 x 10-3 32 

!eached. Migration potential provides a method of 
comparing Cie fraction of a n  analyte extracted from 
the solid for both the untreaied and treated soils. 

The untreated and treated soil analyses a r e  shown in 
Tables C-4 and C-5. The  TCLP a n d  special leach 
tes ts ,  ANS 16.1 a n d  M C C - l P ,  showed t h a t  t h e  
HAZCON process immobilized heavy metals, which 
consist predominantly of lead, but not organics. The  
heavy metals were reduced in t h e  T C L P  leachate  
from concentrations of 20 to 50 mgfi for untreated 
soils to 5 to 400 ug/l for treated soils, with most of the 
treated soil values below 100 pgA. These resul ts  a r e  
shown in Table C-6. 

The  leachate analyses for organics, VOC, and BNA 
showed that  they were not immobilized, s ince t h e  
I.achate concentrations of the contaminants in the 
treated soil were equivalent to those in  the untreated 
soil (See Tables C-7 and (2-8). The pr imary  VOCs 
detected were toluene, xylenes, te t rachloroethene,  
trichloroethene, and ethylbenzene. T h e  individual  
location values for total VOCs varied greatly as the 
soil composition r a n g e d  from nondetec ted  to  a 
maximum of 150 ppm by wt a t  FSA. For the three 
a reas  of lowest VOC concentrations, DSA, LFA, and 
PFA, to!uene w a s  injected a t  a r a t e  sufficient to 
provide a n  e q u i v a l e n t  of 125 ppm by w t  VOC 
concentration in  t h e s e  soils. T h e  TCLP leachate  
results ranged, for both the treated and unt rea ted  
soils, frbm less than 100 ugll to about 1000 p@I. Thz 
soils without  toluene injection provided t h e  best  
ccmparisons. 

~~~ ~ -~ - 

(a) Values reported are 01 udmmed xnl samples excepl for clean sed. 
(b) Permeabtlity as meawrod by consit  head peneab.lity iesL 
(c) 011 and grease IS IracOon of TOC exb-actcd by a so!vent 
(d) Cou'd not be run duo 10 cxcscsNe Wness.  
(0)  Compac:ed loose sand. 
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Table C-2. Physical Propertles of Treated Soils 

c . .-. .-. . . . . . . . . . . . . .-. . . . . . . .7 Day .....-...........-.------------- > < ..... ......................... Da y....-..-.-...--........--...~... , 
Bulk UnconlinrA Bulk Unconfined 

Plan1 Moislure. Density. Compressive Permeabtllty,(a) Motsture. Denslty Cornpresstve Permeability, 
Area 10 urn1 Strength, psi cmlsec 0. /o glml Slrenglh, psi C d S e C  01 

DSA 14.2 1.95 1446 1.6 x 10.9 14.8 1.99 1113 1.8 x 10-9 
LAN 20.1 1.61 427 1.7 x 10.9 17.2 1.59 5 24 3.6 x 10.9 
FSA 24.7 1.51 $38 4.5 x 10.9 22.1 15.1 219 8.4 x 10.8 
LFA 17.0 1.84 947 5.5 x 10.9 15.1 1.86 94 5 4.5 x 10-9 
PFA 11.5 2.07 1435 4.3 x 10,9(dl 10.0 2.02 1574 5.0 x 10.9 
LAS 16.0 1 .e7 894 2.4 x 10.9 15.8 1.74 889 2.2 x 10.9 
Cement 
only 9.9 1.98 1758 (C) 11.0 2.07 2949 
ClcanW 
SO~I a 
cement 13.3 1.88 2000 ( C )  13.0 2.04 2908 5.9 10.9 1 FSA 8 ( b l  

cenmt 28.2 1.4 1 27 (C) 28.9 1.36 38 3.2 x 10-8 
LAN &(b) 

cement 19.6 1 ti0 373 (C ) 20.5 1.55 539 3.8 x i o *  

ia) Permeabillues all arformcd afm 28 days elapsed. 
( b )  LabOrnlOFy lormulalrons prepared wlthout line use of Chloranan: Baschne. 
(c) Not scheduled lo LE pcdo:med. 
( 0 )  The Ivx, low values average 4.7 x 10-10 cdsec. Tho ihird value was 1.2 X 10.8 cmlscc. 

T h e  0 S A s  consisted of phtha la tes ,  phenols, a n d  
n s p h t h a l e n e .  T h e  p h t h a l a t e s  a n d  n a p h t h a l e n e  
concentrations in  both unt rea ted  a n d  t reated soil 
T C L P  ,leachates were very low, less t h a n  50 pg/I. 
However, t h e  phenol concentrations in the  leachates 
were much greater. For FSA, where the untreatkd 
soil contained 405 ppm by wt phenols. the untreated 
and treated soil leachate concentrations were both in  
the  range of 3 to 4 mg/l. Thus,  for phenols, which 
have a moderate solubility in  water, t h e  migration 
potent ia ls  were  approximately t h e  s a m e  for  t h e  
t reated and  untreated soils. Since t h e  phthalate and 
naphthalene leachate concentrat ions were so IOU., 
determination as to whether  they were immobilized 
is difficujt. 

T h e  T C L P  leacha te  a n a l y s e s  for PCBs provided 
values a l l  below detection limits of 1.0 pg/l, both for 
the  treated a n d  untreated so i l  samples. 

T h e  special leach tes t s ,  A i i S  16.1 a n d  J I C C - l P ,  
a t t e m p t  to  s i m u l a t e  leaching from t h e  solidified 
mass ,  as compared  to t h e  T C L P  test where  t h e  
samnle is crushed. Tests equivalent to ANS 16.1 and  
MCC-1P were  not  performed on  u n t r e a t e d  soi l .  
Therefore, these resul ts  can  only be compared to the 
t reated soil T C L P  resu l t s .  Since experience with 
these tests for hazardous wastes is limited, and each 
test uses a different weight ratio of solid to leachate, 
significance of the  resul ts  is unclear. However, the  
leachate concentrations from all three tests were the 

same order of mrgnitude. This  indicates leaching of 
the  blocks in  the .ield may be s imilar  to t h a t  shown 
by a T C L P  test. T h i s  was surpr i s ing ,  s i n c e  t h e  
surface area and  the  intimacy of mixing for leaching 
in the T C L P  test is much greater  than for AYS 16.1 
and MCC-IP. 

Operations 

Many operational difficulties were encguntered by 
H A Z C O S  d u r i n g  t h e  5-cu-yd r u n s .  C o n t r o :  of 
Chloranan and water  ra tes  were erratic. In addition, 
on two occasions the soil feed screw j a m m e d  with 
soil, and  operations had to be discontinued so t h e  
H A Z C O S  u n i t  could be f lushed  c l e a n .  I n  t h e  
extended r u n  (3  hr) at LAS, where 25 cu yd of t reated 
soil was  produced, operations ran relatively smooth 
with a n  on-stream factor of about 858. For al l  tes ts  e 
labor- intensive effort was r e q u i r e d  to  m a i n t a i n  
operations. 

M a t e r i a l  b a l a n c e s  performed on e a c h  test r u n  
showed t h a t  the  soil processing rate  ranged from 180 
lblmin to 300 lblmin and  was  constant for each test 
area. The  cement-to-soil additions were maintained 
a t  t h e  t a r g e t e d  r a t i o  of 1 : l  except  d u r i n g  t h e  
extended r u n  when the cement ra te  tailed off. The 
feed ratio of Chloranan to soil varied between runs,  
ranging from 0.052 to 0.094: this compares  to t h e  
targeted value of 0. 
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Table C-4. Chemical Analyses of Untreated Soils 

Parameter DSA LAN FSA LFA PFA LAS 

PCGS - OW by W 

1.2 51 40 10 14.5 250 
ND ND ND NO 19 270 

Anxlor 1260 
Arcclor 1248 

0.98 16.5 25.3 4.27 4.47 7.800 011 and g r w .  % by wt 

Metals - pprn by w 
Lead 3.230 9.250 22.600 13.670 7,930 14.8300 
C hroniium 24 19 31 46 95 730 
biickel 23 6 8 22 46 170 
Cadnilurn 1 2.3 6 4 5.5 3.50 

Zlnc 315 150 655 735 ; ,600 5800 
Copper 74 35 128 90 440 1400 

6NA - W b  by wt 

All phihalaas 
All pnenols 
Naphiha!eno 

12.150 15.700 14.200 33.500 10.750 34.2000 
ND 5.200 405.000 ND ND NDO 
ND ND 1 15.000 3.200 7,700 5,4000 

Volatllos - ppb by wt 

Toluene ND 1,000 26,000 ND ND 2900 
7 nckloroethene ND 130 13.800 ND ND 5800 
TetrachloroeUxme . ND 160 6,100 ND 100 1 .SO0 

Xyienes ND 970 9 1,000 ND 320 3.700 
Elh.&enzene ND 1 eo 13.000 ND ND 400 

- 
ND - None detected 

Table C-5. Chemical Anstyset3 of Treated Soils’ 

Parameter DSA LAN FSA LFA PFA LAS - 
- - - - - - Toial PCBs (ppm) 

011 and grease (96) 0 9  7.54 9.45 1.53 2.1 1 1.67 

L~5sd (W) 830 28oa 103CO 1860 3280 3200 

TJW BMAs (ON) 
Phthalates 
Phenols 
NaphMlalene 

ND 42800 368900 ND 4130 15700 
ND ND 1300 ND ND 21 50 
ND 324aO 126800 NO ND 6700 
ND 10400 216700 ND 4130 4550 

1320 3 5 3  105300 24750 22700 7200 
1240 1280 19000 23700 17700 1780 

‘Based on 28-day results 



Table (2-6. Concentration of Metab3 in TCLP Leachates rnqliter 

Pb Cr Ni 2.0 cu Zn - 
DSA 
LAN 

FSA 
LFA 
PKA 
LAS 

7-Day Cores 
DSA 
LAN 
FSG 
LFA 
PFA 

LAS 

28-Dav Cores 
DSA 

LAN 
FSA 
LFA 
PFP. 

LAS 

1.5 
31.8 
17.9 
27.7 
22.4 
52.6 

0.015 
< 0 002 

0.07 
0.04 
0.01 
0.14 

0.007. 
0.005 
0.400 
0.050 
0.01 1 

0.05 i 

< 0.008 
< 0.008 

0.27 
< 0.008 
< 0.008 
< 0.008 

< 0.07 
< 0.07 

0.02 
C 0.07 
< 0.07 
c 0.008 

5 

< 0.007 
0.007 
0.070 
0.009 
0.007 
0.0 15 

0.02 
0.07 
0.1 1 

0.06 
0.05 
0.07 

C0.15 
<0.15 
< 0.008 
C0.15 
<0.15 
< 0.008 

0.020 
<0.015 
C0.15 

0.015 
<0.015 

0.025 

< 0.004 
0.02 
0.13 
0.03 
0.01 
0.04 

< 0.04 
c 0.04 
< 0.003 
< 0.04 
< 0.04 
< 0.003 

< 0.004 
< 0 004 
< 0.040 
C 0.004 
< 0.004 
< 0.004 

< 0.03 
< 0.3 
C 0.03 
< 0.08 
< 0.03 

0.13 

-. 0.06 
C 0.06 
< 0.03 
c 0.06 
< 0.06 
< 0.05 

0.023 
0.010 

< 0.050 
0.080 
0 527 

0.055 

0.07 
1.1 

23.0 
6.7 
1.4 

4.8 

< 0.02 
0.02 
0.02 
0.c.1 
0.02 
0.04 

0.037 
0.0 17 
0.037 
0.013 
0.030 
0.258 

' . Where the symbol < IS used. indicates values below delection 1:mits of quantity shown. The detecttwn 1:mit.s vary betwen metals a-.d lrom 

Where 2 of 3 values are above delecum Itinits. three values were averaged assurnmy [he one below detection limits IS nro.  11 only one 01 
lhree values is above detecbon Iimi's, the resulki are reporled as below detection limits. 

anaiysrs to analysts. 

Table C-7. Volatlles In TCLP Leachates. p4 / l l a l  

Volable Organic DSA LAN FSA LFG PFA LAS 

Untreated Soil 
Toluene 
Xylenes 
Trichlor-thene 
Tetrachlormthene 
EmyI benzene 

7-Day Cores 
Toluene 
Xylenes 
Trichlorm?heno 

Tetrachlorwthene 
Ethyl bonzene 

28-Dm Cores 
Toluene 

Xylenes 
Trich:orwthene 
Tetrachlorwthene 
Etnyibonzene 

91 5 
< 50 
< 20 
< 40 
< 70 

38@ 
3.5 

< 10 
< 20 
< 40 

370 
6 

<9 
< 6  
< 3  

10 
7 

2.4 
< 4  

< 7  

< 6  
6 

< 2  
< 4  

< 7  

40 
8 
2 
3 
2 

24 5 
525 
165 
19 
80 

220 
340 
105 

11 

60 

230 
330 
100 
20 
60 

5100 
< 230 

c 95 
<210 
< 360 

20 1 

5 
< 2  
<.I 

< 7  

370 
< 6  
< 9  
< 6  

2 

1 1 OOIbt 

c 180 
< 76 

C 160 
< 290 

350 
20 
< 5  

< 10 
< 20 

570 
170 
<9 
< 6  
< 3  

i o  

35 
8 
5 

< 7  

< 15 
15 

< 5  
< 10 

< 20 

50 
40 
8 

10 
4 

(a) < indtcates less than de'z?cbun limits. Within one sampling area. the dntecmn limil may change bsrween samples. For Uiese. the htgnesl 

(b)Two values < 60 and 2200 pql. 
de*%?cmn limit is shown. 
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Table C-8. Bass NeutraVacid Extractable6 in TCLP Leachates, @I 

BNA DSA LAN FSA LFA PFA LAS 

UntreateJ Soil 
Phthalaies N D 10 10 10 ND 

Phenols ND 1010 2810 ND ND ND 
ND L 

Naphindene ND ND 50 N D ND : C  

7-Day Cores 
Phthalates NO 30 ND 10 20 ND 

Phenols 40 1310 3850 30 50 470 
Nachthaiene 15 ND 60 10 20 ND 

28-Day Cores 
Phlhalatcs ND 10 10 20 30 80 
Phenols ND 1440 2720 80 8G 650 
Napnihalene ND ND GO ND ND .U D 

ND - not detected 
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Appendix D 
Case Studies 

Data in the IIAZCON Applications Analysis Report was quoted from a variety of 
outside sources along with the SITE Technology Evaluation Report. This  Appendix 
contains a sunitnary of these sources, listed below. 

D-1 Canadian Report [ 101 
D-2 
D-3 
D-4 

D-6 
D-7 

Waterways Experiment Station - Basin F Liquid Rocky %fountain Arsens l (7 j  
Sand Springs Superfund Site [13J 
Risk Science International for API I31 

HAZCON Confidential Repcrt A [ 11 I 
HAZCOIV Confidential Report b :61 

0-5 IT Study for IWC 191 



Case Study 0-4 

C a n a d i a n  R e p o r t :  I n v e s t i g a t i o n  o f  S p e c i f i c  
Solidification Processes  for t h e  immobilization of 
Organic Contaminants. 

Description: 
A l a b o r a t o r y  s t u d y  w a s  c o n d u c t e d  on  t h e  
etrectiveness of the HAZCOS solidification process 
on a spiked metal finishing waste. Accnaphthcne,  
aniline, benzene, bis(2-chlorocthyl)  e ther .  phenol. 
t r ichloroethylene a n d  l i thium (a s  a t r a c e r )  werc  
a d d e d  t o  c r e a t e  a c o n c e n t r a t i o n  of  500  
micrograndgram in the waste. Two hundred grams 
of Chloranan and 2,000 grams of Port land cement  
was added to the  2,000 gram waste sample (1:l and 
i:10 ratios, respectively). Mixing was limited to IC 
minutes. 

' 

Data Summary 

Mcusurud Physicul Propivties 

1.49 - hulk density of untreated -. 

waste ( g d c m 3 )  

hulk density of treated waste = 1 8 4  
( g d c m 3 )  

solids specific gravity ((1B 20 = 2 263 
C )  

moisture content (w/ww) -= 0.183 

unconfined compressive = 20,409 
strength (kPa) 
freezdthaw weathering . = -0.0067. 
(weight loss) 

4 - rmeability ( m / s  x - 
Testing Protocol: 

were performed on the  sample. T h e  untreated sample 

%E -4- 10, @ 20 c, 
Weighf and VoiurnP Changes 

ilRer 56 days of cur ing chemical and  physical tests 

had been previously tested with cer ta in  of these same 
tests. The conclusions section lists the  specific tests 
a n d  t h e  resu l t s ,  a n d  t h e  d a t a  compar ison .  TWO 
replicate samples  were tested and  the  d a t a  reported. 
No effort yas made to control or  contain chemical  
volatilization during the mixing and  curing. 

The  leach concentration was  measured  in a batch 
extraction conducted for 7 days a t  a liquid-to-solid 
ratio of 4 1 .  The liquid-to-solid ratio is calculated on a 
dry  weight basis bu t  the  waste is added wet. 

2 26 
1 83 

- weight change factor - 
- - volume change factor 

Calculated hlafriz Proper:ies 

0 SI 
0 31 

1 .OB 

- - void fraction 

porosity - - 
- degree of saturation - 

Major Conctusions: 

S o  conclusions a r e  presented in the document 
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Equilibrium Leach Test Summary 

Concentration Calculated 
Measured Calculated Fraction 

Rep Contaminant S a m e  Leachate (pglml) Residue (uglg) Extracted (%I 
I Acenaphthene 1.820 21 1.7 2.9 

Ani 1 i ne 19.400 154.2 30.2 

Renzenc @.KG 221 0 G O  

Uts(2-chlorueth~l)ether 2.1 10 213.7 3.3 

Lithium 

Phenol 

ASS 16 I Leachate index 

Contaminant I, x 
Aniline 8.2 

His(2-chloroethyl) ether 9.9 

Phenol 7.9 

Ace n a p h t hene 

Lithium 

10.1 

7.0 

! 



Case Study D-2 

Laboratory investigation of Organic  C o n t a m i n a n t  
Imrnobilizatioti by Proprietary Processing of Basin F 
Liquid: Rocky Mountain Arsenal, Denver, Colorado. 

b 
i 

Description: 
A l a b o r a t o r y  s t u d y  w a s  c o n d u c t c d  o n  t h e  
effectiveness of the HAZCON solidification process 
on the  Basin F liquid from t h e  Rocky Mounta in  
A r s e n a l .  B a s i n  F i s  a h a z a r d o u s  w a s t e  
storage/evaporation pond containing several million 
gallons of chemical waste from past industrial a n d  
mil i tary act ivi t ies .  Concent ra t ions  reported were 
TOC 97,000 mg/l; ammonia-n i t rogen  40,700 mg/l: 
copper 5,860 mg/l; and arsenic 3.10 mg/l. The  pH of 
the liquid w a s  5.7. 

To 1,500 grams of Basin F liquid was added 3,500 
grams of portland cement (1:2 ratio) and  500 grams of 
Chloranan (3:l ratio). During mixing ammonia gas  
was released: it was determined this  could be avoided 
by  a d d i n g  m a g n e s i u m  a n d  p h o s p h a t e  t o  f o r m  
ammonium magnesium phosphate. 

Testing PmtocoI: 
Physical and Chemical tests were performed on the 
s t a b i l i z e d  w e s t e .  T h e  p h y s i c a l  t e s t  w a s  t h e  
unconfined compressive s t rength ( L C S )  procedure. 
Six duplicate samples were tes ted a n d  the  resu l t s  
averaged. Two chemical tests were used to evaluate 
the stabilization effectiveness; the toxicity extrectiori 
prclcedure (EP) and the sequential batch leach tes t  
(SBLT). Two duplicate samples were run  with the EP 
tox and four samples were tested using SBLT. 

Leachates generated by the E P  tbx a n d  t h e  SBLT 
were analyzed for TOC, copper, bar ium, cadmium,  
chromium,  lead a n d  s i l v e r ,  s e l e n i u m ,  m e r c u r y ,  
ammonia and pesticides (e.g., lindane, endr in ,  a n d  
toxaphene). 

Major Conclusions: 

Physical s t rength tests showed t h a t  t h e  HAZCON 
process can convert Easin F liquid to a hardened solid 
mass .  Sequent ia l  batch leach t e s t s  showed t h a t  
greater  than 8 6  percent of the total organic carbon 
could be leached from IHAZCON solidified Basin F 
!iquid. The Toxicity Yxtraction Trocedure showed 
t h a t  H A Z C O S  solidified Bas in  F l iquid did not  
exceed the limits for the contaminants specified by 
the USEPA for the procedure. 

The  HAZCON solidification process is a cement-  
based process t h a t  possesses chemical stabilization 
p r o p e r t i e s  s i m i l a r  t o  o t h e r  c e m e n t - b a s e d  
solidification processes. The  HAZCON process did 
not effectively stabilize the total organic carbon i n  
Basin F liquid. Chemical stabilization of organics in  
Basin F liquid by t h e  HAZCON process  did not  
appear  technically feasible. 

Data Summary: 
T h e  unconfined compressive (UCS) s t r e n g t h  t e s t  
results were dependent on the curing period After 
cur ing for seven days the UCS was l ex  than  500 psi, 
but  the UCS increased rapidly to 2,900 psi af ter  30 
days  of cur ing.  There  w a s  poten t ia l  for f u r t h e r  
s t rength development. 

To pass the  toxicity extraction procedure the  leachate 
must not exceed concentrations one hundred t imes  
t h e  n a t i o n a l  i n t e r i m  p r i m a r y  d r i n k i n g  w a t e r  
standards. In all cases, for the specific compounds 
analyzed for ,  t h e  l e a c h a t e  c o n c e n t r a t i o n s  w e r e  
substantially below the requirements. 

There a r e  five sequential leachates developed from 
the sequential batch lehch test. In the first s tep  67.2% 
of the  TOC was leached from the HAZCON stabilized 
waste. For s teps  2 through 5, the  cumulative TOC 
extracted were 79.6, 83.7, 85.4 a n d  86.7 percent ,  
respectively. Fur ther  leaching would have removed 
more TOC. Thus. less t h a n  13 8 of t h e  TOC was  
resistant to leaching after the  HAZCOIV treatment .  
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Case Study 8)-3 

Sand Springs Superfund Site Test  Summary.  

Description: 
Major Conclusions: 
S o  conclusions were presented in the document 

A field treatability study was performed at the Sand 
Spring,  Oklahoma Superfiind Site located about 10 
mi!es west of Tulsa .  HAZCOK used the i r  Mobile 
Field Bleriding Unit  to process waste from a closed oil 
refinery. The waste was a heavy organic ta r  (about 
50% organics) with l i t t le  volatile organics .  T h r e e  Qata summaw: 
samples  of the raw material were analyted and two 
samples  of the treated (stabilized) waste. The  before The  physical test results were very good. The  UCS 
and  after resul ts  were compared to determine if there d a t a  ranged from 450 psi to 600 psi. Weight loss from 
h a d  b e e n  a n y  i m p r o v e m e n t  i n  t h e  I c a c h i n g  the weti'dry durability test ranged from 0.09 to 0 . 1 2 8  
characteristics. a f t e r  4 cycles. The  permeabi! i ty  d a t a  w a s  n o t  

available. 
Testing Pro toc o I: 
Both physical and chemical tests were performed on 
t h e  t r e a t e d  w a s t e .  O n l y  c h e m i c a l  t e s t s  w e r e  
performed on t h e  e n t r e a t e d  waste .  Physical  tes!. 
included the unconfined compressive s t rength (UCS), 
the  wevdry durability and permeability. Chemicai  
tes t  was the Toxic Characteristic Leaching Procedure 
(TCLP). 

T h e  leachates (before and af ter)  were ana!yzed for 
bo th  organics  a n d  meta ls .  T h e  o r g a n i c  a n a l y s i s  
included volatile organics (i.e., benzene, ethyl ben- 
zene ,  t o l u e n e ,  t o t a l  xy lenes  2 - h e x a n o n e  ai:d 4-  
methyl-2-pentanone) and semivolatile organics (i.e., 
2-methlyphenol, 2,3-dimethlyphenol, naphtha lene ,  
2 - m e t h  I n a p h t h a l e n e ,  p h e n a n t h r e n e  a n d  f l o u r .  
a n t h e n e t  Most metals  were included in the metals 
analysis. 

After t rea tment  only bar ium and zinc h a d  T C L P  
leachate concentrations tha t  could be quantified and 
these were a t  the  detect ion l imits .  All t h e  o ther  
inetals were below the detection limits. Many of the 
metals had TCLP leachate concentrations below the 
detecticjn l imi t s  before  t r e a t m e n t ,  i . e . ,  a r s e n i c ,  
bar ium, beryl l ium, cadmium,  mercury,  se len ium,  
silver and thallium. 

After t reatment  the leachate concentrations for ali 
the volatile and semivolatile organics (listed above) 
were below the  de tec t ian  l imi t s .  T h r e e  vola t i le  
organics  were not detected in Icachate  f r o m  t h e  
untreated waste (Le., benzene, ethyl benzene and 4- 
methyl-2-pentanone). Those organics t h a t  could be 
measured had leachate concentrations iess than 0.01 
mgA from the untreated waste. 
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F c 7 

Aisk Science International for An :an Petroleum 
Institute: Evaluation o f  Trea tment  l'echnologies for 
Listed Petroleum Refinery Wastes  

Description: 
A laboratory study was performed to determine if the  
HAZCOX stabilization process can adequately t rea t  
refinery waste, i.e, API separa tor  s ludge,  slop oil 
emulsion solids, plate filter cake and belt filter cake. 
Chloranan was mixed with 50 gram samples of each 
waste a t  ratios of l : l O ,  1:20 and 1:30. The best mix 
w2s then f u r t h e r  mixed with pozzolanic mater ia!  
(e.g., kiln dust)  at  ratios of 1:1, 2.1 and 3:l .  There is 
no inftxmation as to whether a n y  effort was made to 
contain t h e  volatile organics from volatilizing. T h e  
T C L P  leachate concentration for the untreated waste 
was compared to the leachate concentration for the  
s t a b i l i z e d  w a s t e  a n d  a p e r c e n t  r e d u c t i o n  i n  
concentration calcuiated. 

Testing Protocol: 
After cur ing  24 hours  the sample was tested for pH, 
compressive s t r e n g t h  a n d  wet/dry durabi l i ty .  T h e  
leachates were analyzed for vo!atile, semivolat i le  
(baselneutral) and  acid organics, and metals. Volatile 
organics  included benzene, methyl  e thyl  ke tone ,  
s t y r e n e ,  e t h y l b e n z e n e ,  t o l u e n e  a n d  x y l e n e s .  
Semivoletile organics included anthracene,  chrysene, 
indene, flooranthene, naphtha lene ,  phenanthrene ,  
pyrene  a n d  s e v e r a l  o t h e r  BNAs.  Acid o r g a n i c s  
included cresol ,  2,4-demethylphenol a n d  phenol .  
M e t a l s  i n c l u d e d  a r s e n i c ,  b a r i u m ,  c a d m i u m ,  
chromium, cobalt, lead, mercury and  selenium. 

Major Conclusions: 

No conclusions were presented in  the document. 

Data Summary: 
After HAZCON treated the  API separator  sludge a 
substantial reduction in the leachate concentrations 
was measured. For those chemicals tha t  the  change 
in  leachate concentrat ion could be measured,  t h e  
leachate concentration reduction ranged from 96 to 
99%. This  was t rue foi  all four chemical  c lasses;  
VOCs, RKRs,  acid organics and metals. 

T h e  r e s u l t s  of t h e  s t a b i l i z a t i o n  of t h e  s lop  oi l  
emulsion solids was less successful. Volatile organic 
leachate  concentrat ion dropped by 99%, b u t  t h e  
BKAs showed little if a n y  change and  there  was a n  
increase in the leachate concentrat ion of t h e  acid 
organics. Most metals were below detectable limits 
before a n d  after t reatment .  

T h e  effectiveness of t h e  HAZCON s t a b i l i z a t i o n  
process on the plate filter cake and  belt filter cake 
could not  be d e t e r m i n e d  b e c a u s e  n o s t  of t h e  
c h e m i c a l s  were  below d e t e c t a b l e  l i m i t s  b e f o r e  
treatment. 
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Case Study D-5 

I n t e r n a t i o n a l  Technologies  S t u d y  for  t h e  I W C  
Superfcnd Site. 

Description: 
-4 l a b o r s t o r y  s t u d y  w a s  c o n d u c t e d  o n  t h e  
effectiveness of the HAZCOX solidification process to 
t r e a t  the  two was tes  a t  the  IWC superfund s i te .  
Wastes from the  surface impoundment and the  Area 
D drum solvent were prepared into three samples for 
t r e a t m e n t .  T h e s e  s a m p l e s  w e r e  s u r f a c e  
impoundment sludge; surface impoundment s ludge  
mixed with t h e  aqueous  phase from Area D; a n d  
surface impoundment s ludge mixed with both t h e  
aqueous and organic fractions from Area D. 

T h e  s u r f a c e  i m p o u n d m e n t  c o n t z m i n a n t s  w e r e  
toluene - 72,000 ppm, trichioroethylene - 21,000 ppm 
and ethyl benzene - 3,000 ppm. Area D drum disposal 
had toluene - 92,000 ppm, ethy! benzerle - 39,000 
p p m ,  m e t h y l e n e  c h l o r i d e  - 83 p p m ,  a n d  
trichloroethylene a n d  tetrachloroethylene less than  
5@ ppm. (To the  300 grams of sludge and 100 grams of 
mixed l iquids ,  HAZCGK mixed i n  60 g r a m s  of 
Chloranan and  300 grains of Portland cement. The  
TCLP leachate concentrations were compared to the 
treated T C L P  concentrations before t reatment  and to 
the proposed T C L P  limits. 

TesPing Protocol: 

The samples  were tested for physical properties using 
t h e  u n c o n f i n e d  c o m p r e s s i v e  s t r e n g t h  ( U C S )  
procedure. Chemical properties of th? samples were 
determined by the  toxic leaching c:iaracterization 
procedure (TCLP). The TCLP leachate Wac nalyzed 
for a broader range  of chemicals than listed above. 
The  testing procedure did not a t tempt  to suppress the  
loss of volatile organics during t h e  mixing and curing 
of the  samples. 

Major Conclusions: 
The da ta  derived from the HAZCON bench scale tes t  
demonstrates t h a t  the waste soils, sludges, aqueous 
liquids and organic liquids present at  the  IWC si te  
may be successfully t reated by solidification a n d  
fixatior. for on-site disposal. 

T h e  g e n e r a l  c o n c l u s i o n s  w e r e  t h a t  H A Z C O N  
"passed" the metal ar.d extractable organics ( B S A s )  
leach test for surface impoundment  s ludge mixed 
with both the aqueous liquid and the  two fractions 
from Area D (sample types 2 and 3). HAZCON also 
"passed" the  volatile organic  leach  t e s t  for t h e  
aqueous mix, but only had a "tentative" pas; for the 
two fraction mix.  A. p a s s i n g  c o n c e n t r a t i o n  is a 
leachate concentration less than the proposed TCLP 
limits. BNAs have no proposed TCLP limits and  thus  
substantial reduction in leachate concentration was 
used to determine "passing." 

Data Summary: 

UCS results for the two HAZCON samples  improved 
over the curing period from 200 and 225 psi after 18 
hours of curing to greater  than 700 psi af ter  90 hours 
of curing, 

T h e  TCLP results for volatile organics were mixed. 
For most chemicals the TCLP results were below the 
proposed TCLP limits. There were a few chemicals, 
however, tha t  the detection l imits  were above the  
proposed l imits  and  when the  leachate  d a t a  w a s  
reported a s  "less t h a n  the  detect ion l i m i t "  i t  is 
difficuit to interpret the d i t a .  Chemicals of this  type 
were benzene, carbon te t rachlor ide , met  h y 1 e t  h y I 
ketone, chloroform, iscbutanol ,  t r ichloroethylene,  
vinyl chloride and tetrachloroethylene. Except  fgr 
isobutanoi, the leachate concentrations for the  above 
chemicals were all less than 10 mg/l and most were 
less than 1 mg/ .  

I 

I 
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Case Study Q-6 

HAZCON Confidential Report A. 

Description: 
Waste samples from p lan t  faci l i t ies  w e r e  
o b t a i n e d  a n d  l a b o r a t o r y  t r e a t a b i l i t y  s t u d i e s  
per formed.  T h e s e  w a s t e s  c o n t a i n e d  c h r o m i u m ,  
chlorobenzene, cadmium, nickel and  arsenic. 

No physical test resul ts  were reported. Chemical tes t  
resul ts  were de te rmined  by performing the toxic 
c h a r a c t e r i s t i c  l e a c h i n g  p r o c e d u r e  (TCLP) a n d  
analyzing the leachate for the comwund of interest. 
For two of the faciiities (B and E) the r a w  (untreated) 
waste was also tested with the TCLP. Method blanks 
were performed. 

Tesling Protocol: 
For each of the five wastes duplicate samples  were 
treated using the HAZCON solidification procedure 
and  allowed to cure  for 32 to 56 days. 

Major con,-/usionsr 
No conclusions a r e  presented in the document 

chromium 
chromium 

chlorobenzene 
chlorobenzene 
chlorobenzene 
chlorobenzene 

cadmium 
cadmium 
cadmium 

nickel 
nickel 
riickel 

arsenic 
arsenic 
arsenic 

chromium 

0.032 
0.030 
< 0.02 

0.6 
1.4 

33.0 

0.05 
< 0.02 
<0.02 
0.06 
0.07 

C0.05 
0.91 
0.67 
30 

C0.005 

5.0 
5.0 

1.4 
1.4 
1.4 

1 .o 
1.0 

4.8 
4.8 

5.0 
5.0 
5.0 

, , .I 
Y 

Data Summary: 
Results of t h e  TCLP Analyses for the HAZCON 28-day samples: 

Proposed 
Concentration Regulatory 

m Level, mgll P lan t  Sample Constituent - 
A 1 

2 
Methods Blank - 

B 1 

I 
f 
I 
L 2 

raw waste 
Methods Blank - 

Methods Blank - 
D 1 

L 2 
t Methods Blank - 

E 1 b 
2 

raw waste 
<0.01 

[ 
Methods Blank - arsenic 

r 

i Proposed regulator levei from the 6/13/86 Federal Register 
Nickel estimated delisting cr lkr la:  5/17/88 Fedemf Register proposed regulation shows 0.3 1 mgfl 



1 HAZCON Confidential Report B. 
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1 Description: 
, 
I Ai l a b o r a t o r y  s t u d y  w a s  c o n d u c t e d  o n  t h e  

effectiveness of the  HAZCON solidification process 
on soil contaminated with pentachlorophenol (PCP).  
The results of the  TCLP on the raw waste was 2.1 
ppm PCP.  No information was a v a i l a b l e  o n  t h e  
mixing ratios of cement  or  Chloranan. 

Testing Protocol: 
N i n e  t r e a t a b i l i t y  s a m p l e s  w e r e  p r o c e s s e d  by 
HAZCON.  A f t e r  c u r i n g ,  a toxic c h a r a c t e r i s t i c  
leaching procedure (TCLP) was  performed on t h e  
samples  and t h e  leachate analyzed for PCP. 

I 

Major Conclwsions: 
No conclus ions  a r e  p r e s e n t e d  in  t h e  a v a i l a b l e  
infoimation. 

Data Summary: 
Below is  t h e  TCLP d a t a  on the  nine t rea tab i l i ty  
samples: 

P C P  TCLP 
Concentration 

Sample Number mg/l 
9 16 

10 21 

1 I. 24 

12 26 

13 24 

14 4.3 

15 2.9 

16 27 

17 1 . 1  

I 
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