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ABSTRACT

Metal-laden wastes can be stabilized and solidified using advanced clean coal technology
by-products (CCTBs) – fluid bed combustor ash and spray drier solids.  These utility-generated
treatment chemicals are available for purchase through brokers, and commercial applications of
this process are being practiced by treaters of metal-laden hazardous waste.  A complex of
regulations governs this industry, and sensitivities to this complex has discouraged public
documentation of treatment of metal-laden hazardous wastes with CCTBs.

This report provides a comprehensive public documentation of laboratory studies that
show the efficacy of the stabilization and solidification of metal-laden hazardous wastes – such
as lead-contaminated soils and sandblast residues – through treatment with CCTBs.  It then
describes the extensive efforts that were made to obtain the permits allowing a commercial
hazardous waste treater to utilize CCTBs as treatment chemicals and to install the equipment
required to do so.  It concludes with the effect of this lengthy process on the ability of the
treatment company to realize the practical, physical outcome of this effort, leading to premature
termination of the project.

vi
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EXECUTIVE SUMMARY

Environmental Approvals and Plant Modifications

1996.  The Waste Management Division, Southwest Region, Pennsylvania Department of
Environmental Protection (PADEP) approved the field work for Phase 2 at the Mill Service
Yukon Plant (MSYP).  The Air Pollution Control Division, Southwest Region, PADEP
exempted the field work at MSYP from its Plan Approval/Operating Permit.  However, a
decision by the U.S. Department of Energy (USDOE) that an environmental evaluation of the
work of Phase 2 at MSYP must be conducted, led that firm to withdraw from Phase 2.

A search began for a new subcontractor.  The Bedford, Ohio plant of Republic
Environmental Systems was approached first, but they declined the invitation.  A second
candidate, the Canton, Ohio plant of Envirite Corporation, was approached, but they declined the
invitation.  A third candidate, EQ Company, Ypsilanti, Michigan, was visited.  The project team
decided not to continue discussions with them.  A fourth candidate,  Heritage Environmental
Services, Inc., was sent information about the project but did not consider an invitation to join.

1997.  When the USDOE decided not to require an environmental evaluation of the work
of Phase 2, MSYP was contacted to rejoin the project team.  MSYP responded positively and
begin planning for installation of equipment to allow Phase 2 to be conducted there.  The cost of
equipment, financial arrangements for its purchase and installation, and preparation of requests
for permit modifications were addressed.  MSYP received a market survey of the demand for
hazardous metal-laden dust stabilization, and its principal owner authorized the seeking of funds
to purchase and install equipment to allow dusty wastes and treatment chemicals to be used at
the plant.

1998.  Work was carried out on the detailed design of that portion of the new system to
handle dusty treatment chemicals and on the minor permit modification applications needed to
carry out the installation. 

Staff of MSYP met with staff of the PADEP to discuss new equipment installation at the
plant.  MSYP received a modification of its principal solid waste permit to allow the commercial
use of dusty, dry clean coal technology by-products as stabilization/solidification treatment
chemicals at the plant.  The staff of MSYP submitted to the PADEP applications (1) for a minor
permit modification for the installation of a new silo and new storage pads and (2) for a revision
to the air permit to operate the baghouse on the new silo.

New federal Universal Treatment Standards were issued on August 24.  Operating
parameters at MSYP were adjusted accordingly.

1999.  MSYP filed a response to the PADEP concerning two administrative deficiencies
in its August 1998 application for a minor modification to its air permit to allow installation of
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the new silo.  It also filed an application for modification to its solid waste permit to allow
disposal of wastes treated with clean coal technology byproducts in its current impoundment. 
MSYP received approval from the PADEP for installation of the silo to store dusty clean coal
technology byproducts.  MSYP provided a reply to comments received from the PADEP on its
application for a modification to its solid waste permit.

Work began on the Test Plan for Phase 2 was prepared by the University.  Work also
began on the Environmental Questionnaires for Phase 2 at both the University and at MSYP.

2000.  The Environmental Questionnaires for Phase 2 at the University of Pittsburgh and
the MSYP were submitted in January.  

The Test Plan for Phase 2 was also submitted in January, and subsequently approved.

MSYP received final solid waste permit modifications allowing wastes stabilized with
clean coal technology by-products to be disposed on site.

2001.  The detailed design for silo foundation and supports was prepared and the silo was
sand blasted, primed and painted.  The concrete mix was designed the concrete mix, and the
rebar and lining for the construction of the foundation of the silo was ordered.  The stormwater
sump, the stormwater discharge line, the aggregate base and the liner were installed and
interviews of concrete companies to pour the foundation were begun.

Several by-product brokers were contacted to determine the availability of candidate by-
products to be evaluated at MSYP for use in the field test.  The Tennessee Valley Authority
(TVA), ReUse Technology, Inc. (ReUse), and Mineral Solutions, Inc. (MSI) offered to provide
samples.

In September MSYP submitted an application for renewal of its Hazardous Waste Permit. 
 The first round of comments took place in December.

2002.  Both MSI and ReUse provided several samples of advanced clean coal technology
by-products to MSYP to use in conducting treatability studies with soils contaminated with
hexavalent chrome that were expected to be sent to MSYP for treatment during 2002 and 2003. 

Unfortunately, because of other projects and the fact that the renewal of the Hazardous
Waste Permit, that had been applied for in September 2001, still had not arrived by the end of the
2002 construction season, MSYP deferred the construction of the silo’s pad until Spring 2003.

 2003.  By late Spring 2003 it became clear that other work at MSYP continued to have
higher priority than the field test.  So, considering all of the delays and with no end in sight, the
project was terminated on June 30, 2003.

Laboratory Studies
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Final Analyses of Phase 1 Samples.  Final analyses for arsenic, selenium and mercury
were completed for the extracts of the three by-products collected in Phase 1.  All metals
concentrations in the extracts were below the current BDAT (Best Demonstrated Available
Technology) standard and only selenium in the TCLP extract of two samples of the residues
from the Ebensburg Power Company (EBP) exceeded the potential future BDAT standard of
0.16 mg/L.

Final analyses for arsenic, beryllium, copper, mercury, selenium, antimony, thallium and
vanadium were completed for the extracts of the eight immediately successful by-product/waste
mixtures and the five mixtures which were not immediately successful, prepared during Phase 1. 
All concentrations were below both the current and potential future BDAT standards.

Mercury analyses were completed for the extracts of the three by-products, the unused
fourth by-product, and eleven treated waste mixtures.  All were well below both current and
potential future standards.

Analysis and Treatment of a Seventh Waste.  The seventh waste, a sandblast residue, was
analyzed and found to yield hazardous levels of lead when extracted.  Six other metals were
found to be present in sufficient quantities in the waste to be potentially a problem if completely
leached, but were not present in significant amounts in the standard leachate.  The lead in this
waste was found to be stabilized by a 30% dosage of CONSOL by-product and a 50% dosage of
the Tidd by-product.  The EPC by-product was not effective for this waste.

Solidification studies on the sandblast residue were conducted on the successful
stabilization recipes of the 30% dosage of CONSOL by-product and the 50% dosage of the Tidd
by-product.  The product of treatment with the CONSOL by-product exhibited no unconfined
compressive strength.  That with the Tidd by-product yielded very modest strength.  Good
stabilization accompanied the solidification with the CONSOL by-product but the (aged) Tidd
by-product failed to stabilize the solidified sandblast residue.

Long-Term Stabilization.  Two of the graduate students assigned to this project examined
the long-term stabilization of the solidification samples prepared a year ago.  The first found a
general trend toward destabilization was found. The second prepared a literature review on
stabilization/solidification and found in the laboratory that after two years, the leachability of
lead decreased or remained nearly constant in both the TCLP and ASTM leaching tests.  In
contrast, while the leachability of zinc in the TCLP leaching test also decreased or remained
nearly constant, its leachability in the ASTM leaching test increased..  She also found that
cadmium and chromium remained tightly bound within the s/s matrix after two years.  The
leachability of lead and zinc from the s/s matrices varied among the six samples after two years
of curing.
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Evaluations of the Solidified Sandblast Residue Using X-Ray Diffraction and the
Scanning Electron Microscope.  A third graduate student assigned to this project evaluated the
solidified sandblast residue using x-ray diffraction and the scanning electron microscope.
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1.0  INTRODUCTION

This report documents the work conducted under Award Number DE-FC21-94MC31175
on “Treatment of Metal-Laden Hazardous Wastes with Advanced Clean Coal Technology By-
Products.”  The project was defined in two phases.  The first phase was a laboratory evaluation
of the stabilization and solidification of six metal-laden wastes using four clean coal technology
by-products.  A topical report describing Phase I, covering work during the period August 18,
1994 to August 18, 1995, was presented to the U.S. Department of Energy (U.S.DOE) on March
1, 1996.  This report is reproduced in Appendix A.

The results of the work of Phase I and follow-on laboratory work, that continued in
parallel with the early portion of Phase II, was reported in an article, entitled “Stabilization of
Heavy Metal Containing Hazardous Wastes with By-Products from Advanced Clean Coal
Technology Systems,” published in the October 1999 issue of the Journal of the Air & Waste
Management Association.  This article is reproduced in Appendix B.

The work in Phase II was aimed at organizing and conducting a commercial field test of
the stabilization of a metal-laden waste with a clean coal technology by-product at the Mill
Service Yukon Plant (MSYP) of Max Environmental Technologies, Inc.  The plan for Phase II
called for environmental approvals to be provided by the U.S.DOE,and then by the Pennsylvania
Department of Environmental Protection through its normal regulatory actions.  With all
environmental approvals in place, the plan called for the installation of new equipment at MSYP
to receive dry, dusty clean coal technology by-product (such a treatment chemical not previously
in use at MSYP) and to feed it to and mix it with the metal-laden waste.

This report first describes the recently completed eight-year effort to obtain the
environmental approvals required before the new equipment could begin to be installed at
MSYP.  Throughout this description are noted the first steps taken to install the equipment and
prepare the procedure for treating a waste with a by-product.  The report then provides details of
laboratory work conducted after August 18, 1995 that were not included in the topical report.  A
condensed version of this data was included in the article in the Journal of the Air & Waste
Management Association.

It has been decided to end this extraordinarily lengthy project in June 2003 at a point
where the principal by-product-receiving equipment is ready to install, the foundation for the
receiving equipment is in place, and several candidate by-products are in hand to use in
treatability studies of the next available appropriate metal-laden waste.  In obtaining the
candidate by-products, it has been learned that clean coal technology by-products are being
quietly used for stabilization of metal-laden wastes.  It was the hope of this project to document
publically one such use at MSYP, as these other commercial projects have not to this time been
so documented.  It is to be hoped that the MSYP project, when it goes on-line, or one of the
other commercial projects, will be documented in the open literature for the benefit of the
electric utilities and hazardous waste treaters of the United States.
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2.0  ENVIRONMENTAL APPROVALS AND PLANT MODIFICATIONS

2.1  Permission for the Field Tests.  On November 30, 1995 the Mill Service Yukon Plant
(MSYP) wrote to the Southwest Regional Manager for Waste Management of the Pennsylvania
Department of Environmental Protection (PADEP), requesting the Department’s permission to
conduct the field tests of Phase 2 of this project.  MSYP had earlier requested a modification to
its Hazardous Waste Permit to do so on a permanent basis, but had neither received the
modification at that time nor had the expectation that it would be granted before the field work
of Phase 2 must proceed.

MSYP also asked the Air Pollution Control Division of the Southwest Regional Office of
PADEP for an exemption from its Plan Approval/Operating Permit for an anticipated increase in
fugitive emissions when clean coal technology by-products were used in Phase 2 to treat
commercial hazardous waste batches at MSYP.

On December 27, 1995, the Southwest Regional Manager for Waste Management of the
PADEP wrote to MSYP, giving that division’s approval for the field work of Phase 2.

In early January 1996 MSYP was requested by the Air Pollution Control Division to
provide additional information in support of MSYP’s request for an exemption from its Plan
Approval/Operating Permit.  The request appeared to have been initiated in response to
information obtained by PADEP during the preparation of the environmental information report
by the Center for Hazardous Materials Research last summer as part of Phase 1 of this project. 
Soon after the requested information was provided by MSYP, on February 20, 1996 one of the
Southwest Regional Air Pollution Control Engineers — Air Quality — of PADEP wrote to
MSYP, giving the requested exemption.

2.2  Effect of an Environmental Assessment on MSYP’s Participation.  In anticipation of
the decision by the Morgantown Energy Technology Center (METC) on whether an
environmental assessment (EA) would be necessary or a categorical exclusion would be granted
under NEPA, MSYP in early Spring 1996 prepared an elementary plan for conducting the field
tests at MSYP.  This plan would become a significant portion of the Test Plan for Phase 2.

In further anticipation of the decision by METC on whether an EA would be necessary or
a categorical exclusion would be granted under NEPA, MSYP in early April 1996 prepared a
plan to handle the collection of the CONSOL and EPC by-products.  This plan involved
engaging another company to haul each by-product to MSYP from its point of availability.  The
EPC material would have been delivered directly to the plant, while the CONSOL material
would have been stored in one of the silos owned by the hauling company.  A cost estimate for
this service was prepared.

Unfortunately,  the elementary plan for conducting the field tests and the by-product
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handling plan became moot as a result of the decision, announced by telephone to the project
team on April 1, 1996 by the project’s Contracting Officer’s Representative (COR), that METC
had decided to perform an EA of Phase 2 of the project, if it were conducted at MSYP.

After much consideration of this decision, MSYP on April 26, 1996 formally withdrew
from Phase 2.  Had the categorical exclusion been invoked, MSYP would have been able to have
continued to participate in Phase 2.  MSYP’s reason for withdrawing centers on that aspect of an
EA which would have provided an opportunity for public input.  The project team understood
that it was MSYP’s position that it (MSYP) would likely have been required to devote
considerable resources — in time spent by its professionals, staff and officers; in direct funds
expended; and in undefinable costs to meet unnecessary, increased regulations which frequently
result from overreaction by the PADEP to uninformed, emotional testimony — to participate in a
public review of the project.  The project’s budget did not include reimbursement of these ill-
defined expenses.  These unreimbursable, somewhat undefinable, increased expenses caused
MSYP to withdraw from the project.

2.3  Search for an Alternate Site.  Following MSYP’s withdrawal, a search began for an
alternative site and partner for the field tests of Phase 2.  In late May 1996 discussions were held
with the Bedford, Ohio plant of Republic Environmental Systems (Republic), the closest
hazardous waste treatment facility (geographically) to Pittsburgh — other than MSYP, of course. 
Although the technical director of the facility at first was very interested in the technical aspects
of the project, its general managers declined to participate, citing concerns for the intrusiveness
and magnitude of an EA of the project.

At that time — May 31, 1996 — the project team anticipated that an EA would be
required of any site agreeing to participate in Phase 2.  During discussions with METC
immediately following the decision by Republic’s Bedford plant not to participate, the project
team learned that the decision to perform an EA at MSYP had been based apparently solely upon
the substantial, acrimonious public scrutiny which that plant has received over the years.  If that
scrutiny had not been so vigorous, the categorical exclusion under NEPA would likely have been
granted.  Subsequent contacts with other potential participants were and continued to be made
with the advice to them out front that an EA was unlikely if little public scrutiny had been
previously applied to the plant being considered.

With this in mind, discussions were opened in mid-June 1996 with the Canton, Ohio
plant of Envirite Corporation (Envirite).  This plant was a treatment facility only — no material
was stored there.  The flow of hazardous waste to the plant was relatively constant year-round. 
Occasionally, the plant had been open to public review when permit modifications were sought. 
However, no members of the public had come forward at those times, the permits were granted
and no controversy was ever present.  The plant currently was nearing the conclusion of the
process of obtaining a Part B permit.  Envirite indicated that, when this permit was received, it
would be very interested in the possibility of using advanced clean coal technology by-products
as treatment chemicals.  However, they wished absolutely nothing to interfere with their Part B
application. The project team indicated that the circumstances of the plant were such that an EA
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would not anticipated.  On this basis the plant asked for documentation describing the project, an
idea of the role Envirite would play in it, and the format of the NEPA Checklist in order that they
could consider whether to join the project team for Phase 2.  This material was sent to Envirite
on July 1, 1996, along with an invitation to join the project team.  On July 10, 1996 Envirite
formally declined to participate.  In a telephone conversation it was noted that the reasons for
rejection were:

! incomplete cycle of approval of Part B permit;

! lack of operational, economic or business advantage;

! concern for federal involvement.

On July 25, 1996 a letter similar to the one to Envirite was sent to EQ Company (EQ) in
Ypsilanti, Michigan, and on September 10, 1996 another was sent to Heritage Environmental
Services, Inc. (Heritage), in Indianapolis, Indiana.  The principal investigator (PI) for this project
paid a visit to EQ on November 12, 1996, meeting with the Vice President for Hazardous Waste
Operations and the General Manager.  Here are the points that were covered in the discussion.

1. EQ had a basic interest in the project.  They were looking for inexpensive treatment
chemicals.  If certain conditions could be met, they would participate, even though those
chemicals might have been useful for only a small fraction of their wastes.  If it turned out that
the chemicals could not be used with their wastes for any reason, the outcome of the project
would be more to the advantage of their competitors to the east, where there were more obvious
sources of by-product.  So, EQ, as a business, would have had a success in the project only if EQ
used the process on a competitive playing field that was at least level.

2. The principal condition, therefore, was that there would be sufficient usable by-product
within 50 miles of EQ in Ypsilanti, Michigan, to serve as a commercial source.  A second
condition was that the by-products instantly bring the concentrations to UTS levels (for example
0.37 ppm for lead, NOT 5 ppm).  This is a relatively difficult task for the treatment chemicals
being examined in this project.

3. EQ treated batches an order of magnitude larger than MSYP.  Typically, 220 yards of
treated waste were produced per batch. However, at off-peak hours, batches of about 100 yards
probably could be used.

4. EQ would line up the wastes to be treated.

5. EQ felt that the data in the topical report describing Phase 1 was very robust, much more
so than similar studies they had seen.

6. EQ had filed for using their hazardous (RCRA) fill as a toxic (TOSCA) fill.  For the past
six months the site had been a lightning rod for public assessment of this request.  Even so, the
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project team hoped that, because the site was fully permitted as a RCRA fill, an EA would not be
required by USDOE.

7. EQ wanted the project team to find the by-products in their area.  They provided names
of contacts at GM Worldwide Powerhouse Operation, Wayne County Air Quality Management,
and the Air Quality Division of the Michigan Department of Environmental Quality.  They also
suggested getting in touch with Detroit Edison.

8. EQ felt that the project team should have had an easier time lining up a treater farther
east, where by-product was more available.  If USDOE were less likely to require an EA, they
suggested going back to others that the project team had spoken with earlier.

As a result of this visit, the project team decided not to continue discussions with EQ.

2.4  Reentry of MSYP to Project.  In mid-January 1997 the PI and the COR discussed
options for field work of Phase 2.  After nine months of effort it had become apparent that a
number of barriers were present to identifying a replacement for MSYP, as the subcontractor for
the field work:

• distance from and inexperience with the prime contractor
• lack of technical or economic incentives
• regulatory concerns
• press of competing projects.

The COR suggested recontacting MSYP.  The PI did so and the response was very encouraging. 
The current business plan for the plant continued to call for adding treatment technologies
utilizing dusty chemicals, and the permit modification application to allow this was still active
with the PADEP.

On February 11, 1997 the project team visited MSYP.  It was told that MSYP was then
experiencing major shifts in the waste streams that were being offered to them for treatment or
that they might seek out for treatment.  They also noted that they were always looking for new
inexpensive treatment chemicals.  A key handlability property of clean coal technology by-
products as treatment chemicals is their dustiness, but that was also a principal property of a
growing percentage of wastes that were likely to become available for treatment in the future. 
MSYP was beginning an examination of this situation, because the permit application for the use
of dusty chemicals had been under review for some time and the permit was expected to be
issued soon.  The MSYP staff said that they would give careful consideration to returning to the
project team.  They expressed appreciation for this discussion, because it stimulated many good
ideas about the direction their business might take.

Following the meeting on February 11, MSYP sought and obtained several cost estimates
for handling finely divided, dry chemicals and wastes.  It also began to estimate the market in the
surrounding ten states for treatment of finely divided, dry wastes.  This information was
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necessary for MSYP to make a decision on this new line of business and on rejoining the project. 
MSYP also initiated a survey of financing options for installing this long-term commercial
system for treating metal-laden wastes with dusty chemicals.

On May 29, 1997 the PI met for several hours with the owner and key staff members.  He
outlined the project and presented the expectations the University had for Phase 2.  The owner
emphasized his general, strong support for this and similar projects in the future with the
University.  He authorized planning for Phase 2 at MSYP.  He stated that, as soon as MSYP’s
financial situation allowed, it would move forward on the acquisition and installation of
equipment at MSYP, required to conduct treatment with dry, dusty materials.  The University
would assist in permitting as appropriate.

On June 12, 1997 the PI met for several hours with one of the key staff member at MSYP
for the project.  A number of issues were covered.

1. The business potential for MSYP of treatment using dry, dusty chemicals was
summarized .

 2. The cost of equipment for a comprehensive installation to receive wastes, treat
them, and load out the product was reviewed.  Financial arrangements for
equipment purchase and installation were discussed.

3. MSYP must prepare a request for a permit modification to install and operate the
new equipment, based upon a requirement from the Pennsylvania Department of
Environmental Protection to solve an existing dust problem at the Yukon Plant.  It
was hoped that the modification could be reviewed quickly, because it was a
solution to an existing problem.

4. The files from Phase 1 were surveyed, and key documents for review were
identified.

On June 13, 1997 the PI queried CONSOL in regard to the availability of its byproduct
for Phase 2.

On June 24, 1997 the PI discussed the costs of treatment chemicals with the key staff
member at MSYP.  The PI learned that a large window of costs existed.  One byproduct used for
treatment at MSYP was purchased in a considerably competitive market for over $20 per ton
plus transportation cost.  A second byproduct in the past had been purchased for an “ownership
transfer cost” of $1 per ton plus transportation cost.  A third treatment chemical was a non-
hazardous waste which was provided at the plant gate along with a $6 per ton tipping fee.  Most
of this material was being utilized in a disposal pond closure program, but some of it was being
used as a treatment chemical.  It was clear that the economic evaluation of a clean coal
technology byproduct as a treatment chemical at the Yukon Plant would be based upon its 
quality and purchase cost, as well as its location (which sets the transportation cost), in
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comparison to competing materials.

In late August 1997 the key staff member at MSYP received from an outside firm a
market survey of the demand for hazardous metal-laden dust stabilization.  A careful analysis of
the report revealed that the market for this sector of hazardous waste treatment was very good. 
A preliminary technical evaluation of the equipment needed (unloading facilities, silos,
conveyors, a plug mill and product loading facilities) factored favorably into the overall
economics of this sector.  The principal owner of MSYP authorized the application for low-
interest financing to seek the funds for this large, ambitious installation.

In mid-November 1997 the key staff member at MSYP reported that MSYP had just
hired a new Vice President of Sales, which added considerably to its management capability.  He
anticipated that the application for a low-interest loan to fund the installation of the equipment
needed to carry out this project to utilize dusty by-products to treat metal-laden hazardous waste
at the Yukon Plant would be completed early in 1998.

MSYP formally rejoined the project team via a letter of recommitment dated January 22,
1998.

2.5  Design, Permitting, Equipment Purchasing and Initial Construction at MSYP.  Work
began in late Winter 1998 at MSYP on the detailed design of one portion of the new system. 
When fully installed, the new system would allow MSYP to treat dusty wastes with dusty
chemicals (including advanced clean coal technology by-products).  At the beginning of the
design work it was expected that the entire system would be acquired immediately.  However, a
major investment at another corporate site required that the installation at MSYP be scaled back
to include just the equipment to handle dusty treatment chemicals and to allow these to be used
at the existing treatment pits.

The steps to engaging this partial installation in the project were:

! detailed design of treatment chemical unloading section, silo, chemical transfer
section and dust management system at the treatment pits

! preparation of the air and solid waste permit applications for construction and
operation of the partial system

! review of permit applications and issuance of permits

! construction of the partial system

! preparation of the task plan for Phase 2 of the project

The task plan would describe the acquisition of chemicals and wastes, the treatability and
solidification study for each chemical/waste pair, the treatment of 20-30 tons of waste with 2-6
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tons of chemicals in each batch in the treatment pits, and the stabilization/solidification
characterization of treated products.

During the second week of April 1998 the staff of MSYP met with staff of PADEP to
discuss MSYP’s plan to install among other items a silo and new storage pads near the treatment
pits.  This portion of the planned new installation would allow MSYP to regularly use dry dusty
treatment chemicals, such as advanced clean coal technology by-products, to stabilize large
volumes of solid, metal-laden hazardous waste.  PADEP agreed to allow MSYP to submit an
application for a minor permit modification for the new installation.

MSYP’s staff worked throughout the late Spring 1998 on the application for the minor
permit modification for the new installation, along with several other applications, including (1)
a revision to the air permit to operate the baghouse on the silo and (2) a modification to the solid
waste permit to dispose of the solid waste produced by treatment with the new chemicals.

It should be noted that PADEP at the time was in the process of consolidating all air
permits on a given site.  Currently, MSYP had five active air permits.  It had already submitted
the consolidation application in November 1997 for a new general air permit under the
Pennsylvania State Only Facility-Wide Minor Source Air Quality program and was awaiting
approval.  MSYP hoped that the air permit application for the silo’s baghouse would be issued
quickly and separately from the consolidated permit.

It should also be noted that the solidification characteristics of the wastes stabilized by
advanced clean coal technology by-products at that moment were important to MSYP.  MSYP
wished to use this stabilized waste stream as a portion of the cap on Impoundment #5, which was
scheduled to be closed at the end of 1998 and capped by the end of 1999.

During the early summer 1998 MSYP’s staff sought and received quotes on specific
items of equipment for the new installation to handle dry dusty treatment chemicals.

On July 8, 1998 the permit modification was finally issued to MSYP’s principal solid
waste permit (PAD004835146) to allow the commercial use of dusty, dry clean coal technology
by-products as stabilization/solidification treatment chemicals at the plant. 

On August 3, 1998 MSYP submitted its application for a minor permit modification to
PADEP for the installation, among other pieces of equipment, of the new silo and new storage
pads near the treatment pits at MSYP in order to conduct the field test of this project.  This
portion of the planned new installation would allow MSYP to regularly use dry dusty treatment
chemicals, such as advanced clean coal technology by-products, to stabilize large volumes of
solid, metal-laden hazardous waste.

In late August 1998 MSYP submitted a request to PADEP for a revision to the air permit
to operate the baghouse on the silo.  The revision was expected to be approved early in 1999.  As
soon as it was approved, a modification would be requested to the solid waste permit to dispose
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of the solid waste produced by treatment with the new chemicals.  This modification was
expected to be issued within eight weeks of the request.  The project team was hopeful that
MSYP could begin construction of the modifications in early spring 1999 and be ready to
conduct the field work of Phase 2 soon thereafter.

Because of a major regulatory revision that occurred during this quarter, it is appropriate
to revisit the subject of land disposal restrictions (i.e., Universal Treatment Standards — UTS)
for metal constituents in hazardous wastes.  Appendix C provides the summary, history and
applicability of the new federal UTS regulations from pages 28559-28561 of the Federal
Register (volume 63, number 100, May 26, 1998).  It also shows both the (then) current and new
standards for K061 from 40 CFR 268.40(f).  These newest regulations became effective on
August 24, 1998.  In Phase  1 the project team compared the stabilization results, which it
obtained during that phase, to the then existing and proposed UTS.  At that time the existing
UTS for lead was 5.0 ppm and the proposed UTS for lead was 0.37 ppm.  The UTS for lead in
mid-1998 was 0.37 ppm and the new UTS for lead (after August 24, 1998) was 0.75 ppm.

The Tidd by-product, that had been stored at Dravo Lime Company for several years,
was moved to MSYP on September 16, 1998.

On December 29, 1998, PADEP identified two administrative deficiencies in the
application for minor modification to MSYP’s air permit to allow installation of the new silo for
handling dusty treatment chemicals, such as clean coal technology byproducts (CCTBs), that had
been filed with PADEP on August 3, 1998.  On April 26, 1999, MSYP responded to PADEP
concerning the deficiencies.

In April 1999 MSYP filed the last of the permit applications to allow work on Phase 2 to
be initiated, namely, an application for a modification to the plant’s solid waste permit to allow it
to dispose of the waste treated with CCTBs in its current impoundment.

In July 1999 MSYP received comments from PADEP on its application for a
modification to its solid waste permit.

On August 31, 1999, MSYP received a letter from PADEP exempting the silo for the
storage of dusty treatment reagents from Plan Approval requirements.  This cleared the way
regulatorily for installation of the silo.  However, MSYP still needed the approval of the PADEP
for its modification to MSYP’s solid waste permit before MSYP was allowed to operate the
treatment system using clean coal technology byproducts.  Receipt of this final permit
modification was necessary before MSYP could be authorized by its owners to spend the funds
to rehabilitate the silo, install it and connect it to the treatment pits.

In October 1999 MSYP completed work on its reply to comments it received in July
1999 from PADEP on its application for a modification to its solid waste permit.  The reply was
forwarded to PADEP later that month.
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On January 18, 2000 executed copies of the Environmental Questionnaires for Phase 2 at
the University of Pittsburgh and at MSYP was submitted to the Environmental Officer at the
National Energy Technology Laboratory (NETL).  On that same date the Test Plan for Phase 2
was submitted to the COR.  These three documents are reproduced in Appendices D, E and F.

In late April 2000 the project team received approval of the Test Plan for Phase 2 from
the project’s COR.

The detailed design for the silo’s reinforced concrete foundation and for its supports was
prepared in May 2000.  In June 2000 the silo was sand blasted, primed and painted.

On June 6, 2000 MSYP received its final solid waste permit modifications allowing
wastes stabilized with clean coal technology by-products to be disposed on site.

However, at this point, work on the by-product feed system was interrupted by other
needs at the plant.  It was not until a year later, at the end of June 2001 that MSYP finally
continued to prepare for the field test in earnest.  During that summer, the concrete mix was
designed, the rebar and lining was ordered, the stormwater sump, the stormwater discharge line,
the aggregate base and the liner were installed and interviews of concrete companies to pour the
foundation was begun.

Given this activity, the PI contacted several by-product brokers in July 2001 to determine
the availability of candidate by-products to be evaluated at MSYP for use in the field test.  Those
contacted were the Tennessee Valley Authority (TVA), ReUse Technology, Inc. (ReUse), and
Mineral Solutions, Inc. (MSI).  TVA replied that they could provide spent material from its
atmospheric fluid bed combustor at the Shawnee Fossil Plant for waste stabilization.  ReUse
replied that it would be interested in supplying various by-products for the field test at MSYP,
including (1) FBC ash, (2) spray dryer FBC ash separated from fly ash and bottom ash, (3) spray
dryer FBC ash combined with stoker fly ash and bottom ash, (4) spray dryer FBC ash combined
with stoker fly ash only, and (5) spray dryer FBC ash combined with PC fly ash.  MSI offered to
provide samples of materials from two sources in Pennsylvania and a plant in Minnesota.  The
two plants in Pennsylvania are both circulating fluidized bed units, one combusting anthracite
culm and the other bituminous coal waste.  The plant in Minnesota combusts western coal and
has a dry scrubber.

The search for by-product samples was suspended when, again, work on the silo’s
foundation was interrupted later in Summer 2001, this time for two reasons.  The first was the
fact that the silo’s pad abutted the foundation of a new building also being constructed.  The
footers for that building had to be poured before the silo’s pad could be poured.  The second
reason was the regulatory need for MSYP to submit an application for renewal of its Hazardous
Waste Permit.  The application was submitted in September 2001.  The first round of comments
took place in December 2001.

It was not until April 2002 that MSYP stated that it would resume construction, using its
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own summer construction crew, rather than an outside company.  That month the PI resumed
contacting by-product suppliers to obtain samples for MSYP to use in conducting treatability
studies with soils contaminated with hexavalent chrome that were expected to be sent to MSYP
for treatment during the coming year.  MSI arranged for the circulating fluidized bed combustor,
feeding bituminous coal waste, to send several 5-gallon samples of its spent bed material to
MSYP.  This material would be the most likely for commercial use at MSYP, as it is relatively
close to Yukon.  ReUse arranged for several 5-gallon samples of by-products from three units in
Virginia and North Carolina.  These materials would be less likely to be of commercial interest
at MSYP, but ReUse was particularly interested in gaining experience in waste stabilization with
a wider range of by-products than it currently had tested before.

In late June 2002 MSYP began to assemble their summer construction crew, but
experienced great difficulty in finding employable workers.  Once the crew was assembled, their
first task was closure of a 7-acre cell.  This task required much of the summer.  When the
renewal of the Hazardous Waste Permit, that had been applied for in September 2001, still had
not arrived by the end of the 2002 construction season, MSYP deferred the construction of the
silo’s pad until Spring 2003, assuring the project team that it could complete the field test by
September 30, 2003.

 However, by late Spring 2003 it became clear that other work at MSYP continued to
have higher priority than the field test.  So, considering all of the delays and with no end in sight,
the project was terminated on June 30, 2003.
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3.0  LABORATORY STUDIES

The topical report, reproduced in Appendix A, provided the results and conclusions of
laboratory studies conducted during the first year and three months of the project (September 30,
1994 – December 30, 1995).  Laboratory studies continued through the next three years (1996,
1997 and 1998) while field work was being developed.  This chapter provides the details of
those laboratory studies.  The article in the October 1999 issue of the Journal of the Air & Waste
Management Association,  reproduced in Appendix B, provides a summary and analysis of all of
the laboratory studies during the first four years and three months of the project (September 30,
1994 – December 30, 1998).

3.1  Analyses for Metals, including Arsenic, Selenium and Mercury

At the close of 1995, the final analyses by atomic absorption spectroscopy for arsenic,
selenium and mercury had not been completed for the ASTM and TCLP extracts of by-products,
nor had the final analyses of all metals for the ASTM and TCLP extracts of by-product/waste
mixtures.  Those analyses were performed in early 1996.

3.1.1  By-Product Analyses

Analysis of all ASTM extracts of the by-products was completed with measurement of
the concentrations of the following three metals:  As, Se and Hg.  In addition, the TCLP extracts
of all the by-products were analyzed for As and Se.  It should be noted that As was analyzed by
USEPA SW-846 Method 7060A (Atomic Absorption, Furnace Technique) instead of Method
7061 (Atomic Absorption, Gaseous Hydride) as previously stated in the Phase 1 Test Plan.  In
addition, Se was analyzed by USEPA SW-846 Method 7740 (Atomic Absorption, Furnace
Technique) instead of Method 7741 (Atomic Absorption, Gaseous Hydride) as previously stated
in the Phase 1 Test Plan.  A summary of the metals analysis completed on ASTM and TCLP
extracts of the by-products is given in Tables 1 and 2, respectively.

All metals concentrations of the ASTM and TCLP by-product extracts were found  to be
below the current BDAT standards.  In addition, all metals concentrations of the ASTM and
TCLP by-product extracts were found to be below the potential future standards except for the
Se concentration of the TCLP extracts of EPC #4 and 5, which exceeded the potential future
standard of 0.16 mg/L.
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TABLE 1:  METAL ANALYSIS OF ASTM EXTRACTS OF BY-PRODUCTS^

Metal CONSOL
#1

CONSOL
# 5

CONSOL
#7

Tidd #2 Tidd #8 Tidd
#10

EPC #2 EPC #3 EPC #4 EPC
#5

Thames
River #2

Thames
River #4

As <0.01 <0.01 <0.01 0.020 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.012

Hg <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025

Se <0.01 <0.01 <0.01 0.011 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

^ All concentrations are in units of mg/L

TABLE 2:  METAL ANALYSIS OF TCLP EXTRACTS OF BY-PRODUCTS^

Metal Current
BDAT

Standard

Potential
Future

Standard

CONSOL
#5

CONSOL
#7

Tidd #8 Tidd #10 EPC #2 EPC #4 EPC #5 Thames
River #2

Thames
River #7

As 5.0 5.0 0.046 <0.01 0.019 <0.01 0.165 0.134 0.158 0.015 <0.01

Se 1.0 0.16 0.016 0.013 <0.01 <0.01 0.078 0.254 0.201 0.025 0.025

^ All concentrations are in units of mg/L
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3.1.2  Analyses of By-Product/Waste Mixtures

Analysis of all ASTM extracts of immediately successful by-product/waste mixtures was
completed with measurement of the concentrations of the following eight metals:  As, Be, Cu, Hg,
Se, Sb, Tl and V.  In addition, the TCLP extracts of immediately successful by-product/waste
mixtures were analyzed for the following seven metals:  As, Be, Cu, Se, Sb, Tl and V.  A summary
of the metals analysis completed on 24-hour ASTM and 90-day TCLP extracts of the immediately
successful treated wastes is given in Tables 3 and 4, respectively.

TABLE 3:  METAL ANALYSIS OF 24-HOUR ASTM EXTRACTS OF BY-
PRODUCT/WASTE MIXTURES^

Metal CONSOL/
Battery
Sludge

CONSOL
/Muni-

tions Soil

Tidd/
Battery
Sludge

Tidd/
Indust-
rial Soil

Tidd/
Muni-
tions
Soil

Tidd/
WWTP

Soil

EPC/
Muni-
tions
Soil

EPC/
WWTP

Soil

As <0.01 <0.01 <0.01 0.012 0.012 0.012 <0.01 <0.01

Be <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Cu <0.05 0.06 <0.05 <0.05 0.06 <0.05 <0.05 <0.05

Hg <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025

Sb <0.020 <0.020 0.101 0.056 <0.020 <0.020 <0.020 <0.020

Se <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Tl <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

V <0.010 <0.010 <0.010 <0.010 0.021 0.017 0.016 0.024

^ All concentrations are in units of mg/L

All metals concentrations of the ASTM and TCLP extracts of the by-product/waste mixtures
were found to be below both the current BDAT standards and the potential future standards (where
applicable).
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TABLE 4:  METAL ANALYSIS OF 90-DAY TCLP EXTRACTS OF BY-PRODUCT/WASTE MIXTURES^

Metal Current
BDAT

Standard

Potential
Future

Standard

CONSOL/
Battery
Sludge

CONSOL/
Munitions

Soil

Tidd/
Battery
Sludge

Tidd/
Industrial

Soil

Tidd/
Munitions

Soil

Tidd/
WWTP

Soil

EPC/
Munitions

Soil

EPC/
WWTP

Soil

As 5.0 5.0 0.012 0.041 <0.01 <0.01 <0.01 <0.01 0.069 0.124

Be --- 0.014 <0.001 0.0040 <0.001 <0.001 <0.001 <0.001 0.0025 0.0027

Cu --- --- 0.08 0.97 <0.05 0.13 0.09 <0.05 0.82 0.09

Sb --- 2.1 0.242 0.024 0.107 0.238 0.026 <0.020 <0.020 <0.020

Se 5.7 0.16 0.028 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Tl --- 0.078 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

V --- 0.23 0.074 0.101 0.011 <0.010 0.013 <0.010 0.019 0.032

^ All concentrations are in units of mg/L
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For those treatments that did not prove immediately successful, the 28 and 90-day TCLP
extracts were analyzed for the same seven metals as mentioned above.  A summary of the metals
analysis completed on the TCLP extracts of the by-product/waste mixtures prepared by the Proctor
method is given in Tables 5 and 6.

TABLE 5:  METAL ANALYSIS OF 28-DAY TCLP EXTRACTS OF BY-PRODUCT/WASTE 
MIXTURES PREPARED BY THE PROCTOR METHOD^

Metal Current
BDAT

Standard

Potential
Future

Standard

CONSOL/
Industrial

Soil

Tidd/
Munitions

Soil

EPC/
WWTP

Soil

As 5.0 5.0 0.030 <0.01 0.071

Be --- 0.014 0.0114 <0.001 0.0029

Cu --- --- 0.52 0.14 0.20

Sb --- 2.1 <0.020 0.102 <0.020

Se 5.7 0.16 <0.01 <0.01 <0.01

Tl --- 0.078 <0.005 <0.005 <0.005

V --- 0.23 0.097 <0.010 0.020

^ All concentrations are in units of mg/L

All metals concentrations of the ASTM and TCLP extracts of the by-product/waste mixtures
prepared by the Proctor method were found to be below both the current BDAT standards and the
potential future standards (where applicable).

3.1.3  Mercury Analyses

A number of samples were analyzed in order to determine the concentration of mercury
present.  These samples included TCLP extracts of a number of by-product samples  and treated
wastes.  The method used to analyze for mercury was based on EPA SW-846 Method 7470A -
Mercury in Liquid Waste (Manual Cold-Vapor Technique).  The method stated in the test plan was
Method 7470.  Method 7470A is simply a more recent revision of Method 7470.  Method 7470A
was modified to use a Varian VGA-76 Vapor Generation Accessory in place of the cold-vapor
generator described in the procedure.  This modification was used in order to simplify the analysis.

The results of the mercury analysis performed on the by-product samples and the treated
wastes is shown in Table 7.  All of the samples analyzed were below the current standard of 200
:g/L, as well as the UTS level of 25 :g/L.
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TABLE 6:  METAL ANALYSIS OF 90-DAY TCLP EXTRACTS OF BY-PRODUCT/WASTE 
MIXTURES PREPARED BY THE PROCTOR METHOD^

Metal Current
BDAT

Standard

Potential
Future

Standard

CONSOL/
Industrial

Soil

Tidd/
Munitions

Soil

EPC/
WWTP

Soil

As 5.0 5.0 0.013 <0.01 <0.01

Be --- 0.014 0.0072 <0.001 <0.001

Cu --- --- 4.32 0.07 0.06

Sb --- 2.1 0.101 <0.020 <0.020

Se 5.7 0.16 <0.01 <0.01 0.021

Tl --- 0.078 <0.005 <0.005 <0.005

V --- 0.23 0.045 <0.010 0.014
^ All concentrations are in units of mg/L

3.2  Analysis and Treatment of an Additional Waste

In the spring of 1996 MSYP received a sandblast waste for evaluation.

3.2.1  Waste Analysis

MSYP analyzed many of the total metals in a digestate of the untreated sandblast waste
and in a TCLP extract of this waste.  Those in the latter that are above minimum detectible levels
are as follows: antimony, 0.051 mg/l; copper, 0.28 mg/l; lead, 350 mg/l; zinc, 1.7 mg/l.  MSYP
also sent the digestate and the extract to Pitt where the final four metals were measured (see
Table 8).  These results led MSYP to determine that the treated sandblast waste had to be
analyzed for the following parameters — As, Ba, Cd, Cr, Pb, Hg and Ni.

In addition to the digestate and extract, an analytical sample of the waste itself was
provided to Pitt for XRD and SEM analyses.  These analyses are reported in the internal white
paper referred to in the next subsection and provided in Appendix H.

3.2.2  Waste Treatment

The sandblast waste was treated at MSYP at laboratory scale with each of the three by-
products at dosages of 10, 30 and 50%.  The results of metals analyses of TCLP extracts of the
treated wastes are shown in Appendix G (Table 2 of the Seventh Quarterly Report) for those metals
evaluated by MSYP and in Table 9 for those metals evaluated by Pitt.
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TABLE 7:  MERCURY CONCENTRATION IN BY-PRODUCTS AND TREATED WASTES

Sample Mercury Conc.
(:g/L)

Sample Mercury Conc.
(:g/L)

CONSOL #5 1.2 Battery Sludge w/ 33%
CONSOL

3.1

CONSOL #7 0.8 Battery Sludge w/ 72% Tidd 0.2

Tidd #8 1.0 Munitions Soil w/ 100%
Ebensburg

0.6

Tidd #10 0.6 Munitions Soil w/ 50%
CONSOL

3.9

Ebensburg #2 1.0 Munitions Soil w/ 50% Tidd 0.8

Ebensburg #4 0.2 Industrial Soil w/ 50% Tidd 1.7

Ebensburg #5 0.8 WWTP Soil w/ 50% Tidd 1.4

Thames River #2 0.8 WWTP Soil w/ 50%
Ebensburg

0.6

Thames River #7 0.4 Munitions Soil w/ 50% Tidd 
(28-Days, Proctor Method)

0.8

WWTP Soil w/ 50%
Ebensburg (28-Days,
Proctor Method)

1.0 Munitions Soil w/ 50% Tidd 
(90-Days, Proctor Method)

0.4

WWTP Soil w/ 50%
Ebensburg (90-Days,
Proctor Method)

0.2 Industrial Soil w/ 100%
CONSOL
(28-Days, Proctor Method)

11.4

TABLE 8:  METALS ANALYSIS OF SANDBLAST WASTE

Parameter Total Metals (mg/kg) TCLP (mg/L)

Antimony 5.1 0.0051

Beryllium <0.089 <0.001

Thallium <0.045 <0.005

Vanadium 1.29 <0.01
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TABLE 9:  METALS ANALYSIS OF SANDBLAST WASTE/BY-PRODUCT
COMBINATIONS

Immediate TCLP

By-Product Consol Tidd EPC

Dosage 10% 30% 50% 10% 30% 50% 10% 30% 50%

Antimony
(mg/L)

<0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.023 <0.02 0.028

Beryllium
(mg/L)

<0.001 0.0033 0.0042 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Thallium
(mg/L)

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Vanadium
(mg/L)

0.033 0.100 0.134 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

24 Hour TCLP

By-Product Consol Tidd EPC

Dosage 10% 30% 50% 10% 30% 50% 10% 30% 50%

Antimony
(mg/L)

<0.02 <0.02 <0.02 0.03 <0.02 <0.02 0.027 <0.02 <0.02

Beryllium
(mg/L)

<0.001 0.0029 0.0039 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Thallium
(mg/L)

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Vanadium
(mg/L)

0.029 0.099 0.119 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Immediate ASTM extraction for heavy metals leachability were performed on the two
treated sandblast residue samples according to ASTM D 3987-85 - “Test Method for Shake
Extraction of Solid Waste with Water.”  The results of the ASTM analyses of all 15 metals are
presented in an internal white paper entitled “Treatment of Sandblast Waste With By-Products
From Clean Coal Technologies.”  A copy of this paper can be found in Appendix H.

In addition to the immediate ASTM metals analyses, TCLP lead analyses were performed
on the two treated sandblast residue mixtures after curing for a period of 28 days each.  Table 10
gives the resulting TCLP lead concentrations of these two treatments in milligrams of
contaminant per liter of leachant.
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TABLE 10:  TCLP LEAD CONCENTRATIONS OF TREATED SANDBLAST RESIDUE

Sample Identification Curing Time
(days)

TCLP Pb Concentration
(mg/L)

Sandblast Residue 
w/30% CONSOL

28 0.24

Sandblast Residue 
w/50% Tidd

28 67.80

Table 10 shows that the long term stabilization of the sandblast residue treated with 30%
CONSOL was successful in decreasing the leachable lead concentration to well below the
current BDAT standard of 5 mg/L.  The long term stabilization of the sandblast residue treated
with 50% Tidd, however, was not successful as the leachable lead concentration after 28 days
was well above the current BDAT standard.

3.2.3  Solidification Testing

Based upon the analytical results just presented, MSYP recommended that solidification
testing of treated sandblast residue be conducted with two by-products.  Here is their specific
analysis:

CONSOL.  All of the tests performed with the CONSOL by-product generated a
non-hazardous waste that met the current LDR treatment standards and the 30% and 50%
dosages achieved the UTS levels.  It was suggested that Pitt perform a solidification test at the
30% dosage.

Ebensburg.  None of the tests performed with the EPC by-product were
successful.  TCLP-lead levels exceeded the current LDR treatment standards and the UTS levels
at all dosages.  No solidification tests were recommended.

Tidd.  The test performed with 50% Tidd by-product was the only test that was
successful in generating a non-hazardous waste and one that met the current LDR treatment
standards.  None of the tests achieved the UTS levels.  It was suggested that Pitt perform a
solidification test at the 50% dosage.

In the summer of 1996, solidification tests were conducted for successful treatments of
the sandblast residue.  There were two treated waste mixtures which demonstrated immediate
stabilization, the sandblast residue w/30% spray drier residue (CONSOL) and the sandblast
residue w/50% PFBC residue (Tidd).  For these two mixtures, a water-containing blend having a
1-2" slump was prepared out at the Yukon plant of MSYP.  Each of these mixtures was prepared
by placing a measured weight of by-product into a 32"x21"x9" plastic mortar box.  A measured
weight of sandblast residue was then added to the mortar box and the mixture blended with a
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cement hoe until well mixed.  A measured volume of water was then added to the mixture and
blended until thoroughly mixed.  The slump of the mixture was tested as per the requirements of
ASTM C 143-90a - “Test Method for Slump of Hydraulic Cement Concrete.”  Once the desired
slump was obtained, the mixture was compacted into 3"x 6" cardboard cylinders as per ASTM C
192-90a - “Standard Practice for Making and Curing Concrete Test Specimens in the
Laboratory.”  The cylinders were then covered with plastic in order to prevent moisture loss and
allowed to set up for 24 hours.  Following the setup period, the samples were transported back
the university campus, the molds were stripped off, and the specimens placed in an
environmentally controlled room with a relative humidity of 100%.  A summary of the
treatments prepared for solidification testing during the quarter using this methodology is given
in Table 11.

TABLE 11:  TREATMENT OF THE SANDBLAST RESIDUE
FOR SOLIDIFICATION TESTING

Sample
Identification

Weight of By-
Product (lbs)

Weight of Waste
(lbs)

Volume of
Water (L)

Slump 
(inches)

Sandblast Waste
w/30% CONSOL

20 60 8.5 1.75

Sandblast Waste
w/50% Tidd

22 44 5.0 1.5

Following specified curing times of 3, 7, 14, and 28 days, the compressive strength of the
treated sandblast residue mixtures was evaluated according to ASTM C 39-86 - “Test Method
for Compressive Strength of Cylindrical Concrete Specimens.”  The sandblast residue w/30%
CONSOL did not undergo solidification sufficient enough to conduct compressive strength tests. 
A summary of the solidification tests performed on the treated sandblast residue w/50% Tidd is
given in Table 12.

TABLE 12:  COMPRESSIVE STRENGTH OF THE SANDBLAST RESIDUE TREATED
WITH 50% TIDD

Curing Time (days) Compressive Strength (psi)

3 Not Solidified

7 13

14 18

28 20
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3.3  Long-term Stability and Leachability of Treated Waste Mixtures

Also during the summer of 1996,  long term solidification tests and TCLP lead analyses
were performed on ten different treated waste mixtures.  A summary of the results of these long
term evaluations is given in Table 13.

A comparison of the one-year TCLP with the immediate and 90-day TCLPs is shown in
Table 14.  It can be seen that in general the stability of the residues treated with CONSOL and
Tidd by-products degrades from 90 days to one year, while those treated with EPC by-product
are more stable at one year than at 90 days.  It should be recalled that the immediate TCLP was
determined for small samples treated at MSYP, while the 90-day and one-year TCLPs were
performed on fragments of cylinders produced for solidification tests.  Thus, it may not be
completely valid to compare the immediate TCLP with the other two.

TABLE 13:  LONG TERM EVALUATIONS OF SOLIDIFIED WASTES

Sample
Identification

Curing Time
(days)

Compressive
Strength

(psi)

TCLP Lead
Concentration

(mg/L)

CONSOL/Battery
Manufacturing Sludge

419 40 3.56

Ebensburg/Munitions
Depot Soil

419 165 0.49

Tidd/Industrial Soil 405 312 20.48

CONSOL/Munitions
Depot Soil

399 27 1.07

Tidd/Battery
Manufacturing Sludge

399 190 4.16

Tidd/Munitions Depot
Soil

370 133 1.74

Tidd/WWTP Soil 335 472 1.12

Ebensburg/WWTP Soil 335 120 0.65

Tidd/Munitions Depot
Soil Proctor

348 186 3.64

Ebensburg/WWTP Soil
Proctor

327 39 0.53
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TABLE 14: TCLP HISTORY OF SOLIDIFIED WASTES (CONCENTRATIONS IN MG/L)

Sample
Identification

TCLP Lead
Immediate

TCLP Lead
90-Day

TCLP Lead
One-Year

CONSOL/Battery
Manufacturing Sludge

0.2 <0.5 3.6

Ebensburg/Munitions
Depot Soil

5.0 9.0 0.5

Tidd/Industrial Soil 1.7 14.0 20.5

CONSOL/Munitions
Depot Soil

0.3 0.9 1.1

Tidd/Battery
Manufacturing Sludge

4.6 0.7 4.2

Tidd/Munitions Depot
Soil

0.8 1.2 1.8

Tidd/WWTP Soil 2.2 0.6 1.1

Ebensburg/WWTP Soil 0.2 6.0 0.7

3.4  Microscopic Evaluation of Treated Sandblast Waste Mixtures

During the summer and fall of 1996 microscopic evaluations were conducted of the
treated sandblast waste mixtures after curing times of 1, 3, 7, 14 and 28 days, in addition to the
raw materials used, by both x-ray diffraction and scanning electron microscopy.  That work was
reported in an M.S. thesis by Vourneen Clifford, entitled “The Stabilization of a Hazardous
Sandblast Waste with Advanced Clean Coal Technology By-Products.”  What follows are the
sections of her thesis which describe the microscopic evaluations.

Chemistry and Microstructure

Evaluation of chemistry and microstructure was performed on the treated waste mixtures
prepared for solidification testing after curing times of 1, 3, 7, 14, and 28 days, as well as on the
raw materials.  Morphology and elemental composition were evaluated through the use of
scanning electron microscopy (SEM), whereas mineralogy was determined through the use of x-
ray diffraction (XRD).  A detailed description of these two different techniques is provided
below.

Scanning Electron Microscopy.  SEM was used to create a magnified image of the
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sample surface.  In this process, a high energy focused beam of electrons, several tens of
angstroms in diameter, was used to scan palladium coated samples.  Interaction of the beam with
the outermost electron shells of the atoms on the surface produced secondary electrons which
were collected by a detector and displayed on a cathode ray tube screen, resulting in an image of
the surface.  Two different scanning electron microscopes, a JEOL 35CF and a Philips XL30
with a field emission source, were used during the course of this investigation.  In preparation,
all samples were dried in a 60 oC oven, under vacuum, for two hours prior to examination under
the SEM.  All dried samples were transported and stored in a desiccator.  For examination under
the JEOL 35CF SEM, all specimens were mounted to sample stubs using conductive carbon
tape.  As the Philips XL30 SEM was used to detect light elements such as carbon, conductive
silver paint was used instead of carbon tape to secure the specimen to the sample stub in order to
avoid any interference from the mounting media.  All samples were coated with palladium using
a Polaron Equipment Limited SEM Coating Unit E5000.  Each sample was coated three times
for two minutes at 1.0 kV, in order to prevent the sample from charging while in the microscope. 
While using both microscopes, the secondary electron mode was used to characterize
morphology, while the backscatter electron mode was used to locate the lead metal within the
specimen.  The JOEL 35CF microscope was used in conjunction with a 4B computer system
with a DTSA program for elemental analysis.  The Philips XL30 microscope was used in
conjunction with an EDAX, both eDXi and eDXAUTOp, analytical system with a super-ultra
thin window Si-Li detector for elemental analysis.  Use of the aforementioned techniques made it
possible to analyze small volumes of samples, approximately as small as 1 (:m)3.

X-Ray Diffraction.  XRD was used to identify the crystalline phases present in the
samples.  In preparation, samples were ground into a fine powder using a mortar and pestle. 
Approximately 2 grams of each powdered sample was then mounted on a glass cover slide in a
square sample holder.  Each finely ground sample was rotated while being irradiated with a
monochromatic beam of x-rays.  Mineralogy was determined by XRD using the powder method
in an X’Pert diffractometer system (Philips, Almelo, Holland) using Cu K" radiation.  The
system was operated using a tube voltage of 40 kV and a tube current of 30 mA.  The different
crystalline phases diffracted the beam of x-rays at different angles of rotation (2) and produced
strong signals which were recorded digitally as counts per seconds versus the 22 angle.  A 0.5o

beam slit and a 0.3o detector slit were used in scanning 22 from 3o to 80o at a rate of 2.4o/min. 
The peak intensities were directly related to the degree of sample crystallinity and the detection
limit for well crystallized phases was of the order of 1-3%.  The angles at which peaks occurred
were then used with Bragg’s law to calculate the spacing between the atomic planes of the
different crystalline phases.  Diffraction patterns were generated using PC-APD (PW1877)
Analytical Powder Diffraction software version 3.6.  Peaks in the resulting diffraction patterns
were identified using PC-Identify software (PW1876) version 1.0 and comparison to a data base
of known atomic plane spacings, the Joint Committee on Powder Diffraction Standards (JCPDS)
files, in order to determine the nature of the crystalline phases for mineral identification.  The
presence of the 3 peaks of strongest intensity of a given phase, as given by the reference pattern
for that particular phase, was required for positive phase identification.

Results and Discussion
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Appendix I contains a copy of those sections of Ms. Clifford’s thesis devoted to the
presentation of the results and discussion of the chemistry and microstructure studies.

Conclusions and Recommendations

The speciation of the hazardous constituent within the raw waste was found to be a basic
lead carbonate, as determined by XRD analysis.  Phase characterization by XRD also indicated
that the metal speciation of the raw waste remained unchanged in the resulting treated waste
mixtures.  Microstructure characterization by SEM revealed that the particles of basic lead
carbonate scattered throughout the treated waste mixtures were surrounded by or encapsulated in
a matrix of very fine material consisting of calcium, sulfur, and silicon.  The results of the XRD
analysis, when interpreted in conjunction with the results of the SEM analysis, imply that
physical encapsulation on a microscopic scale is the principal mechanism responsible for
stabilization.

The results of this study indicate several areas worthy of further investigation.  The long-
term effectiveness of stabilization and solidification should be evaluated.  For this purpose, it is
recommended that these same evaluations be conducted after curing times of at least 90 days to
gain a better understanding of the long term effects.  Long-term evaluations may be particularly
promising for the CFBC residue as the immediate leachable lead concentration of the waste
treated with this by-product significantly decreased after mellowing for 24 hours.  It is also
recommended that the chemistry and microstructure of this treated waste mixture be evaluated
by SEM and XRD analysis.  Long-term evaluations may also be of particular interest for the
sandblast waste treated with 50% PFBC residue as the first appearance of crystal growth in this
treated waste mixture did not occur until 28 days.  At this time, it was too early to determine the
exact composition of the crystal formation.  Long-term evaluations would give further insight
into the chemistry and microstructure of the matured crystals, thus determining their composition
and related effect upon stabilization and solidification.

It was hypothesized that the PFBC residue did not enter into pozzolanic hydration
reactions as readily as it has the potential to due to the fact that it may have become hydrated
during storage and subsequent utilization over the last year.  Further studies are necessary
between fresh and hydrated by-products to determine the resulting effect on stabilization ability. 
In addition, further experiments could be performed using additional binders and reagents to the
FBC residues in order to improve stabilization ability.  The use of additives, such as trisodium
phosphate (TSP), which is currently used by the local TSD facility as a treatment chemical, to
the sandblast waste treated with the PFBC residue may help bring the leachable concentration of
lead to below the current BDAT standard of 5 mg/L.

The total porosity and pore size distribution of a solid affects its physiomechanical
properties and permeability characteristics.  The correlation between porosity and permeability is
dependent upon total porosity, pore size distribution, and the morphology and configuration of
the pores.  The determination of total porosity and pore size distribution may be used as potential
indicators of the physiomechanical properties and leaching potential of stabilized/solidified
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wastes.

Finally, the degree of encapsulation is enhanced by the type and energy per unit mass of
mixing.  Bench-scale laboratory samples are generally well blended with a high energy per unit
mass as compared to full-scale batches mixed in the field.  This gives rise to a greater degree of
encapsulation in the laboratory as a larger number of particles become entrapped.  Field studies
should be conducted mixing 50 ton commercial-scale batches to ensure the same degree of
stabilization as was demonstrated in the laboratory.

3.5  Leachability of Aged Samples of Treated Waste Mixtures

Jana Agostini, the graduate student in the Civil and Environmental Engineering
Department, continued this special study for her M.S. project, entitled “An Evaluation of the
Long-Term Leaching Characteristics of Metals from Solidified/Stabilized Wastes.”  As a portion
of her project, she completed a literature of “Stabilization/Solidification Technology” which is
provided in Appendix J.  Here is the abstract of the final report of her special project.

Current hazardous waste treatment standards are based on the premise that
the leaching properties of stabilized/solidified (s/s) wastes do not significantly
change with time.  However, numerous studies have examined the mineralogical
changes which occur in s/s wastes with time.  Changes in the mineralogy of the
s/s matrix could cause changes in the microstructure, which may influence the
leachability of hazardous constituents in the s/s matrix.  The objective of this
research was to evaluate the long-term leaching characteristics of s/s waste
samples (originally prepared during [Phase 1 of this project] at the University of
Pittsburgh) by analyzing the available s/s waste samples; and to support such
results with a review of the literature in this area.  Six s/s waste samples,
remaining from [Phase 1], were examined to evaluate changes in the leachability
of cadmium, chromium, lead and zinc as a result of aging.  In order to measure
changes, the six original s/s waste samples were retested using the Toxicity
Characteristic Leaching Procedure (TCLP) and the Shake Extraction Test (ASTM
D 3987-85) after two years of curing.  Cadmium, as measured in the TCLP
leachates of the six samples, remained immobilized after two years, as expected
based on the literature review.  Chromium also remained tightly bound within the
s/s matric after two years, in agreement with previously published results.  The
leachability of lead from the s/s matrices varied among the six samples after two
years of curing.  This result is expected based on the noted mechanisms for lead
immobilization found in the literature.  Similar to lead, the concentration of zinc
in the TCLP leachates of the two year old samples varied.  The varying results for
zinc stabilization may be expected according to the mechanisms desribed for zinc
immobiliation presented in the literature.  In addition, the shake extraction test
leachates contained lesser concentrations of cadmium, chromium, lead and zinc
than did the TCLP leachates for each of the six s/s wastes examined.  This result
is expected since the shake extraction test used a less aggressive extraction fluid
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(near neutral pH) than does the TCLP.

Chapters 4-7 and Appendix B of Ms. Agostini’s thesis are reproduced in Appendix K.

This ends the laboratory studies of this project.
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4.0 PRESENTATIONS

Four presentations of particular note have been made during Phase 2 of this project. 
They are reproduced in Appendices L through O.

1. On March 25, 1996 the Principal Investigator (PI), James T. Cobb, Jr., presented a paper
entitled, “Stabilization of Metal-Laden Hazardous Wastes Using Lime-Containing Ash
from Two FBC’s and a Spray-Drier” at the 211th American Chemical Society National
Meeting and Exposition in New Orleans, Louisiana.  Coauthors were R. D. Neufeld, J.
Pritts and V. Clifford of the University of Pittsburgh, C. Bender of Mill Service, Inc., and
J. Beeghly of Dravo Lime Company.  A copy of the preprint of the paper is given in
Appendix L.

2. On July 14, 1997 the PI presented a paper entitled, “Preparation of a Commercial Test of
the Treatment of Metal-Laden Hazardous Wastes with Clean Coal Technologies By-
Products,” at the 29th Mid-Atlantic Industrial and Hazardous Waste Conference in
Roanoke, VA.  Coauthors were R. D. Neufeld, C. F. Bender, J. W. Pritts and B. V.
Clifford.   The paper published in the proceedings is reproduced in Appendix M.  

3. On October 21, 1997 the PI presented a paper entitled “Laboratory Evaluation and
Commercial Demonstration of Hazardous Waste Treatment Using Clean Coal
Technology By-Products,” at the 1997 International Ash Utilization Symposium in
Lexington, KY.  Coauthors were B. V. Clifford, R. D. Neufeld, J. W. Pritts, J. H. Beeghly
and C. F. Bender.  The paper is reproduced in Appendix N.

4. On July 22, 1998 the PI made a presentation on “Clean Coal Technology By-Products as
Treatment Chemicals for Hazardous Wastes” as part of the session titled By-Product
Utilization at FETC’s Advanced Coal-Based Power and Environmental Systems ‘98
Conference at the Morgantown (WV) site.  An accompanying paper, coauthored by R. D.
Neufeld, the Co-Principal Investigator, was published in the proceedings of the
conference.  A copy of the paper in the proceedings is provided in Appendix O.
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5.0  CONCLUSIONS

5.1  Laboratory Studies of the Stabilization and Solidification of Seven Wastes.  A set of
conclusions drawn from Phase 1 of this project were provided in the Topical Report that is
reproduced in Appendix A. General conclusions from the laboratory studies of Phase 1 and those
of Phase 2 that examined the sandblast waste were provided in the article from the Journal of the
Air & Waste Management Association that is reproduced in Appendix B.

5.2  Long-Term Stabilization.  In general the mid-term stability of the residues treated with
CONSOL and Tidd by-products degrades from 90 days to one year, while those treated with
EPC by-product are more stable at one year than at 90 days. In the long term, both cadmium and
chromium, as measured by the TCLP, remained immobilized after two years. However, the
leachability of lead and zinc from the solid matrices varied among the samples tested after two
years of curing.

5.3  Microscopic Evaluations of Raw and Treated Sandblast Waste.   The speciation of the
hazardous constituent within the raw sandblast waste was found to be a basic lead carbonate, as
determined by XRD analysis.  Phase characterization by XRD also indicated that the metal
speciation of the raw waste remained unchanged in the resulting treated waste mixtures. 
Microstructure characterization by SEM revealed that the particles of basic lead carbonate
scattered throughout the treated waste mixtures were surrounded by or encapsulated in a matrix
of very fine material consisting of calcium, sulfur, and silicon.  The results of the XRD analysis,
when interpreted in conjunction with the results of the SEM analysis, imply that physical
encapsulation on a microscopic scale is the principal mechanism responsible for stabilization.

5.4  Field Work. Satisfying environmental regulations for a demonstration project such as this
one, that involves hazardous wastes being treated at a state-regulated RCRA facility during the
decade from 1994 to 2003, proved to be an extremely lengthy process.  Adding in the effect of
Title V of the Clean Air Act of 1990, the temporary imposition of an environmental assessment
by USDOE and the reluctance of utilities to commingle CCTBs with hazardous wastes, and the
required time became extraordinary.  Once the regulations were satisfied, the business situation
of the industrial partner of this project had so shifted that the project could not get traction within
the total set of projects being conducted by MSYP, leading to its termination before completion.

Having said that, the situation currently faced by commercial projects involving
treatment of metal-laden wastes with CCTBs at state-regulated RCRA facilities is much more
favorable.  Most facilities have met the requirements of Title V.  Like MSYP, many have
enlarged the scope of their approved treatment chemicals to include materials such as CCTBs,
have received permission to modify their facilities to utilize them, and have made those
modifications.  As evidenced by the recent delivery to MSYP of a number of samples of CCTBs
from CCTB brokers, utilities are actively selling CCTBs through brokers for use as treatment
chemicals for metal-laden wastes at RCRA facilities.  It is certainly easily possible for a utility to
sell its CCTBs through existing brokers for use as treatment chemicals for metal-laden wastes,
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and for a RCRA facility to add CCTBs to its list of active treatment chemicals.  And it should be
possible for the use of CCTBs as treatment chemicals at one of the RCRA facilities conducting
business in this manner to be documented now in the open literature.
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APPENDIX D

ENVIRONMENTAL QUESTIONNAIRE FOR PHASE 2
AT THE UNIVERSITY OF PITTSBURGH



ENVIRONMENTAL QUESTIONNAIRE

   I. BACKGROUND

The Department of Energy's (DOE) National Environmental Policy Act (NEPA) Implementing Procedures (10 CFR
1021) require careful consideration of the potential environmental consequences of all proposed actions during the
early planning stages.  DOE must determine at the earliest possible time whether such actions require either an
Environmental Assessment or an Environmental Impact Statement, or whether they qualify for Categorical
Exclusion.  To comply with these requirements, an Environmental Questionnaire must be completed for each
proposed action to provide DOE with the information necessary to determine the appropriate level of NEPA review.

  II. INSTRUCTIONS

Separate copies of this Environmental Questionnaire should be completed by the principal offeror and each proposed
subcontractor.  In addition, if the proposed project includes activities at different locations, an independent
questionnaire should be prepared for each location.  Supporting information can be provided as attachments.

In completing this questionnaire, the proposer is requested to provide specific quantities regarding air emissions,
wastewater discharges, solid wastes, etc., to facilitate the necessary review.  In addition, the proposer should identify
the exact location of the project and specifically describe the activities that would occur at that location.

To expedite completion of this questionnaire, diskette copies in WordPerfect 6.1 are available upon request. 
Questions regarding the type of information requested or the approach to preparing responses should be referred to
Lloyd Lorenzi, U.S. Department of Energy, Federal Energy Technology Center, by phone (412) 892-6159, fax
(412) 892-6127, or E-mail (lorenzi@fetc.doe.gov).

III. QUESTIONNAIRE

A. PROJECT SUMMARY

1. Solicitation Number:      DE-FC21-94MC31175
2. Proposer & all Proposed Subcontractors:        University of Pittsburgh (Prime Contractor)

     MAX Environmental Technologies, Inc. (Subcontractor)
3. Principal Investigator:      James T. Cobb, Jr., P.E.

Telephone Number:      (412) 624-7443
4. Project Title:     Treatment of Metal-laden Hazardous Wastes with Advanced

Clean                 Coal
Technology By-Products, Phase Two

5. Duration:      12 months (10/1/99 — 9/30/00)
6. Location (city/township, county, state):      Pittsburgh, Allegheny, Pennsylvania

7. Indicate the type or scale of project:
a. G     Computer Modeling b. G   Library/Literature Search
c. G   Paper Study d. G   Workshop/Conference
e. O   Laboratory (Batch) Research f. G   Bench-scale Research
g. G   Pilot- or Proof-of-Concept-Scale Research h. G   Pilot Plant Construction/Operation
i. G   Full-scale Demonstration j. G   Other (please describe):

If either item a, b, c, or d was selected for Question A.7, proceed to Section IV (CERTIFICATION BY
PROPOSER);submittal of the intervening parts of this questionnaire is not required.

However, if either item e, f, g, h, i or j was selected, continue with Question A.8.



8. Indicate the size of the proposed project and the primary material processed (e.g., 200 tph of coal).

  tph (of    )   MM Btu/hr
scfm (of   )   MW  G electric  G thermal
acfm (of   )       X Other:          Approximately 0.5 ton of               

 5-lb cylinders of stabilized waste (10 each from the treatment of up to 25 batches of hazardous waste
using advanced clean coal technology by-products) would be produced at the Mill Service Yukon Plant.

9a. Summarize the proposed work.  List all activities or tasks planned at the location covered by this Environmental
Questionnaire.  During the Phase Two demonstration project, up to approximately  250 5-lb cylinders would
be transferred to the University of Pittsburgh and tested there for compressive strength.

9b. Characterize the work site at this location (check all that apply).
O    Existing Building (indoors)               G    Developed site               G    Undeveloped site

10. List all other locations where work would be performed.  (Note: Submit a separate Environmental
Questionnaire for each location.)     Mill Service Yukon Plant, MAX Environmental Technologies, Inc.,
Yukon, Westmoreland  County, Pennsylvania

11. Describe the objectives of the proposed project.
To determine and document the utility of the product of the stabilization of metal-laden hazardous wastes
using advanced clean coal technology by-products (CCTBs) as structural materials.                                     

12. Identify the planned number of tests, the frequency of testing (e.g., tests per week), and the duration of tests
by type (e.g., laboratory tests, pilot unit runs, etc.).
25 commercial-scale tests are planned at MSYP, two per week between April and July 1999.  During each 
test consideration will be given to producing ten cylinders.  Those produced will be cured and tested at the 
the University of Pittsburgh during the year following their production.

13. Identify all materials that would be used and produced by the project (materials can be grouped by category)
and estimate their total quantities over the entire duration of the proposed project.

Materials Used (total quantity) Materials Produced (total quantity)
G coal ( ) G wastewater ( )
G natural gas ( ) G air emissions ( )
G oil ( ) O solid waste (0.5 ton )
G electricity ( ) G hazardous waste ( )
G water ( ) G salable by-
G air ( ) list and note
G organic solvents ( )

O others -- list and note
quantity:   0.5 ton stabilized
waste cylinders

G others -- list and note quantity:

G None G None



B. PROPOSED PROJECT AND ITS ALTERNATIVES

1. List all alternative approaches considered to achieve the objectives described in A.11 and discuss the
anticipated environmental effects of each.  (Place the selected approach at the top of the list.)
Approach #1.  Test stabilized wastes, produced at Mill Service Yukon Plant (MSYP), at the University of 
Pittsburgh and return tested material to MSYP.  Up to 0.5 ton of stabilized wastes will be returned to the
current isposal site at MSYP.
Approach #2.  Test stabilized wastes, produced at Mill Service Yukon Plant (MSYP), at the University of 
Pittsburgh.  Up to 0.5 ton of stabilized wastes will be diverted from the current disposal site at MSYP to the
permitted industrial landfill used by the University of Pittsburgh for disposal of its non-hazardous wastes.
Approach  #3.  Test stabilized wastes, produced at MSYP, at a private testing company.  Up to 0.5 ton of
stabilized wastes would be diverted from the current disposal site at MSYP to the permitted industrial landfill
used by that company for disposal of its non-hazardous wastes.

2. Identify the environmental consequences of not implementing this project (e.g., emission increase).
The use of stabilized wastes produced by treating metal-laden hazardous wastes with advanced clean coal
technology products would not be practiced.

C. PROJECT LOCATION

1. Provide a brief description of the project location (physical location, surrounding area, adjacent structures).
The cylinders will be produced at the MSYP.  They will be cured and tested for strength in the concrete testing
laboratory of the Civil and Environmental Engineering Department of the School of Engineering, located in
Benedum Hall on the campus of the University of Pittsburgh.  The Pittsburgh Campus of the University of 
Pittsburgh is located approximately 2 miles from downtown Pittsburgh in the suburb of Oakland.  The
University  is completely surrounded by the Oakland community and is not directly bordered by any major 
surface streams or tributary waters of the Commonwealth of Pennsylvania.  Benedum Hall is located in the 
Ccenter of the Campus on the corner of O’Hara and N. Bouquet streets.

2. Attach a site plan or topographic map of the area that would be affected by the project and highlight (or
otherwise identify) the specific location where the project would be performed.
All detailed maps of the City of Pittsburgh show the location of the University of Pittsburgh.

D. ENVIRONMENTAL IMPACTS

This section is designed to obtain information for objectively assessing the environmental impacts of a proposed project.
NEPA procedures require evaluations of all possible effects (including:  land use, energy requirements, natural or
depletable resource use, historic and cultural resources, and pollutants) from proposed projects on the environment.
Answer the following questions as completely as possible.  Also, for "yes" or "no" questions, answer "yes" if there would
be any effect, or if there may be an effect.  (Failure to answer the questions completely could produce delays in project
awards.)

1. Land Use

a. Identify the location of the proposed project (i.e., city, county, state).
The University of Pittsburgh is located in the Oakland district of Pittsburgh, Allegheny County, Pennsylvania.

b. Identify the total size of the facility and the portion would be used for the proposed project.
Benedum Hall is a twelve-story tower, having an additional two levels below-ground.  The concrete testing 
laboratory is located in the sub-basement.

c. Characterize present land use where the proposed project would be located.



G Urban G Industrial
G Commercial G Agricultural
G Suburban G Rural
G Residential G Research Facility
G Forest O University Campus
G Other:

d. Describe how land use would be affected by planned construction activities.
O No construction would be anticipated for this project.

e. Describe how land use would be affected by operational activities associated with the proposed project.
Land use would not be affected by operational activities associated with the project.

f. Describe any plans to reclaim and/or revegetate areas that would be affected by the proposed project.
O No land areas would be affected G None

g. Would changes resulting from the proposed project affect future uses of the site or surrounding areas?
O No G Yes (describe)

h. Would the proposed project affect any unique or unusual landforms (e.g., cliffs, waterfalls, etc.)?
O No G Yes (describe)

I. Would the proposed project affect existing or future recreational opportunities in the area?
O No G Yes (describe)

j. Would the proposed project be located in or near a national park or wilderness area?
O No G Yes (describe)

If the project would involve only laboratory or bench-scale research and be conducted within an existing
building, proceed to Part D.8 (Atmospheric Conditions/Air Quality).  If the project would be larger than bench-
scale, continue with Part D.2.

2. Construction Activities and/or Operation

a. Describe the topography at the project site, including any significant landforms, etc.

b. Identify any transmission lines and/or pipelines that traverse the proposed site and clearly mark them on the
site plan or topographic map.
G None

c. Would the proposed project require the construction of settling ponds?
G No G Yes (describe, identify location, and estimate surface area disturbed)

d. Would the proposed project affect any existing body of water?
G No G Yes (describe)

e. Would the proposed project be located in or impact a floodplain?
G No G Yes (describe)

f. Would the proposed project be located on (or near) or impact wetlands?
G No G Yes (describe)

g. Would the proposed project be likely to cause erosion?
G No G Yes (describe)

h. Would any wetlands be impacted by the discharge of wastewater from project activities?



G No G Yes (describe)

I. Would any construction activities planned under the proposed project result in stream diversion?
G No planned construction G No G Yes (describe)

3. Geological/Soil Conditions

a. Describe any instability (e.g., subsidence) in the topography near the proposed project.

b. Is there faulting in the vicinity of the proposed  project area?
G No G Yes (describe)

c. Describe the soil in the vicinity of the proposed project in terms of productivity, presence of unique species,
and susceptibility to erosion.

d. Would any construction activities planned under the proposed project result in subsidence or changes in soil
permeability/filtration?
G No planned construction G No G Yes (describe)

4. Vegetation and Wildlife Resources

a. Describe the indigenous flora and fauna in the vicinity of the proposed project.

b. Identify any state- or Federal-listed endangered or threatened species in the vicinity of the proposed project.
G None

c. Would any threatened or endangered species or their habitat be affected by the proposed project?
G No G Yes (describe)

d. Describe any impacts that construction would have on sensitive or unique habitats.
G           No planned construction               G           No habitats               G           None (discuss)               G           Impact (describe)

e. Would any species or subspecies, not indigenous to the area, be introduced as a result of the project (e.g.,
introducing a new bacterial strain, as in microbial desulfurization projects)?
G No G Yes (describe)

f. Would any migratory corridors be impacted or disrupted by the proposed project?
G No G Yes (describe)

g. What regulatory authority maintains cognizance over indigenous wildlife species?

5. Socioeconomic and Infrastructure Conditions

a. What is the population in the vicinity of the proposed project and in communities near the project site?

b. Describe employment and labor mix in the vicinity of the proposed project.

c. Would changes (increases/decreases) in regional labor requirements be created by the proposed project?
G No G Yes (describe)

d. Would the proposed project alter present traffic patterns?
G No G Yes (describe)

e. Would the proposed project require new transportation access (roads, rail, etc.)?
G No G Yes (describe)

f. Would the proposed project create an increase in local energy usage?
G No G Yes (describe)

g. Would the proposed project increase local energy efficiency?



G No G Yes (describe)

h. Would the proposed project significantly impact local fuel or energy supply?
G No G Yes (describe)

I. Would any new transmission lines be required?
G No G Yes (describe location, voltage, and length of line)

6. Historical/Cultural Resources

a. Describe any historical or cultural places in the vicinity of the proposed project; note any sites included on the
National Register of Historic Places.
G None G The following historical/cultural places are located in the project area:

b. Are there any known archeological sites in the vicinity of the proposed project?
G No G Yes (describe)

c. Would construction or operational activities planned under the proposed project disturb any historical or
cultural sites?
G       No planned construction               G       No historic  sites               G       No impact (discuss)               G       Yes (describe)

d. Has the State Historic Preservation Office been contacted with regard to this project?
G No G Yes (describe)

7. Visual Resources

a. Describe any scenic vistas or aesthetic landscaping in the vicinity of the proposed project?
G None G The following visual resources exist in the project area:

b. Would the proposed project interfere with visual resources (e.g., eliminate scenic views) or alter the present
landscape?
G No G Yes (describe)

c. Would any facilities constructed under the proposed project contrast with the present landscape?
G No construction planned G No G Yes (describe)

For all proposed projects involving laboratory, bench-scale, or larger research and development activities,
respond to the following questions.

8. Atmospheric Conditions/Air Quality

a. Describe the local climate.
July average precipitation = 3.75 in.  July average low temperature = 62oF.  July average high temperature =

83
oF. January average precipitation = 2.54 in.  January average low temperature = 19oF.  January average high
temperature = 34oF.



b. Identify air quality conditions in the immediate vicinity of the proposed project with regard to attainment of
National Ambient Air Quality Standards.  (This information should be available from the county environmental
agency.)

Attainment Non-Attainment
O3 G O
SOx O G
PM10 O G
CO O G
NO2 O G
Lead O G

c. Would the proposed project be in compliance with the National Emissions Standards for Hazardous Air
Pollutants?
G No (explain) O Yes

d. Would the proposed project be classified as either a New Source or a major modification to an existing source?
O No G Yes (describe)

e. Would the proposed project be in compliance with the New Source Performance Standards?
O Not applicable G No (explain) G Yes

f. Would the proposed project be subject to prevention of signification determination review?
O Not applicable G No (explain) G Yes (describe)

g. What authority regulates air quality in the project area (identify Federal, state, and local authorities)?
Federal: Environmental Protection Agency, Region 3; State: Pennsylvania Department of Environmental
Protection, Bureau of Air Quality; Local: Allegheny County Health Department

h. Identify the contact person, address, and telephone number for each authority.
Federal: U. S. Environmental Protection Agency, Region e, Air and Toxics Section (3RC11), 215-814-2691;

State: Pennsylvania Department of Environmental Protection, Bureau of Air Quality, Joseph Pezze, Air Quality

Program Manager, 412-442-4161; Local: Allegheny county Health Department, 412-687-ACHD

I. When were these authorities contacted regarding the proposed project (if necessary)?  Include results of
discussions.
O Not contacted

j. How does each regulator (authority) define a major source (e.g., greater than 100 ton/year; thermal input of 250
MMBtu/hr)?
Allegheny County Health Department (local authority having jurisdiction) defines a “major source” in Article

XXI as “For stationary sources (or group of stationary sources) 10 tons per year (tpy) or more of any hazardous

air pollutant, 25 tpy or more of any combination of such air pollutants, or 100 tpy or more of any air pollutant.”

This project will not fall under this designation.

k. Would any types of emission control or particulate collection devices be used?
O No G Yes (describe, including collection efficiencies)

l. If no control devices are used, how would emissions be vented?
No emissions will be produced.



O  None
(Maximum per year) (Total for project)

G  SOx                                                             
G  NOx                                                             
G  PM10                                                             
G  CO                                                             
G  Lead                                                             
G  H2S                                                             

G  organic solvent vapors or other volatile organic compounds -- list

G  hazardous air pollutants -- list

G  other -- list

O None
G non-contact cooling water (  gallons)
G process water (  gallons)
G sanitary and/or grey water (  gallons)
G other -- describe (  gallons)

m. What types of air emissions, including fugitive emissions, would be anticipated from the proposed project, and
what would be the total quantity and maximum annual rate of emissions over the duration of the project?

n. Would the proposed project reduce the amount of air emissions in the area?
O No G Yes (describe)

o. Identify Federal, state, and local air quality regulations that govern emissions in the project area.
Federal air quality regulations: Clean Air Act; Local air quality regulations: County of Allegheny, Penn-
sylvania, Ordinance No. 16782, and Allegheny County Health Department Rules and Regulations, Article XXI,

Air Pollution Control.

9. Hydrologic Conditions/Water Quality

a. What is the closest body of water to the proposed project area and what is its distance from the project site?
Indicate on the site plan, if provided.
The Pittsburgh Campus of the University of Pittsburgh is located approximately 2 miles from downtown
Pittsburgh in the suburb of Oakland.  The University is completely surrounded by the Oakland community 
and is not directly bordered by any major surface streams or tributary waters of the Commonwealth of 
Tpennsylvania.  The closest body of water is the Monongahela River.  The project site is approximately one
mile from this river.

b. What sources would supply potable and process water for the proposed project?  Identify quantities consumed
and uses.  Identify the names of municipal or other water systems that would be used.
The City of Pittsburgh Water and Sewer Authority (ALCOSAN)

c. Quantify the total amount of wastewater that would be generated by the proposed project.

d. What would be the components of each type of wastewater (e.g., coal fines)?



Not applicable — no wastewater from the project.

e. Identify the local treatment facility that would receive wastewater from the proposed project.
O No discharges to local treatment facility.
Allegheny County Sanitary Authority

f. Describe how wastewater would be collected and treated.
All wastewater and sanitary sewage from the Pittsburgh Campus of the University of Pittsburgh (including 
this project) is transported via the City of Pittsburgh sewage collection system to the Allegheny County 
Sanitary Authority (ALCOSAN) for ultimate treatment and discharge.  Therefore, the Pittsburgh Campus does
not treat or directly discharge sanitary or industrial wastewater into any waters of the Commonwealth of 
Pennsylvania and is not required to participate in the NPDES permit program.

g. What Federal, state, and local authorities regulate water quality in the proposed project area?
Federal: U. S. Environmental Protection Agency; State/Local: Pennsylvania Department of Environmental
Protection, Southwest Regional Office

h. Identify the contact person, address, and telephone number for each authority.
State/Local: Pennsylvania Department of Environmental Protection, Southwest Regional Office, Bureau of

Water Quality, Tim Dreier, Water Quality Program Manager, 412-442-4028

I. When were these authorities contacted regarding the proposed project (if necessary)?  Include results of
discussions.
O Not contacted

j. Would any run-off or leachates be produced from storage piles or waste disposal sites?
O No G Yes (describe sources, nature of flow, and collection techniques)

k. Identify Federal, state, and local regulations that govern water effluents/water quality in the project area.
Federal Regulations: Clean Water Act; State Regulations: PA Code, Title 25.  Environmental Resources —

Chapter 71: Administration of Sewage Facilities Planning Program; Chapter 72: Administration of Sewage

Facilities Permitting Program; Chapter 73: Standards for Sewage Disposal Facilities; Chapter 92: NPDES;
Chapter 93: Water Quality Standards; Chapter 95: Wastewater Treatment Requirements; Chapter 101:
Special Water Pollution Regulations; Local Requirements: ALCOSAN discharge effluent requirements.

l. Where would wastewater effluents from the proposed project be discharged?
Not applicable — no wastewater from the project.

m. Would the proposed project be permitted to discharge effluents into an existing body of water?
O No G Yes (describe water use and effluent impact)
Benedum Hall does not directly discharge into any body of water.

n. Would a new or modified National Pollutant Discharge Elimination System (NPDES) permit be required?
O No G Yes (describe)

o. Would the proposed project increase or decrease the surface area of an existing body of water?
O No G Yes (describe)

p. Would the proposed project adversely affect the quality or movement of groundwater?
O No G Yes (describe)



Quantity
G  None
G  municipal solid waste, i.e., paper, plastic, etc. (            )
G  coal or coal by-products (            )
O  other -- identify (            )

  Broken cylinders of stabilized waste                          (0.5 ton )
                                                                                       (            )

10. Solid and Hazardous Wastes

a. Describe in detail and provide the total quantity of all nonhazardous wastes that would be generated from the
project.  Solid wastes are defined in RCRA as any solid, liquid, semi-solid, or contained gaseous material that
is discarded, has served its intended purpose, or is a manufacturing or mining by-product (40 CFR 260,
Appendix I).

b. Describe in detail and provide the total quantity of all hazardous wastes (40 CFR 261.3) that would be
generated, used, or stored under this project.
O None G The following hazardous wastes would be generated, used, or stored:

c. How and where would solid waste disposal be accomplished?
G On-site (identify and describe location)               O Off-site (identify location and describe facility and treatment)
All samples for this project will be returned to Mill Service Yukon Plant and disposed at their facility,
Impoundment #6, under PA DEP permit number 301071.

d. How would wastes for disposal be transported?
Dump trailer or roll-off container.

e. How many trips would be required for landfill disposal?
G None O Number of trips:    One   

f. What volume of the landfill would the solid waste occupy?
G None O Volume:     10    cubic feet

g. What Federal, State, and local waste management authorities would have permit authority for the landfill?
Federal: United States Environmental Protection Agency, Region 3; State/Local: Pennsylvania Department

of
Environmental Protection.

h. Identify the contact person, address, and telephone number for each authority.
Federal: No active contact; State/Local: Pennsylvania Department of Environmental Protection, Carl 
Spadaro 400 Waterfront Drive, Pittsburgh, PA 15222, 412-442-4120.

I. When were these authorities contacted regarding the proposed project (if necessary)?  Include results of
discussions.
O Not contacted

j. How would hazardous or toxic products be collected and stored?
Not applicable — no hazardous or toxic products will be collected or stored.

k. If hazardous/toxic solid wastes are subject to land disposal restrictions, how would collection, treatment, and
disposal of the wastes be accomplished?
G Not subject to RCRA land disposal restrictions. G Subject to RCRA land disposal restrictions

(explain):
Not applicable

l. If hazardous wastes would require off-site disposal, have arrangements been made with a certified TSD
(Treatment, Storage, and Disposal) facility?
O       Not required           G       Arrangements not yet made           G       Arrangements made with a certified TSD facility (identify):



m. How would hazardous waste(s) be transported?
O No hazardous wastes would be generated

n. What treatment/storage/disposal methods would be used for hazardous wastes?
O         No hazardous wastes would be generated             G         Unknown             G         Methods that would be used (describe):

11. Health/Safety Factors

a. Identify any hazardous or toxic substances that would be used in the proposed project.
O None G Hazardous or toxic substances that would be used (identify):

b. What would be the likely impacts of these substances on human health and the environment?
Not applicable — no hazardous or toxic substances will be used.

c. Would there be any potential for workers to be exposed to toxic/hazardous chemicals or wastes?
O No G Yes (describe)

d. Would there be any potential for exposure to extreme temperatures?
O No G Yes (describe)

e. Would there be any special physical hazards associated with the project?
G No O Yes (describe)
Use of strength testing machine.  Potential for flying pieces of crushed cylinders

f. Would personal protective equipment or clothing be required?
G No O Yes (describe)
Eye, face and hand protection

g. Does a worker safety program exist at the location of the proposed project?
G No O Yes (describe)
The University of Pittsburgh Department of Environmental Health and Safety (EH&S) provides several
programs that are applicable to the safety of laboratory workers at the University of Pittsburgh, including the

General Health and Safety Program and Chemical Hygiene Plan.

h. Would safety training be necessary for any laboratory, equipment, or processes involved with the project?
G No O Yes (describe)
The University of Pittsburgh Chemical Hygiene Program has been designed to help University faculty, staff
and students to use chemicals safely and in a manner which complies with prevailing State and Federal 
regulations and protocols.  The purpose of the University Chemical Hygiene Program, and specifically the 
Chemical Hygiene Plan,” is to describe proper practices, procedures, equipment and facilities that function 
together to help ensure that all affected individuals are protected from the effects of hazardous chemicals in 
their work area.  All University faculty, staff and students working with chemicals are provided with Chemical
Hygiene training by the EH&S Department.

I. Describe any increases in ambient noise levels from construction and operational activities.
O None G Increase in ambient noise level (describe)

j. Would project construction result in the removal of natural barriers that act as noise screens?
O No construction planned G No G Yes (describe)

k. Identify the highest expected highest decibel level at the closest point of public access.
The level is unknown, but it would not be changed as a result of the proposed action.

l. Identify the highest expected decibel level in the work area.
The level would be less than 85 decibels (TWA), and it would not be changed as a result of the proposed
action.

m. Would hearing protection be required for workers?
O No G Yes (describe)



12. Environmental Restoration and/or Waste Management

a. Would the proposed project include CERCLA removals or similar actions under RCRA or other authorities,
meeting CERCLA cost/time limits?
O No G Yes (describe)

b. Would the proposed project include siting, construction, and operation of temporary pilot-scale waste collection
and treatment facilities or pilot-scale waste stabilization and containment facilities?
O No G Yes (describe)

c. Would the proposed project involve improvements to environmental monitoring and control systems of an
existing structure or building?
O No G Yes (describe)

d. Would the proposed project involve siting, construction, operation, and decommissioning of a facility for
storing packaged hazardous waste for 90 days or less?
O No G Yes (describe)

E. REGULATORY COMPLIANCE

1. For the following laws, describe any new or modified permits, manifests, contacts, etc., that would be required
for the proposed project:

a. Resource Conservation and Recovery Act (RCRA):
O None G Required (describe)

b. Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA):
O None G Required (describe)

c. Toxic Substance Control Act (TSCA):
O None G Required (describe)

d. Water Pollution Control Act (WPCA):
O None G Required (describe)

e. Clean Air Act (CAA):
O None G Required (describe)

f. Endangered Species Act (ESA):
O None G Required (describe)

g. Floodplains and Wetlands Regulations:
O None G Required (describe)

h. Fish and Wildlife Coordination Act (FWCA):
O None G Required (describe)

I. Farmland Protection Policy Act (FPPA):
O None G Required (describe)

j. National Historic Preservation Act (NHPA):
O None G Required (describe)

k. Coastal Zone Management Act (CZMA):
O None G Required (describe)



l. American Indian Religions Freedom Act (AIRFA):
O None G Required (describe)

m. Wild and Scenic Rivers Act (WSRA):
O None G Required (describe)

2. Identify any other environmental laws and regulations (Federal, state, and local) for which compliance would
be necessary for this project, and describe the permits, manifests, and contacts that would be required.
None.

F. DESCRIBE ANY ISSUES THAT WOULD GENERATE PUBLIC CONTROVERSY REGARDING
THE PROPOSED PROJECT.
O None

G. WOULD THE PROPOSED PROJECT PRODUCE ADDITIONAL DEVELOPMENT, OR ARE
OTHER MAJOR DEVELOPMENTS PLANNED OR UNDERWAY, IN THE PROJECT AREA?
O No G Yes (describe)

H. SUMMARIZE THE SIGNIFICANT IMPACTS THAT WOULD RESULT FROM THE PROPOSED
PROJECT.
G None (provide supporting detail) O Significant impacts (describe)
Utilization of treatment products as closure caps.



 IV. CERTIFICATION BY PROPOSER

I hereby certify that the information provided herein is current, accurate, and complete as of the date shown immediately
below.

DATE:        1      /      14       /     00       
  month        day           year

SIGNATURE:    

TYPED NAME:    Lawrence W. Keller, CIH, CSP

TITLE:    Director, Environmental Health and Safety

ORGANIZATION:  University of Pittsburgh

  V. REVIEW AND APPROVAL BY DOE

I hereby certify that I have reviewed the information provided in this questionnaire, have determined that all questions
have been appropriately answered, and judge the responses to be consistent with the efforts proposed.  Based on the
information in the questionnaire, I conclude the following (check the appropriate box):

  G The proposed action falls under one or more of the categorical exclusions (CXs) listed in Appendix A or B of
Subpart D of the DOE NEPA Implementing Procedures and would not (1) violate applicable ES&H
requirements, (2) require siting of waste TSD or recovery facilities, (3) disturb hazardous substances (excluding
naturally occurring petroleum and natural gas), thus producing uncontrolled or unpermitted releases, and (4)
adversely affect environmentally sensitive resources.

Additionally, the proposed action (1) would not present any extraordinary circumstances such that the action
might have a significant impact upon the human environment, (2) is not connected to other actions with
potentially significant impacts, and (3) is not related to other actions with cumulatively significant impacts.

Based on the Environmental Questionnaire and these conclusions, Categorical Exclusion of the proposed action
would be appropriate.

  G The proposed action does not qualify as a CX as identified in Subpart D of DOE’s NEPA Implementing
Procedures;  therefore, the proposed action may require further documentation in the form of an Environmental
Assessment or Environmental Impact Statement.

Project Manager:                           Date:        ___________________



APPENDIX E

ENVIRONMENTAL QUESTIONNAIRE FOR PHASE 2
AT THE MILL SERVICE YUKON PLANT



ENVIRONMENTAL QUESTIONNAIRE

   I.BACKGROUND

The Department of Energy's (DOE) National Environmental Policy Act (NEPA) Implementing Procedures (10 CFR
1021) require careful consideration of the potential environmental consequences of all proposed actions during the
early planning stages.  DOE must determine at the earliest possible time whether such actions require either an
Environmental Assessment or an Environmental Impact Statement, or whether they qualify for Categorical
Exclusion.  To comply with these requirements, an Environmental Questionnaire must be completed for each
proposed action to provide DOE with the information necessary to determine the appropriate level of NEPA review.

  II.INSTRUCTIONS

Separate copies of this Environmental Questionnaire should be completed by the principal offeror and each proposed
subcontractor.  In addition, if the proposed project includes activities at different locations, an independent
questionnaire should be prepared for each location.  Supporting information can be provided as attachments.

In completing this questionnaire, the proposer is requested to provide specific quantities regarding air emissions,
wastewater discharges, solid wastes, etc., to facilitate the necessary review.  In addition, the proposer should identify
the exact location of the project and specifically describe the activities that would occur at that location.

To expedite completion of this questionnaire, diskette copies in WordPerfect 6.1 are available upon request. 
Questions regarding the type of information requested or the approach to preparing responses should be referred to
Lloyd Lorenzi, U.S. Department of Energy, Federal Energy Technology Center, by phone (412) 892-6159, fax
(412) 892-6127, or E-mail (lorenzi@fetc.doe.gov).

III.QUESTIONNAIRE

A. PROJECT SUMMARY

1. Solicitation Number:      DE-FC21-94MC31175
2. Proposer & all Proposed Subcontractors:        University of Pittsburgh (Prime Contractor)

     MAX Environmental Technologies, Inc. (Subcontractor)
3. Principal Investigator:      James T. Cobb, Jr., P.E.

Telephone Number:      (412) 624-7443
4. Project Title:     Treatment of Metal-laden Hazardous Wastes with Advanced        

  Clean  Coal Technology By-Products, Phase Two
5. Duration:      12 months (10/1/99 — 9/30/00)
6. Location (city/township, county, state):       South Huntingdon (Yukon), Westmoreland, Pennsylvania

7. Indicate the type or scale of project:
a. G   Computer Modeling b. G   Library/Literature Search
c. G   Paper Study d. G   Workshop/Conference
e. G   Laboratory (Batch) Research f. G   Bench-scale Research
g. G   Pilot- or Proof-of-Concept-Scale Research h. G   Pilot Plant Construction/Operation
i. O   Full-scale Demonstration j. G   Other (please describe):

If either item a, b, c, or d was selected for Question A.7, proceed to Section IV (CERTIFICATION BY
PROPOSER);submittal of the intervening parts of this questionnaire is not required.

However, if either item e, f, g, h, i or j was selected, continue with Question A.8.



8. Indicate the size of the proposed project and the primary material processed (e.g., 200 tph of coal).

  tph (of    )   MM Btu/hr
scfm (of   )   MW  G electric  G thermal
acfm (of   )       X Other:       Approximately 1000 tons of         

metal-laden hazardous waste (25 batches
using up to 40 tons each) would be used
during the Phase Two  demonstration
project.

9a. Summarize the proposed work.  List all activities or tasks planned at the location covered by this Environmental
Questionnaire.
The Phase Two demonstration project includes up to 10 commercial-scale treatments of metal-laden hazardous
 wastes using approximately 250 tons of  solid by-products generated through advanced clean coal 
technologies (25 batches using up to 10 tons each).

9b. Characterize the work site at this location (check all that apply).
G    Existing Building (indoors)               O    Developed site               G    Undeveloped site

10. List all other locations where work would be performed.  (Note: Submit a separate Environmental
Questionnaire for each location.)
University of Pittsburgh, Pittsburgh, Allegheny County, Pennsylvania

11. Describe the objectives of the proposed project.
To determine and publicly document the marketability of advanced clean coal technology by-products 
(CCTBs) as  commodity chemicals for the treatment of metal-laden hazardous wastes.  To publicly 
demonstrate at commercial scale the technical viability of the treatment of metal-laden wastes using advanced
CCTBs.  To establish  advanced clean coal technology by-products as regular treatment chemicals at the Mill
Service Yukon(MSYP) of MAX Environmental Technologies, Inc.  Note: Phase One of this project has 
publicly shown at bench-scale the technical viability of the treatment of metal-laden wastes using advanced
CCTBs.

12. Identify the planned number of tests, the frequency of testing (e.g., tests per week), and the duration of tests
by type (e.g., laboratory tests, pilot unit runs, etc.).
25 commercial-scale tests are planned, two per week between April and July 1999.  Each test will take several
 hours. 

13. Identify all materials that would be used and produced by the project (materials can be grouped by category)
and estimate their total quantities over the entire duration of the proposed project.

Materials Used (total quantity) Materials Produced (total quantity)
G coal ( ) G wastewater ( )
G natural gas ( ) O air emissions ( )
G oil ( ) O solid waste (1250 T)
G electricity ( ) G hazardous waste ( )
O water ( ) G salable by-
G air ( ) list and note
G organic solvents ( )

O others -- list and note
quantity: Metal-laden 
hazardous waste --      stes --
1000 tons; CCTBs -- 250
tons

G others -- list and note quantity:

 

G None G None

Petroleum products and electricity will be used indirectly, such as fuel for vehicles and equipment to haul and
and process materials.



G Urban O Industrial
G Commercial G Agricultural
G Suburban G Rural
G Residential G Research Facility
G Forest G University Campus
G Other:

B. PROPOSED PROJECT AND ITS ALTERNATIVES

1. List all alternative approaches considered to achieve the objectives described in A.11 and discuss the
anticipated environmental effects of each.  (Place the selected approach at the top of the list.)
Approach #1.  Treat selected metal-laden hazardous wastes at Mill Service Yukon Plant (MSYP) with selected
by-products.  Up to 250 tons of by-products will be diverted from current disposal sites to the permitted      
industrial landfill used by MSYP for disposal of its non-hazardous treated wastes.  Approach #2.  Treat 
selected  metal-laden hazardous wastes with selected by-products at another company’s plant.  Up to 250 tons
of by-products would be diverted from current disposal sites to the permitted industrial landfill used by that 
plant for disposal of its non-hazardous treated wastes.  Approach #3.  Purchase a report on on-going, 
confidential, non- published commercial treatment of metal-laden hazardous wastes with by-products at 
another company’s plant.  There would be no net environmental effect of this approach.

2. Identify the environmental consequences of not implementing this project (e.g., emission increase).
The effective use of advanced clean coal technology by-products would be minimized through lack of 
promotion. The amounts not used nationwide for this expanded market would continue to be disposed directly
to landfill without its economic chemical value being utilized.

C. PROJECT LOCATION

1. Provide a brief description of the project location (physical location, surrounding area, adjacent structures).
The MSYP is a 160-acre permitted RCRA treatment plant.  The surrounding area is rural.  12 residential
population are within 0.2 miles of the plant’s boundaries.

2. Attach a site plan or topographic map of the area that would be affected by the project and highlight (or
otherwise identify) the specific location where the project would be performed.
A site plan is attached.

D. ENVIRONMENTAL IMPACTS

This section is designed to obtain information for objectively assessing the environmental impacts of a proposed project.
NEPA procedures require evaluations of all possible effects (including:  land use, energy requirements, natural or
depletable resource use, historic and cultural resources, and pollutants) from proposed projects on the environment.
Answer the following questions as completely as possible.  Also, for "yes" or "no" questions, answer "yes" if there would
be any effect, or if there may be an effect.  (Failure to answer the questions completely could produce delays in project
awards.)

1. Land Use

a. Identify the location of the proposed project (i.e., city, county, state).
The Mill Service Yukon Plant (MSYP) is located approximately 0.5 miles west of the Village of Yukon in 
South Huntingdon Township, Westmoreland County, Pennsylvania.

b. Identify the total size of the facility and the portion would be used for the proposed project.
The total size of the Yukon Plant site is approximately 160 acres.  The proposed action area (laboratory, silo,
mixing pits, and container area) is less than 2 acres of the site.

c. Characterize present land use where the proposed project would be located.



d. Describe how land use would be affected by planned construction activities.
G No construction would be anticipated for this project.
The land use will continue to be industrial.

e. Describe how land use would be affected by operational activities associated with the proposed project.
The land use will continue to be industrial.

f. Describe any plans to reclaim and/or revegetate areas that would be affected by the proposed project.
O No land areas would be affected G None

g. Would changes resulting from the proposed project affect future uses of the site or surrounding areas?
O No G Yes (describe)

h. Would the proposed project affect any unique or unusual landforms (e.g., cliffs, waterfalls, etc.)?
O No G Yes (describe)

i. Would the proposed project affect existing or future recreational opportunities in the area?
O No G Yes (describe)

j. Would the proposed project be located in or near a national park or wilderness area?
O No G Yes (describe)

If the project would involve only laboratory or bench-scale research and be conducted within an existing
building, proceed to Part D.8 (Atmospheric Conditions/Air Quality).  If the project would be larger than bench-
scale, continue with Part D.2.

2. Construction Activities and/or Operation

a. Describe the topography at the project site, including any significant landforms, etc.
The project site is in the Appalachian foothills.  The site was previously a coal strip mine.  Presently the site
has four closed waste impoundments and one active waste impoundment.

b. Identify any transmission lines and/or pipelines that traverse the proposed site and clearly mark them on the
site plan or topographic map.
O None

c. Would the proposed project require the construction of settling ponds?
O No G Yes (describe, identify location, and estimate surface area disturbed)

d. Would the proposed project affect any existing body of water?
O No G Yes (describe)

e. Would the proposed project be located in or impact a floodplain?
O No G Yes (describe)

f. Would the proposed project be located on (or near) or impact wetlands?
O No G Yes (describe)

g. Would the proposed project be likely to cause erosion?
O No G Yes (describe)

h. Would any wetlands be impacted by the discharge of wastewater from project activities?
O No G Yes (describe)

I. Would any construction activities planned under the proposed project result in stream diversion?
G No planned construction O No G Yes (describe)



3. Geological/Soil Conditions

a. Describe any instability (e.g., subsidence) in the topography near the proposed project.
The site was subsurface mined for the Pittsburgh coal seam.  Some mine subsidence exists in the area.  No
subsidence exists on the MSYP property.

b. Is there faulting in the vicinity of the proposed  project area?
O No G Yes (describe)

c. Describe the soil in the vicinity of the proposed project in terms of productivity, presence of unique species,
and susceptibility to erosion.
Soil on the portion of the property on which the project will be placed is disturbed from past facility activity.

A majority of the soil on the property is disturbed from past facility activities.

d. Would any construction activities planned under the proposed project result in subsidence or changes in soil
permeability/filtration?
G No planned construction O No G Yes (describe)

4. Vegetation and Wildlife Resources

a. Describe the indigenous flora and fauna in the vicinity of the proposed project.
A majority of the site is closed impoundment with non-native vegetation growing on it.  The remainder of the

property contains typical temperate species.

b. Identify any state- or Federal-listed endangered or threatened species in the vicinity of the proposed project.
O None

c. Would any threatened or endangered species or their habitat be affected by the proposed project?
O No G Yes (describe)

d. Describe any impacts that construction would have on sensitive or unique habitats.
G           No planned construction               O           No habitats               G           None (discuss)               G           Impact (describe)

e. Would any species or subspecies, not indigenous to the area, be introduced as a result of the project (e.g.,
introducing a new bacterial strain, as in microbial desulfurization projects)?
O No G Yes (describe)

f. Would any migratory corridors be impacted or disrupted by the proposed project?
O No G Yes (describe)

g. What regulatory authority maintains cognizance over indigenous wildlife species?
Commonwealth of Pennsylvania Department of Environmental Protection

5. Socioeconomic and Infrastructure Conditions

a. What is the population in the vicinity of the proposed project and in communities near the project site?
4400 residential population live within 2.2 miles of the property.

b. Describe employment and labor mix in the vicinity of the proposed project.
The employment and labor mix is estimated to be 5-15% farming, 40-60% commercial and 35-45% industrial.

c. Would changes (increases/decreases) in regional labor requirements be created by the proposed project?
O No G Yes (describe)

d. Would the proposed project alter present traffic patterns?
O No G Yes (describe)



e. Would the proposed project require new transportation access (roads, rail, etc.)?
O No G Yes (describe)

f. Would the proposed project create an increase in local energy usage?
O No G Yes (describe)

g. Would the proposed project increase local energy efficiency?
O No G Yes (describe)

h. Would the proposed project significantly impact local fuel or energy supply?
O No G Yes (describe)

I. Would any new transmission lines be required?
O No G Yes (describe location, voltage, and length of line)

6. Historical/Cultural Resources

a. Describe any historical or cultural places in the vicinity of the proposed project; note any sites included on the
National Register of Historic Places.
O None G The following historical/cultural places are located in the project area:

b. Are there any known archeological sites in the vicinity of the proposed project?
O No G Yes (describe)

c. Would construction or operational activities planned under the proposed project disturb any historical or
cultural sites?
G       No planned construction               O       No historic  sites               G       No impact (discuss)               G       Yes (describe)

d. Has the State Historic Preservation Office been contacted with regard to this project?
G No O Yes (describe)
Dr. Kurte Carr, Chief, Division of Archeology and Protection, Bureau for Historic Preservation, Harrisburg,
PA was contacted by letter on August 23, 1995.  A reply was received from Dr. Carr, dated October 3, 1995.
Both documents were reproduced in Appendix D of the topical report on Phase 1, dated March 1. 1996.

7. Visual Resources

a. Describe any scenic vistas or aesthetic landscaping in the vicinity of the proposed project?
O None G The following visual resources exist in the project area:

b. Would the proposed project interfere with visual resources (e.g., eliminate scenic views) or alter the present
landscape?
O No G Yes (describe)

c. Would any facilities constructed under the proposed project contrast with the present landscape?
G No construction planned O No G Yes (describe)

For all proposed projects involving laboratory, bench-scale, or larger research and development activities,
respond to the following questions.

8. Atmospheric Conditions/Air Quality

a. Describe the local climate.
The local climate is temperate.  Prevailing winds are from west to east.



b. Identify air quality conditions in the immediate vicinity of the proposed project with regard to attainment of
National Ambient Air Quality Standards.  (This information should be available from the county environmental
agency.)

Attainment Non-Attainment
O3 G O

SOx O G
PM10 O G
CO O G
NO2 O G
Lead O G

c. Would the proposed project be in compliance with the National Emissions Standards for Hazardous Air
Pollutants?
G No (explain) O Yes

d. Would the proposed project be classified as either a New Source or a major modification to an existing source?
O No G Yes (describe)

e. Would the proposed project be in compliance with the New Source Performance Standards?
G Not applicable G No (explain) O Yes

f. Would the proposed project be subject to prevention of signification determination review?
O Not applicable G No (explain) G Yes (describe)

g. What authority regulates air quality in the project area (identify Federal, state, and local authorities)?
United States Environmental Protection Agency, Region III; Commonwealth of Pennsylvania Department of

Environmental Protection; no local authority

h. Identify the contact person, address, and telephone number for each authority.
USEPA — no active contact; PADEP — Barbara R. Hatch, 400 Waterfront Drive, Pittsburgh, PA 15222,   
       (412) 442-4000

I. When were these authorities contacted regarding the proposed project (if necessary)?  Include results of
discussions.
G Not contacted
On August 3, 1998 a permit application was submitted.  On August 31, 1999 an exemption request was     
received for the dusty treatment reagent storage silo.

j. How does each regulator (authority) define a major source (e.g., greater than 100 ton/year; thermal input of 250
MMBtu/hr)?
Ambient air emissions $ 100 tpy for any criteria pollutant, $ 50 tpy for VOCs, $ 10 tpy for a single HAP, or

 $ 25 tpy for any combination of HAPs (same definition for both federal and state authorities).

k. Would any types of emission control or particulate collection devices be used?
G No O Yes (describe, including collection efficiencies)
Vent collectors will be installed on the silo; they will remove greater than 99% of the potential emissions.  
If necessary, portable covers will be provided over tanks, and water sprays will be available for dust
suppression.

l. If no control devices are used, how would emissions be vented?  Not applicable.



G  None
(Maximum per year) (Total for project)

G  SOx                                                             
G  NOx                                                             
O  PM10     13.63 Ton*             0.105 Ton**  
G  CO                                                             
G  Lead                                                             
G  H2S                                                             

G  organic solvent vapors or other volatile organic compounds -- list

G  hazardous air pollutants -- list

G  other -- list

* potential site controlled emission       ** potential project controlled emission

O None
G non-contact cooling water (  gallons)
G process water (  gallons)
G sanitary and/or grey water (  gallons)
G other -- describe (  gallons)

m. What types of air emissions, including fugitive emissions, would be anticipated from the proposed project, and
what would be the total quantity and maximum annual rate of emissions over the duration of the project?

n. Would the proposed project reduce the amount of air emissions in the area?
O No G Yes (describe)

o. Identify Federal, state, and local air quality regulations that govern emissions in the project area.
Federal — 40 CFR Subchapter C; Pennsylvania — Title 25 PA Code Article III

9. Hydrologic Conditions/Water Quality

a. What is the closest body of water to the proposed project area and what is its distance from the project site?
Indicate on the site plan, if provided.
Sewickley Creek.

b. What sources would supply potable and process water for the proposed project?  Identify quantities consumed
and uses.  Identify the names of municipal or other water systems that would be used.
Water for the project will come from the Municipal Authority of Westmoreland County, Beaver Run Water 
Treatment Plant.  Several thousand gallons may be used for decontamination of the mixing pit and dust 
suppression/reagent activation.

c. Quantify the total amount of wastewater that would be generated by the proposed project.

No wastewater (all process water will combine with dry by-products, activating chemical constituents).

d. What would be the components of each type of wastewater (e.g., coal fines)?
Not applicable — no wastewater from the project.



Quantity
G  None
G  municipal solid waste, i.e., paper, plastic, etc. (            )
G  coal or coal by-products (            )
O  other -- identify (            )

  Treatment residue                                                       (1250 T)
                                                                                       (            )

e. Identify the local treatment facility that would receive wastewater from the proposed project.
O No discharges to local treatment facility.

f. Describe how wastewater would be collected and treated.
Not applicable — no wastewater from the project.

g. What Federal, state, and local authorities regulate water quality in the proposed project area?
United States Environmental Protection Agency, Region III; Commonwealth of Pennsylvania Department of
Environmental Protection; no local authority

h. Identify the contact person, address, and telephone number for each authority.
USEPA — no active contact; PADEP — James Vanek, 400 Waterfront  Drive, Pittsburgh, PA 15222,        
(412) 442-4000

I. When were these authorities contacted regarding the proposed project (if necessary)?  Include results of
discussions.
O Not contacted

j. Would any run-off or leachates be produced from storage piles or waste disposal sites?
G No O Yes (describe sources, nature of flow, and collection techniques)
Runoff from impounded waste is collected by an engineered system, treated and discharged under NPDES 
Permit No. PA 0027715.

k. Identify Federal, state, and local regulations that govern water effluents/water quality in the project area.
Not applicable — no wastewater from project.

l. Where would wastewater effluents from the proposed project be discharged?
Not applicable — no wastewater from project.

m. Would the proposed project be permitted to discharge effluents into an existing body of water?
G No O Yes (describe water use and effluent impact)
It would be permitted for discharge under the permit noted in D9j above.

n. Would a new or modified National Pollutant Discharge Elimination System (NPDES) permit be required?
O No G Yes (describe)

o. Would the proposed project increase or decrease the surface area of an existing body of water?
O No G Yes (describe)

p. Would the proposed project adversely affect the quality or movement of groundwater?
O No G Yes (describe)

10. Solid and Hazardous Wastes

a. Describe in detail and provide the total quantity of all nonhazardous wastes that would be generated from the
project.  Solid wastes are defined in RCRA as any solid, liquid, semi-solid, or contained gaseous material that
is discarded, has served its intended purpose, or is a manufacturing or mining by-product (40 CFR 260,
Appendix I).



b. Describe in detail and provide the total quantity of all hazardous wastes (40 CFR 261.3) that would be
generated, used, or stored under this project.
G None O The following hazardous wastes would be generated, used, or stored:
1000 tons of metal-laden hazardous waste will be stored and used under this project.  None would be
generated.

c. How and where would solid waste disposal be accomplished?
O On-site (identify and describe location)               O Off-site (identify location and describe facility and treatment)
On-site — Impoundment #6, under PA DEP permit number 301071; off-site — Greenridge Reclamation
Facility, Scottdale, PA, under PA DEP permit number 100281.

d. How would wastes for disposal be transported?
Dump trailer or roll-off container.

e. How many trips would be required for landfill disposal?
G None O Number of trips:    65 

f. What volume of the landfill would the solid waste occupy?
G None O Volume:  22,500  cubic feet

g. What Federal, State, and local waste management authorities would have permit authority for the landfill?
United States Environmental Protection Agency, Region III; Commonwealth of Pennsylvania Department of

Environmental Protection; no local authority

h. Identify the contact person, address, and telephone number for each authority.
USEPA — no active contact; PADEP — Carl Spadaro, 400 Waterfront  Drive, Pittsburgh, PA 15222,        
(412) 442-4000

I. When were these authorities contacted regarding the proposed project (if necessary)?  Include results of
discussions.
G Not contacted
A minor permit modification reapplication response to PADEP comments was submitted in October 1999.

j. How would hazardous or toxic products be collected and stored?
1000 tons of manifested hazardous materials will be delivered to MSYP by truck.  They will be stored in   
 double-lined covered containers until treatment.

k. If hazardous/toxic solid wastes are subject to land disposal restrictions, how would collection, treatment, and
disposal of the wastes be accomplished?
G Not subject to RCRA land disposal restrictions. O Subject to RCRA land disposal restrictions

(explain):
They will be treated by ongoing permitted commercial processes.  None will be collected, generated or
disposed.

l. If hazardous wastes would require off-site disposal, have arrangements been made with a certified TSD
(Treatment, Storage, and Disposal) facility?
O       Not required           G       Arrangements not yet made           G       Arrangements made with a certified TSD facility (identify):

m. How would hazardous waste(s) be transported?
O No hazardous wastes would be generated

n. What treatment/storage/disposal methods would be used for hazardous wastes?
O         No hazardous wastes would be generated             G         Unknown             G         Methods that would be used (describe):

11. Health/Safety Factors

a. Identify any hazardous or toxic substances that would be used in the proposed project.
G None O Hazardous or toxic substances that would be used (identify):
Refer to D10b above.



b. What would be the likely impacts of these substances on human health and the environment?
Controls are established to limit exposure and migration to within permitted levels.

c. Would there be any potential for workers to be exposed to toxic/hazardous chemicals or wastes?
G No O Yes (describe)
The Phase Two demonstration would not present any additional exposure risks than are typically associated
with commercial operations at MSYP.  Under Phase Two, workers would be potentially exposed to metal-
laden hazardous wastes, stabilizing agents, and chemicals in the laboratory.

d. Would there be any potential for exposure to extreme temperatures?
O No G Yes (describe)

e. Would there be any special physical hazards associated with the project?
O No G Yes (describe)
The Phase Two demonstration would not present any special physical hazards other than those typically
associated with heavy equipment machinery and vehicles used in commercial operations at the site.

f. Would personal protective equipment or clothing be required?
G No O Yes (describe)
MSYP’s Health and Safety Plan for the site currently addresses activities requiring the use of personal 
protective equipment and clothing.  These guidelines would be strictly adhered to during the Phase Two
demonstration.

g. Does a worker safety program exist at the location of the proposed project?
G No O Yes (describe)
The MSYP currently has in place a Health and Safety Plan for the site and a Chemical Hygiene Plan for the 
laboratory.

h. Would safety training be necessary for any laboratory, equipment, or processes involved with the project?
G No O Yes (describe)
The OSHA 40-hour Health and Safety Training is provided to plant and laboratory workers.

I. Describe any increases in ambient noise levels from construction and operational activities.
O None G Increase in ambient noise level (describe)

j. Would project construction result in the removal of natural barriers that act as noise screens?
O No construction planned G No G Yes (describe)

k. Identify the highest expected highest decibel level at the closest point of public access.
The level is unknown, but it would not be changed as a result of the proposed action.

l. Identify the highest expected decibel level in the work area.
The level would be less than 85 decibels (TWA), and it would not be changed as a result of the proposed
action.

m. Would hearing protection be required for workers?
O No G Yes (describe)
This is not anticipated to be required.  However, should periodic monitoring indicate that the 85 decibel 
(TWA) threshold is exceeded, a suitable hearing conservation program would be implemented.

12. Environmental Restoration and/or Waste Management

a. Would the proposed project include CERCLA removals or similar actions under RCRA or other authorities,
meeting CERCLA cost/time limits?
O No G Yes (describe)

b. Would the proposed project include siting, construction, and operation of temporary pilot-scale waste collection
and treatment facilities or pilot-scale waste stabilization and containment facilities?
O No G Yes (describe)



c. Would the proposed project involve improvements to environmental monitoring and control systems of an
existing structure or building?
O No G Yes (describe)

d. Would the proposed project involve siting, construction, operation, and decommissioning of a facility for
storing packaged hazardous waste for 90 days or less?
O No G Yes (describe)

E. REGULATORY COMPLIANCE

1. For the following laws, describe any new or modified permits, manifests, contacts, etc., that would be required
for the proposed project:

a. Resource Conservation and Recovery Act (RCRA):
O None G Required (describe)

b. Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA):
O None G Required (describe)

c. Toxic Substance Control Act (TSCA):
O None G Required (describe)

d. Water Pollution Control Act (WPCA):
O None G Required (describe)

e. Clean Air Act (CAA):
G None O Required (describe)
See D8i above.

f. Endangered Species Act (ESA):
O None G Required (describe)

g. Floodplains and Wetlands Regulations:
O None G Required (describe)

h. Fish and Wildlife Coordination Act (FWCA):
O None G Required (describe)

I. Farmland Protection Policy Act (FPPA):
O None G Required (describe)

j. National Historic Preservation Act (NHPA):
O None G Required (describe)

k. Coastal Zone Management Act (CZMA):
O None G Required (describe)

l. American Indian Religions Freedom Act (AIRFA):
O None G Required (describe)

m. Wild and Scenic Rivers Act (WSRA):
O None G Required (describe)

2. Identify any other environmental laws and regulations (Federal, state, and local) for which compliance would
be necessary for this project, and describe the permits, manifests, and contacts that would be required.
None.

F. DESCRIBE ANY ISSUES THAT WOULD GENERATE PUBLIC CONTROVERSY REGARDING
THE PROPOSED PROJECT.
O None



G. WOULD THE PROPOSED PROJECT PRODUCE ADDITIONAL DEVELOPMENT, OR ARE
OTHER MAJOR DEVELOPMENTS PLANNED OR UNDERWAY, IN THE PROJECT AREA?
G No O Yes (describe)
A successful full-scale demonstration would provide information and data on the ability of by-products from
advanced clean coal technologies to effectively stabilize and solidify metal.-laden hazardous wastes.  
Ultimately, this project would: (1) enable the hazardous waste management community to use new sources 
of treatment material, (2) provide new uses for clean coal technology by-products, and (3) lessen the need to
landfill these by-products.

H. SUMMARIZE THE SIGNIFICANT IMPACTS THAT WOULD RESULT FROM THE PROPOSED
PROJECT.
G None (provide supporting detail) O Significant impacts (describe)
Replacement of other treatment reagents.



 IV. CERTIFICATION BY PROPOSER

I hereby certify that the information provided herein is current, accurate, and complete as of the date shown immediately
below.

DATE:        1      /    13       /   2000        
  month        day           year

SIGNATURE:    

TYPED NAME:         Henry A. Springer

TITLE:         Director of Compliance & Engineering

ORGANIZATION:        Mill Service Yukon Plant, MAX Environmental Technologies, Inc.

  V. REVIEW AND APPROVAL BY DOE

I hereby certify that I have reviewed the information provided in this questionnaire, have determined that all questions
have been appropriately answered, and judge the responses to be consistent with the efforts proposed.  Based on the
information in the questionnaire, I conclude the following (check the appropriate box):

  G The proposed action falls under one or more of the categorical exclusions (CXs) listed in Appendix A or B of
Subpart D of the DOE NEPA Implementing Procedures and would not (1) violate applicable ES&H
requirements, (2) require siting of waste TSD or recovery facilities, (3) disturb hazardous substances (excluding
naturally occurring petroleum and natural gas), thus producing uncontrolled or unpermitted releases, and (4)
adversely affect environmentally sensitive resources.

Additionally, the proposed action (1) would not present any extraordinary circumstances such that the action
might have a significant impact upon the human environment, (2) is not connected to other actions with
potentially significant impacts, and (3) is not related to other actions with cumulatively significant impacts.

Based on the Environmental Questionnaire and these conclusions, Categorical Exclusion of the proposed action
would be appropriate.

  G The proposed action does not qualify as a CX as identified in Subpart D of DOE’s NEPA Implementing
Procedures;  therefore, the proposed action may require further documentation in the form of an Environmental
Assessment or Environmental Impact Statement.

Project Manager:                           Date:        
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TREATMENT OF METAL-LADEN HAZARDOUS WASTES

WITH

 ADVANCED CLEAN COAL TECHNOLOGY BY-PRODUCTS

COMPREHENSIVE COMMERCIAL-SCALE

FIELD TEST PLAN FOR PHASE II FROM 

OCTOBER 1, 1999 TO SEPTEMBER 30, 2000

OBJECTIVES OF THE PROJECT

The general objective of the laboratory studies in Phase One and subsequent field studies
in Phase Two of this project is to provide useful information and data on the ability of new sources
of chemical treatment materials, in this case by-products from advanced clean coal technologies,
to be used by the hazardous waste management community.

These studies fall into two categories - characterization of selected critical properties of the
by-products and observation of their ability to stabilize and solidify characteristic metal-laden solid
hazardous wastes.  The characterization studies, the focus of Phase 1, were designed to assess the
chemical, mineralogical, physical and engineering properties of dry combustion/desulfurization by-
products.  To the extent possible, given the number of by-product samples collected during this
portion of the project, the following two issues were examined:  (1) how the measured properties
were affected by the type of process utilized and (2) how specific operating conditions within the
various processes affected the measured properties of the by-products.  The stabilization and
solidification studies of Phase 1 were designed to assess the ability of these by-products to
immobilize the metals present in the waste and to assess the compressive strength of the resulting
non-hazardous product.

The more commercial objective of Phase 2 of the project is to link the producers of by-
products with operators of hazardous waste treatment facilities in a mutually profitable manner.
From the treatment facility operators' side, new sources of treatment material, which can stabilize
and solidify their feed wastes, will be added to their material source list.  From the producers' side
of the equation, new uses for by-products of their advanced coal combustors and desulfurizers will
be added to their customer lists.  These producers have implemented various emission control
technologies at their coal-fired electric power plants and are studying a number of others.  The
technologies currently in use generate significant amounts of by-products with limited commercial
value.  Consequently, much of the by-product has to be disposed as solid wastes.  In particular,
companies employing wet scrubber technologies for the desulfurization of flue gases have found few
alternatives to disposal for the sludges generated in the processes due to the excess moisture
present in the by-product.  The development of dry desulfurization technologies offers more promise
that the process by-products may have some beneficial application, such as that being studied in
this project.

The specific objective of the project, as provided in the "Statement of Cooperative Agreement
Objectives" of the contract document is:

The objective of this project is to evaluate treatment of [characteristic] metal-laden hazardous
wastes using solid by-products generated by Clean Coal Technologies (CCT).  The project is
divided into two phases.  In Phase 1, the participant will evaluate up to 10 sources of
[characteristic] metal-laden hazardous wastes and up to 4 sources of CCT solid by-products
in laboratory-scale tests.  In Phase 2, the participant will evaluate treatment of the



     1  Most of the wastes, as generated, also contained high concentrations of other metals that did not leach under the
conditions of the Toxicity Characteristic Leaching Procedure (TCLP).
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[characteristic] metal-laden hazardous waste using CCT solid by-products in [40-ton to 80-ton]
batches.  Complete physical and chemical characterization of the CCT solid by-products, and
treated and untreated [characteristic] metal-laden hazardous waste will be performed in both
phases.  An economic analysis is included in both phases to assess the commercial viability
of treating metal-laden hazardous waste with CCT solid by-products.

Phase One

In Phase 1, samples of three clean coal technology by-products were collected and
characterized.  Seven samples of characteristic metal-laden hazardous wastes were collected and
characterized.  Laboratory-scale treatments of each of the seven wastes with each of the three by-
products were performed at the Mill Service Yukon Plant (MSYP) of MAX Environmental
Technologies, Inc. (MAX), in a manner identical to the commercial treatability tests used at that site.
Finally, the products of those treatments were characterized for stabilization and solidification at the
University of Pittsburgh (Pitt).

MAX performed laboratory-scale treatments of seven metal-laden hazardous wastes using
CCT by-products from three sources in Phase 1.  The wastes treated included an industrial
wastewater treatment residue from a battery manufacturing plant, a contaminated soil from a
remediation project conducted at a munitions depot, a contaminated soil from a remediation project
conducted at an abandoned industrial site, a contaminated soil from a remediation project conducted
at a former sewage treatment plant site, an air pollution control dust from a basic oxygen furnace
at a steel production facility, an air pollution control ash from a municipal waste incinerator, and a
sandblast residue from a paint-removal project.  All of the wastes exhibited the lead toxicity
characteristic.1  The CCT by-products used in the treatments included a residue from a spray dryer
identified as CONSOL #1, a residue from a coal-fired pressurized fluid bed combustor identified as
Tidd #2, and a residue from a waste coal-fired circulating fluid bed combustor identified as EPC #3.
Each waste was mixed with each of the CCT by-products at weight ratios of 10:1, 10:3 and 2:1
(waste:by-product).  A small amount of water was also used to "activate" the reagent.

The laboratory-scale testing performed during Phase 1 suggested that several of the CCT by-
products could be used to treat certain types of metal-laden hazardous wastes.  Using the treatment
standards of the U.S. Environmental Protection Agency’s (USEPA) then-current Land Disposal
Restrictions (LDR) for wastes that exhibit the metal toxicity characteristics as the measure of
success, the successful waste/by-product combinations were:

  ! Mixture of the sewage treatment plant site soil with the EPC #3 by-product at waste:by-
product weight ratios of 10:3 and 2:1.

  ! Mixture of the munitions depot soil with the Tidd #2 by-product at a waste:by-product
weight ratio of 2:1.

  ! Mixture of the multi-use industrial site soil with the Tidd #2 by-product at a waste:by-
product weight ratio of 2:1.

  ! Mixture of the sewage treatment plant site soil with the Tidd #2 by-product at a waste:by-
product weight ratio of 2:1.

  ! Mixture of the battery manufacturing wastewater treatment sludge with the CONSOL #1 by-
product at waste:by-product weight ratios of 10:1, 10:3 and 2:1.

  ! Mixture of the munitions depot soil with the CONSOL #1 by-product at waste:by-product



     2  The proposed treatment standards are part of a proposed rule, known as the Land Disposal Restrictions - Phase IV,
which was published in the Federal Register on August 22, 1995 (60 FR 43654) and enacted in August 1998.

     3  This waste/by-product mixture failed to achieve the LDR treatment standard for zinc.  However, the Phase IV LDR
treatment standard proposal retains the provision in the current treatment standards that exempts characteristic wastes
from compliance with the zinc standard.  The current treatment standards also exempt other characteristic wastes from
compliance with the vanadium treatment standard.
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weight ratios of 10:1, 10:3 and 2:1.

  ! Mixture of the multi-use industrial site soil with the CONSOL #1 by-product at waste:by-
product weight ratios of 10:1, 10:3 and 2:1.

  ! Mixture of the sewage treatment plant site soil with the CONSOL #1 by-product at waste:by-
product weight ratios of 10:1, 10:3 and 2:1.

Less success was demonstrated by the Phase 1 testing when the results were compared against
the then-proposed USEPA LDR treatment standards for wastes that exhibit the metal toxicity
characteristics.2  Using these criteria as the measure of success, the successful waste/by-product
combinations were:

  ! Mixture of the sewage treatment plant site soil with the EPC #3 by-product at a waste:by-
product weight ratio of 2:1.

  ! Mixture of the battery manufacturing wastewater treatment sludge with the CONSOL #1 by-
product at waste:by-product weight ratios of 10:1, 10:3 and 2:1.

  ! Mixture of the munitions depot soil with the CONSOL #1 by-product at a waste:by-product
weight ratio of 2:1.

  ! Mixture of the multi-use industrial site soil with the CONSOL #1 by-product at a waste:by-
product weight ratio of 2:1.3

On pages 98 and 99 of the topical report of Phase 1, several important conclusions were
drawn about the commercial operation envisioned at that point:

The hazardous waste treatment business that MAX operates must use treatment chemicals
that immediately stabilize metals.  The company can ship (with a tipping fee to a permitted,
non-hazardous, industrial landfill) only treated wastes whose characteristic hazard has been
eliminated.  A treatment chemical which requires some days to remove the characteristic
hazard [currently] is not economically useful to MAX.  Thus, only immediate stabilization has
been examined so far in the tests conducted by the project team.  On this basis, the CONSOL
#1 by-product has been found to be a very effective treatment chemical.  The EPC #3 by-
product was the least effective, while the Tidd #2 by-product was more effective than EPC #3
by-product, but still not sufficient to be considered [currently] of commercial interest to MAX.
None of the by-products were particularly successful in stabilizing the wastes generated by
high-temperature processes (BOF dust and municipal incinerator dust).

The project team [currently] sees the possibility that an economically successful hazardous
waste treatment business might be devised, however, in which treatment of hazardous waste
is obtained using a slow stabilization chemical.  The economics would be obtained if the
treated waste, after proof of its having become characteristically non-hazardous by the end
of a “curing” time, would be sold as a structural fill to a nearby construction project.  For a use
such as this, a “successful” treatment chemical will stabilize the metals within a reasonable
curing time.  This slower rate of stabilization is one area for further research in Phase 2.
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The results of Phase 1 were recently published in the Journal of the Air & Waste
Management Association.  A copy is provided in Appendix A.

Phase Two

In Phase 2 of the project, up to twenty-five commercial-scale treatments (22 to 80-ton
batches each containing appropriate ratios of waste — usually in 20-ton truckloads — and by-
product) will be conducted at the MSYP.  As in Phase 1, Pitt will perform solidification
characterization of up to ten of the commercial recipes for treated wastes.

Since the end of Phase 1, the then-current USEPA LDR treatment standards for wastes that
exhibit the metal toxicity characteristics have been modified.  Consequently, MAX is most interested
in evaluating the full-scale success of the by-products in treating metal-laden hazardous wastes
based on the new criteria.

Here is a more detailed description of the work to be conducted in Phase 2.

The first (and principal) major element of Phase 2 centers on field studies.  The field studies
at the MSYP will be conducted as a normal activity of this RCRA hazardous waste treatment facility
operating under permits from the Pennsylvania Department of Environmental Protection (PADER).
It should be noted that the by-products being examined in this project all are residues from systems
that operate with sorbents having no bulk moisture associated with them, except in some cases
during their injection into the combustor, ductwork or scrubber.  Thus as product materials they
have a significant potential for dust emissions.  The MSYP is about to install new equipment to allow
it to employ these dusty treatment chemicals in a routine manner for the first time.

Up to twenty-five of the by-product/waste combinations giving immediate successful
stabilization as evaluated during the laboratory studies of Phase 1 will be considered.  To the extent
possible, the treatments will be performed using types of wastes evaluated in the laboratory
treatability studies of Phase 1.  However, MSYP is unable to guarantee that those same wastes will
be available at the time the full-scale treatments are to be conducted.  Only wastes authorized for
management at the Yukon facility will be used in the full-scale tests.  For each combination, one
commercial batch of waste will be treated with by-product by the MSYP and analyzed there for
leachable (TCLP) concentrations to verify that  the waste has been successfully stabilized

The treatment recipe for each of the up to twenty-five waste/by-product combinations
selected will be determined in the MSYP laboratory.  The recipe will be set at the optimum of three
dosages as determined by laboratory treatability studies.  In the event the laboratory testing of a
particular waste/by-product combination does not indicate that the levels of the metals of concern
and underlying hazardous constituents in each of the wastes can be reduced to below the Phase
IV hazardous level, no full-scale testing of that waste/by-product combination will be con

Following a successful demonstration, the treatment residues from both MSYP and Pitt will
be disposed in a proper fashion either at the MSYP or at an authorized facility.

A question might naturally arise at this point concerning the possibility of one or more field
test batches of treated hazardous waste not being rendered non-hazardous, because of the
ineffectiveness of by-product at large scale.  Provision for such an occurrence is standard at the
Yukon facility.  Any batch that the MSYP fails to render non-hazardous is retreated by the MSYP.
The same will be done with any batches from this project that fail to be rendered non-hazardous by
treatment with by-product, or if necessary, the waste will be retreated with conventional reagents
employed by MSYP.

The second major element of Phase 2 will be fundamental solidification laboratory work
conducted at Pitt.  A fundamental question has been developed in Phase 1, relating to solidification
leading to the use of the product as structural fill.  This question needs to be explored, as MAX is
giving serious consideration to using the treated material as capping closure material for several of
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its old impoundments.  Up to ten by-product/waste combinations giving successful solidification as
evaluated during the laboratory studies of Phase 1 will be examined for solidification.

For treatment combinations giving immediate stabilization, 3" by 6" cylinders for measuring
compressive strength will be cast at the MSYP immediately following commercial treatment.  The
cylinders will be taken to Pitt and tested there for compressive strength (3-day, 7-day, 14-day and
28-day) .  For certain of the combinations, 4" or 6" cylinders for measuring compressive strength and
stress behavior may also be cast, and the cylinders tested.

EQUIPMENT

The MSYP is an industrial waste treatment, storage and disposal (TSD) facility operating
under permits from the PADEP.  The facility is authorized to treat and store certain hazardous
wastes by Hazardous Waste Permit No. PAD004835146.  Following a nearly four-year application
process, this permit was modified in July 1998 to allow the commercial use of dusty, dry clean coal
technology by-products as stabilization/solidification treatment chemicals at the MSYP.  The Yukon
facility is also authorized to treat, store and dispose certain non-hazardous wastes by Solid Waste
Permit No. 301071.

An approval package is submitted to the PADEP for every metal toxicity characteristic waste
that MSYP intends to accept for treatment, in advance of actual acceptance for treatment.  Once this
completed approval request package is received by the PADEP, the waste is approved, if the package
is complete and the waste stream meets the permit approved wastes acceptance criteria.  As part
of the complete approval package, a treatment evaluation of the waste must be performed to
determine if the waste can be treated to below the applicable treatment standards.  This treatability
evaluation is conducted in MSYP’s on-site laboratory, which is required to file all the required
notifications.4

Metal-bearing wastes generally are transported from the site of their generation to the MSYP
on bulk solid transport vehicles.  These wastes are contained in roll-off containers or dump trailers.
Some wastes are delivered in drums.  Before a waste shipment is accepted for treatment and/or
storage at the facility, it must be inspected and the contents of each shipping container must
conform to a pre-established waste description developed for each specific waste stream. If the
waste does not conform to the description, it is rejected and/or the generator is contacted to provide
justification for the change in physical characteristics.

Clean coal technology by-products also are transported from the site of their generation or
from a transportation terminal to the MSYP on bulk solid transport vehicles.  The Tidd by-product
has already been received in supersacks delivered by flatbed trucks.  It is currently stored on a pad
at the MSYP under a tarpaulin awaiting use in Phase 2.  The other two by-products will be delivered
either in pneumatic transport trucks or dump trucks.  They will be transferred from the delivery
vehicles to a storage silo that will be installed soon at the MSYP.

The installation of the silo and its ancillary systems for receiving and transferring the by-
products and for air pollution control (baghouse) has been designed.  An application has been
submitted to PADEP for minor modifications to the facility’s Hazardous Waste Permit No.
PAD004835146 for their installation.  Two additional applications have also been submitted:  (1) a
revision to the air permit to operate the baghouse on the silo and (2) a modification to the facility’s
Solid Waste Permit No. 301071 to dispose of the solid waste produced by treatment with the new
chemicals.

It should be noted that all across Pennsylvania the PADEP is in the process of consolidating



     5 Should a hazardous metal be present in the waste in a quantity small enough that its entire dissolution would
produce a concentration below the regulated level, the concentration of that metal will not be sought in the extract.  In the
event of interferences or the appearance of other metals of concern, other recognized procedures may be required. 
Should such an event occur, modifications will be recommended to the COR.

6

all air permits on a given site.  Currently, the MSYP has five active air permits.  MSYP submitted the
consolidation application in November 1997 and is awaiting approval. The air permit application for
the silo’s baghouse was issued separately from the consolidated permit on August 31, 1999.  MSYP
had expected that the modification to the solid waste permit would be issued also by the end of
November 1999.  The MSYP has received permission to begin construction of the modifications
necessary to continue this project.

The wastes and by-products will be transferred for treatment to the Solid Waste Stabilization
and Solidification (SWSS) unit at the MSYP.  The SWSS unit consists of three double-walled, in-
ground, open-top tanks that are operated in parallel.  Each tank has the capacity to manage
approximately 133 cubic yards of waste and reagents.  An excavator bucket is used to blend the
waste and treatment chemicals in the SWSS unit.

Portable containers (roll-off containers or dump trailers) are available to receive the treated
waste from the SWSS unit.  Once the TCLP analysis confirms successful treatment, the containers
are used to transport successfully treated waste to its disposal site.

The laboratory tests to be conducted in Phase 2 of this project are generally standard bench-
scale laboratory analyses defined by EPA and ASTM protocols.  As such, the equipment utilized is
that which has been installed in the laboratories of Pitt, the MSYP, Antech Ltd, and K-Chem
Laboratories, the regular analytical service contractor for the MSYP.  The analyses are identified in
the following section on "Procedures."

PROCEDURES

This section describes the various procedures that will be used in Phase 2 by Pitt and the
MSYP.

Standard Analytical Procedures

This subsection contains a listing of the standard analytical procedures that are being
applied, or are expected to be applied, by Pitt, the MSYP, Antech Ltd, and K-Chem.

MSYP - By-Product, Waste and Treated Waste Evaluations

! Digestions according to EPA SW-846, Methods 3010A, 3020A, or
3050A;

! TCLP (Toxicity Characteristic Leaching Procedure) Extractions by EPA
SW-846, Method 1311;

! Metals Analysis by EPA SW-846, Method 6010 or by the series of
EPA Methods 7061A, 7080, 7130, 7190, 7210, 7420, 7470, 7471,
7520, 7741, 7760A and 79505;

! Production of 3"x6" cylinders by ASTM-C311-87a;

! Production of 4" or 6" diameter cylinders by ASTM-D698-91 or ASTM-
D1557-91.
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Pitt - Treated Waste Evaluations

! Curing of 3"x6" cylinders and 4" or 6" diameter cylinders by ASTM-
C311-87a; 

! Compressive strength testing by ASTM-C311-87a.

Chemical Characterization Of Wastes

In Phase 1 of the project, the MSYP screened the wastes it intended to use to verify that they
actually exhibited a hazardous waste metal characteristic.  Those wastes that failed to exhibit a
hazardous metal characteristic were not used in the project.  Storage constraints do not allow the
MSYP this luxury for the Phase 2 testing.  Consequently, the MSYP will select the wastes for use
in the full-scale treatments based on the waste generator's determination that the waste exhibits a
hazardous metal characteristic.  Chemical characterization of the wastes will be performed as part
of the Phase 2 testing program.  However, the MSYP will not be able to use this data to reject
specific shipments of waste from use in the project since they will have already been subject to
treatment using the by-products.  The Phase 2 chemical characterizations performed on the
untreated wastes will instead be used to establish the baseline contaminant information to which
the stabilized waste characteristics will be compared.

Samples of the wastes to be used in the full-scale waste treatments will be collected for
chemical characterization from the vehicles used to transport the wastes from their site of generation
to the MSYP.  The sampling procedure to be employed is that typically used at the facility for waste
shipment screening.  Such screening is performed on each waste shipment to confirm that the
waste matches an established profile.  Wastes that do not match the profile are not accepted for
management at the facility unless the reason for the discrepancy is determined to the satisfaction
of the MSYP and the waste remains suitable for management at the facility.  The sampling
procedure described below assumes that the wastes to be used in the Phase 2 testing will be
delivered to the facility in bulk (roll-off containers or dump trailers).  A different sampling procedure
will be employed if the wastes are delivered in drums.

Waste shipment samples are obtained from bulk solids transport vehicles using either of two
devices.  Moist materials that have a relatively even distribution of small particles, such as
wastewater treatment plant sludges, are sampled with a trier.  This device consists of a hollow
plastic or stainless steel tube, which may be slotted along one side.  The tube is forced into the
material to be sampled and a "core" of the material withdrawn.  The sample is then rodded or
scraped from the sampling device into a clean plastic or stainless steel container.

Dry materials and materials with large or uneven particle sizes are sampled using a shovel
or scoop.  Since these devices only allow sampling near the surface of the waste, multiple samples
are collected and composited in a clean plastic container from different depths when a shovel or
scoop is used.

In order to ensure that the samples collected from bulk solid waste shipments are
representative, multiple points within the shipping container are sampled.  A minimum of three
sampling locations evenly distributed along the length of the container are selected, samples
obtained at each of the locations using the procedures described above, and the individual samples
composited.  Additional sampling locations are utilized if insufficient sample is collected from the
initial three locations for testing purposes or if the appearance of the shipment suggests a wider
distribution of material.  The composite sample is then delivered to the on-site laboratory for physical
and chemical characterization and comparison to the waste profile.

Assuming that a waste selected for use in the Phase 2 testing is found to conform to the
waste profile, the remainder of the sample collected for shipment verification will be distributed
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     7  MSYP will likely use its contract laboratory, Antech, Ltd. of Export, PA, for the Phase II characterizations as it did
for the Phase I characterizations.

8

among sample containers for subsequent, additional chemical characterization.6  Approximately 200
grams of waste will be placed into a container for subsequent analysis by MSYP7 for the following
total metals:

Arsenic
Barium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver
Zinc

Another 200 grams of waste will be placed into a container for subsequent extraction by the
MSYP.  The extract obtained will be properly preserved.  The extract sample will be retained by the
MSYP for analysis.  The parameters to be analyzed by the laboratory are the same parameters as
are to be analyzed in the waste shipment samples.

Any sample remaining from the waste shipment sampling event will be retained at the Yukon
facility until the analytical results are received and accepted as accurate.

The extractions and analyses will be performed using the methods specified by the USEPA
in "Test Methods for Evaluating Solid Waste, Physical/Chemical Methods (SW-846) Third Edition".
These methods are commonly employed for waste evaluations throughout the industry and are
mandated in certain situations.  The specific methods to be used are

Parameter/Procedure Method
TCLP Extraction 1311
Digestion (TCLP) 3010A, 3015, or 3020A
Digestion (Total) 3050A or 3051
Antimony 7041
Arsenic 6010A or 7061A
Barium 6010A or 7080A
Beryllium 7091
Cadmium 6010A or 7130
Chromium 6010A or 7190
Copper 6010A or 7210
Lead 6010A or 7420
Mercury 7470A or 7471A
Nickel 6010A or 7520
Selenium 6010A or 7741A
Silver 6010A or 7760A
Thallium 7841
Vanadium 7911
Zinc 6010A or 7950

The sample holding times recommended in the literature will be strictly adhered to in order
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to ensure the validity of the results.

All hazardous waste samples provided to the laboratories for analysis will be accompanied
by Chain of Custody documents containing the following information:

! Sample collector's name, mailing address, and telephone number

! Laboratory's name, mailing address, and telephone number

! Quantity of sample

! Date of shipment

! Description of sample

The quality of the laboratory data will be assured through the performance of data validation
checks, such as blank TCLP extractions, and analysis of method blanks, spikes and duplicates.  The
frequencies will vary based on the practices of the laboratory.  These practices are detailed in
documents provided as part of the Phase 1 work plan.

Waste Stabilization

The mixing of the selected hazardous wastes with the by-products will be performed in the
SWSS units at the MSYP.

Waste treatment in the SWSS unit is conducted on a batch basis.  One or more loads (bulk
shipments) of waste are initially unloaded from the transport vehicle(s) into one of the SWSS tanks8,
then the chemicals to be used to treat the waste are added.  The MSYP generally treats only wastes
from the same source in a given batch but may combine wastes from multiple sources together in
one batch if the wastes are compatible and can be treated using the same chemicals.  The amount
of treatment chemicals added are predetermined based on the results of treatability tests performed
before the waste is initially managed at the facility and on the success of prior treatment batches.
Depending on the moisture content of the waste, water may also be added to the batch to activate
the treatment chemicals and/or to control dusting.  The waste, chemicals and water are then
blended by repeated kneading and turning with the excavator bucket until the mixture has a uniform
appearance.  Depending on the consistency of the materials and the amount of waste/chemicals
included in the batch, several hours of blending may be required to achieve a uniform distribution
of the materials.

After the blending operation is complete, a representative sample of the batch is collected
and delivered to the on-site laboratory for characterization.  The treated waste is then transferred
from the SWSS tank into one or more of the portable containers.  The loaded containers are labeled
and placed in a secure area pending the results of the treated waste characterization.  If that
characterization determines the treatment to be successful, the containers are then transported to
an authorized facility and disposed.  If the laboratory determines that the treatment was not
successful, the wastes are returned to the SWSS unit and retreated.  A given batch is successfully
treated if it no longer exhibits a hazardous waste characteristic, meets any applicable LDR treatment
standards, and meets the acceptance criteria of the ultimate disposal facility.

The Phase 2 treatments using the CCT by-products will be conducted in the manner
described above except that each waste/by-product combination will be managed individually.  The
transport vehicle containing the selected waste will be weighed at a certified weigh station located
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near the MSYP, then positioned at the designated SWSS tank and the waste unloaded.  The SWSS
tank to be used for the treatment test will be inspected prior to placing the waste into the tank to
ensure that it is essentially free of residuals from the prior treatment batch.  The waste transport
vehicle will then return to the certified weigh station to obtain a light weight so an accurate record
of the amount of waste used in the treatment test can be maintained.  The appropriate amount of
by-product and a small amount of water (if needed) will then be added.

Chemical Characterization of Stabilized Waste

Following completion of the treatment batch, a representative sample of the treated waste
will be obtained from the SWSS tank.  The sample collection procedure to be employed for this
project is the one routinely employed for treated waste sample collection at the SWSS tanks.  Using
the excavator bucket as a sampling device, samples are collected from a minimum of four locations
spaced evenly along the length of the tank.  An aliquot is removed from each backhoe bucket by
MSYP personnel using a scoop and the four aliquots are composited into a clean sample container.
The composite sample is then thoroughly mixed and delivered to the on-site laboratory for
characterization.

Upon receipt at the laboratory, the composite sample will again be mixed.  MSYP laboratory
personnel will then remove 100 grams of the composite sample for immediate extraction and place
the remainder of the sample in a clean sample container.9  After 24 hours, another 100-gram aliquot
will be removed from the reserved portion of the composite sample and another extraction
performed.  Any sample remaining from the treated waste sampling event at this point will be
retained at the Yukon facility until the results of the analyses performed on the extracts are received
and accepted as accurate.

The extracts obtained from the immediate and 24-hour extractions will then be placed in 1-
liter sample containers and the samples properly preserved. The extract samples will be retained by
MSYP for analysis.  The parameters to be analyzed by the laboratory are the same parameters as
identified above for the untreated waste characterization program.  These are

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Nickel

Selenium

Silver
Zinc

The extractions and analyses will be performed using the same methods as identified above
for the untreated waste characterization program.  The sample holding times recommended in the
literature will be strictly adhered to in order to ensure the validity of the results, Chain of Custody
documents will be used to track sample movement, and appropriate quality control measures will
be practiced by the analytical laboratories involved.
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Solidification Studies

The solidification test for each commercial waste/by-product dosage will use a 50-pound
aliquot of the waste and sufficient water to obtain the appropriate consistency needed for filling and
rodding the molds.  The treated waste will then be loaded into twenty 3-inch diameter by 6-inch
long test cylinders and delivered to Pitt for compressive strength testing.  The cylinders will be
transported by ground vehicle to Benedum Hall, University of Pittsburgh and an identification will
be number assigned to cylinders, and recorded in sample log book.

Sample holding times will be carefully adhered to in order to ensure the acceptability of the
results.  The solidification tests will proceed over a three-month period.  Cylinders will be stored
during this period in the environmentally controlled room inside Room SB82 of Benedum Hall. The
3" by 6" cylinders will be tested at Pitt for compressive strength to determine the extent of
solidification effected by the treatments.  Breaks of four cylinders each will be made at three, seven,
fourteen, twenty-eight and ninety days, using the test machine in Room SB82. The strengths
developed will be compared with those reported by others and will be used to determine the
usefulness of the treatment product as cap material.

Disposal of Stabilized Waste

The results of the chemical characterizations performed on the treated wastes will be
compared to the criteria the MSYP normally employs in evaluating the success of the waste
treatments performed in the SWSS unit.  If the results confirm that these criteria have been
achieved, the container(s) holding the treated waste will be transported to an approved facility and
land disposed.  If the results do not confirm that the successful treatment criteria have been
achieved, the container(s) holding the treated waste will be unloaded back into one of the SWSS
tanks and the waste re-treated using the conventional treatment chemicals employed at the Yukon
facility.  Note that the stabilized wastes actually produced in Phase 2 will not be considered for cap
material.  It will be wastes stabilized in any resulting commercial operation using CCT by-products
that will be considered for this service.

BY-PRODUCTS

Identification for Phase One

Three by-products were collected and utilized as treatment chemicals in Phase 1.  They
were:

Dry Scrubber Residue.  This material was supplied by CONSOL Inc. from a Joy Niro
Spray Drier.  It was produced by the cogeneration project of Chambers Cogeneration Limited
Partnership, operated by U. S. Operating Services Company at the Carneys Point Cogeneration Plant
on the grounds of DuPont's Chambers Works in New Jersey.  CONSOL Inc. supplies the coal used
in the plant and, as part of the purchase agreement, backhauls the residue to its mines in western
Pennsylvania and West Virginia in special pneumatic rail cars.  Some or all of the approximately
100,000 tons/year of this by-product could be easily diverted to hazardous waste treatment plants
along the general rail route from New Jersey to western Pennsylvania and West Virginia.  The
residue contains 45% fly ash, 36% CaSO3/CaSO4, 10% Ca(OH)2, 2% CaCO3, and 7% other inert
material.  It is comprised of agglomerates of fine materials formed in the scrubber.

Residue from a Coal-Waste-Fired CFBC. Approximately 200,000 tons/year of this
material is produced in a unit operated by the Ebensburg Power Company (EBC) at Ebensburg,
Pennsylvania.  Currently it is being trucked back to the mines from which the coal wastes are
derived.  Some or all of this by-product could be diverted to nearby sites for beneficial use if they
could be identified.  The residue contains 82% ash, 12.5% limestone equivalent and 5.5%
CaSO3/CaSO4.  It is a relatively coarse material, as it contains both bottom and fly ash from the
boiler.
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Residue from a Coal-Fired Pressurized Fluid Bed Combustor (PFBC).  This
material was produced at the Tidd Station of Ohio Power Company, a subsidiary of American Electric
Power Corporation, at Brilliant, OH.  This demonstration facility was constructed and operated in
cooperation with the U.S. Department of Energy in Round I of the Clean Coal Technology Program.
The sorbent fed to the plant, rather than lime or limestone, was dolomite.  By operating at high
pressure, little of the dolomite in the residue is in the oxide form - most is present as carbonate.  The
residue could be obtained as bottom ash, fly ash, or a mixture.  For this project the fly ash was
obtained.  The dolomitic character of the sorbent yields a residue that is lower in pH than that
produced from lime-based sorbents.  This characteristic is particularly useful in stabilizing arsenic-
laden waste solids.  The chemical composition of the residue is 50-60% equivalent CaCO3 and 1-2%
available (free or uncombined) CaO.

Acquisition of Samples for Phase One

Samples of the three by-products were collected during the first three quarters of Phase 1.
Here is a synopsis of the sampling activity.

Carneys Point Cogeneration Plant.  Ten samples of the spray drier fly ash were
collected at CONSOL's Blacksville receiving terminal near Waynesburg, Pennsylvania.  Car numbers
of the covered hopper rail cars and dates loaded were recorded.

Ebensburg Power Company.  Ten dry samples were collected from the storage silo
for the characterization program.  The silo samples are a blend of bed ash and cyclone ash.
Additional separate samples of bed ash and cyclone ash were obtained for comparison.  No
significant problems in sampling occurred to prevent obtaining grab samples of dry ash from the silo
that are representative of good operating conditions.

Tidd Station.  Ten samples from the dry cyclone ash silo were collected.  The silo had a
one-day capacity when the unit was operating at its full rating.  The ash from the silo also included
the electrostatic precipitator ash.  Verbal communication with the plant engineers determined that
boiler operations were stable and producing power during the sampling periods.
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Identification for Phase Two

The Carneys Point station is still in operation.  However, CONSOL has requested that an
alternate source of spray-drier scrubber by-product be sought.  On the recommendation of Deborah
Pflughoeft-Hassett of the University of North Dakota Energy and Environmental Research Center the
project team has contacted Mineral Solutions Inc (MSYP) of Eagan, Minnesota.  They are brokering
spray-drier by-product from Shinks Unit #3 of Northern States Power.  MSYP has expressed an
interest in discussing the use of this material in Phase 2.  Upon approval of this test plan the project
team will enter into discussion with MSYP about acquiring and transporting by-product from Shinks
Unit #3 to the MSYP for use in Phase 2. 

The EPC circulating AFBC at Ebensburg is still in operation.  Upon approval of this test plan
the project team will enter into discussion with EPC about acquiring and transporting by-product
from EBC to the MSYP for use in Phase 2.

The PFBC at the Tidd Station was permanently shutdown in early spring 1995.  Therefore
in late February 1995 the project team collected the 50-ton sample of this by-product for use in
Phase 2.

Acquisition for Phase Two

The by-products will be delivered to the facility as follows:

Shinks #1.  MSYP will contract with its current bulk lime supplier, Stutzman Enterprises
of Indiana, PA.  Stutzman will dispatch pneumatic trucks to Shinks Unit #3, pick up 40 tons of
Shinks #1 by-product, transport the by-product back to the MSYP, and off-load the by-product into
the by-product storage silo.  After the waste has been placed into one of the SWSS tanks, the by-
product will be transferred to the tank.  The amount of by-product will be monitored to generate
accurate records of its use in the test.

Tidd #2.  The initial thought as to how to collect the 50-ton sample of Tidd by-product was
to install a new fill nozzle on the cyclone ash silo to connect to super-sacks.  However, the material
in the silo was kept at 300-400oF to assure that no moisture will condense on the ash, which could
lead to plugging.  The super-sacks could not tolerate temperatures this high.  Therefore it was
decided to use the existing elephant trunk to transfer the hot ash to pneumatic tanker trucks,
provided by Bulk Transit Company.

Several approaches were considered for transferring the by-product from the tanker trucks
to the super-sacks.  Two that were discarded were (1) direct filling at the Cardinal Station's disposal
site (where the Tidd ash was also being disposed) and (2) staged filling from a second silo.  The first
discarded approach was deemed insufficiently robust and a potential dust emission source too
difficult to control.  The second failed for lack of an easily obtained suitable silo.

The approach that was finally used involved travel of the tanker trucks to a commercial
bagger, Aimcor in Aurora, Indiana, which has the capability of removing the ash from the tanker
trucks, cooling it, filling the super-sacks and placing them on pallets for transport back to Dravo Lime
Company (DLC) in Pittsburgh for storage.

DLC cleared a portion of a building at their Research Center to house the super-sacks until
they were shipped to the MSYP in the fall of 1998.  Until needed for Phase 2 testing, the sacks are
being stored in a tarped roll-off container placed in a secure area of the facility.  When needed for
a waste stabilization test, MSYP will position the roll-off container adjacent to the SWSS tank to be
used in the test, remove the appropriate number of sacks from the container based on the weight
of by-product needed for the test, and set the loaded sacks into the tank atop the waste.  A MSYP
employee will then enter the SWSS tank and open the sack to allow the by-product to escape.  The
empty sack will be removed from the SWSS tank before the waste and by-product blending process
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begins.

EPC #3.  MSYP intends to involve Stutzman in the management of the EPC by-product in
similar manner to their proposed involvement with the Shinks #1 by-product except that Stutzman
will not deliver the by-product to the storage silo at the MSYP.  Rather, Stutzman will obtain the
material from the EPC by-product storage facility located near Ebensburg, PA when needed for use
in a treatment test and deliver the material directly to the Yukon facility.  On demand, Stutzman will
dispatch the vehicle equipped with a mechanical unloading conveyor to the EPC by-product storage
facility and load the specified amount of the EPC #3 by-product from the EPC storage silo into the
vehicle.  Stutzman will then deliver the material to the MSYP Yukon facility on the day of the test.
After the waste has been placed into one of the SWSS tanks, the by-product vehicle will be
positioned at the tank, fitted with the "sock", and the unloading conveyor activated.  The rate of
unloading will be controlled to minimize dusting.  The vehicle will be weighed before and after
unloading to generate accurate records of the amount of by-product used in the test.

WASTES

Identification for Phase One

During Phase 1 the MSYP evaluated eleven characteristic metal-laden hazardous wastes for
use in Phase 1.  Five of the wastes were determined to be unsuitable and six were determined to
be suitable.  Laboratory treatments of the six suitable wastes with the three by-products were
performed.

Included in the eleven wastes examined were two industrial wastewater treatment plant
residues, six contaminated soils, two air pollution control dusts, and one sandblast waste.  250-
pound samples of each waste were obtained from the generators of the waste or collected from
shipments of the waste received at the MSYP.  A representative aliquot of each waste was then
removed for analysis.  A 100-gram portion of each aliquot was extracted according to the TCLP
protocol and the extract generated for each waste was then distributed into two 1-liter sample
bottles and preserved with nitric acid for subsequent analysis.  One of the extract samples was then
delivered to Antech, Ltd. for analysis to determine if the waste exhibited the expected hazardous
waste characteristic(s).  Five of the wastes sampled were disqualified from use in the project on the
basis that analysis of their TCLP extracts did not verify that the wastes exhibited the expected
hazardous waste characteristic(s).  On this basis, six of the wastes qualified for use in the project.
The wastes that qualified, and the hazardous characteristics exhibited by each, were:

                        Waste                     Characteristic(s)

Industrial Wastewater Treatment Residue
from a Battery Manufacturing Plant

     Lead

Contaminated Soil from a Remediation
Project Conducted at a Munitions Depot

     Lead

Contaminated Soil from a Remediation
Project Conducted at an Abandoned Indus-
trial Site

     Lead

Contaminated Soil from a Remediation
Project Conducted at a Former Sewage
Treatment Plant

     Lead

Air Pollution Control Dust from Basic
Oxygen Furnace Steel Production

     Lead



     10  Assumes that the generator of the battery sludge is still a customer of MSYP at the time the Phase II testing is
scheduled to commence.
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Air Pollution Control Ash from Municipal
Waste Incineration

     Lead

The MSYP then authorized Antech to perform the remaining analyses on the TCLP extracts
generated from the qualified wastes and provided Antech with a 250-gram sample of each of these
wastes (part of the representative aliquot originally collected) for total metals analysis as well.  Pitt
was also provided with a 1-liter TCLP extract sample and a 100-gram sample of each waste for
analysis.

The results of the waste analyses performed by Antech, Ltd. and by Pitt showed that none
of the wastes exhibited any other toxicity characteristics than are identified above.  However, each
of the wastes did contain some total metals at concentrations greater than or equal to 20 times the
toxicity characteristic limits or greater than or equal to 20 times the Land Disposal Restriction (LDR)
treatment standards.  Metal concentrations at these levels in the wastes were of concern due to the
potential that they would leach under the altered conditions present in the treated waste samples
generated during the waste treatment portion of this project.  The parameters of concern in each of
the wastes were:

! Industrial Wastewater Treatment Residue from Battery Manufacturing Plant
Cd, Pb, Sb

! Contaminated Soil from a Remediation Project Conducted at a Munitions Dep
Ba, Cd, Cr, Pb, Zn, Be, V

! Contaminated Soil from a Remediation Project Conducted at an Abandoned Industrial
Site
Ba, Cd, Cr, Pb, Hg, Zn, Be, V

! Contaminated Soil from a Remediation Project Conducted at a Former Sewage
Treatment Plant
Pb, Zn

! Air Pollution Control Dust from Basic Oxygen Furnace Steel Production
Cd, Cr, Pb, Ni, Zn, V

! Air Pollution Control Ash from Municipal Waste Incineration
As, Ba, Cd, Cr, Pb, Hg, Ni, Se, Ag, Zn, Sb, Be, V

Identification for Phase Two

Only wastes authorized for management at the MSYP will be used in the full-scale tests.  To
the extent possible, the same types of waste as those evaluated in Phase 1 will be used in Phase
2.  However, MAX is unable to provide the same identical wastes that were available in Phase 1.
Of the wastes tested during Phase 1 of the project that were successfully treated, only the battery
manufacturing wastewater treatment sludge is currently being generated.  All of the other wastes
that were successfully treated in Phase 1 were generated from remediation projects that were
completed long ago.  Consequently, except for the one waste10, the MSYP is unable to test the same
identical wastes in Phase 2 of the project that it tested in Phase 1.

Taking this into consideration, as well as the fact that the Phase 1 testing demonstrated the
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by-products to be generally effective in treating contaminated soils, the MSYP has selected the
following generic wastes for full-scale evaluation:

! A Battery Manufacturing Wastewater Treatment Sludge
! Battery Recycling Site Cleanup Soils
! Lead-Contaminated Soils
! Lead-Cadmium Contaminated Soils
! Chromium Contaminated Soils

TREATMENTS

For up to twenty-five by-product/waste combinations, one commercial batch of waste will
be treated with by-product by the MSYP and analyzed there for leachable (TCLP) concentrations to
determine whether the waste has been stabilized.  If additional temporary storage space is permitted
(the application is being considered at the present time), several product/waste combinations giving
slow successful stabilization as evaluated during the laboratory studies of Phase 1 will be
substituted.

The up to twenty-five waste/by-product combinations selected will be mixed at the optimum
of the three dosages as determined by the laboratory treatability studies.  In the event the laboratory
testing of a particular waste/by-product combination does not indicate that the levels of the metals
of concern in each of the wastes can be reduced to below the hazardous level, no full-scale testing
of that waste/by-product combination will be conducted.  All mixing of wastes and by-products will
be performed in the Solid Waste Stabilization and Solidification Unit at the MSYP.  As in the
laboratory, water will be added to activate the reaction between the waste and by-produ

The full-scale treatments will be performed on batches consisting of up to 20 tons of treated
waste.  Following treatment, the waste will be loaded into containers for storage pending the results
of TCLP analysis.  As in the laboratory tests, TCLP testing and metals (11) analyses will be
conducted immediately following treatment and after a 24 hour holding period.  For slow
stabilization (if permitted) a third TCLP test will be conducted at the end of the curing period.  An
aliquot of the treated waste will also be provided to Pitt for compressive strength (3-day, 7-day, 14-
day and 28-day) and stress analyses (as appropriate).  After each test the treatment residue will be
properly disposed at an authorized facility.

The field studies at the MSYP match precisely with its normal activities as a RCRA hazardous
waste treatment facility under PADER permits with one possible exception.  A particular new
problem that may be encountered during the field studies there is that of fugitive dust.  The by-
products being examined in this project all are residues from systems that operate with sorbents
having no bulk moisture associated with them, except in some cases during their injection into the
combustor, ductwork or scrubber.  Thus as product materials they have a significant potential for
dust emissions.  This potential will have to be carefully evaluated and dust suppression methods
employed properly when they are being used by the MSYP as treatment materials.

The water required for the treatment batches will be obtained from a tap on a potable water
line at the MSYP, metered as needed for dust control.  Assuming that dust control does not require
the addition of more water than is called for in the specific test protocol, the required amount of
water will be added to the batch.  Records of the amount of water added to each batch will be
maintained.

SOLIDIFICATION

For combinations giving immediate stabilization, Pitt will consider casting 3" by 6" cylinders
for measuring compressive strength will be cast from the large-scale batch at the time of treatment.
If made, the cylinders will be taken to Pitt and tested there.  For any combinations giving slow
stabilization, Pitt will consider casting 4" or 6" cylinders for measuring compressive strength and
stress behavior.  If made, the cylinders will be taken to Pitt and tested there.
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For each immediately successful combination of waste and by-products (up to 40
combinations in all) a set of 3" by 6" cylinders will be prepared at the MSYP and tested at Pitt for
compressive strength to determine the extent of solidification effected by the treatments.  The
strengths developed will be compared with those reported by others, either in the literature or in
personal communications, using the by-products alone.

Sample holding times will be carefully adhered to in order to ensure the acceptability of the
results.  The solidification tests will proceed over a three-month period.  Cylinders will be stored
during this period in the environmentally controlled room inside Room SB82 of Benedum Hall.
Breaks of four cylinders each will be made at three, seven, fourteen, twenty-eight and ninety days,
using the test machine in Room SB82.  Disposal of all material examined at Pitt will be carried out
as in Phase 1.

EVALUATION

Economic

An economic evaluation will be developed from the results of the field tests.  Transportation
and disposal costs, waste tipping fees and prices for by-products will be developed.  A base case
will be developed for each waste/by-product combination, assuming a specific transportation
distance, mode of transportation, ash conditioning, tipping fee and other factors influencing the cost
for disposal or treatment of the by-product and metal-laden hazardous waste.  A sensitivity analysis
for each factor will then be performed.  Comparisons will be made with the cost of current
commercial practices.

Indemnification

A final aspect of a commercial project using by-product to treat hazardous waste is the need
for proper indemnification and insurance for the by-product against any future liability arising from
the disposal of the stabilized waste.  The cost of this type of insurance and the present value of any
litigation that might arise in the future will be estimated and factored into the economic analysis.
The experience that similar projects have had with these problems will be examined.

It should be noted that the MSYP, the operator of the treatment plant, has no liability in this
matter.  The MSYP will pay $1 per ton for chemicals.  The generator pays then for transportation
and a management fee.

Success of Field Test

Four measures of success may be applied to this project.  The first is a specific
measurement, while the others are increasingly more general in the order listed.

The specific measurement is simply the discovery for each by-product/waste combination
of that amount of by-product which is just sufficient to render the hazardous waste either non-
hazardous and acceptable for land disposal under current RCRA regulations or slowly but eventually
non-hazardous and potentially acceptable for structural fill.

Further success is achieved if an economic advantage is observed by the use of a
hypothetical "nearby" by-product to treat the waste.

The third measure of success is the agreement in principle that proper indemnification is
achieved for the nearest available by-product to a commercial waste treatment plant.

Finally, the project will be a total success if one or more by-product producers find continuing
markets for their materials as waste treatment agents.
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Draft and Final Report Development

The draft report will be submitted to Pitt and the COR in 60 days from receipt of written
authorization from the Contracting Officer.  Final report development activities will include
incorporation of comments and questions from Pitt and MAX staff. The final report will be submitted
within two weeks of notice of acceptability of the draft report.

Dissemination of Results

As with the results of Phase 1, the project team will present the results of Phase 2 at several
appropriate technical conferences, such as those sponsored by the University of Pittsburgh, the
University of Kentucky and the American Coal Ash Association.  The team will also assist the E50.03
Subcommittee of the E-50 Committee of the American Society for Testing and Materials (ASTM) as
the subcommittee develops an ASTM Standard Guide for Use of Coal Combustion By-Products for
Stabilization of Inorganic Wastes.

Taking all of these factors into consideration, the MSYP has selected the following
wastes/by-product mixtures for full-scale evaluation:

  Test #1: Treatment Of The Battery Manufacturing Wastewater Treatment Sludge With Shinks
#1 By-Product At A 10:1 Weight Ratio

  Test #2: Treatment Of The Battery Manufacturing Wastewater Treatment Sludge With Shinks
#1 By-Product At A 2:1 Weight Ratio

  Test #3: Treatment Of A Lead-Contaminated Soil With Shinks #1 By-Product At A 10:1
Weight Ratio

  Test #4: Treatment Of A Lead-Contaminated Soil (same soil as in Test #3) With Shinks #1 By-
Product At A 2:1 Weight Ratio

  Test #5: Treatment Of A Lead-Contaminated Soil (same soil as in Test #3) With Tidd #2 By-
Product At A 2:1 Weight Ratio

  Test #6: Treatment Of A Lead-Contaminated Soil (same soil as in Test #3) With EPC #3 By-
Product At A 2:1 Weight Ratio

  Test #7: Treatment Of A Second Lead-Contaminated Soil With Shinks #1 By-Product At A
10:1 Weight Ratio

  Test #8: Treatment Of The Second Lead-Contaminated Soil (same soil as in Test #7) With
Shinks #1 By-Product At A 2:1 Weight Ratio

  Test #9: Treatment Of The Second Lead-Contaminated Soil (same soil as in Test #7) With
Tidd #2 By-Product At A 2:1 Weight Ratio

  Test #10: Treatment Of The Lead-Contaminated Soil (same soil as in Test #7) With EPC #3 By-
Product At A 2:1 Weight Ratio

In all, six tests are proposed using the Shinks #1 by-product, which is expected to be the most
successful of the three by-products, based upon Phase 1 of the project, and two tests are proposed
using each of the other by-products, Tidd #2 and EPC #3. 

The approximate quantities of waste, CCT by-product and water to be used in each of the
tests is presented below.  The by-product quantities are based on the assumption that the waste
shipment will contain 22 tons of material.  This may result in a slight overdose of by-product if the
shipment contains less waste or a slight underdose of by-product if the shipment contains more



     11  The presence of free liquids in the treated waste will prohibit the disposal of the waste in a local landfill.
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waste.  The water quantities are based on the quantities used in the laboratory-scale tests
performed during Phase 1.  The actual quantities used in Phase 2 may
differ if more water is required for dust control or if the addition of the specified amount of water
would cause the treated waste to contain free liquids.11

  Test #1: Treatment Of The Battery Manufacturing Wastewater Treatment Sludge With Shinks
#1 By-Product At A 10:1 Weight Ratio

Ingredients
Waste:  22 Tons
By-product:  2.2 Tons
Water:  0.0 Tons

  Test #2: Treatment Of The Battery Manufacturing Wastewater Treatment Sludge With Shinks
#1 By-Product At A 2:1 Weight Ratio

Ingredients
Waste:  22 Tons
By-product:  11 Tons
Water:  1.5 Tons

  Test #3: Treatment Of A Lead-Contaminated Soil With Shinks #1 By-Product At A 10:1
Weight Ratio

Ingredients
Waste:  22 Tons
By-product:  2.2 Tons
Water:  1.0 Tons

  Test #4: Treatment Of A Lead-Contaminated Soil (same soil as in Test #3) With Shinks #1 By-
Product At A 2:1 Weight Ratio

Ingredients
Waste:  22 Tons
By-product:  11 Tons
Water:  2.8 Tons
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  Test #5: Treatment Of A Lead-Contaminated Soil (same soil as in Test #3) With Tidd #2 By-
Product At A 2:1 Weight Ratio

Ingredients
Waste:  22 Tons
By-product:  11 Tons
Water:  0.5 Tons

  Test #6: Treatment Of A Lead-Contaminated Soil (same soil as in Test #3) With EPC #3 By-
Product At A 2:1 Weight Ratio

Ingredients
Waste:  22 Tons
By-product:  11 Tons
Water:  1.5 Tons

  Test #7: Treatment Of A Second Lead-Contaminated Soil With Shinks #1 By-Product At A
10:1 Weight Ratio

Ingredients
Waste:  22 Tons
By-product:  2.2 Tons
Water:  1.0 Tons

  Test #8: Treatment Of The Second Lead-Contaminated Soil (same soil as in Test #7) With
Shinks #1 By-Product At A 2:1 Weight Ratio

Ingredients
Waste:  22 Tons
By-product:  11 Tons
Water:  2.8 Tons

  Test #9: Treatment Of The Second Lead-Contaminated Soil (same soil as in Test #7) With
Tidd #2 By-Product At A 2:1 Weight Ratio

Ingredients
Waste:  22 Tons
By-product:  11 Tons
Water:  0.5 Tons

  Test #10: Treatment Of The Lead-Contaminated Soil (same soil as in Test #7) With EPC #3 By-
Product At A 2:1 Weight Ratio

Ingredients
Waste:  22 Tons
By-product:  11 Tons
Water:  1.5 Tons

Based on the above, approximately 40 tons of the Shinks #1 by-product, approximately 22 tons of
the Tidd #2 and EPC #3 by-products, and approximately 13 tons (3,100 gallons) of ãtàxÜ ã|ÄÄ ux
ÜxÖâ|Üxw yÉÜ âáx |Ç à{x c{táx E àxáà|ÇzA 
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INTRODUCTION

   During the third quarter of 1994 an investigation began at the University of Pittsburgh into the
stabilization of metal-laden hazardous wastes using by-products from several of the new advanced
clean-coal technologies, recently installed at U.S. coal-fired utility and cogeneration plants.  The
objectives of this program are (1) to provide useful information and data on the ability of these new
treatment chemicals to stabilize waste streams of commercial interest, and (2) to demonstrate the
performance of several waste/by-product mixtures at commercial scale.  The program’s goal is the
development of a new market for coal combustion by-products, namely, the enhanced sale of ash
by electric utilities and power cogenerators to hazardous waste treaters.
   During the first two years of the program, bench-scale treatability studies were performed to show
the effectiveness of several advanced clean-coal technology by-products as treatment chemicals for
metal-laden hazardous wastes [1,2].  Those by-product/waste sets showing promise for stabilization
were examined for solidification characteristics. Several were also viewed by X-ray diffraction and
scanning electron microscopy to learn the method of solidification/stabilization [3].
   When sufficient information was available in late 1995 to show that some of the stabilizations
were effective, a search began for a commercial partner, at whose plant the demonstration would be
conducted.  That search has continued through early 1997 and has been made difficult by a number
of factors — long-term legal liability, public exposure, business competition, capital requirements,
and long-term economic viability.  In 1994 the U.S. Department of Energy evaluated many of these
barriers to increased beneficial use of coal combustion/desulfurization by-products.
   This paper will summarize the results the bench-scale studies, describe the search for a commercial
partner, and discuss the barriers to increased beneficial use of by-products.



ADVANCED CLEAN-COAL TECHNOLOGY BY-PRODUCTS

   Advanced clean-coal technology by-products generally are produced in systems where a calcium-
based sorbent (usually slaked lime, limestone, or dolomite) is injected directly into a furnace,
ductwork, precipitator, or scrubber vessel to capture sulfur dioxide.  The sulfur-laden sorbent leaves
the system as a dry powdered or granular product, as opposed to the slurry associated with a
traditional wet scrubbers.  The dry by-products have neutralizing, sorptive and cementitious
properties that make them interesting as potential reagents for hazardous waste stabilization because
they contain large amounts of free quicklime (CaO), anhydrous calcium sulfate (CaSO4) or sulfite
(CaSO3), and pozzolanic ash.
   Three advanced clean-coal technology by-products were used in the bench-scale portion of the
program, (1) dry scrubber residue, (2) residue from a coal-fired pressurized fluid bed combustor
(PFBC), and (3) residue from a coal-waste-fired circulating fluid bed combustor (CFBC).
   The dry scrubber residue was produced in a spray drier at the outlet of a pulverized coal boiler
burning high-sulfur eastern coal.  In this unit ash-laden flue gas enters the bottom of the spray drier
and a lime slurry enters the top.  All of the sulfur-capture residue rises through the upper port with
the fly ash.  The residue contains 45% fly ash, 36% CaSO3/CaSO4, 10% Ca(OH)2, 2%  CaCO3, and
7% other inert material with moisture content of 2% or less.
   Residue from a coal-fired PFBC was obtained from the Tidd Station of Ohio Power Company.
In this demonstration facility (which has ceased operation) dolomite was  co-fed with coal to the
combustor.  Dolomite, instead of limestone, was used as the sorbent because it was both more
porous (and thus more reactive) and easier to handle without bridging in the piping system.  The
residue contains 50-60% equivalent CaCO3 and 1-2% available (free or uncombined) CaO.
   Residue from a coal-waste-fired CFBC was obtained from a commercial cogeneration plant in
western Pennsylvania.  The coal waste fed to the combustor has a sulfur content between 1.4 and
2.0 percent.  The limestone, which is co-fed with the coal,  is 83% CaCO3.  The fly ash from the
combustor is removed in a ten-segment baghouse and conveyed to a silo.  Approximately 70% of
the by-product in the silo is baghouse ash; 30% is bottom ash.  Thus, the by-product is a relatively
coarse material containing 82% ash, 12.5% limestone equivalent and 5.5% CaSO3/CaSO4.

METAL-LADEN HAZARDOUS WASTES

   The seven metal-laden hazardous wastes used in the bench-scale portion of the program were
selected from among the materials processed commercially by Mill Service, Inc., a centralized
hazardous waste treater in southwestern Pennsylvania.   The selected wastes were:
      1.  Sludge from lead-acid storage battery production
      2.  Contaminated soil from a munitions depot
      3.  Contaminated soil from a multi-use industrial site
      4.  Baghouse dust from basic oxygen furnace steelmaking
      5.  Ash from a municipal solid waste incinerator
      6.  Contaminated soil from a former waste water treatment plant
      7.  Sandblast dust from a paint-removal operation
   The principal hazardous constituent of concern for all seven wastes was lead.  The range of total
lead concentration in these seven wastes was from 750 to 43,000 mg/kg solids as received.  Other
hazardous constituents were found, but when the seven wastes were extracted by the TCLP protocol,
only the lead concentrations fell above RCRA regulatory limits.
   Those other hazardous constituents, found in the seven wastes, included three other RCRA
hazardous constituents of concern — cadmium and chromium (five wastes) and barium (one waste).
Four wastes contained other constituents which, although not currently regulated under EPA’s TC
program, are considered underlying constituents in the Universal Treatment Standards for non-
characteristic wastes.  All four of these were contaminated with copper and zinc and one, in addition,
with nickel and vanadium.

    The stabilization of all eight of these metals — lead, cadmium, chromium, barium, copper, zinc,
nickel and vanadium — by the three by-products were determined in the bench-scale studies.

TREATMENT STUDIES

   Bench-scale stabilization experiments consisted of mixing by-products with hazardous wastes at
weight ratios of 1:10, 1:3 and 1:2 with minimal moisture addition.  Sampling of the stabilized mass



was done immediately after treatment for evaluation of TCLP leachate compositions.  Table I
summarizes the results.  In the table the minimum weight ratio of  by-product to waste, that
successfully stabilizes the waste, is shown.  A blank space indicates that even the 1:2 treatment ratio
failed to stabilize the waste.

TABLE I—SUCCESS OF BY-PRODUCT/WASTE COMBINATIONS
___________________________________________________________________

      Waste         Spray-Drier Residue        PFBC Residue         CFBC Residue
___________________________________________________________________

Battery sludge 1:10

Munitions soil 1:10 1:2

Industrial soil 1:10 1:2

BOF dust

Incinerator ash

WWTP soil 1:10 1:2         1:2

Sandblast waste 1:10 1:2
___________________________________________________________________

   Six of the ten successful treatments were evaluated for solidification.  For each evaluation, aliquots
of the hazardous waste and the by-product were blended in the ratios shown in Table II.  For the
PFBC and CFBC residues, these were in the same ratio as shown in Table I — namely 1:2.  For the
spray dryer residue, the ratios were shifted to 1:3 and 1:2 for the two treatments, respectively.  The
optimal amounts of moisture to be added to each mixture were determined to be that at which the
wetted mass would produce an immediate “slump” in the neighborhood of 1.25 inches to 2 inches.
Table II presents the 90-day unconfined compressive strength developed by the treated product (in
pounds per square inch).
   The mixtures with PFBC and CFBC residues yielded products of satisfactory unconfined
compressive strength.  These products are of interest for use in structural fills and road bases.  The
mixtures with the spray drier residue yielded unsatisfactory products.

TABLE II—STRENGTH DEVELOPED BY TREATMENT PRODUCTS
___________________________________________________________________

    By-Product/      90-Day Strength
     By-product            Waste                  Waste Ratio     (Pounds per Inch2)
___________________________________________________________________

Spray drier residue        Battery sludge 1:3      46

Spray drier residue        Munitions soil 1:2      31

    PFBC residue             Industrial soil 1:2     378

    PFBC residue             Munitions soil 1:2     188

    PFBC residue               WWTP soil 1:2     364

    CFBC residue              WWTP soil 1:2     539
___________________________________________________________________



MICROSTRUCTURAL ANALYSES OF TREATMENT PRODUCTS

   Two sandblast waste aliquots, one treated with a 30% aliquot of spray drier residue and the other
with a 30% aliquot of PFBC residue, were each blended with water to approximately a 1.5 inch
slump. The composition and morphology of the two resulting solidified products after 28 days, as
well as the sandblast waste itself,  were evaluated by scanning electron microscopy (SEM) and X-
ray diffraction (XRD) techniques.
   The speciation of the hazardous constituent within the raw waste was found to be a basic lead
carbonate, as determined by XRD analysis.  Phase characterization by XRD also indicated that the
metal speciation of the raw waste remained unchanged in the resulting treated waste mixtures.
Microstructure characterization by SEM revealed that the particles of basic lead carbonate scattered
throughout the treated waste mixtures were surrounded by or encapsulated in a matrix of very fine
material consisting of calcium, sulfur, and silicon.  The results of the XRD analysis, when
interpreted in conjunction with the results of the SEM analysis, imply that physical encapsulation
on a microscopic scale is the principal mechanism responsible for stabilization.

COMMERCIAL DEMONSTRATION

   The results of the bench-scale treatments, shown in Table I, are very encouraging.  In particular,
the spray drier residue shows excellent ability to stabilize metal-laden hazardous waste.  As a
consequence, in the third quarter of 1995 the University of Pittsburgh began to seek a commercial
partner for a demonstration of this technology.  At the writing of this paper (during the second
quarter of 1997), the search continues.  The next portion of this paper offers a brief history of the
search and of barriers to its success, which were experienced.  Others have experienced these
barriers also, and the last portion of the paper reviews their general  observations.
   The hazardous waste treater first approached by the University of Pittsburgh was already
considering the use of coal combustion by-products (CCBs) as treatment chemicals.  They were very
enthusiastic about a demonstration until told that the program’s sponsor had determined, after
lengthy consideration of the presence of hazardous wastes in the work of the project, that a federal
environmental assessment (EA) would be required for this project. An EA would open another
avenue for public scrutiny of the company’s operation.  The company had been exposed to public
scrutiny at the state level on a number of occasions in the past and felt that the cost of further
scrutiny at the federal level for this project would not be repaid sufficiently.  It therefore with
disappointment withdrew from negotiations early in the second quarter of 1996.
   The second company approached quickly decided not to consider participating in the
demonstration because of the general intrusiveness they felt of an EA.
   The third company approached declined to participate at the time they were contacted (late in the
second quarter of 1996).  This company’s decision was at first based principally on their desire not
to be distracted by an EA while their Part B permit was being considered for renewal.  A little later
in the discussions they indicated that they would be open to considering participation after the
renewal was received, although they admitted that the presence of a federal sponsor of the program
was a concern.  They questioned whether having such a sponsor might expose them to future
scrutiny.
   As the approach to a fourth company was being developed, the program’s sponsor reconsidered
its requirement for an environmental assessment.  In consideration of the fact that hazardous waste
treaters are fully scrutinized at the state level and operate only under carefully reviewed permits, the
level of  environmental scrutiny was shifted to the review of the project’s response to an
environmental questionnaire.  Consideration of the questionnaire does not include the opportunity
for review by the local affected population.
   The fourth company approached was located outside the Appalachian coal province.  The other
three had been located well within that province.  After a lengthy, thorough analysis, in the middle
of the fourth quarter of 1996 they concluded that, while the project was of technical interest and their
plant was permitted for an operation of this type, they could find no economic benefit for their
company to join with the university to conduct this demonstration.  Not only were there no apparent
sources of this type of treatment chemical within an economic range of their plant, but also the
general availability of the results of the demonstration would be an asset more to hazardous waste
treaters in the Appalachian coal province than to themselves.  They offered to examine closely any



revised proposal for conducting the project at their plant that would provide a positive change in the
economic outlook for long-term commercialization there.
   The university, in consultation with the program sponsor, decided to refocus its search on a close-
by company in the Appalachian coal province.  In the first quarter of 1997 it recontacted the first
company with whom it had discussed the demonstration.  It found that, a year having passed since
breaking off earlier discussions and the requirement for an EA having been taken away, the company
was open to renewing negotiations.  Those negotiations are continuing at this time (midway through
the second quarter of 1997).

BARRIERS TO BENEFICIAL USE OF CCBs

   Before embarking upon a general discussion of the barriers to beneficial use of CCBs, a report of
one other specific experience, which the University of Pittsburgh had while conducting this project,
will be instructive.
   It will be noted that the original clean coal technology by-product is not among the three examined
in this project, namely, residue from a coal-fired fluid bed combustor (FBC).  Many of these units
are in operation across the United States and their by-product has moved into the mainstream of
CCBs in the marketplace.  Ash brokers have been engaged by the operators of the cogeneration
plants which utilize coal-fired FBCs to aggressively market this by-product and carefully dispose
of that which can’t be sold.  While planning and conducting the bench-scale tests of this project, the
university engaged in extensive negotiations with a major CCB broker to obtain a sample of coal-
fired FBC residue to include in the program. It was unsuccessful in doing so.  Generators of CCBs
retain the right of approval on all by-product uses, suggested to them by their brokers.  Testing of
their by-product  as a hazardous waste treatment chemical in a publicly reported program such as
this one, failed to receive generator approval because of concern for potential liability for cleanup
of sites “contaminated” with hazardous materials, even though (1) the wastes treated with their by-
product would be rendered non-hazardous and (2) the generator is once or twice removed from the
by-product sale — once if the broker takes ownership of the by-product as a product of commerce
and twice if the transporter of the by-product takes ownership first before it passes to the broker.
   The barriers that have been experienced by this project are typical of those being encountered
across the nation by all who are trying to increase the utilization of CCBs.  This problem is
sufficiently pronounced that Congress asked for a special report from the DOE on it.  The report was
provided to Congress in July 1994 [4].  The appendix of this paper contains the statement of the
barriers, contained in the Executive Summary of the report.
   Here are barriers, which were identified in the report, that the University of Pittsburgh has
encountered in conducting this project.  The immediately preceding paragraphs and section have
already given the background for much of this discussion.
   1.  This project was initiated to provide data to the public domain on the use of clean coal
technology by-products as treatment chemicals for hazardous wastes.  Inadequate information is
available in the literature on this byproduct use technology.
   2.  Coupled with the first barrier is inefficient technology/information transfer in the case of
residue from coal-fired FBCs for this use technology.
   3.  The data from this project can be used by the E-50 Committee of the American Society for
Testing and Materials to create a specification for byproduct use in this technology.  The university
has already met with this committee and it intends to participate in standards development when the
demonstration is complete.
   4.  Attitudinal barriers have been encountered.  The initial decision to require an environmental
assessment for this project arose in a climate of concern for the legal definition of a non-hazardous
product of a permitted hazardous waste stabilization process.  The resulting hesitance of three
companies to participate in the commercial phase of the project could be considered to some extent
to be a product of “public misconception of the risk” of hazardous waste stabilization, a
misconception which results in acrimonious public meetings when permit applications and
environmental assessments are opened for public review.
   5.  The “lack of discrimination between beneficial reuse application and disposal” contributes
strongly to an economic barrier. In general, if a material is disposed to a waste treatment plant and
carries a tipping fee, even if it is used beneficially — in this case as a treatment chemical — it is still
legally defined as a waste and is regulated as such.  However, if it is purchased by the plant, it
generally can be claimed as a product of commerce and used as a treatment chemical.  The
requirement that a by-product must be sold to a hazardous waste treatment plant in order for it to be



considered not a waste, severely limits the ash dilution of the alkaline components in the by-product.
Ash is essentially an inert which takes up relatively expensive landfill space in ultimate disposal.
A hazardous waste treater cannot afford to “purchase” much ash accompanying the alkaline
component.  If the  seller of the active ingredient in the by-product could provide the funds (through
a tipping fee) to landfill the ash component which is just along for the ride, a better economic case
could be made for more use of this by-product for hazardous waste treatment.
   6.  The basic concern over “the potential for liability associated with the use of a material
designated as a waste material” has had a generally chilling effect on the interest of by-product
producers to participate in this project.  It should be noted that the last paragraph of the Appendix,
from which the quotation in the preceding sentence is taken, was actually directed at the complex
of issues related to Bevill wastes [5].  Advanced clean coal technology by-products fall into this
category.  A full discussion of this topic and its impact on their use as a treatment chemical is a
subject for an extensive paper of its own.

CONCLUSION

   Advanced clean coal technology by-products are effective treatment chemicals for the stabilization
of metal-laden hazardous wastes.  Bench-scale tests have shown this.  A demonstration is required
to prove their technical, economic and regulatory capability at commercial scale.  There appear to
be a number of barriers to be overcome to bring this technology to full commercialization.  The
University of Pittsburgh is committed to continue its project by organizing a demonstration of this
technology to prove its feasibility at the commercial scale.

ACKNOWLEGMENT

   This paper was prepared with the support of the U.S. Department of Energy, under Cooperative
Agreement No. DE-FC21-94MC31175.  However, any opinions, findings, conclusions, or
recommendations expressed herein are those of the authors and do not necessarily reflect the views
of the DOE.

REFERENCES

1. Cobb, J., R. D. Neufeld, J. Pritts, V. Clifford, C. Bender, and J. Beeghly.   1996.
“Stabilization of Metal-Laden Hazardous Wastes Using Lime-Containing Ash from Two
FBC’s and a Spray-Drier,” preprints of papers presented at the 211th ACS National Meeting,
New Orleans, LA, March 24-28, 1996, pp. 553-557.

2. Pritts, Jesse William.  1996.  “Stabilization and Solidification of Metal-Laden Hazardous
Wastes with Clean-Coal-Technology By-Products,” M.S. thesis, School of Engineering,
University of Pittsburgh.

3. Clifford, B. Vourneen.  1997.  “The Stabilization of a Hazardous Sandblast Waste with
Advanced Clean Coal Technology By-Products,” M.S. thesis, School of Engineering,
University of Pittsburgh.

4. U.S. Department of Energy, Office of Fossil Energy, Morgantown Energy Technology
Center, Morgantown, West Virginia 26505.  1994.  “Report to Congress.  Barriers to the
Increased Utilization of Coal Combustion/Desul-furization Byproducts by Governmental and
Commercial Sectors,” July 1994.

5. Weissman, William R., and Timothy M. Cramer.  1996.  “The Resource Conservation and
Recovery Act.  Regulatory Update on Coal Combustion Byproducts,” paper presented at the
Coal Combustion Byproduct Managers Program, American Coal Ash Association,
Morgantown, WV, June 10-13, 1996.

APPENDIX - BARRIERS TO INCREASED BYPRODUCT UTILIZATION

   The following is reproduced from the Executive Summary of “Report to Congress.  Barriers to the
Increased Utilization of Coal Combustion/Desulfurization Byproducts by Governmental and
Commercial Sectors” [4].
   The findings of the study suggest that institutional, regulatory, and legal barriers are very much
interrelated.  The institutional barriers can be summarized into the following major areas:



   Inefficient Technology/Information Transfer.  Available information is not transferred or is not
transferred in a timely fashion to regulators or potential users of byproduct utilization technology.
There is an apparent information or communications gap among the producers of byproducts, end
users, and regulators.
   Lack of Coordination/Leadership in Development and Promotion of Coal Byproduct Utilization.
There is a national industry group for promotion of coal byproduct reuse.  However, an organization
is needed within the Federal Government to support that promotional role within the governmental
sector.
    Inadequacies of State Programs to Promote Beneficial Reuse.  Coal byproduct disposal and
beneficial reuse are regulated by the States.  Across the States there is inconsistency in State
regulations for what constitutes beneficial reuse and how it should be regulated.  Few State
procurement programs support use of recovered materials such as coal byproducts.
   Non-Existent or Inadequate Specifications for Byproduct Use.  There is a lack of recognized
technical specifications for use of coal byproducts even in proven technology.
   Existence of Attitudinal Barriers.  Designation of coal byproducts as a solid waste, while fostering
public misconception about the risk of these materials, stymies attempts to develop or expand
markets for their use.
   The lack of discrimination in the Federal and State regulatory systems between coal byproducts
for beneficial reuse application and disposal is central to the regulatory barriers to increased
byproduct utilization.  Without this discrimination, the “waste” designation can trigger case-by-case
approval which makes utilization impractical.
   There is also the need in the regulatory field to develop environmental compliance tests which
determine realistic environmental impacts.
   The chief legal barrier to increased coal byproduct use is the potential for liability associated with
use of a material designated as a waste material.  It is a concern of producers and users of coal
byproducts that their liability is unacceptably extended beyond that normally associated with use
of a commercial material.
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INTRODUCTION

With the support of the U.S. Department of Energy the University of Pittsburgh has embarked
upon a two-phase program for the evaluation of the use of by-products from three advanced
clean coal technologies, which have been installed recently at U.S. coal-fired utility and
cogeneration plants, as treatment chemicals for metal-laden hazardous wastes.  The objectives of
this program are:
1. To provide pertinent data on the properties of these new treatment chemicals;
2. To acquire useful information on the ability of these new treatment chemicals to stabilize

solid waste streams of commercial interest;
3. To demonstrate the performance of several waste/by-product mixtures at commercial

scale.
The program’s goal is the development of a new niche market for this emerging class of coal
combustion by-products, namely, their sale to hazardous waste treaters.

During the first two years of the program, Dravo Lime Company collected and thoroughly
analyzed multiple samples of three by-products.1  Bench-scale treatability studies were
performed to show the effectiveness of the three by-products as treatment chemicals for seven
metal-laden wastes.2,3  The successful products of treatment of one of the wastes by two by-
products were viewed by x-ray diffraction and scanning electron microscopy to demonstrate the
project team’s ability to discover the method of stabilization.4

For the past twenty months a very difficult search has been underway for a commercial partner at
whose plant the demonstration will be conducted.5  As this paper is being written (late July 1997)
the project team appears to be nearing a successful conclusion of its search.

This paper will provide the results of the analyses of the by-products, summarize the results of
the bench-scale studies, and comment upon the particular difficulty caused by the entry of the
words “hazardous waste” into the necessary vocabulary of the project.

ADVANCED CLEAN-COAL TECHNOLOGY BY-PRODUCTS

Advanced clean-coal technology by-products generally are produced in systems where a
calcium-based sorbent (usually slaked lime, limestone, or dolomite) is injected directly into a
furnace, ductwork, precipitator, or scrubber vessel to capture sulfur dioxide.  The sulfur-laden
sorbent leaves the system as a dry powdered or granular product, as opposed to the slurry
associated with a traditional wet scrubbers.  The dry by-products have neutralizing, sorptive and
cementitious properties that make them interesting as potential reagents for hazardous waste
stabilization because they contain large amounts of free quicklime (CaO), anhydrous calcium
sulfate (CaSO4) or sulfite (CaSO3), and pozzolanic ash.

Three advanced clean-coal technology by-products were used in the bench-scale portion of the
program, (1) dry scrubber residue, (2) residue from a coal-fired pressurized fluid bed combustor
(PFBC), and (3) residue from a coal-waste-fired circulating fluid bed combustor (CFBC).

The dry scrubber residue was produced in a spray drier at the outlet of a pulverized coal boiler
burning high-sulfur eastern coal.  In this unit ash-laden flue gas enters the bottom of the spray
drier and a lime slurry enters the top.  All of the sulfur-capture residue rises through the upper
port with the fly ash.



Residue from a coal-fired PFBC was obtained from the Tidd Station of Ohio Power Company. 
In this demonstration facility (which has ceased operation) dolomite was  co-fed with coal to the
combustor.  Dolomite, instead of limestone, was used as the sorbent because it was both more
porous (and thus more reactive) and easier to handle without bridging in the piping system.

Residue from a coal-waste-fired CFBC was obtained from a commercial cogeneration plant in
western Pennsylvania.  The coal waste fed to the combustor has a sulfur content between 1.4 and
2.0 percent.  The limestone, which is co-fed with the coal,  is 83% CaCO3.  The fly ash from the
combustor is removed in a ten-segment baghouse and conveyed to a silo.  Approximately 70% of
the by-product in the silo is baghouse ash; 30% is bottom ash.

Average values of Dravo Lime Company’s standard analyses of ten samples of each of these
three by-products are given in Tables 1, 2 and 3.  The analyses utilized are thoroughly described
in References 1 and 3.

Geochemical analysis shows that each of the three CCT by-products contains a significant
amount of free lime (CaO).  The spray dry scrubber residue contains the highest percentage of
CaO, at 28.9%, while the PFBC and CFBC residues contain 20.9% and 10.6%, respectively. 
These high percentages of CaO represent beneficial properties for hazardous waste stabilization. 
Each of these by-products also contain appreciable amounts  of inorganic compounds, such as
SiO2, Al2O3, and Fe2O3, which are commonly found in coal fly ash.  The CFBC residue contains
the highest percentages of silica and alumina, which is a result of burning low grade, high ash
fuel.  The presence of these pozzolanic compounds represents desirable characteristics for waste
treatment, as they have the potential to produce a highly solidified material which may help limit
the leaching of contaminants into the environment.  The PFBC residue contains the highest
percentage of MgO, which is expected as the sorbent fed to the boiler was dolomite instead of
lime or limestone.  These by-products also contain appreciable amounts of sulfur (both as sulfite
and sulfate), which is expected as sulfur sorption was the primary purpose for the utilization of
the CCT processes employed.  The sulfur present in the spray dry scrubber residue is mostly in
the form of sulfite, as opposed to sulfate found in both the FBC residues.  This difference is
mainly due to sulfur sorption at lower temperatures in the spray dry scrubber process.  The
presence of sulfur in treated waste mixtures could be detrimental to the development of
compressive strength over time, and may therefore be responsible for increased contaminant
leaching, as a result of sulfur expansion.  Finally, these by-products contain varying amounts of
unburned organic material, as measured by the percent of material by weight that is lost on
ignition at 1100 oC.  The spray dry scrubber residue contains the highest percentage of unburned
organic material, at 19.8%, followed by the PFBC and CFBC residues, at 11.2% and 5.3%,
respectively.  The presence of unburned organic material in treated waste mixtures could hinder
the development of significant compressive strength.

Reactivity of the by-products was determined by measuring temperature rise, calcium carbonate
equivalency (CCE), available lime index, pH, and mixed ratio.  The temperature rise indicates
the amount of heat generated by the hydration of quicklime and anhydrite.  A higher temperature
rise indicates that more lime is present in the anhydrous (quicklime) state.  The spray dry
scrubber residue has the lowest temperature rise among the three by-products.  This indicates
that the free lime is in the hydrated form, which is expected as slaked lime (a slurry of lime in
water) was used as the sorbent in this process.  The calcium carbonate equivalency measures the
acid-neutralizing capacity of the material and is expressed as weight percent of calcium
carbonate present.  Both the PFBC and spray dry scrubber residues have higher calcium
carbonate equivalencies, at 52.6% and 43.8% CaCO3, respectively, as compared to the CFBC
residue, which contains 11.6% CaCO3.  Although the CFBC residue contains less CaCO3, the
high temperature rise of this by-product indicates that the lime is present in a form that is more
reactive than the more abundant slaked lime found in the spray dry scrubber residue, which has a
relatively low temperature rise.  The available lime index gives a measure of the amount of
constituents available to enter into reaction.  The spray dry scrubber and CFBC residues both
have significantly higher values for the available lime index, at 3.7% and 4.0% CaO,
respectively, as compared to the PFBC residue which has an available lime index of 0.9% CaO. 
The pH of the three CCT by-products is very similar, with the pH of the CFBC residue being
slightly higher than that of the PFBC residue. 
 



Table 1
Mean Comparison of By-Product Geochemical Properties

Geochemical Analysis (%) Spray Dryer Residue PFBC Residue CFBC Residue

CaO 28.91 20.94 10.61
MgO 0.70 12.89 1.26
SiO2 20.18 21.75 48.56
Fe2O3 6.39 10.78 6.92
Al2O3 10.24 9.39 18.45
CO2 3.94 9.98 0.68

Total Sulfur as S 10.03 4.47 2.3
SO3 3.11 10.58 5.23
SO2 17.55 0.47 0.41

LOI @ 1100 oC 13.13 11.23 5.28
Total of Elements Determined 100.21 98.03 96.69

Reactivity

Temperature Rise (oF) 2 5 8
Calcium Carbonate Equivalency

(% CaCO3)
43.8 52.6 11.6

Available Lime Index (% CaO) 3.7 0.9 4.0
pH 12.36 11.92 12.52

Mixed Ratio (lbs/gal) 13 20 16

Physical Properties

Specific Gravity (g/cc) 2.41 2.83 2.7
Bulk Density - Loose (lb/ft3) 36 59 52

Bulk Density - Tamped (lb/ft3) 42 70 60
Blaine Fineness (cm2/g) 10,700 5,588 8,506
Passing 200 Mesh (%) 93 88 57
Passing 325 Mesh (%) 84 81 48

Specific Surface Area (m2/g) 6.87 2.93 10.64
Particle Size Distribution

Passing 80 Mesh (%) 98.9 94.2 49.8
10% passing (:m) 2.0 2.6 3.4
50% passing (:m) 11.88 10.95 26.59
90% passing (:m) 42.17 55.49 110.49

Average Particle Size (:m) 17.74 21.39 42.67

 Finally, the mixed ratio of the spray dry scrubber residue is the lowest among the three by-
products.  This indicates that the material has the ability to absorb large amounts of water, thus
having a high stabilization potential.

The physical properties reported in Table 1 include measurements of density, fineness, and
surface area.  The bulk density of the spray dry scrubber residue is significantly less than that of



either of the two FBC residues.  Fineness, measured either through the use of the Blaine air
permeability apparatus or a sieve analysis, gives an important indication of reactivity.  Fineness
affects the rate of hydration and the heat released.  Greater fineness increases the rate of
hydration and thus accelerates compressive strength development.  All three of the CCT by-
products analyzed have a greater fineness than either Portland cement or fly ash, two materials
commonly used as reagents in waste stabilization.  Among the three by-products, the spray dry
scrubber residue has a significantly higher fineness than either of the two FBC residues.  The
CFBC residue was found to have a significantly smaller percentage passing the 325 mesh sieve. 
This corresponds to the significantly larger average particle size of the CFBC residue, which is
primarily due to its bed ash content.  In contrast, the spray dry scrubber residue has the smallest
average particle size of 17.74 :m.  Thus, the finer spray dry scrubber residue is more reactive, a
good property for hazardous waste stabilization.

The results of this by-product characterization are consistent with what was expected from a
review of the literature.  Examination of the aforementioned by-product properties reveals
differences due to the CCT process employed, composition of coal burned, and composition of
specific sulfur sorbent utilized.  Overall, however, the high fineness and small particle sizes of
these by-products indicate that they should have the potential to rapidly enter into hydration
reactions, which would make them useful reagents in stabilization/solidification applications.  In
addition, they also contain high percentages of CaO, another beneficial property for waste
stabilization.  The spray dry scrubber residue, specifically, has the highest percentage of CaO,
lowest mixed ratio, smallest average particle size, and highest fineness.  The properties
characteristic to this by-product could provide for superior stabilization.

A comprehensive metals analysis of each of the three CCT by-products utilized for the purposes
of this treatability study was performed in order to demonstrate that the by-products were not
inherently hazardous in their own right and that they would not contribute to the leachable
metals concentrations of the resulting treated waste mixtures.  The metals analyzed included the
eight RCRA metals (As, Ba, Cd, Cr, Pb, Hg, Se, and Ag), which are currently regulated under
the U.S. EPA’s Toxicity Characteristic Program, and seven other metals (Sb, Be, Cu, Ni, Tl, V,
and Zn) which are currently considered underlying constituents under the Uniform Treatment
Standards (40 CFR Section 268.48).  Although the Uniform Treatment Standards (UTS) do not
currently apply to characteristic hazardous wastes, there is potential that these metals could be
regulated in the future.

A total constituent analysis (TCA) was performed in order to determine which metals were
present and in what concentration.  Total metals concentrations, however, do not indicate
whether a material is considered hazardous or not.  The presence of high concentrations of
metals in a material does not necessarily mean that the metals are in a form that will leach, or
that the metals will have the opportunity to come into contact with the leaching solution.  Total
metals concentrations do, however, give some insight into the potential for a material to be
considered hazardous.

 In order to determine which of the metals present in the material have the potential to exceed the
TCLP limit (as established by the current BDAT Standards) assuming that 100% of the metal
present were to leach, it is necessary to correlate the TCLP limits expressed in mg/L to total
metals concentrations expressed in mg/kg.  In the TCLP test, a liquid to solids ratio of 20:1
(volume:weight) is utilized.  Therefore, multiplying the TCLP limit by 20 will give the
concentrations on a mg/kg basis for comparison.  To provide for a margin of error, a multiplying
factor of 80% (0.8 times the mg/kg metal concentration) was used as the threshold value above
which the metal would be of concern.  Any metal which has a concentration greater than that of
the threshold value has the potential to leach in excess of the TCLP limit given 100%
leachability.  The results of the total constituent analysis of each of the three CCT by-products,
as well as the corresponding limits for concern, are given below in Table 2.

Table 2 reveals that there are a number of heavy metals present in each of the three CCT by-
products.  This is expected as trace metals are commonly found in coal fly.  Table 2 shows that
arsenic was found to be the only metal of concern under the current BDAT standards when
utilizing either of the two FBC residues in stabilization applications, as it has the potential to
leach at levels that exceed the current BDAT standards.  If the UTS eventually replace the



current

Table 2
Total Constituent Analysis of the CCT By-Products

Metal
Limits for
Concern
(mg/kg)

TCA (mg/kg)

Spray Dryer
Residue PFBC Residue CFBC Residue

Antimony (Sb) 33.6* <4.0 <4.0 <4.0

Arsenic (As) 80.0 41.0 140.0 95.0

Barium (Ba) 1600.0 97.0 150.0 160.0

Beryllium (Be) 0.224* 2.22 2.60 2.00

Cadmium (Cd) 16.0 6.6 4.8 10.0

Chromium (Cr) 80.0 29.0 15.0 50.0

Copper (Cu) NR# 20.0 17.0 35.0

Lead (Pb) 80.0 3.0 4.6 3.6

Mercury (Hg) 3.2 0.55 <0.10 1.10

Nickel (Ni) 81.6* 23.0 12.0 21.0

Selenium (Se) 16.0 <0.2 <0.2 <0.2

Silver (Ag) 80.0 <2.0 <2.0 <2.0

Thallium (Tl) 1.248* <0.5 <4.0 <4.0

Vanadium (V) 3.68* 54.15 26.10 55.25

Zinc (Zn) 84.8* 34.0 78.0 52.0

*As these metals are not currently regulated under the U.S. EPA Toxicity Characteristic Program, the
Uniform Treatment Standards for underlying constituents were used instead of the BDAT standards in
calculating the threshold limits for concern.

#NR:  This metal is not currently regulated under the U.S. EPA Toxicity Characteristic Program or as an
underlying constituent under the Uniform Treatment Standards.

BDAT standards, then beryllium and vanadium would also become metals of concern for
all three by-products, as these two metals have the potential to leach at levels that exceed
the UTS.

In addition to determining the total metals concentrations in the by-products and which of
those metals are present at concentrations of concern, the actual leachable (TCLP) metals
concentrations were also measured.  The results of the TCLP metals analysis are given in
Table 3.  Although the total concentration of arsenic was found to be of concern in the
FBC residues, it did not leach significantly during the TCLP test.  Table 3 demonstrates
that the by-products are not inherently hazardous in their own right, nor are they expected
to contribute to the leaching of heavy metals in the treated waste mixtures, as none of their
TCLP metals concentrations exceed the current BDAT standards.  As these by-products
do not contain highly mobile constituents, they are suitable materials for stabilization
applications.  If the UTS eventually replace the current BDAT standards, however, the



CFBC residue may no longer be suitable material for hazardous waste stabilization as its
leachable vanadium concentration exceeds the projected future standard of 0.23 mg/L.

Table 3
TCLP Metals Concentrations of the CCT By-Products

Metal
Regulatory Standards (mg/L) TCLP Concentrations (mg/L)

BDAT
Standards UTS Spray Dryer

Residue
PFBC

Residue
CFBC

Residue

Antimony (Sb) NR* 2.1 <0.020 0.022 0.024

Arsenic (As) 5.0 5.0 <0.01 <0.1 0.89

Barium (Ba) 100.0 7.6 <5.0 <5.0 <5.0

Beryllium (Be) NR 0.014 <0.001 <0.001 <0.001

Cadmium (Cd) 1.0 0.19 <0.1 <0.1 <0.1

Chromium (Cr) 5.0 0.86 <0.1 <0.1 <0.1

Copper (Cu) NR NR <1.0 <1.0 <1.0

Lead (Pb) 5.0 0.37 <0.1 <0.1 <0.1

Mercury (Hg) 0.2 0.20/0.0025 <0.01 <0.01 <0.01

Nickel (Ni) NR 5.1 <0.1 <0.1 <0.1

Selenium (Se) 1.0 0.16 <0.1 <0.1 <0.1

Silver (Ag) 80.0 0.3 <0.1 <0.1 <0.1

Thallium (Tl) NR 0.078 <0.005 <0.005 <0.005

Vanadium (V) NR 0.23 0.074 0.013 0.316

Zinc (Zn) NR 5.3 <1.0 <1.0 <1.0

 *NR:  Not currently regulated under the applicable treatment standards

METAL-LADEN HAZARDOUS WASTES

The seven metal-laden hazardous wastes used in the bench-scale portion of the
program were selected from among the materials processed commercially by Mill
Service, Inc., a centralized hazardous waste treater in southwestern Pennsylvania.  
The selected wastes were:
      1.  Sludge from lead-acid storage battery production
      2.  Contaminated soil from a munitions depot
      3.  Contaminated soil from a multi-use industrial site
      4.  Baghouse dust from basic oxygen furnace steelmaking
      5.  Ash from a municipal solid waste incinerator
      6.  Contaminated soil from a former waste water treatment plant
      7.  Sandblast dust from a paint-removal operation

The principal hazardous constituent of concern for all seven wastes was lead.  The
range of total lead concentration in these seven wastes was from 750 to 43,000
mg/kg solids as received.  Other hazardous constituents were found, but when the
seven wastes were extracted by the TCLP protocol, only the lead concentrations fell



above RCRA regulatory limits.  The stabilization of lead by the three by-products
were determined in the bench-scale studies.

TREATMENT STUDIES

   Bench-scale stabilization experiments consisted of mixing by-products with
hazardous wastes at weight ratios of 1:10, 1:3 and 1:2 with minimal moisture
addition.  Sampling of the stabilized mass was done immediately after treatment for
evaluation of TCLP leachate compositions.  Table 4 summarizes the results.  In the
table the minimum weight ratio of  by-product to waste, that successfully stabilizes
the waste, is shown.  A blank space indicates that even the 1:2 treatment ratio failed
to stabilize the waste.

TABLE 4—SUCCESS OF BY-PRODUCT/WASTE COMBINATIONS

      Waste         Spray-Drier Residue        PFBC Residue         CFBC Residue
Battery sludge 1:10
Munitions soil 1:10 1:2
Industrial soil 1:10 1:2
BOF dust
Incinerator ash
WWTP soil 1:10 1:2         1:2
Sandblast waste 1:10 1:2

MICROSTRUCTURAL ANALYSES OF TREATMENT PRODUCTS

Two sandblast waste aliquots, one treated with a 30% aliquot of spray drier residue
and the other with a 30% aliquot of PFBC residue, were each blended with water to
approximately a 1.5 inch slump. The composition and morphology of the two
resulting solidified products after 28 days, as well as the sandblast waste itself,  were
evaluated by scanning electron microscopy (SEM) and X-ray diffraction (XRD)
techniques.

The speciation of the hazardous constituent within the raw waste was found to be a
basic lead carbonate, as determined by XRD analysis.  Phase characterization by
XRD also indicated that the metal speciation of the raw waste remained unchanged
in the resulting treated waste mixtures.  Microstructure characterization by SEM
revealed that the particles of basic lead carbonate scattered throughout the treated
waste mixtures were surrounded by or encapsulated in a matrix of very fine material
consisting of calcium, sulfur, and silicon.  The results of the XRD analysis, when
interpreted in conjunction with the results of the SEM analysis, imply that physical
encapsulation on a microscopic scale is the principal mechanism responsible for
stabilization.

COMMERCIAL DEMONSTRATION

The results of the bench-scale treatments, shown in Table 4, are very encouraging. 
In particular, the spray drier residue shows excellent ability to stabilize metal-laden
hazardous waste.  As a consequence, in the third quarter of 1995 the University of
Pittsburgh began to seek a commercial partner for a demonstration of this
technology.  At the writing of this paper (midway through the third quarter of 1997)
the search continues.

Five companies have been approached during the search.  The first was the original
partner for the project, Mill Service, Inc., in whose laboratory the key bench-scale
treatability studies were performed.  It was unable to remain on the project when a
federal-level environmental assessment (EA) of the demonstration was determined
to be necessary.  The next two companies approached by the project team declined
for the same basic reason.  At this point the need for the EA was eliminated. 



However, the fourth company approached declined because it was outside the
Appalachian coal province and could find no economic benefit to its participation. 
A fifth company did not respond to a detailed invitation.

The university, in consultation with the program sponsor, decided to refocus its
search on a close-by company in the Appalachian coal province.  In the first quarter
of 1997 it re-contracted the first company with whom it had discussed the
demonstration.  It found that, a year having passed since breaking off earlier
discussions and the requirement for an EA having been taken away, the company
was open to renewing negotiations.  Those negotiations are continuing at this time.

BARRIERS TO BENEFICIAL USE OF CCBs

It will be noted that the original clean coal technology by-product is not among the
three examined in this project, namely, residue from a coal-fired fluid bed combustor
(FBC).  Many of these units are in operation across the United States and their by-
product has moved into the mainstream of CCBs in the marketplace.  Ash brokers
have been engaged by the operators of the cogeneration plants which utilize coal-
fired FBCs to aggressively market this by-product and carefully dispose of that
which can’t be sold.  While planning and conducting the bench-scale tests of this
project, the university engaged in extensive negotiations with a major CCB broker to
obtain a sample of coal-fired FBC residue to include in the program. It was
unsuccessful in doing so.  Generators of CCBs retain the right of approval on all by-
product uses, suggested to them by their brokers.  Testing of their by-product  as a
hazardous waste treatment chemical in a publicly reported program such as this one,
failed to receive generator approval because of concern for potential liability for
cleanup of sites “contaminated” with hazardous materials, even though (1) the
wastes treated with their by-product would be rendered non-hazardous and (2) the
generator is once or twice removed from the by-product sale — once if the broker
takes ownership of the by-product as a product of commerce and twice if the
transporter of the by-product takes ownership first before it passes to the broker.

The barriers that have been experienced by this project are typical of those being
encountered across the nation by all who are trying to increase the utilization of
CCBs.  This problem is sufficiently pronounced that Congress asked for a special
report from the DOE on it.  The report was provided to Congress in July 19946.

CONCLUSION

   Advanced clean coal technology by-products are effective treatment chemicals for
the stabilization of metal-laden hazardous wastes.  Bench-scale tests have shown
this.  A demonstration is required to prove their technical, economic and regulatory
capability at commercial scale.  The University of Pittsburgh is committed to
continue its project by organizing a demonstration of this technology to prove its
feasibility at the commercial scale.
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Introduction
In the fall of 1994 the University of Pittsburgh (Pitt) embarked upon a two-phase
program for the evaluation of the use of by-products from three advanced clean coal
technologies, which have been installed recently at U.S. coal-fired utility and
cogeneration plants, as treatment chemicals for metal-laden hazardous wastes. 
Treaters of metal-laden hazardous wastes generally use inexpensive chemical by-
products, such as the calcium oxide manufactured in the production of acetylene
from calcium carbide, to provide alkalinity for stabilizing metal ions which are
mobile under the more acidic conditions present in the untreated wastes.  They may
also include a cementitious material, such as portland cement, to encapsulate small
particles of concentrated hazardous species.  By-products from advanced clean coal
technologies, which are now being installed throughout the electric power sector,
contain high levels of both alkalinity and pozzolanicity.

Objective
The objectives of this program are:

1. To provide pertinent data on the properties of these new treatment chemicals;
2. To acquire useful information on the ability of these new treatment chemicals

to stabilize solid waste streams of commercial interest;
3. To demonstrate the performance of several waste/by-product mixtures at

commercial scale.

The program’s goal is the development of a new niche market for this emerging
class of coal combustion by-products, namely, their sale to hazardous waste treaters.

Approach
During the first two years of the program, Dravo Lime Company (DLC) collected
and thoroughly analyzed multiple samples of three by-products [1,2].  Bench-scale
treatability studies were performed by the University and by the Mill Service Yukon
Plant (MSYP) of MAX Environmental Technologies, Inc., to show the effectiveness
of the three by-products as treatment chemicals for seven metal-laden wastes [3,4]. 
Solidification studies were conducted on successful products of treatment [5].  The
successful products of treatment of one of the wastes by two by-products were
viewed by x-ray diffraction and scanning electron microscopy to demonstrate the
project team’s ability to discover the method of stabilization [6].

For a variety of reasons (discussed below) a period of two years was required



following successful completion of the benchscale tests before a commercial
demonstration could be initiated [5].  Currently the Mill Service Yukon Plant is
designing modifications that will allow it to regularly store and transport large
quantities of these new dusty chemicals and to use them to stabilize and solidify
wastes in its treatment pits.  The installation of these modifications is scheduled for
this fall.  Once they are in place, the demonstration can begin.

Project Description
ADVANCED CLEAN-COAL TECHNOLOGY BY-PRODUCTS

Advanced clean-coal technology by-products generally are produced in systems
where a calcium-based sorbent (usually slaked lime, limestone, or dolomite) is
injected directly into a furnace, ductwork, precipitator, or scrubber vessel to capture
sulfur dioxide.  The sulfur-laden sorbent leaves the system as a dry powdered or
granular product, as opposed to the slurry associated with a traditional wet
scrubbers.  The dry by-products have neutralizing, sorptive and cementitious
properties that make them interesting as potential reagents for hazardous waste
stabilization because they contain large amounts of free quicklime (CaO), anhydrous
calcium sulfate (CaSO4) or sulfite (CaSO3), and pozzolanic ash.

Three advanced clean-coal technology by-products were used in the bench-scale
portion of the program, (1) dry scrubber residue, (2) residue from a coal-fired
pressurized fluid bed combustor (PFBC), and (3) residue from a coal-waste-fired
circulating fluid bed combustor (CFBC).

The dry scrubber residue was produced in a spray drier at the outlet of a pulverized
coal boiler burning high-sulfur eastern coal.  In this unit ash-laden flue gas enters the
bottom of the spray drier and a lime slurry enters the top.  All of the sulfur-capture
residue rises through the upper port with the fly ash.

Residue from a coal-fired PFBC was obtained from the Tidd Station of Ohio Power
Company.  In this demonstration facility (which has ceased operation) dolomite was 
co-fed with coal to the combustor.  Dolomite, instead of limestone, was used as the
sorbent because it was both more porous (and thus more reactive) and easier to
handle without bridging in the piping system.

Residue from a coal-waste-fired CFBC was obtained from a commercial
cogeneration plant in western Pennsylvania.  The coal waste fed to the combustor
has a sulfur content between 1.4 and 2.0 percent.  The limestone, which is co-fed
with the coal,  is 83% CaCO3.  The fly ash from the combustor is removed in a ten-
segment baghouse and conveyed to a silo.  Approximately 70% of the by-product in
the silo is baghouse ash; 30% is bottom ash.

Dravo Lime Company collected ten dry samples from each of the three by-product
sources.  In general, samples came from a homogeneous by-product matrix produced
under stable, well-defined plant operating conditions.  Samples of the first by-
product, the dry scrubber residue, were obtained at the terminus in western
Pennsylvania of the bulk transport of this material back from the power plant in New
Jersey, where it was produced.  The other two by-products were sampled at the
points of their production.  For each sample, ten 5-gallon plastic buckets (with lids)
of material were collected.  These were distributed among the three project partners
— DLC, MSYP and Pitt — for their respective analysis and use.  All containers
were filled as full as possible and tightly sealed to minimize sample contact with air
and moisture.  A clear chain of custody and QC procedure was established and
utilized.

METAL-LADEN HAZARDOUS WASTES



The seven metal-laden hazardous wastes used in the bench-scale portion of the
program were selected from among the materials processed commercially by Mill
Service Yukon Plant, a centralized hazardous waste treater in southwestern
Pennsylvania.   The selected wastes were:

      1.  Sludge from lead-acid storage battery production
      2.  Contaminated soil from a munitions depot
      3.  Contaminated soil from a multi-use industrial site
      4.  Baghouse dust from basic oxygen furnace steelmaking
      5.  Ash from a municipal solid waste incinerator
      6.  Contaminated soil from a former waste water treatment plant
      7.  Sandblast dust from a paint-removal operation.

MSYP collected approximately 250 pounds of material for a sample of each of these
wastes.  The samples were drawn from the bulk containers (20 to 60 cubic yards)
delivering the wastes to MSYP.  Samples were obtained at a minimum of three
locations distributed evenly along the length of the container.  Moist materials with a
relatively even distribution of small particles, such as wastewater treatment plant
residues, were sampled with a trier forced into the material.  Dry materials, such as
dusts and sandblast wastes, and materials with large or uneven particle sizes, such as
soils, were sampled using a shovel or scoop.   The individual samples of each waste
were composited into a clean sample container.

Samples of the wastes were obtained for analysis and for use in the extraction
procedure by the quartering method detailed in ASTM C702-87.  Waste samples
were characterized to determine the total concentration of each of fifteen metals by
SW-846 Methods, using inductively coupled plasma-atomic emission spectroscopy
(ICP) or atomic absorption spectroscopy.  MSYP performed TCLP extractions at its
on-site laboratory.  These extracts were analyzed for the same fifteen metals as the
wastes.

TREATMENT STUDIES
Bench-scale stabilization experiments consisted of mixing by-products with
hazardous wastes at weight ratios of 1:10, 1:3 and 1:2 with minimal moisture
addition.  Sampling of the stabilized mass was done immediately after treatment for
evaluation of TCLP leachate compositions.  Preliminary solidification studies were
conducted on samples of the treated masses, as described below.

MICROSTRUCTURAL ANALYSES OF TREATMENT PRODUCTS
Two sandblast waste aliquots, one treated with a 30% aliquot of spray drier residue
and the other with a 30% aliquot of PFBC residue, were each blended with water to
approximately a 1.5 inch slump. The composition and morphology of the two
resulting solidified products after 28 days, as well as the sandblast waste itself,  were
evaluated by scanning electron microscopy (SEM) and X-ray diffraction (XRD)
techniques.

Results
ADVANCED CLEAN-COAL TECHNOLOGY BY-PRODUCTS

Average values of Dravo Lime Company’s standard analyses of ten samples of each
of these three by-products are given in Tables 1, 2 and 3.

Geochemical analysis shows that each of the three CCT by-products contains a
significant amount of free lime (CaO).  The spray dry scrubber residue contains the
highest percentage of CaO, at 28.9%, while the PFBC and CFBC residues contain
20.9% and 10.6%, respectively.  These high percentages of CaO represent beneficial
properties for hazardous waste stabilization.  Each of these by-products also contain
appreciable amounts  of inorganic compounds, such as SiO2, Al2O3, and Fe2O3,



which are commonly found in coal fly ash.  The CFBC residue contains the highest
percentages of silica and alumina, which is a result of burning low grade, high ash
fuel.  The presence of these pozzolanic compounds represents desirable
characteristics for waste treatment, as they have the potential to produce a highly
solidified material which may help limit the leaching of contaminants into the
environment.  The PFBC residue contains the highest percentage of MgO, which is
expected as the sorbent fed to the boiler was dolomite instead of lime or limestone. 
These by-products also contain appreciable amounts of sulfur (both as sulfite and
sulfate), which is expected as sulfur sorption was the primary purpose for the
utilization of the CCT processes employed.  The sulfur present in the spray dry
scrubber residue is mostly in the form of sulfite, as opposed to sulfate found in both
the FBC residues.  This difference is mainly due to sulfur sorption at lower
temperatures in the spray dry scrubber process.  The presence of sulfur in treated
waste mixtures could be detrimental to the development of compressive strength
over time, and may therefore be responsible for increased contaminant leaching, as a
result of 

Table 1
Mean Comparison of By-Product Geochemical Properties

Geochemical Analysis (%) Spray Dryer Residue PFBC Residue CFBC Residue

CaO 28.91 20.94 10.61
MgO 0.70 12.89 1.26
SiO2 20.18 21.75 48.56
Fe2O3 6.39 10.78 6.92
Al2O3 10.24 9.39 18.45
CO2 3.94 9.98 0.68

Total Sulfur as S 10.03 4.47 2.3
SO3 3.11 10.58 5.23
SO2 17.55 0.47 0.41

LOI @ 1100 oC 13.13 11.23 5.28
Total of Elements Determined 100.21 98.03 96.69

Reactivity

Temperature Rise (oF) 2 5 8
Calcium Carbonate Equivalency

(% CaCO3)
43.8 52.6 11.6

Available Lime Index (% CaO) 3.7 0.9 4.0
pH 12.36 11.92 12.52

Mixed Ratio (lbs/gal) 13 20 16

Physical Properties

Specific Gravity (g/cc) 2.41 2.83 2.7
Bulk Density - Loose (lb/ft3) 36 59 52

Bulk Density - Tamped (lb/ft3) 42 70 60
Blaine Fineness (cm2/g) 10,700 5,588 8,506
Passing 200 Mesh (%) 93 88 57
Passing 325 Mesh (%) 84 81 48

Specific Surface Area (m2/g) 6.87 2.93 10.64



Particle Size Distribution
Passing 80 Mesh (%) 98.9 94.2 49.8

10% passing (:m) 2.0 2.6 3.4
50% passing (:m) 11.88 10.95 26.59
90% passing (:m) 42.17 55.49 110.49

Average Particle Size (:m) 17.74 21.39 42.67

sulfur expansion.  Finally, these by-products contain varying amounts of unburned
organic material, as measured by the percent of material by weight that is lost on
ignition at 1100 oC.  The spray dry scrubber residue contains the highest percentage
of unburned organic material, at 19.8%, followed by the PFBC and CFBC residues,
at 11.2% and 5.3%, respectively.  The presence of unburned organic material in
treated waste mixtures could hinder the development of significant compressive
strength.

Reactivity of the by-products was determined by measuring temperature rise,
calcium carbonate equivalency (CCE), available lime index, pH, and mixed ratio. 
The temperature rise indicates the amount of heat generated by the hydration of
quicklime and anhydrite.  A higher temperature rise indicates that more lime is
present in the anhydrous (quicklime) state.  The spray dry scrubber residue has the
lowest temperature rise among the three by-products.  This indicates that the free
lime is in the hydrated form, which is expected as slaked lime (a slurry of lime in
water) was used as the sorbent in this process.  The calcium carbonate equivalency
measures the acid-neutralizing capacity of the material and is expressed as weight
percent of calcium carbonate present.  Both the PFBC and spray dry scrubber
residues have higher calcium carbonate equivalencies, at 52.6% and 43.8% CaCO3,
respectively, as compared to the CFBC residue, which contains 11.6% CaCO3. 
Although the CFBC residue contains less CaCO3, the high temperature rise of this
by-product indicates that the lime is present in a form that is more reactive than the
more abundant slaked lime found in the spray dry scrubber residue, which has a
relatively low temperature rise.  The available lime index gives a measure of the
amount of constituents available to enter into reaction.  The spray dry scrubber and
CFBC residues both have significantly higher values for the available lime index, at
3.7% and 4.0% CaO, respectively, as compared to the PFBC residue which has an
available lime index of 0.9% CaO.  The pH of the three CCT by-products is very
similar, with the pH of the CFBC residue being slightly higher than that of the PFBC
residue.  Finally, the mixed ratio of the spray dry scrubber residue is the lowest
among the three by-products.  This indicates that the material has the ability to
absorb large amounts of water, thus having a high stabilization potential.

The physical properties reported in Table 1 include measurements of density,
fineness, and surface area.  The bulk density of the spray dry scrubber residue is
significantly less than that of either of the two FBC residues.  Fineness, measured
either through the use of the Blaine air permeability apparatus or a sieve analysis,
gives an important indication of reactivity.  Fineness affects the rate of hydration and
the heat released.  Greater fineness increases the rate of hydration and thus
accelerates compressive strength development.  All three of the CCT by-products
analyzed have a greater fineness than either Portland cement or fly ash, two
materials commonly used as reagents in waste stabilization.  Among the three by-
products, the spray dry scrubber residue has a significantly higher fineness than
either of the two FBC residues.  The CFBC residue was found to have a significantly
smaller percentage passing the 325 mesh sieve.  This corresponds to the significantly
larger average particle size of the CFBC residue, which is primarily due to its bed
ash content.  In contrast, the spray dry scrubber residue has the smallest average
particle size of 17.74 :m.  Thus, the finer spray dry scrubber residue is more
reactive, a good property for hazardous waste stabilization.



The results of this by-product characterization are consistent with what was expected
from a review of the literature.  Examination of the aforementioned by-product
properties reveals differences due to the CCT process employed, composition of coal
burned, and composition of specific sulfur sorbent utilized.  Overall, however, the
high fineness and small particle sizes of these by-products indicate that they should
have the potential to rapidly enter into hydration reactions, which would make them
useful reagents in stabilization/solidification applications.  In addition, they also
contain high percentages of CaO, another beneficial property for waste stabilization. 
The spray dry scrubber residue, specifically, has the highest percentage of CaO,
lowest mixed ratio, smallest average particle size, and highest fineness.  The
properties characteristic to this by-product could provide for superior stabilization.

A comprehensive metals analysis of each of the three CCT by-products utilized for
the purposes of this treatability study was performed in order to demonstrate that the
by-products were not inherently hazardous in their own right and that they would not
contribute to the leachable metals concentrations of the resulting treated waste
mixtures.  The metals analyzed included the eight RCRA metals (As, Ba, Cd, Cr, Pb,
Hg, Se, and Ag), which are currently regulated under the U.S. EPA’s Toxicity
Characteristic Program, and seven other metals (Sb, Be, Cu, Ni, Tl, V, and Zn)
which are currently considered underlying constituents under the Uniform Treatment
Standards (40 CFR Section 268.48).  Although the Uniform Treatment Standards
(UTS) do not currently apply to characteristic hazardous wastes, there is potential
that these metals could be regulated in the future.

A total constituent analysis (TCA) was performed in order to determine which
metals were present and in what concentration.  Total metals concentrations,
however, do not indicate whether a material is considered hazardous or not.  The
presence of high concentrations of metals in a material does not necessarily mean
that the metals are in a form that will leach, or that the metals will have the
opportunity to come into contact with the leaching solution.  Total metals
concentrations do, however, give some insight into the potential for a material to be
considered hazardous.

 In order to determine which of the metals present in the material have the potential
to exceed the TCLP limit (as established by the current BDAT Standards) assuming
that 100% of the metal present were to leach, it is necessary to correlate the TCLP
limits expressed in mg/L to total metals concentrations expressed in mg/kg.  In the
TCLP test, a liquid to solids ratio of 20:1 (volume:weight) is utilized.  Therefore,
multiplying the TCLP limit by 20 will give the concentrations on a mg/kg basis for
comparison.  To provide for a margin of error, a multiplying factor of 80% (0.8
times the mg/kg metal concentration) was used as the threshold value above which
the metal would be of concern.  Any metal which has a concentration greater than
that of the threshold value has the potential to leach in excess of the TCLP limit
given 100% leachability.  The results of the total constituent analysis of each of the
three CCT by-products, as well as the corresponding limits for concern, are given
below in Table 2.

Table 2 reveals that there are a number of heavy metals present in each of the three
CCT by-products.  This is expected as trace metals are commonly found in coal fly. 
Table 2 shows that arsenic was found to be the only metal of concern under the
current BDAT standards when utilizing either of the two FBC residues in
stabilization applications, as it has the potential to leach at levels that exceed the
current BDAT standards.  If the UTS eventually replace the current BDAT
standards, then beryllium and vanadium would also become metals of concern for all
three by-products, as these two metals have the potential to leach at levels that
exceed the UTS.

Table 2
Total Constituent Analysis of the CCT By-Products



Metal
Limits for
Concern
(mg/kg)

TCA (mg/kg)

Spray Dryer
Residue PFBC Residue CFBC Residue

Antimony (Sb) 33.6* <4.0 <4.0 <4.0

Arsenic (As) 80.0 41.0 140.0 95.0

Barium (Ba) 1600.0 97.0 150.0 160.0

Beryllium (Be) 0.224* 2.22 2.60 2.00

Cadmium (Cd) 16.0 6.6 4.8 10.0

Chromium (Cr) 80.0 29.0 15.0 50.0

Copper (Cu) NR# 20.0 17.0 35.0

Lead (Pb) 80.0 3.0 4.6 3.6

Mercury (Hg) 3.2 0.55 <0.10 1.10

Nickel (Ni) 81.6* 23.0 12.0 21.0

Selenium (Se) 16.0 <0.2 <0.2 <0.2

Silver (Ag) 80.0 <2.0 <2.0 <2.0

Thallium (Tl) 1.248* <0.5 <4.0 <4.0

Vanadium (V) 3.68* 54.15 26.10 55.25

Zinc (Zn) 84.8* 34.0 78.0 52.0

*As these metals are not currently regulated under the U.S. EPA Toxicity Characteristic Program, the
Uniform Treatment Standards for underlying constituents were used instead of the BDAT standards in
calculating the threshold limits for concern.

#NR:  This metal is not currently regulated under the U.S. EPA Toxicity Characteristic Program or as an
underlying constituent under the Uniform Treatment Standards.

In addition to determining the total metals concentrations in the by-products and which of
those metals are present at concentrations of concern, the actual leachable (TCLP) metals
concentrations were also measured.  The results of the TCLP metals analysis are given in
Table 3.  Although the total concentration of arsenic was found to be of concern in the FBC
residues, it did not leach significantly during the TCLP test.  Table 3 demonstrates that the
by-products are not inherently hazardous in their own right, nor are they expected to
contribute to the leaching of heavy metals in the treated waste mixtures, as none of their
TCLP metals concentrations exceed the current BDAT standards.  As these by-products do
not contain highly mobile constituents, they are suitable materials for stabilization
applications.  If the UTS eventually replace the current BDAT standards, however, the
CFBC residue may no longer be suitable material for hazardous 



waste stabilization as its leachable vanadium concentration exceeds the projected future
standard of 0.23 mg/L.

Table 3
TCLP Metals Concentrations of the CCT By-Products

Metal
Regulatory Standards (mg/L) TCLP Concentrations (mg/L)

BDAT
Standards UTS Spray Dryer

Residue
PFBC

Residue
CFBC

Residue

Antimony (Sb) NR* 2.1 <0.020 0.022 0.024

Arsenic (As) 5.0 5.0 <0.01 <0.1 0.89

Barium (Ba) 100.0 7.6 <5.0 <5.0 <5.0

Beryllium (Be) NR 0.014 <0.001 <0.001 <0.001

Cadmium (Cd) 1.0 0.19 <0.1 <0.1 <0.1

Chromium (Cr) 5.0 0.86 <0.1 <0.1 <0.1

Copper (Cu) NR NR <1.0 <1.0 <1.0

Lead (Pb) 5.0 0.37 <0.1 <0.1 <0.1

Mercury (Hg) 0.2 0.20/0.0025 <0.01 <0.01 <0.01

Nickel (Ni) NR 5.1 <0.1 <0.1 <0.1

Selenium (Se) 1.0 0.16 <0.1 <0.1 <0.1

Silver (Ag) 80.0 0.3 <0.1 <0.1 <0.1

Thallium (Tl) NR 0.078 <0.005 <0.005 <0.005

Vanadium (V) NR 0.23 0.074 0.013 0.316

Zinc (Zn) NR 5.3 <1.0 <1.0 <1.0

 *NR:  Not currently regulated under the applicable treatment standards

METAL-LADEN HAZARDOUS WASTES
The principal hazardous constituent of concern for all seven wastes was found from total metals
concentrations to be lead.  The range of total lead concentration in these seven wastes was from 750
to 43,000 mg/kg solids as received.  Other hazardous constituents were found, but when the seven
wastes were extracted by the TCLP protocol, only the lead concentrations fell above RCRA
regulatory limits.

Those other hazardous constituents, found in the seven wastes, included three other RCRA
hazardous constituents of concern — cadmium and chromium (five wastes) and barium (one waste).
Four wastes contained other constituents which, although not currently regulated under EPA’s TC
program, are considered underlying constituents in the Universal Treatment Standards for non-
characteristic wastes.  All four of these were contaminated with copper and zinc and one, in addition,
with nickel and vanadium.

TREATMENT STUDIES
The metals content of the TCLP extracts of the treated samples were evaluated to determine 1) if
the by-product/waste mixture continued to exhibit the hazardous waste characteristic(s)



exhibited by the untreated waste, 2) if the by-product/waste mixture exhibited any other
hazardous waste characteristic, based on the parameters of concern identified from the total
metals analyses performed on the waste and by-product, and 3) if the by-product/waste mixture
achieved the LDR treatment standards.

The analytic data generated from the stabilized waste testing was reviewed jointly by MSYP and
Pitt to determine which of the by-product/waste dosages most effectively treated the wastes. 
Effectiveness is defined as resulting in a non-hazardous treatment residue capable of land
disposal under RCRA regulation.  In the event multiple dosages achieved comparable results, the
most economical dosage was judged to be the best.

Table 4 summarizes the results of this review.  In the table the minimum weight ratio of  by-
product to waste, that successfully stabilizes the waste, is shown.  A blank space indicates that
even the 1:2 treatment ratio failed to stabilize the waste.

Six of the ten successful treatments were evaluated for solidification.  For each evaluation,
aliquots of the hazardous waste and the by-product were blended in the ratios shown in Table 5. 
For the PFBC and CFBC residues, these were in the same ratio as shown in Table 4 — namely
1:2.  For the spray dryer residue, the ratios were shifted to 1:3 and 1:2 for the two treatments,
respectively.  The optimal amounts of moisture to be added to each mixture were determined to
be that at which the wetted mass would produce an immediate “slump” in the neighborhood of
1.25 inches to 2 inches.  Table 5 presents the 90-day unconfined compressive strength developed
by the treated product (in pounds per square inch).

The mixtures with PFBC and CFBC residues yielded products of satisfactory unconfined
compressive strength.  These products are of interest for use in structural fills and road bases. 
The mixtures with the spray drier residue yielded unsatisfactory products.

Table 4
Success of By-product/Waste Combinations

___________________________________________________________________

      Waste         Spray-Drier Residue        PFBC Residue         CFBC Residue
___________________________________________________________________

Battery sludge 1:10

Munitions soil 1:10 1:2

Industrial soil 1:10 1:2

BOF dust

Incinerator ash

WWTP soil 1:10 1:2         1:2

Sandblast waste 1:10 1:2
___________________________________________________________________



Table 5
Strength Developed by Treatment Products

___________________________________________________________________

    By-Product/      90-Day Strength
     By-product            Waste                  Waste Ratio     (Pounds per Inch2)
___________________________________________________________________

Spray drier residue        Battery sludge 1:3      46

Spray drier residue        Munitions soil 1:2      31

    PFBC residue             Industrial soil 1:2     378

    PFBC residue             Munitions soil 1:2     188

    PFBC residue               WWTP soil 1:2     364

    CFBC residue              WWTP soil 1:2     539
___________________________________________________________________

MICROSTRUCTURAL ANALYSES OF TREATMENT PRODUCTS
The speciation of the hazardous constituent within the raw waste was found to be a basic lead
carbonate, as determined by XRD analysis.  Phase characterization by XRD also indicated that
the metal speciation of the raw waste remained unchanged in the resulting treated waste
mixtures.  Microstructure characterization by SEM revealed that the particles of basic lead
carbonate scattered throughout the treated waste mixtures were surrounded by or encapsulated in
a matrix of very fine material consisting of calcium, sulfur, and silicon.  The results of the XRD
analysis, when interpreted in conjunction with the results of the SEM analysis, imply that
physical encapsulation on a microscopic scale is the principal mechanism responsible for
stabilization.

COMMERCIAL DEMONSTRATION
The results of the bench-scale treatments, shown in Table 4, are very encouraging.  In particular,
the spray drier residue shows excellent ability to stabilize metal-laden hazardous waste.  As a
consequence, in the third quarter of 1995 the University of Pittsburgh began to seek a
commercial partner for a demonstration of this technology.  The partner built into the project
from the outset was MSYP.   However, an unforeseen regulatory requirement forced MSYP to
resign from the project.  The project team searched for over a year for a replacement.  That
search continued through mid-1997, when the regulatory requirement, which had caused the
MSYP to leave the project, appears to have been rescinded.  MSYP then returned to the project. 
Since that time, the MSYP has been adjusting its operation (as noted earlier) in a changing
business and regulatory climate to accommodate the project.  Active work on the commercial
phase of the project is expected to begin in the fall of 1998.

The next portion of this paper offers a brief history of the search and of barriers to its success,
which were experienced.

The initial commercial hazardous waste treater for this project, MSYP, was already considering
the use of coal combustion by-products (CCBs) as treatment chemicals when first approached by
the university to join the project at its outset.  They were very enthusiastic about a demonstration
until told that the program’s sponsor had determined, after lengthy consideration of the presence
of hazardous wastes in the work of the project, that a federal environmental assessment (EA)
would be required for this project. An EA would open another avenue for public scrutiny of the
company’s operation.  The company had been exposed to public scrutiny at the state level on a



number of occasions in the past and felt that the cost of further scrutiny at the federal level for
this project would not be repaid sufficiently.  It therefore with disappointment withdrew from
negotiations early in the second quarter of 1996.

The second company approached quickly decided not to consider participating in the
demonstration because of the general intrusiveness they felt of an EA.

The third company approached declined to participate at the time they were contacted (late in the
second quarter of 1996).  This company’s decision was at first based principally on their desire
not to be distracted by an EA while their Part B permit was being considered for renewal.  A
little later in the discussions they indicated that they would be open to considering participation
after the renewal was received, although they admitted that the presence of a federal sponsor of
the program was a concern.  They questioned whether having such a sponsor might expose them
to future scrutiny.

As the approach to a fourth company was being developed, the program’s sponsor reconsidered
its requirement for an environmental assessment.  In consideration of the fact that hazardous
waste treaters are fully scrutinized at the state level and operate only under carefully reviewed
permits, the level of  environmental scrutiny was expected to shift to the review of the project’s
response to an environmental questionnaire.  Consideration of the questionnaire does not include
the opportunity for redundant review by the local affected population.

The fourth company approached was located outside the Appalachian coal province.  The other
three had been located well within that province.  After a lengthy, thorough analysis, in the
middle of the fourth quarter of 1996 they concluded that, while the project was of technical
interest and their plant was permitted for an operation of this type, they could find no economic
benefit for their company to join with the university to conduct this demonstration.  Not only
were there no apparent sources of this type of treatment chemical within an economic range of
their plant, but also the general availability of the results of the demonstration would be an asset
more to hazardous waste treaters in the Appalachian coal province than to themselves.  They
offered to examine closely any revised proposal for conducting the project at their plant that
would provide a positive change in the economic outlook for long-term commercialization there.

The university, in consultation with the program sponsor, decided to refocus its search on a
close-by company in the Appalachian coal province.  In the first quarter of 1997 it recontacted
MSYP and found that, a year having passed since breaking off earlier discussions and the
requirement for an EA having been taken away, the company was open to negotiations to return
to the project, which were successful.  As noted earlier, plans are progressing for conducting the
demonstration at MSYP.

Application
A successful conclusion to the demonstration will be reported to the two interested technical
communities — the coal-fired utility sector and the hazardous waste treatment sector.  The
university envisions that entities in these two sectors will establish sales/purchase agreements,
and advanced clean coal technology (CCT) by-products will be used to treat metal-laden
hazardous wastes on a wide commercial basis.  The amounts of CCT by-products that will be
utilized in this manner likely will never come up to the quantities that can be utilized in the
construction sector.  However, any amount utilized by waste treaters will be a welcome sale
economically for those utilities that establish them as customers.

Whether utilities will welcome potential sales to waste treaters from the standpoint of liability, is
another matter.  Significant barriers exist, which have been examined recently by the U.S.
Department of Energy.  These will now be reviewed in some detail.

BARRIERS TO BENEFICIAL USE OF CCBs
Before embarking upon a discussion of the barriers to beneficial use of CCBs, a report of one
other specific experience, which the University of Pittsburgh had while conducting this project,



will be instructive.

It will be noted that the original clean coal technology by-product is not among the three
examined in this project, namely, residue from a coal-fired fluid bed combustor (FBC).  Many of
these units are in operation across the United States and their by-product has moved into the
mainstream of CCBs in the marketplace.  Ash brokers have been engaged by the operators of the
cogeneration plants which utilize coal-fired FBCs to aggressively market this by-product and
carefully dispose of that which can’t be sold.  While planning and conducting the bench-scale
tests of this project, the university engaged in extensive negotiations with a major CCB broker to
obtain a sample of coal-fired FBC residue to include in the program. It was unsuccessful in doing
so.  Generators of CCBs retain the right of approval on all by-product uses, suggested to them by
their brokers.  Testing of their by-product  as a hazardous waste treatment chemical in a publicly
reported program such as this one, failed to receive generator approval because of concern for
potential liability for cleanup of sites “contaminated” with hazardous materials, even though (1)
the wastes treated with their by-product would be rendered non-hazardous and (2) the generator
is once or twice removed from the by-product sale — once if the broker takes ownership of the
by-product as a product of commerce and twice if the transporter of the by-product takes
ownership first before it passes to the broker.

The barriers that have been experienced by this project are typical of those being encountered
across the nation by all who are trying to increase the utilization of CCBs.  This problem is
sufficiently pronounced that Congress asked for a special report from the DOE on it.  The report
was provided to Congress in July 1994 [7].  The appendix of this paper contains the statement of
the barriers, contained in the Executive Summary of the report.

Here are barriers, which were identified in the report, that the University of Pittsburgh has
encountered in conducting this project.  The immediately preceding paragraphs and section have
already given the background for much of this discussion.

1.  This project was initiated to provide data to the public domain on the use of clean coal
technology by-products as treatment chemicals for hazardous wastes.  Inadequate information is
available in the literature on this byproduct use technology.

2.  Coupled with the first barrier is inefficient technology/information transfer in the case of
residue from coal-fired FBCs for this use technology.

3.  The data from this project can be used by the E-50 Committee of the American Society for
Testing and Materials to create a specification for byproduct use in this technology.  The
university has already met with this committee and it intends to participate in standards
development when the demonstration is complete.

4.  Attitudinal barriers have been encountered.  The initial decision to require an environmental
assessment for this project arose in a climate of concern for the legal definition of a non-
hazardous product of a permitted hazardous waste stabilization process.  The resulting hesitance
of three companies to participate in the commercial phase of the project could be considered to
some extent to be a product of “public misconception of the risk” of hazardous waste
stabilization, a misconception which results in acrimonious public meetings when permit
applications and environmental assessments are opened for public review.

5.  The “lack of discrimination between beneficial reuse application and disposal” contributes
strongly to an economic barrier. In general, if a material is disposed to a waste treatment plant
and carries a tipping fee, even if it is used beneficially — in this case as a treatment chemical —
it is still legally defined as a waste and is regulated as such.  However, if it is purchased by the
plant, it generally can be claimed as a product of commerce and used as a treatment chemical. 
The requirement that a by-product must be sold to a hazardous waste treatment plant in order for
it to be considered not a waste, severely limits the ash dilution of the alkaline components in the
by-product.  Ash is essentially an inert which takes up relatively expensive landfill space in
ultimate disposal.  A hazardous waste treater cannot afford to “purchase” much ash
accompanying the alkaline component.  If the  seller of the active ingredient in the by-product
could provide the funds (through a tipping fee) to landfill the ash component which is just along



for the ride, a better economic case could be made for more use of this by-product for hazardous
waste treatment.

6.  The basic concern over “the potential for liability associated with the use of a material
designated as a waste material” has had a generally chilling effect on the interest of by-product
producers to participate in this project.  It should be noted that the last paragraph of the
Appendix, from which the quotation in the preceding sentence is taken, was actually directed at
the complex of issues related to Bevill wastes [8].  Advanced clean coal technology by-products
fall into this category.  A full discussion of this topic and its impact on their use as a treatment
chemical is a subject for an extensive paper of its own.

Future Activities
The University of Pittsburgh and the Mill Service Yukon Plant are committed to conducting the
demonstration during FY 1999.  A time extension on the original contract has been requested for
this purpose.  Following a successful demonstration, the university will encourage
commercialization of this concept.

Contract Information
This work is being performed under Contract No. DE-FC21-94MC31175.  The Contractor is the
University of Pittsburgh.  The Principal Investigator is James T. Cobb, Jr., 1137 Benedum Hall,
Pittsburgh, PA 15261, FAX 412-624-9639.  The FETC Contracting Officer’s Representative is
Scott Renninger.  The initial period of performance was October 1994 through September 1996. 
Two one-year no-cost contract extensions have been necessary and another final one has been
requested for next year.  MAX Environmental Technologies, Inc. (the parent company of the
Mill Service Yukon Plant) and Dravo Lime Company have been the primary subcontractors. 
Several companies have provided by-products.
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Appendix
Barriers to Increased By-product Utilization

The following is reproduced from the Executive Summary of “Report to Congress.  Barriers to
the Increased Utilization of Coal Combustion/Desulfurization Byproducts by Governmental and
Commercial Sectors” [7].

The findings of the study suggest that institutional, regulatory, and legal barriers are very much
interrelated.  The institutional barriers can be summarized into the following major areas:

Inefficient Technology/Information Transfer.  Available information is not transferred or is not
transferred in a timely fashion to regulators or potential users of byproduct utilization
technology.  There is an apparent information or communications gap among the producers of
byproducts, end users, and regulators.

Lack of Coordination/Leadership in Development and Promotion of Coal Byproduct Utilization. 
There is a national industry group for promotion of coal byproduct reuse.  However, an
organization is needed within the Federal Government to support that promotional role within
the governmental sector.

Inadequacies of State Programs to Promote Beneficial Reuse.  Coal byproduct disposal and
beneficial reuse are regulated by the States.  Across the States there is inconsistency in State
regulations for what constitutes beneficial reuse and how it should be regulated.  Few State
procurement programs support use of recovered materials such as coal byproducts.

Non-Existent or Inadequate Specifications for Byproduct Use.  There is a lack of recognized
technical specifications for use of coal byproducts even in proven technology.

Existence of Attitudinal Barriers.  Designation of coal byproducts as a solid waste, while
fostering public misconception about the risk of these materials, stymies attempts to develop or
expand markets for their use.

The lack of discrimination in the Federal and State regulatory systems between coal byproducts
for beneficial reuse application and disposal is central to the regulatory barriers to increased
byproduct utilization.  Without this discrimination, the “waste” designation can trigger case-by-
case approval which makes utilization impractical.

There is also the need in the regulatory field to develop environmental compliance tests which
determine realistic environmental impacts.

The chief legal barrier to increased coal byproduct use is the potential for liability associated
with use of a material designated as a waste material.  It is a concern of producers and users of
coal byproducts that their liability is unacceptably extended beyond that normally associated
with use of a commercial material.



APPENDIX P

 ACRONYMS



ASTM          American Society for Testing and Materials

BDAT           Best Demonstrated Available Technology

CCTB           Clean Coal Technology By-Product

CFBC           Circulating Fluidized Bed Combuster

COR             Contracting Officer’s Representative

EA                Environmental Assessment

EPC              Ebensburg Power Corporation

FBC              Fluidized Bed Combuster

LDR              Land Disposal Restrictions

METC           Morgantown Energy Technology Center

MSI               Mineral Solutions, Inc.

MSYP           Mill Service Yukon Plant

NEPA            National Environmental Policy Act

NETL            National Energy Technology Laboratory

PADEP          Pennsylvania Department of Environmental Protection

PC                  Pulverized Coal

PFBC             Pressurized Fluidized Bed Combuster

PI                   Principal Investigator

RCRA            Resource Conservation and Recovery Act

SEM               Scanning Electron Microscope

TCLP              Toxicity Characteristic Leaching Procedure

TOSCA           Toxic Substance and Control Act

TVA                Tennessee Valley Authority

USDOE           United States Department of Energy

USEPA            United States Environmental Protection Agency

UTS                Universal Treatment Standards

XRD               Xray Diffraction


