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1.0 PROJEGCT DESCRIPTION AND OBJECTIVES gory

1.1 PuUrRPOsSe

In December 2000, EPA determined that regulations are needed to control the risks of
mercury (Hg) emissions from coal-fired power plants. A number of Hg conirol options
are currently being evaluated through bench-scale and full-scale demonstrations. For
each of the technologies that appear to have commercial application, the resulting
residues are to be evaluated to determine any potential cross-media impacts through
either waste management of these residues or use in commercial applications. Coal
combustion residues (CCRs} include bottom ashes, fly ashes, and scrubber sludges
from flue gas desulfurization (FGD) systems, The questions to be addressed through
this research include;

= What are the changes to CCRs resulting from application of control technology at
coal-fired power plants including changes in pH, metals content, and other
parameters that may influence environmental release?

= For CCRs thét are land disposed, the questions to be addressed include:

o Will any of these changes result in an increase in the potential for
leaching of Hg and other metals such as As, Se, Pb, and Cd leach
from disposal of CCRs in impoundments, monofills, and minefills?

o What is the fate of ﬂg and other metals from CCRs that are land
‘disposed? . ' ’

0 Isthere a potential for organo-mercury beinhg formed when anaerobic
decomposition conditions exists? :

a  For CCRs that are used in commercial applications, the questions to be addressed
include: ' )

o Will any of the changes to CCRs, from application of control
technologies at coal-fired power plants, impact their use in
commercial applications?

o What is the fate of Hg and other metals in CCRs when used in
commercial applications?
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o What is the extent of Hg, As, Pb, Se and Cd release during high Category it
temperature manufacturing processes used 1o produce cement clinkers,
asphalt, and wallboard?

o Are Hg and other pollutants such as As, Se, Pb and Cd present in
CCRs that are used in commercial applications such as highway
construction subject to conditions that would result in their release to
the environment?

EPA’s Air Pollution Prevention and Control Division (APPCD) through an on-site
laboratoty support contract with ARCADIS is to conduct a comprehensive study on the
fate of mercury (FHg), arsenic (As), selenium (Se), lead (Pb) and cadmium (Cd) in
CCRs. This research will be conducted in four tasks. Task I will focus on the
characterization of different CCRs and the impact of Hg control technologies on these
characteristics. Task II will focus on evaluating the potential for leaching of these
toxic metals from CCRs that are generated with and without implementation of Hg
control technologies under a range of management scenarios. Task I will focus on
the release of these toxic metals during high and low temperature utilization of CCRs
in commercial processes. Task IV will study the potential formation and volatilization -
of organo-mercury and inorganic mercury during simulated anaerobic decomposition
processes. The scope of this QAPP covers Task 1 through Task Tl Task IV will be
addressed in a separate docurnent.

1.2 FROJECT OBJECTIVES

EPA’s Office of Solid Waste (OSW) has been asked to provide general guidance on
appropriate testing to evaluate the release potential of Hg and four other metallic
contaminants {As, Se, Ph, and Cd) from CCRs via leaching, run-off, and volatilization
when disposed in landfills and incorporated into commercial products using high/low
temperature commercial processes. This evaluation in projected disposal and reuse
situations (different waste management scenarios; see Section 1.1) will both help
assess the likely suitability of new or modified wastes for reuse, and ensure that Hg,
As, Se, Pb, and Cd removed from stack emissions are not subsequently released to the
environment in significant amounts as a result of CCR reuse or disposal practices.

The primary objective of this project is to generate a comprehensive database that will
enable EPA/OSW to (1) evaluate changes in CCRs resulting from the implementation
of different Hg control technologies (see Section 3.1), and (2) assess environmental
releases of these toxic metals during CCR management practices including land
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disposal and commercial applications, OSW will be using the results to determine Category Hli

needs in repard to future policies for managing CCRs whose characteristics are
changing as a result of the MACT under development for coal fired power plants.
OAR will be using the data to determine the potential for cross-media impacts and
potential changes to disposal and reuse practices which impact the economics of
potential regulations for coal-fired power plants. The data will also be used to address
questions raised by Congress and others regarding establishing the net benefit of
potential requiremenis for reducing emissions from coal-fired power plants.

Data on the chemnical stability of these metals (leaching tests) will be generated using
the EPA/OSW recommended methods (EPA, 2002b) developed by Dr. David Kosson
and Dr. Florence Sanchez of Vanderbilt University titled 4n Integrated Framework for
Evaluating Leaching in Waste Management and Utilization of Secondary Materials
(Kosson et al., 2002a). The ability of these EPA/QSW methods to assess leaching of
the metals of interest will be further demonstrated with the use of a NIST standard
reference material (SRM) with certified amounts of trace metals. Data on the thermal
stability of these toxic metals during CCRs commercial applications will also be
determined by implementing temperature program desorption techniques (see Section -
4.4). The time/lemperature profiles experienced by CCRs in their commercial ‘
applications (highway construction, cement, asphalt, and wallboard manufacturing) as
determined based on the study conducted by RTI International and presented in the
publication titled Characterization and management of Residues from Coal-Fired
Power Plants/Interim Report, prepared for APPCD/NRMRI/EPA (EPA, 2002a).
Using this comprehensive database, EPA/OSW will determine the feasibility of the
application of the above methods to CCRs and they will assess the cnvuonmcntal
impacts of dlffcrcnt types of CCRs’ waste management practices.

A secondary objective of this project is to modify and develop a QA/QC ﬁ'&mework
for the proposed ieachlng assessment approach developed by Kosson et al. The
reference fly ash may be an appropriate candidate for a method QC sample. These
activities will be carried out in cooperation with Drs. Kosson and Sanchez during
implementation of the proposed methods (see Task II, Section 3.2).

2.0 PROJECT ORGAMIZATION
The organizational chart for this project is shown in Figure 2-1. The roles and

responsibilities of the project personnel are discussed in the following paragraphs. In
addition, contact information is also provided,
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EPA Work Assignment Manager, Susan Thomeloe: The EPA WA Manager is
responsible for communicating the scope of work, data quality abjectives and
deliverables required for this work assignment. The EPA WA Manager is also
responsible for providing ARCADIS with the various types of CCRs to be
characterized. :

Phone: (919) 541-2709

E-mail: thormneloe.susan@epamail.epa.gov

EPA QA Representative, Shirley Wasson: The EPA QA Representative will be
responsible for reviewing and approving this QAPP, This project has been assigned a -
QA category Il and may be audited by EPA QA. Ms. Wasson is responsibie for
coordinating any EPA audits.

Phone (919) 541-5510

E-mail: wasson.shirley@epamail.epa.gov

ARCADIS Work Assignment Leader, Robert Keeney: ‘The ARCADIS WA Leader is
responsible for preparing project deliverables and managing the work assignment. He
will ensure the project meets scheduled milestones and stays within budgetary
constraints agreed upon by EPA. The WA Leader is also responsible for
communicating any delays in scheduling or changes in cost to the EPA WA Manager
as soon as possible. '

Phone (519) 541-3284

E-mail; rkeeney@arcadis-us.com

ARCADIS Inorganic Laboratory Manager, Robert Keeney. In addition to being the
work assignment leader, Robert Keeney is also responsible for the operation of EPA’s
in-house Inorganic Laboratory. Mr. Keeney will review and validate all analytical data
reports and ensure that the leaching studies are performed properly. He will also
operate the TGA and surface area analyzers. For the leaching studies and mercury and
metals analyses, Mr. Keeney will be supported by one chemist; Gene Gallagher and
one technician: John Foley. :
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Mr. Gallagher will perform HF extractions of solid CCR and SRM samples and also be
responsible for mercury analysis of samples by CVAA. John Foley will perform the
leaching test. Mr. Keeney and Mr. Gallagher will submit the remaining HF digestates
to the subcontract analytical laboratory, STL-Savannah for ICP/MS analysis of the
other target metals. Mr. Keeney will also be responsible for assisting Drs. Kosson and
Sanchez in the development of appropriate QA/QC procedures for the leaching
assessment methods, S -

Phone (919) 541-3284

E-mail: rkeeney@arcadis-us.com

ST1.-Savannah Analytical Manager, Angie Weimerskirk: Ms. Weimerskirk will
review and validate the ICP/MS results and report them to Mr. Keeney.

Phone (912) 354-7838

E-mail; aweimerskirk(@stl-inc.com

ARCADIS Therma) Desorption Task Manager (Task T, Behrooz Ghorishi: The
ARCADIS Thermal Desorption Task Manager is responsible for preparing task T
deliverables and managing task II. He will ensure the task meets scheduled
milestones. The Thermal Desoption Task Manager is also responsible for

communicating any delays in scheduling to the ARCADIS Work Assignment Leader.

EPA WA Manager as soon as possible. Dr, Ghorishi will be assisted by Jarek
Karwowski. Mr. Karwowski will perform the thermal desorption test and submit the
sariples to the laboratory. :

ARCADIS Designated QA Officer, Laura Nessley: The ARCADIS QA Manager,
Laura Nessley, has been assigned QA responsibilities for this work assignment. Ms.
Nessley will be responsible for reviewing this QAPP prior to submission to EPA QA
for review. Ms. Nessley will also ensure the QAPP is implemented by project
personnel by performing internal assessments. All QA/QC related problems will be -
reported directly to the ARCADIS WAL, Robert Keeney.

Phone: (919) 544-2260 ext. 258

E-mail: lnessle_\g@,g;cadis—us.cém
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Vanderbilt University, Methods Development, Professors David Kosson and Florence
Sanchez: Dr. Kosson in cooperation with Dr. Florence Sanichez developed the
leachability methods being evaluated on this project. He will be available to consult
regarding method optimization and development of QA/QC procedures. Dr, Kosson
and Dr. Sanchez will be on-site in the carly stages of the project to assist in setting up
the procedures. Phones: (615) 322-1064; (615) 322-5135
E-mail: David.Kosson@vanderbilt.edu

Florence.Sanchez{@vanderbilt.edu

Suaan Thormics
EPAWAM

David Koasers Bhley Wanson
Florencs Sanchax i EPA QA Rapresentatve
Lenchlng Mestd development
FHober
‘ ARGADIS WAL
Lowa Meashey
ARGABHE QA Reprasentalive
L T 1 A
Jurak Katwewshh Gene Gatagher Jah Foley Behrooz Gtk .
Thverm s Dsoprtion Lisk opersicr CVAA Ansivils Laaching Sampie Genersion Thanat Desorpion Task Manage:|
Tasxill ICP Arabywla Tusk Il
Javek Kool |
Tharmael Destepiion Lab Opatster
Task 17

Figure 2-1- Project Organizational Chart
3.0 EXPERIMENTAL APPROACH

2.1 TASK It BHARADTERIZATION OF CCRs

This task wil! focus on physical and chemical characterization of as-received CCRs.
CCRs from different power plants and various types of contro] technologies will be
selected and provided to ARCADIS by the EPA WA Manager. These CCRs will
include fly ashes and scrubber sludges from DOE test facilities. These full-scale
facilities are being used to test two different Hg control technologies: activated carbon
injection as an adsorbent and addition of agents to wet scrubbers that maintain Hg in an
oxidized state to facilitate removal by aqueous scrubbing. Physical characteristics of
CCRs to be determined include specific surface area, moisture content and density.
Chemical characterization will include total carbon analysis, pH of exiract, total
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concentration of target metals (Hg, As, Se, Pb, and Cd) and principal constituents (i.e., Category Il

Fe, CI, SO, COf')‘. The types of analyses and instrumentations used to perform this
characterization are further described in Section 5.0. Identical characterizations will be
performed on the reference fly ash. Task I results will reveal the effect of implementing
the two Hg control technologies on the final characteristics of CCRs. This information
will help in decision-making regarding different waste management scenarios.

3.2 TaAask ! DHEMICAL STABILITY OF TAREGET METALE

This task will investigate the fate of Hg, As, Se, Cd, and Pb during CCR management
practice of land disposal, Using the recently proposed test methods developed by
Kosson et al in coordination with EPA’s Office of Solid Waste, leaching studies will
first be conducted on a reference fly ash. The reference fly ash is a high quantity fly
ash that has been characterized by ICP/MS and CVAA analyses. The ICP/MS and
CVAA analyses will be checked using the NIST SRM 1633b. NIST SRM 1633B isa
bituminous coal fly ash that is fully described in Section 4.2.2. The results obtained
from the reference fly ash leaching studies will be critical in evaluating the
performance of the method. Using a known standard in place of the CCR material,
will also allow optimization of the proposed test methads. The quality control
procedures regarding the reference fly ash tests are described in section 6.

A summary of testing that will be carried out on the reference fly ash is presented in
Table 3-1 along with the number of replicates, the material mass required and the.
number of extracts that will be generated. Detailed descriptions of the methods listed
in Table 3-1 can be found in the document titled An Integrated Framework for
Evaluating Leaching in Waste management and Utilization of Secondary materials
(Kosson et al., 2002a).

! This will provide valuable insights concerning the characteristic behavior of the CCRs.
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TABLE 377, BHMMARY QF TESTING UNDER TASK iI TO BE PERFORMED ON THE
REFERENDE FLY ASH 7
Sampie iype  |Lewel oftesting  [Tests Material Number of |Mass  |Mass TTotal mass jNumber of
particle size  |replicates jmateral/{materlall |of material |analytical
afiquot* jtest requined  [samples
{9} repllcate |(g).
(g)
lBaseII.ne Deiaied PHOOY. T (pH Thration Pretest)  |€ 2 mm 3] ) [l 18 WA
lFIy Agh** characterization ) | _l I
L . Moisture Content <2mm 3 8 ] 24 NA
' | ]
AVD0Z.1 <Zmm al al . 24 T2 3
Aveliahility at pH 7.5 with EOTA
{2 target poirts}
SR00Z.1 <Zmm 3% 440 1320 £
Alkallnlly, Solublitty and Release
as a Functlon of pH
(11 pHs tested from 2 to 12)
SR003.1 <2 min 3 430 1290} 1
Solubility and Release 25 a
Function of LS ratio
(L5=10, 5. 2, 1, 0.5 mLfg}
LS 10mlyg 40
LS Smlig 40
LS Zmlig 50
1S 1miiyg 100/
iS0.5mig 200
MTO02.1 25001
Mass Transfer Rate In Granular . i
Materlals
{10 extracls In 30 days)
-QOptimum moisiure contenl <2 mm 2 500 500,
-Leach fest <2mm 3 500 500
Total mass materfal required (g 5222
{ i
= ‘Sample size vequlred for each condition within the test method, For example, one neplxcale of SRl)Gz 1 requires elever: sample gliquots,

e Basellne ﬂy ashls afly ash lhai wiil be used asa neferem:e materlal Tnlai elsmemal cnntent  will be de délermlned by NAN}RF * analysis. |

Afier the proposed test methods have been successfully demonstrated on the reference
fly ash, leaching studies will be conducted on high priority CCRs that will allow
estimating constituent rélease by leaching for a range of conditions that are likely to
occur during management practices. A separate test plan for the leaching experiments
under this task is provided by its developers (Drs. Kosson and Sanchez). This test plan,
titled “Drafi (Revision #2), Sampling and Characterization Plan for Coal Combustion
Residues from Facilities with Enhanced Mercury Emissions Reduction Technology™
(Kosson et al., 2002b) together with this QAPP will cover all the issues regarding Task
1. Two levels of testing will be performed. The first level will provide detailed
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characterization of representative samples of CCRs that reflect each dominant CCR Category il

chemistry with respect to mercury release. This will define the behavior of the general
class of CCR chemistry. This detailed characterization would establish 2 baseline for
comparison of subsequent test results. A summary of testing that will be carried out on
each dominant CCR chemistry is presented in Table 3-2 along with the number of
replicates, the material mass required and the number of extracts that will be generated.

The second level will provide screening evaluation of additional samples anticipated to
be representative of each dominant CCR chemistry. The second level screening will be
used to determine if the CCR being tested exhibits the same leaching behavior as the
general class of CCRs, which is assumexd to have the same dominant chermistry. If the
leaching behavior is found to be significantly different than anticipated, then more
complete characterization can be completed. A summary of testing that will be carried

~ out for the screening level is presented in Table 3-3 along with the number of

replicates, the material mass required and the number of extracts that will be generated,

Residues collected before and after application of enhanced Hg control technologies
will be examined to evaluate the effect of the enhanced systems on the leaching
behavior of CCRs.

Estimates of the extent of release of the metals of concern during management
scenarios that include percolation through the CCRs or infiliration flow around the
CCRs (e.g., when compacted to low permeability or otherwise expected to behave as a

. monolithic material) will be determined. These data will be used to determine the risk -

of land disposal of the different CCRs. Mass balances for each metal will be
determined using the chemical characterization data obtained in Task I. Utilization of
mass balance as a QA/QC tool is described in section 6. Details of this QA/QC
procedure are outlined in section 6. In addition to testing of the CCRs as generated,
CCRs a5 used in commercial products will be examined. Only commercial uses for
which there is a potential for release of Hg during leaching will be considered. One
commercial use of CCRs that may be of concern for Hg leaching is cement-based
materials {i.e., concrete/grout, waste stabilization, road base/subbase). A generic
cement-based product made from samples representative of the major coal fly ash:
categories will be examined. A second commercial use of CCRs that may be of
concem is incotporation in gypsum board. In this case leaching of Hg after disposal is
of concern. This task will consider the potential for Hg leaching after disposal froma -

" representative gypsum board product,
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TABLE 3-2. SUMMARY OF TESTING LNDER TABK || TO BE WERFORMEDR FOR DETAILED Category HI
CHARABTERIZATION OF CORS )
‘Sample lype Leval of lesting  [Tesis ‘Material Number of :Mase  ‘Masg | Tolal mass {Number of
iparticle slza plicat aterdall ;materall of material janalylical
aliguot” test wequired  |samples
(] ireplicate 1(g)
(@)
Sampla reflaciing dominant
CCR chemistry Detalied pHOOT. (pH Titration Pretest)  [< 2 mm 2) 8 L} 18] NA]
charactedrallon ;l
Moisture Gonloat <2 mm j [ F NA
AVOZ 1™ <2 mm 3 Y T |
Awilability at pH 7.5 with EDTA
{3 larget points)
SRO02.1 <2 mm 3 & 4 a0 =]
Alkatinity, Sclubliity and Release
a3 a Funcilen of pH
{14 pHs iested from 2 to 12)
SROGIA < 2 mim 2 430, 880 8|
Selubliity and Release a8 &
Function of LS ratlo
LS=10, 5, 2, 1, 0.5 mL/g}
LS 10miug 40}
1§ mlyg 40
L8 2 mug 50
L& 1 mlyg 100}
150.5 myg| 200
WTo021 <imm El 2000 |
Mass Transker Rate in Granular
IMaterdals
{10 extracts In 30 days)
-~ Opimum melslura coniant _ 500
~Leach iest - 500
Totak mass matorsl requind {g 3az8(
) A | [ ARE
i* Sample gize mﬁ@dh{gpphrgmﬁi_ﬂnmtut methed, For exgmple, one replicate of SRO02.1 requirey dleven sampin aliguols.
i** Oprional i N ) i .1 I i
1 S - O . SO S s SR —
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TaBLE 3-3. SUMMARY OF TESTING UNDER TASK || TO BE FERFORMED FOR scresming ategory I
EVALUATION OF GCR=e
{Sample type Law of testing  1Tests Material [Number of ‘Mass Mass  .Tolal mass "Number of |
i : particle slze  irepiicates imatetal/imaztedal/ :of materal :anaiytical
! aliquot* [test irequired ' samples
{6) replicate £(0)
L]
Additional sampies anticpated
to be representative of each
dominant CGRchemisty  |geraning
- [Niviatiire Coniarmt <2mm B[ L] ED A
|
BRODZ1-A <ZJem il 120 30| )
(3 pHs @ L8 10mLig: acidic,
[veutral, aliail)
SRO031-A <3 mm ﬁl{ ]
L5 = 10, 0.6 mLig) '
LS 10 mLg 0
L80.5mly 200
[MTOG2.7-A <Zmm 2500, 2]
(4 extractions in b days)
« Optmum molsture conlent 2 50 500,
- Leach tast 3 500 500t
R |
Tolal mass materal ired
_§ rlaqu (g][' 3604
1* Sample size required for each condition within the test method. For example, one replicate of SR002.1-A requires three sampla allquots,

3.3 TaSK Iz THERMAL STABILITY OF TARGET METALS

This task will investigate the potential release of the target metals during their
commercial applications such as cement, wallboard and asphalt manufacturing. The
potential long-term evapotation of these metals during low temperature applications
such as structural fills, highway construction, snow/ice control, and soil amendment
will also be determined. Representative samples of CCRs will be tested in an in-house,
bench-scale, fixed-bed reactor system called the Thermal Program Desorption (TFD)
system. CCRs will be exposed 1o conditions that are experienced in actual situations.
The effluent of the fixed-bed reactor will be sampled and analyzed for inorganic Hg
(speciated, elemental and ionic), As, Se, Pb, and Cd using established methods such as
EPA Method 29 for metais and Ontario Hydro Method for mercury, Mass balances for
the metals will be determined using the chemical characterization data obtained in Task
I. The reference fly ash will also be tested in the reactor and the results will be used as
a quality control check (see section 6).

11
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2.4 TASK IYV: BIOLOGICAL TRANSFORMATION AND lVI:II-_ATII__IZMTII:IN OF DRGAND-

MERCURY

This task will investigate the potential formation and release of organo-mercury during
anaerobic decompositions. This will be simulated in a bioreactor and the effluent will
be sampled for speciated inorganic and organic mercury. The details of these tests will
be described in a separate QAPP. Due to the health and safety related concerns
regarding organo-mercury compounds, prior to preparation of the QAPP, an extensive
literature survey will be performed to select the most appropriate methods for sampling
and analysis of these types of compounds.

4.0 SAMPLING PROCEDURES

The following subsections describe the sampling procedures to be used for each task.
Whenever possible, standard methods will be followed. In some cases, draft methods
may be evaluated and implemented.. Each method to be used will be cited and any
deviations from the methods will be documented.

4,1 SamMPLE CusTODY PROCEDURES

The following types of samples will be generated during these tests:

1-“As-received” CCR samples before and after application of Hg control technologies,

SRM and reference fly ash samples (solid samples) and treated CCR. samples as used
in commercial applications

2- Post —leaching and post-thermal desorption CCR, reference fly ash samples and
treated CCR samples {solid samples)

3- Leachate samples (liquid samples)

4- Method 29 and Ontario Hydro Train samples (liquid samples)

Each sample generated will be analyzed in-house but chain-of-custody procedures will
be required. CCRs will be logged as they are received by the ARCADIS WAL, Mr.
Robert Keeney. Information regarding where each CCR originated and any other _
descriptive information available will be recorded in a dedicated laboratory notebook
by Mr. Keeney. A 200 g grab sample will be taken from each “as-received” CCR and
processed for physical and chemical characterization. All samples will be properly
contained and identified with a unique sampie ID and sample label. Sample labels ata
minimum will contain the sample ID, date sampled, and initials of the analyst
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responsible for preparing the sample, Chain-of-custody forms will be generated for all
samples prior to transfer for analysis. '

Handling of CCR samples for the leaching tests (Task IT) is described in detail by the
leaching procedure provided by its developers (Kosson et al., 2002a). For Task I, a
10g grab sample will be taken from each “as received” CCR and will be subjected to
the TPD procedures (see section 4.2.3)

4.2 CCR, AND REFERENMCE FLY ASH SAMPLES

As mentioned, the focus of this program is to obtain information on the effect of Hg
control technologies on the stability of Hg, As, S¢, Cd, and Pb in CCRs. Currently, two
different Hg control technologics are being tested in full-scale facilities. The focus of
the first technology is on powdered activated carbon (PAC) injection upstream of
particulate matter control devices. The PAC injection technology affects the properties
of fly ashes collected in electrostatic precipitators and baghouses. These facilities are
listed in the Vanderbilt test plan *Draft (Revision #2), Sampling and Characterization
Plan for Coal Combustion Residues from Facilities with Enhanced Mercury Emissions
Reduction Technology” (Kosson et al., 2002b). The second technology focuses on Hg
capture by wet scrubbers. Chemical modifications are being implemented in wet
serubbers to enhance the Hg capture, The scrubber sludge from these facilities will be
impacted by this control technology. The scrubber sludge samples from these facilities
will be included in this test program.

The Hg control testing facilities will be identified and their test reports will be obtained
and amended to this QAPP. The test reports will include information on the
history/origin of each CCR sample, facility process description, CCR type, sampling
location, sampling time and method, coal type, operating condition, and sample storage
condition. Section 4.1 describes the sampling custody procedwre.

4.2.1 Physical and Chemical Characterization Samples

“As received” CCR will be well mixed prior to taking samples for physical
characterization. Mixing of the sub-samples collected at the site will be done using a
riffle splitter. To ensure a good homogeneity of the final composite sample that will bc
used for the study, the first two composite samples exiting the splitter will be
reintroduced at the top of the splitter. This procedure should be repeated at least 6
times. At the end, the two resulting homogeneous composite samples will be combined -
in the same bucket and stored until Jaboratory testing. A 200 g representative sample

13
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will be taken from the “as received” CCR and subjected to physical chai‘acterization Category Il

measuremetits. Samples will also be taken of any CCRs that undergo size-reduction
techniques (if size reduction is needed for testing purposes). - The reference fly ash
samples will be processed in the same manner as the CCRs. They will be tracked by
lot number and will not require size-reduction,

4.2.2 Leaching Study Samples

CCRs used for leaching studics may undergo size reduction to acquire an adequate
sample for festing, The size reduction method is outlined in the leaching test methods
(Kosson et al., 2002a). If “as-received” CCRs are altered in any way prior to leaching
studies, a representative sample will be submitted for physical and chemical
characterization. SRM samples will not require size reduction. The NIST 1633B SRM
is a bituminous coal fly ash that has been sieved through a nominal sieve opening of 90
pm and blended to assure homogeneity. The certified values for the constituent
elements are given in Table 4-1. The reference fly ash will also be certified using -
ICP/MS and CVAA,

4.2.3 Fixed-Bed Reactor Samples
Reactor samples will be essentially the same as the CCR samples used in the leaching
studies. Amount of material may be rcduced but physmal and chemical charactenstlcs

will not be affected.

TABLE 4-1. ERM DERTIFIED VALUES

Elernent Concentration (mg/kg)
Arsenic 136.2+2.6
Barium 709+ 27
Cadmium 0.784 £ 0.006
Chromium 198.2 £ 4.7
Copper 112.81 2.6
Lead 68.21 1.1
Manganese 131.8+ 1.7
Mercury 0.141 £0.019
Nicke! 120.6+1.8
Selenium 10.26+0.17
14
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Strontium 1041 + 14 Category 1l
Thorium ' 257+£1.3 ‘
Uranium . 8.79+0.36

Vanadium - 2057136

4.3 LEACHATE COLLECOTION

The proposed test method described in the publication titled An Integrated Framework
Jor Evaluating Leaching in Waste Management and Ultilization of Secondary Materials
(Kosson, et. al., 2002a) wiil be used to conduct leaching studies. There are three tiers

to this test method:

Tier 1) Screening based assessment (availability)
Tier 2} Equilibrium-based assessment over a range of pH and Liquid/solid (LS) ratios
Tier 3) Mass transfer based assessment '

The Tier 1 screening test provides an indication of the maximum potential for release
under the limits of anticipated environmental conditions expréssed onamg
contaminant leached per kg waste basis. Tier 2 defines fhe release potential as a
function of liquid-to-solid (L.S) ratio and pH. Tier 3 uses information cn LS
equilibrium in conjunction with mass transfer rate information. As mentioned
previously, prior to testing CCR, a reference fly ash will be used to demonstrate the
effectiveness of the praposed test methods. Procedures for each tier are discussed in
the following subsections.

If needed, prior to ticr testing, the “as-received” CCR will be size reduced using the
procedure PS001.1 Particle Size Reduction (Kosson et al., 2002a) to minimize mass
transfer rate limitation through larger particles. The pH will be then tested using the
method pH001.0 pH Titration Pretest (Kosson et ai., 2002a).

4.3.1 Tier 1 Screening Tests

Test Method AV002.1 Availability at pH 7.5 with EDTA (Kosson et al., 2002a) will
be used to perform the screening test. This méthod measures availability in relation to
the release of anions at an endpoint pH of 7.540.5 and cations under enhanced liquid-
phase solubility due to complexation with the chelating agent. Constituent availability
is determined by a single challenge of an aliquot of the reference fly ash or size

15
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| reduced CCR material to dilute acid or base in DI water with the chelating agent, Category Hi

ethylenediamine-tetraacetic acid (EDTA). Extracts are tumbled end-over-end at 2842

| rpm at room temperature for a contact time of 24 hours. At the end of the 24-hour

" period, the leachate pH value of the extraction is measured. The retained extract is
filtered through a 0.45 um polypropylene filtration membrane and the sample is stored
at4°C untll analysis.

The results from this test are used to determine the maximum quantity, or the fraction
of the total constituent content, of inorganic constituents (Hg, As, S¢, Pb, and Cd)ina
solid matrix that potentially can be released from the solid material in the presence of a
strong chelating agent. The chelated availability, or mobile fraction, can be considered
(1) the thermodynamic driving force for mass transport through the solid material, or
(2) the potential long-term constituent release. Also, a mass balance based on the total
constituent concentration provides the fraction of a constituent that may be chenncally
bound, or immebile in geclogically stable mineral phases

4.3.2 Tier 2 Solubility and Release as a Function of pH and LS Ratic

- Test Method SR002.1 Alkalinity, Solubility and Release as a Function of pH
(Kosson et al., 2002a) is the method to be used for Tier 2 pH Screening. The protocol
consists of 11 parallel extractions of particle size reduced material at a liquid-to-solid.

i ratio of 10 mL extractant per gram of dry sample. An acid or base addition schedule is.
formulated for 11 extracts with final solution pH values between 3 and 12, through
addition of aliquots of HNO; or KOH as needed. The exact pH schedule is adjusted
based on the nature of the CCR; however, the range of pH values must include the
natural pH of the matrix, which may extend the pH domain. The extraction schedule
and the range of tested pHs are outlined in the developers” leaching test plan, “Draft
{Revision #2), Sampling and Characterization Plan for Coal Combustion Residues
from Facilities with Enhanced Mercury Emissions Reduction Technology™ (Kosson et
al., 2002b).

If necessary, the material being evaluated is particle size reduced to <03 mm by

sieving to remove any large pebbles present. A mortar and pestle may be used to break
up clumps of material. A 40 g dry sample of the reference fly ash or size reduced CCR
is used for these tests. Using the schedule, equivalents of acid or base are added to a
combination of deionized water and the reference fly ash or particle size reduced CCR. -
The final liquid-to-solid (LS) ratio is 10 mL extractant per gram of sample, which
includes DI water, the added acid or base, and the amount of moisture that is inherent
to the waste matrix as determined by moisture content analysis. The 11 extractionsare -
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tumbled in an end-over-end fashion at 28 rpm for a contact time of 24 hrs. Following Category il

gross separation of the solid and liquid phases by settling, leachate pH measurements
are recorded and the phases are separated by pressure filtration through 0.45 pm
polypropylene filiration membranes. Analytical samples of the leachates are collected |
and preserved as appropriate for chemical analysis. For metal analysis, leachates are
preserved by acidification with HNO; to a pH <2 and stored at 4 °C until analysis. For
anion analysis, leachates are stored at 4°C until analysis.

Test method SR003.1 Solubility and Release as a Function of LS Ratio (Kosson et
al,, 2002a) is the method to be used for Tier 2 LS ratio screening. The protocol consist
of five parallel batch extractions over a range of LS ratios (0.5, 1, 2, 5, and 10 mL/g
dry material} using the particle size reduced CCR and DI water as the extractant.
Extractions are conducted at room temperature in leak-proof vessels that are tumbled at
2842 rpm for 24 hours. Solid and liquid phases are separated by settling and pH and
conductivity measurements are taken, The liquid is further separated by pressure
filtration using a 0.45 pm polypropylene filter membrane. Leachates are collected for
each of the 5 LS ratios and preserved as appropriate for chemical analysis. For metal
analysis, leachates arc preserved by acidification with HNO, to a pH <2 and stored at 4
°C until analysis. For anion analysis, leachates are stored at 4°C until analysis. The
range of tested LS ratios is outlined in the leaching test plan, “Draft (Revision #2), .
Sampling and Characterization Plan for Coal Combustion Residues from Facilities
with Enhanced Mercury Emissions Reduction Technology” (Kosson et al., 2002b). .

4.3.3 Tier 3 Mass Transfer Rate

Test method MT002.1 Mass Transfer Rates in Granular Materials (Kosson et al.,
2002a) is the method to be used for Tier 3 testing. This protocol invelves contimious
water-saturation of the reference fly ash or CCR material. Compacted granular
material is contacted with DI water using a liquid to surface area ratio of 10 mL DI
water for every cm’ of exposed solid surface. Fresh DI water is exchanged with
leached material at specific intervals (2, 5 and 8 hours, {, 2, 4, and 8 days). The pH.,
and conductivity for each time interval is also recorded. Each leachate sample is
prepared for chemical analysis by pressure filtration through a 0.45 um polypropylene
filtration membrane and preserved as appropriate for chemical analysis. For metal -
analysis, leachates are preserved by acidification with HNO; to a pH <2 and stored at 4
°C until analysis. For anion analysis, leachates are stored at 4°C until analysis. In some’
cases, this test will be extended up to a cumulative leaching time of ca. 30 days to
provide more information about long-term material behavior.

2 kil

Sl e L NS T e B e o KR M

17

101




Liorscterization of Coal Combustion Raniduss

102

ARCADIS

Test method MTO01.1 Mass Transfer in Monolithic Materials will be used on the
treated CCR. sarmples when applicable instead of the MT002.1 protocol (Kosson et'al.,
2002a).

4.4 FIXED-BED, TPD READCTOR SAMPLING

Data on the thermal stability of toxic metals on CCRs during their commercial
applications will be obtained using simulated conditions in a fixed-bed reactor called
the Thermal Program Desorption (TPD) system. The time/temperature profiles
experienced by CCRs in their commercial applications, type of other materials that
CCRs are mixed with, and the composition of the flue gas that is in contact with CCRs
have been determined by a separate study conducted by RTI International (EPA,
2002a). The information from this report has been used to create simulated conditions
in our in-house, fixed-bed TPD reactor. This reactor is described in detail in the
Mercury Facility Manual, CCRs (mixed with other compounds) will be placed in the
fixed bed reactor (about 10 grams). The simulated flue gas will be passed through the

fixed-bed that is exposed to a specific time/temperature profile. Detailed description of

the simulated flue gas preparation and temperature control of the fixed-bed reactor is
also described in the Mercury Facility Manual, This manual also addresses the QA/QC
issues regarding the operation of this reactor. The flue gas effluent of the fixed-bed
reactor will be sampled for the duration of each test (the time profile) using two
standard methods. EPA method 29 (EPA, 1996¢) will be used to sample for As, Se, Pb,
and Cd, Ontario Hydro Method (ASTM, 2002) will be used to sample for elemental
and ionic mercury (inorganic forms of mercury). Since the effluents of the fixed-bed
reactor is free of any entrained particulate matter, only the impinger portions of
Method 29 and Ontario Hydro will be used (filter box will be eliminated). Afler each
test, the exposed CCR will be recovered and analyzed for Hg, As, Se, Cd, and Pb. The
pre- and post-test analysis results of the CCRs together with the Method 29 and
Ontaric Hydro results will be used 1o determine mass balances for these five metals.
This experiment will also be performed on a sample of the reference fly ash material as
a QC check.

441  Thermal Desorption Test Plan for High Temperature CCR Commercial
Processes ' ‘

A- Cement (Clinker) manufacturing;

In this process, fly ash is used as feed to a cement kiln. Fly ash typically represents a

maximum of about 5% (weight) of the typical raw mix to the kiln. Other inputs inclade -
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limestone (30%}), iron ore (3%), and sand (2%), but fly ash can displace other Category ill
components of cement kiln like limestone and iron ore, so its percentage can go higher.

Cement kiln residence time is about one hour, temperature is about 1500°C, and the

gas environment is natural gas combustion flue gas. The assumption is that all Hg is

vaporized. Thus, the focus of this section will be on As, Cd, Se, and Pb, The test plan is

as follow: )

1- Mix 5g fly ash, with 5g CaCO3 (limestone), ¢.2g iron oxide (Fe,(03) and 0.5g
sand and place the mixture in the fixed-bed reactor.

2- Inlet flue gas consists of 14% CO,, 3% O, 5.3% H20, and 50 ppm NOx. The
total fow rate will be 400 co/min.

3- Heat the fixed-bed reactor to its maximum temperature (1000°C). With the
current system, we will not be able to exceed 1000°C. If no evaporation of
these metals is observed at this temperature, we will modify the system to
achieve a desorption temperature of 1500°C,

4-  Aftach a mini-impinger, EPA Method 29 to the outlet of the fixed-bed reactor

and sample the whole effluent of the fixed-bed reactor for As, Cd, Pb, and Se
for one hour (residence time of cement kilns). '

5- Recover the solid residue and the Method 29 train and subrnit for metal B
analysis.

6- Close metals’ mass balances across all phases (pre-test fixed bed solid,
exposed solid, and reactor effluent).

B- Wallboard Manufacturing

This process will be simulated using FGD waste (and not fly ash), Wallboard
manufacturing consists of two steps: calcining and drying. FGD waste experiences a
higher temperatare during calcining, thus only this step will be simulated, The
calcining kettle temperature is about 310-370°C; but FGD waste temperature never
exceeds 170°C. FGD waste is not mixed with any other compounds, its residence time
in the kettle is about 1 hour and i is in contact with natural gas combustion flue gas.
The test plan will be as follow:
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1- Place 10g of FGE) waste in the fixed-bed reactor. Category il

2~ Inlet flue gas consists of 14% €04, 3% Oy, 5.3% H;0, and 50 ppm NOx. The
total flow rate will be 400 cc/min, )

i}
]
e}
3
i
£
5
3
3
i

3- Heat the fixed bed reactor to 170°C.,

4- " Attach a mini-impinger Method 29 {rain to the outlet of the fixed-bed reactor
and sample for As, Cd, Pb, and Se for one hour (residence time of calcining
kettle); recover the solid residue and the Method 29 train and submit for As,
Se, Pb, and Cd analysis.

5- Repeat steps 1 thru 3 (new batch of sample) and attach a mini-impinger
Ontario Hydro train to the outlet of the reactor and sample for one hour.
Recover solid residue and the train and submit for Hg analysis. Ontario Hydro
sampling will reveal the amount of total Hg, ionic Hg (inorganic Hg), and
elemental Hg evolved from the calcining process simulation,

6- Close metals’ mass balances across all phases (pre-test fixed bed solid,
exposed solid, and reactor effluent).

C- Asphalt manufacturing

Asphalt manufacturing consists of two steps: a very short residence time mixing
process (about one minute) and a long residence time storage process (several hours).
The storage process ocours at temperatures of about 5°C higher than the mixing
process. Thus, the most important step (in terms of thermal desorption) is the storage
step, Hot mix asphalt (HMA) is 95% stone, sand, or gravel bound together with asphalit
cement (crude cil); fly ash makes up approximately 5% of this mixture replacing
natural fillers such as hydrated lime or stone. This mixture is in contact with natural gas
combustion flue gas. Storage temperatures usually range from 13¢-150°C for binder
grade PG46-28 and 160-170°C for binder grade PG82-22. The test plan for asphalt
manufacturing simulation will be as follow:

1- Place g of fly ash and 9 g sand in the fixed-bed reactor.

2- Inlet flue gas consists of 14% CO;, 3% O,, 5.3% H;O, and 50 ppm NOx. The
total flow rate will be 400 cc/min.
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3~ Heat the fixed bed reactor to 170°C. Category lil

4-  Attach a mini-impinger Method 29 train to the outlet of the fixed-bed reactor
and sample for As, Cd, Pb, and Se for three hours (assumed residence time of
asphalt storage); recover the solid residue and the Method 29 train and submit
for As, Se, Ph, and Cd analysis.

5- Repeat steps 1 thru 3 (new batch of sample) and attach a mini-impinger
Ontario Hydro train o the cutlet of the reactor and sample for three hours.
Recover solid residue and the train and submit for Hg analysis. Ontario Hydro
sampling will reveal the amount of total Hg, ionic Hg (inorganic Hg), and
elemental Hg evolved from the asphalt storage process simulation.

6- Close metals’ mass balancés across all phases (pre-test fixed bed solid,
exposed solid, and reactor effluent).-

5.0 TESTING AND MEASUREMENT PROTOCOLS

Whenever possible, standard methods will be used to perform required measurements,
Standard melhods are cited in each applicable section. Where standard methods are
not available, operating procedures will be written fo describe activities. In situations
where method developraent is ongoing, activities and method changes will bc
thotoughly documented in dedicated laboratory notcbooks

5.1 PHYSICAL EHARADTERIZATION

5.1.1 Surface Area and Pore Size Distribution

A Micromeretics ASAP 2400 Surface Area Analyzer will be used to perform
Brunauer, Emmett, and Teller (BET) method surface area, pore volume, and pore size
distribution analysis on each as-received and size reduced CCR. A 200 mg sample is
degassed at 200 C for as 1east one hour in the sample preparation manifold. Samples
are then moved to the analysis manifold, which has a known volume. Total gas
volutne in the analysis manifold and sample tube is calculated from the pressure
change after release of an N, and He mixed gas from the analysis manifold known
volume. Report forms are automaticaily generated after each completed analysis. The
instrurnent uses successive dosings of N, while measuring pressure. The surface area
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analyzer is calibrated annually by a Micromeretics service representative, Standards of
known surface area are run with each batch of samples as a QC check. Detailed
instructions for the operation of this instrument are included in the Mercury Facility
Manual.

5.1.2 Density Measurements

The Micromeretics Accupyc 1330, a helium pyncnometer, will be used to determine
CCR density. This is a fully automatic gas displacement pycnometer, which measures
the volume of solids. Instrument operation is based on the ideal gas law. By
measuring the pressure change of He in a calibrated volume, the pycnometer
determines sample volume from which depsity can be derived automatically if sample
weight is know. Samples must be free of moisture to obtain true sample weight and to
avoid the distorting effect of water vapor on volume measurement. The cell chamber

5 should be kept closed at all times except when actually inserting or removing a sample.
The size of the cell and expansion chamber is determined by calibration, which is
performed every 10 runs or immediately prior to analysis after two weeks without
operation. The density measuring capacity of the Accupyc is calibrated for each run by
analyzing two steel balls of known density. Detailed instructions for the operation of
this instrument are included in the Mercury Facility Manual.-

5.1.3 pH and Conduétivity

pH and conductivity will be measured on all aqueous extracts. Conductivity is a
measure of the ability of an aqueous solution to carry an electric current. This ability is
dependent upon the presence of ions; on their total concentration, mobility, and -
variance; and on the temperature of the measurement. '

pH of the leachates will be measured using a combined pH electrode; A 2.point
calibration will be done using pH buffer solutions. The pH meter will be accurate and
reproducible to 0.1 pH units with a range of 0 to 14.

Conductivity of the leachates will be measured using a standard conductivity probe.
‘The conductivity probe will be calibrated using appropriate standard conductivity
solutions for the conductivity range of concern. Conductivity meters are typically -
accurate to %1% and have a precision of +1%. The procedure to measure pH and
conductivity will be as follow:
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Following & gross separation of the solid and liquid phases by centrifugation or Category Il

settling, a minimum volume of the superatant to measure the solution pH and
conductivity will be taken and poured in a test tube. The remaining liquid will be
scparated by pressure filtration and filtrates will be accordingly preserved and stored
for subsequent chemical analysis.

5.1.4 Moisture Content

Moisture content of the “as received” CCR , the reference fly ash and SRM samples
will be determined using ASTM D 2216-92 (ASTM, 1992). This procedure supercedes
the method indicated in the leaching procedure (Kosson et al., 2002a). This method,
however, is not applicable to the materials containing gypsum (calcium sulfate
dihydrate or other compounds having significant amounts of hydrated water), since this
material slowly dehydrates at the standard drying temperature (110°C). This slow
dehydration results in the formation of another compound (calcium sulfate
hemihydrate} which is not normally present in natural material. ASTM method C 22-
83 will be used to determine the moisture content of materials containing gypsum
(ASTM, 1983). :

5.2 CHeEMICAL CHARARTERIZATION
5.2.1 Carbon Content {TGA)

A Micromeretics Thermogravimetric Analyzer (TGA) is used to determine weight loss
due to thermal decomposition. Through knowledge of chemical components in the
sample, composition can be determined based on weight loss, decomposition
stoichiometry, and decomposition temperature. This method is used to estimate carbon
content of the CCR material. Carbon content corresponds to the weight loss in the
temperature range of 400-500°C, when TGA is operated in O, or air. The TGA
requires temperature and weight calibration. Temperature is calibrated using curie
point transistors of nickel and iron. Weight is calibrated with a 100 mg standard
weight. Values are entered into the TGA whenever configuration is changed or at least
annually. Calcium oxalate monchydrate is analyzed to establish accuracy and is run at
least every 20 runs.

It should be noted that an alternative method for the analysis of carbon, nitrogen, and
sulfur is also available. This method uses a combustion technique followed by mass -
spectroscopy. The instrument used in this analysis is a Carlo-Frba NA1500 Series IT
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elemental analyzer. Similar instrumentation is also available from LECO Inc. Category Il

(www.leco.com).
B.2.2 Mercury (CVAA)

Mercury analysis of each extract and leachate will be carried out by Cold Vapor
Atomic Absorption Spectrometry (CVAA) according to EPA SW846 Method 7470A
Mercury in Liquid Waste (Manual Cold Vapor Technique) (EPA, 1998). Samples
are treated with potassium permanganate to reduce possible sulfide interferences. A
Perkin Elmer FIMS 100 Flow Injection Mercury System is the instrument to be used
for this analysis, The instrument is calibrated with known standards ranging from 0.25
to 10 ug/l. mercury. The detection limit for mercury in aqueous sampies is 0.05 pg/L.,

B5.2.3 Other Metals (ICP)

Analysis for arsenic (As), selenium (Se), cadmium (Cd) and lead (Pb) as well as
principal constituents such as iron (Fe), caleium (Ca), phesphorus (P) and sulfur (S)
will be performed on a ICP-MS using Method 3052 (EPA, 1996a). Metals and
estimated instrument detection limits are listed in the method. The ICP will be profiled
and calibrated for the target compounds and specific instrument detection limits will be
determined. Mixed calibration standards will be prepared at least 5 levels. Each target
compound will also be analyzed separately to determine possible spectral interference
or the presence of impurities. Two types of blanks will be run with each batch of
samples. A calibration blank is used to establish the analytical curve and the method
blank is used to identify possible contamination from varying amounts of the acids
used in the sample processing. Additional daily QC checks include an Initial
Calibration Verification (ICV) and a Continuing Calibration Verification (CCV). The
ICV is prepared by combining tarpet elements from a standard source different than -
that of the calibration standard and at a concentration within the linear working range
of the instrument. The CCV is prepared in the same acid matrix using the same
standards used for calibration at a concentration near the mid-point of the calibration
curve. A calibration blank and a CCV or ICV are analyzed after every tenth sample
and at the end of each batch of samples. The CCV and ICV results must verify that the-
instrument is within 10% of the initial calibration with an RSD < 5% from replicate
integrations. Procedures to incorporate the analysis of a MS/MSD for these CCR
samples will be evaluated. '

These analyses will be performed at two different ICP-MS facilities. The first facility
is Severn Trent Laboratories in Savannah, Ga. This laboratory uses a Agilent ICP-MS
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with octopole reaction system (ORS). The second facility is Vanderbilit University Category Il

(Department of Civil and Environmental Engineering). This laboratory uses a Perkin
Elmer model ELAN DRC II. Standard analysis mode is used for PB and DRC mode is
used for analysis of As and Se.

5.2.4 Anions Analysis by IC

Aqueous concentrations of anions (chloride, sulfate, sulfides, carbonate and nitrate)
will be determined using ion chromatography (IC). Standard methods (i.e., USEPA
guideline SW-246) will be used.

5.2.6 X-Ray Fluorescence (XRF) and Neutron Activation Analysis (NAA)

For the five target metals, XRF analysis will be performed on each CCR to provide
additional information on the CCR material. This information will be useful in
supplementing and/or validating CVAA and ICP results and calculating mass balances.
XRF is capable of detection limits in the ug range. If levels are in the ng range, XRF
analysis will not be useful. Considering the high detection limit of the XRF, this
method will be used only as a second validation method or a “referce” method. Details
of XRF analysis are included in the Mercury Facility Manual.

Neutron activation analysis (NAA) is an established analytical technigue with
elemental analysis applications. This method will be considered in this test program.

- NAA is different than AA or inductively coupled plasma mass spectrometry (ICP-MS)

because it is based on nuclear instead of electronic properties, Neutron activation .
analysis is a sensitive multielement analytical method for the accurate and precise
determination of elemental concentrations in unknown materials, Sensitivities are *
sufficient to measure certain elements at the nanogram level and below, although the -
method is well suited for the determination of major and minor elementat components -
as well. The method is based on the detection and measurement of characteristic
gamma rays emitted from radioactive isotopes produced in the sample upon irradiation:
with neutrons. Depending on the source of the neutrons, their energies and the
treatment of the samples, the technique takes on several differing forms. It is generally
referred to as INAA (instrumental neutron activation analysis) for the purely
instrumental version of the technique. RNAA (radiochemical peutron activation
analysis) is the acronym used if radiochemisiry is used to separate the isotope of -
interest before counting. FNAA (fast neutron activation analysis) is the form of the
technique if higher energy nentrons, usually from an accelerator based neutron

' _generator, arc used.

26

109




ARCADIS

6.0 QA/RD CHECKS

cracterization of Coal Combustion Besiduss

.1 DaTA QuUaLlTy INDICATHR GDALS

Data quality indicator goals for critical measurements in terms of a-ccuracy, precision
and completeness are shown in Table 6-1.

TABLE 6-1. DATA QUALITY INDICATOR GHalLs

Completenes

Measuremen | Method Accuracy Precision
i 'S
As, Se, Pb. ICP/8010B 10% 10% >80%
Cd, Fe, P, S, :
and Ca
Concentratio
n
Hg , CVANTATOA | 10% 10% >90%
Concentratio
n
Anions, IC/SW-846 10% 10% >90%
Sulfate, : :
Carbonates,
Chiorides
PH Electrode 2% 2% 100%
Carbon TGA 10% 10% >90%
Content
Surface Area | BET 5% 5% >90%
Density Pycnometer 2% 2% 100%
Moisture ASTM N/A 10% NfA
D2216-92
ASTM C22.
a3

N/A: Not Applicable (éce Appendix B)

Accuracy will be determined by calcﬁlating the percent bias from a known standard.
Precision will be calculated as relative percent difference (RPD) between duplicate
vahtes and relative standard deviation (RSD) for parameters that have more than two
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replicates. Completeness is defined as the percentage of measurements that meet DQI Category Il

goals of the total number measurements taken,

Mass balance calculations will also be used as a data quality indicator. Different mass
balance recovery methods will be examined. The reference fly ash  sample will be
used to develop and validate an appropriate mass balance recovery method. Mass
balance will be determined by using the metals concentrations determined by analysis
of the “as-received” reference fly ash as the total. Results from successive leaching
samples and analysis of any solid residues will be combined to determine recoveries.

One approach that will be considered is the use of either total digestion (Method 3052)
or Neutron Activation Analysis (NAA) for the analysis of solid residues.

The mass balance recovery will be only performed on 3 pH points and one low LS -
ratio. Unceriainty analysis will be considered for ¢ach mass balance. The selection of
the target pH values will be dependent on the natural pH of the material. If the natural
pH is <5, then natural pH, 7 and 9 will be selected as the target pH values. If the
natural pH ranges between 5 and 9, then 5, 7 and 9 will be selected as the target pH
values, and if the natural pH is >9, then 5, 7 and natural pH will sclected as the target
pH values. In addition, an extraction at the natural pH of the material and an LS ratio of
1mL/g will be carded out. At least 4 replicates per extract will be run. In the case
where the mass balance wiil be performed using total digestion or NAA, at least 3
representative samples per residue will be analyzed.

6.2 RO SamMPLE TYFES

Types of QC samples used in this project will include blanks, spiked samples,
replicates, and mass balance tests on the reference fly ash and the SRM. For physical
characterization testing, duplicate samples of the CCR, reference fly ash and SRM will
be processed through each analysis. Duplicates must agree within +10% to be
considered acceptable. For the leaching studies, an objective of this project is to
determine the appropriate types of QC samples to incorporate in the proposed leaching
methods. This will be accomplished by subjecting the reference fly ash to the leaching
procedure and determining the metals’ mass balances by analyzing the leaching
solution and the post-leachate solids. Initially, mass balances of 70-130% will be
considered as an acceptable QC of the leaching procedure. Further statistical analysis
on available data will be performed to narrow down the range of acceptable mass
balances. This method development will be thoroughly documented in a dedicated
laboratory notebook. Leaching of the reference fly ash samples may also be used as
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in every five tests will be run in duplicate. Duplicate results from the reactor testing
are expected to agree within 20% to be considered valid. Identical to the lcaching
procedure, the use of the reference fly ash as a baseline QC sample will also be
implemented during TPD tests (initial mass balances of 70-130%). Required QC
samples for metals and mercury sampling trains are detailed in EPA Method 29 (EPA,
1996¢) and the Ontario Hydro Methods (ASTM, 2002). QC samples required for ICP,
CVAA, IC analysis are detailed in Methods 3052, 74704, and SW-864 respectively.

7.0 DATA REDUDCTION, VALIDATION, AND REPORTING

Chemical {ICP, CVAA, TGA, XRF, IC, NAA) and physical (surface area, pore size
distribution and density) characterization data are reduced and reports are generated -
automatically by the instrument sofiware. The primary analyst will review 100% of
the report for completencss and to ensure that quality control checks meet established
criteria. If QC checks do not mest aceeptance criteria, sample analysis must be _
repeated. A sccondary review will be performed by the Inorganic Laboratory Manager
to validate the analytical report. If appropriate, certain chemical characterization data
will be compared o the XRF and NAA analyses. In addition, the designated QA
Officer will review at least 10% of the raw data for completeness. Analytical data will
be summarized in periodic reports to the ARCADIS WAL. The procedure for _
reduction, validation and reporting of the leaching experiments Task IT) are outlined in
Appendix A. ARCADIS WAL is responsible for the implementation of these
procedures. Data reduction and interpretation for the TPD experiments (Task ITT) is
included in the Mercury Facility Manual. ARCADIS WAL is responsible for
implementing those procedures. ARCADIS WAL is also responsible for ensuring that
mass balance criteria have been met. Mass balance for task 1T will be calculated as:

[(metal in leachate + metal in residue)/metal in “as received” CCR]*100
Mass balance for Task III will be calculated as:

[(rﬁetal in off gas + metal in thermally exposed sample)/metal in “as received”
CCR]*100 |

Hg control benefit calculation for each metal or other parameters (such as carbon
content, surface area, and so on) is:
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[(content in CCR, leachate, or residue)y y; conror/(content in CCR, leachate, or Category Il

reSidue)wfo Hg contml] *100

Values greater than 100% indicate an increase in that parameter due to implementation
of the Hg control technology. In summary, the ARCADIS WAL checks fo ensure that
the duplicates meet the precision limits and the QC-checks for each run are within
documented data quality indicators. Progress of the rescarch conducted under this
QAPP is reported in written monthly reports by ARCADIS WAL, Weekly verbal and -
written progress reports are submitted to the EPA WAM. Efforts will be made to
publish and present results. QA/QC activities will be mentioned in any published
materials. A data quality report will be provided in the final report of this investigation,

8.0 ASSESSMENTS

Assessments and audits are an integral part of a quality system. This project is
assigned a QA Category I and, while desirable, doest not require planned technical
systems and performance evaluation audits, EPA will determine externial or third-party
audit activities. Internal assessments will be performed by project personnel to ensure

-acquired data meets data quality indicator goals established in S8ection 6, The

ARCADIS Designated QA Officer will perform at least one internal technical systems
audit (TSA) to ensure that this QAPP is implemented and methods are performed
according to the documented procedures. This audit will occur during the early stages
of the project to ensure any necessary corrective actions are implemented before large
amounts of data are collected. '

There are currenily not planned performance evaluation audits but Table 8-1 lists the
measurement parameters and expected ranges should EPA determine a PEA should be
provided.

8-1. PEA PARAMETERS AND RANGES

Analyte or Method Expected Range
Measurement _
As, Se, Pb and Cd ICP/30562 1-100 ug/mL
Hg CVAA/T7470A | 0.25 to 10 ug/L
PH ) Electrode 0-14
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In addition to the TSA, the ARCADIS Designated QA Officer will perform an internal
data quality audit on at least 10% of the reported data. Reported results will be verified
by performing calculations using raw data and information recorded in laboratory
notebooks.

9.0 REFERENCES
ASTM, 1983. Method C 22-83, “Standard Specification for Gypsum’

ASTM, 1992, Method D 2216-92, “Standard Test Method for Laboratory
Determination of Water (Moisture) Content of Soil and Rock”

ASTM, 2002, Method D 6784-02, “Standard Test Method for Elemental Oxidized,
Particle-Bound, and Total Mercury in Flue Gas Generated from Coal-Fired Stationary
Sources {Ontario-Hydro Method)”

EPA, 1996a. Method 3052 “Microwave Assisted Acid Digestion of Siliceous and
Organically Based Matrices”. Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods (SW-846).

EPA, 1996b. Method 6010 ‘;Inductively Coupled Plasma-Atomic Emission
Spectrometry”. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods
(SW-846).

EPA, 1996¢ . Method 29 “Determination of Metals Emissibns from Stationary _
Sources.” Code of Federal Reguiations, Title 40, Part 60, Appendix A, April 1996.

EPA, 1998. Method 7470A “Mercury in Liquid Waste (Manual Cold-Vapor
Technique)”. Test Methods for Evaluatmg Solid Waste, Physical/Chemical Methods
(SW-846).

EPA, 2002a. Characterization and Management of Residues from Coal-Fired Power
Plants, Interim Report. EPA-600/R-02, 083, December 2002. .

EPA, 2002b. Reply to comments on EPA/OSW’s Proposed Approach to
Environmental Assessment of CCRs. Discussed March 5, 2002,

30

114

DAPP FOIR THE
CHARACTERIZATION
OF CoaL
COMBUSTION

Category 11




Characterization of Coal Combustion Residues

ARCADIS QAPP FOR THE

CHARACTERIZATION
OF COAL
COoOMBUSTION

Kosson, D.S., van der Sloot, H1.A., Sanchez, F. and Garrabrants, A.C., 2002a. An Category Il
Intcgrated Framework for Evaluating Leaching in Waste management and Utilization
of Secondary materials. Environmental Engineering Science 19(3):159-204,

Kosson, D8, and Sanchez, F., 2002b. Drait (Revision #2), Sampling and
Characterization Plan for Coal Combustion Residues from Facilities with Enhanced
Mercury Emissions Reduction Technology. May 2002,

W S ST I

31

115




Mharagterization of Cpa!l Combustion Residues

Appendix D
Brayton Point Fly Ashes

116




Characterization of Coal Combustion Residues

List of Figures

Figure

D-1
D2
D3
D4
D-5
D6

D-7

Do
D-10
D-11

D-12

D-13
D-14

pH Titration Curves for the Baseline Fly Ash and the Fly Ash with Enhanced Hg Control ......oooevveereervcsecerenians
pH as a Function of LS Ratio for the Baseline Fly Ash and the Fiy Ash with Enhanced Hg Control .......cocevecvnnne.

Mercury Release (top) and Spike Recoveries (bottom) as a Function of pH for the Baseline Fly Ash and the
Fly Ash with Enhanced Hg Control .,

Mercury Release (top) and Spike Recove; ies (bottom) asa a Function of LS Ratlo f01 the Baseime F iy Ash an d

the Fly Ash with Enhanced Hg Control ..

Axsenic Release (top) and Spike Recoverles (i)ottom) asa F unctlon of pH for the Baselme FEy Asil and the

Fly Ash with Enhanced HE CONIoL oottt e eas b s cest s sme e s s e s et s s ranen

Arsenic Release (top) and Spike Recoveries (bottom) as a Function of LS Ratio for the Baseline Fly Ash

and the Fly Ash with Enhanced HE COMUIOL oo sss v s e st ee e erstva s s en e en e nsessennrnan

Selenium Release (top) and Spike Recoveries (bottom) as a Function of pH for the Baseline Fly Ash and the
Fly Ash with Enhanced Hg Control .. .

Selenium Release (top) and Spike Recovenes (bottom) asa Functlon of LS Rat10 for the Baselme F!y Ash
and the Fly Ash with Enhanced Hg Control ..

Regress:on Curves of Experimental Data of Arsemc Soiubxhty asa Tunctmn of pH

Regression Curves of Experimental Data of Selenium Solubility as a Function of pH

in a Combustion Waste Landfill ..

......... 122

123

w124

e 125
100-Year Arsenic Release Estimates as a Function of the Cumulative Probability for ti]e Scenano of Dlsposal

27

100-Year Selenium Release Estlmates asaF unctlon of the Cumulatwe Probablhty for the Scenal io of Dlsposal

in a Combustion Waste Landfitl ..
100-Year Arsenic Release Es’{imates from A) Baselme F!y Ash and B) F Ey Ash w1th ACI
100-year Selenium Release Estimates from A) Baseline Fly Ash and B) Fly Ash with AC I )

. 127

v 128
.. 129

117




“roracterization of Coal Combustion Besidusas

pil Titration Curves
Baseline Fly Ash

14

122 |
12 ==

i@%
o e w i gy
|

10

8

pH

0 1

6+

4

o e 3

rl oo Py Yo gen i devrdaaa g

2 I N

1210 8 6 4 -2 0 2 4 6 8

meq Acid/g dry

o SR2-BPB-0001 - A
< SR2-BPB-0001 - B
A SR2-BPB-0001 - C

Fly Ash with ACI

Figure D-1. pH Titration Curves for the Baseline Fly Ash and the Fly Ash with Enhanced Hg Control.
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Figure D-2. pH as a Function of LS Ratio for the Baseline Fly Ash and the Fly Ash with Enhanced Hg Control.
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Mercury Release as a Function of pH
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Figure D-3. Mercury Release (top) and Spike Recoveries {bottom} as a Function of pH for the Baseline Fly Ash and the Fly
Ash with Enhanced Hg Control. 5% and 95% percentiles of mercury cancentrations observed in typical combustion waste
landfill leachate are shown for compatison.
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Mercury Release as a Funclion of LS Hatleo _
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Figure D-4. Mercury Release {top} and Spike Recoveries (bottom) as a Function of LS Ratio for the Baseline Fly Ash and
the Fly Ash with Enhanced Hg Control.
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Arsenic Release as a Function of pH
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Figure D-5. Arsenic Release {top) and Spike Recoveries (botiom) as a Function of pH for the Baseline Fly Ash and the Fly
Ash with Enhanced Hg Control. 5" and 95" percentiles of arsenic concentrations observed in typical combustion waste
landfill leachate are shown for compariscn. :
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Arsanic Belease as a Function of LE Ratio
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Figure D-6. Arsenic Release (top) and Spike Recoveries (bottom) as a Function of LS Ratio for the Baseline Fly Ash and
the Fly Ash with Enhanced Hg Control. ‘
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Selenium Release as a Functlion of pH
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Figure D-7. Selenium Release (top) and Spike Recoveries (bottom) as a Function of pH for the Baseline Fly Ash and the
Fly Ash with Enhanced Hg Control. 5™ and 95" percentiles of selenium concentrations ohserved in typical combustion
waste landfill leachate are shown for comparison.
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Selanium Release as a Function of LS Ratlo
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Figure D-8. Selenium Release (top) and Spike Recoveries (bottom) as a Function of LS Ratio for the Baseline Fly Ash and
the Fly Ash with Enhanced Hg Control,
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Arsenic Solubility
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Figure D-9. Regression Curves of Experimental Data of Arsenic Solubility as a Function of pH.
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Salenium Solubllity
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Figure D-10. Regression Curves of Experimental Data of Selenium

Solubility as a Function of pH.
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100-Year Arsenic E%Eease Estimates
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: Figure D-11. 100-Year Arsenic Release Estimatos as a Functlon of the Cumulative Probability for the Scenario of Disposal
in a Combustion Waste Landfill.
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Figure D-12. 100-Year Selenium Release Estimates as a Function of the Cumulative Probability for the Scenario of
Disposal in a Combustion Waste Landfill.
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T h0-Yoar Arsenic Belease Estimates
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Figure D-13. 100-Year Arsenic Release Estimates from A} Baseline Fly Ash and B) Fly Ash with ACI, Release estimates
for percolation controlled scenario are compared to release estimate based on total content. The amount of the arsenic that
would be released if the release concentration was at the MCL is also shown for comparison (LS =12.5L/kg and
LS, = 100 Likg).
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100-Year Selenium Release Estimatles
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Figure D-14. 100-year Selenium Release Estimates from A) Baseline Fly Ash and B) Fly Ash with AC|. Release estimates
for percolation controlled scenario are compared to release estimate based on total content. The. amount of the selenium
that would be released if the release concentration was atthe MCL. Is also shown for comparison (LS =12.5 L/kg
and LS, =100 L/kg).
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Commenis
Figure D-3;

» The fly ash from the test case had greater total Hg
content than the fly ash from the baseline case (by
about 2.5 times).

= Hgrelease is low (but poor replication)} for both baseline
and test cases.

Figure D-5:

» The fly ash from the test case had lower total As con-
tent than the fly ash from the baseline case (by abouta
factor of 3). - : :

* The laboratory measurements fit within the 5-95% con-
fidence intervals of the field observations.

+ As release is most frequently worse in baseline case
than test case and exceeds MCL for many possible
conditions.

Figure D-7:

* The fly ash from the test case had greater total Se
content than the fly ash from the baseline case (by
about a factor of 3).

= The laboratory measurenzents it within the 5% t0 95%
confidence infervals of the field observations. _

* Serelease substantially exceeds MCL for both baseline
and test cases and is generally worse for test cases,

* The fly ash from the fest case resulted in greater Se
conceniration at the natural pH of the material than
the baseline case (by about 3 times).

Figures D-11. and D-12:

* The fly ash from the test case would result in As re-
lease less than expected from the baseline case, with a
95% probability to be less than 338 and 2095 pg/kg,
respectively.

* Nosigpificant difference in Se release is expected from
both baseline and test cases.

Figure D-13:
= Forthe 95% probability scenario, arsenic release from
the baseline case would be greater than the amount

130

that would be released if the release concentration was
at the MCL.

* For the 95% probability scenario, a lower arsenic re-
lease would be expected from the test case. However,
the fly ash from the test case had lower total As con-
tent than the fly ash from the baseline case (by about a
factor of 3).

* For the default scenario corresponding to disposal ina
monofill (leachate pH controlled by the material being
disposed), no significant difference in arsenic release
between the baseline and the test cases would be ex-
pected. Additionally, arsenic release would be less than
the amount that would be released if the release con-
centration was at the MCL.

* Forthe default scenario corresponding to the “extreme”
pH of 3, arsenic release would be greater than the
amount that would be released if the release concen-
tration was at the MCL, for both the baseline and the
fest cases.

+ Forthe default scenario corresponding to the “extreme”
pH of 12.5, arsenic release is expected to be greater
for the test case than the baseline case.

Figure D-14:

* For the 95% probability case, selenium release would
be greater than the amount that would be released if
the release concentration was at the MICL for both the
baseline and the test cases,

* Forthe default scenario corresponding to disposalina
monofill (leachate pH controlled by the material being
disposed), a greater selenium release would be ex-
pected from the test case.

* For the default scenario corresponding to the “extreme”
pH of 12.5, selenium release is expected to be greater
for the test case than the baseline case. Selenium re- .
lease from the test case would be greater than the
amount that would be released if the release concen-
tration was at the MCL.
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Appendix E
Pleasant Prairie Fly Ashes
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pH Titration Curves

Baseline Fly Ash _ Fly Ash with ACI
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Figure E-1. pH Titration Curves for the Baseline Fly Ash and the Fly Ash with Enhanced Hg Control.
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Figure E-2. pH as a Function of LS Ratio for the Baseline Fly Ash and the Fly Ash with Enhanced Hg Control.
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reury Helease as a Function of pH
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Figure E-3. Mercury Release (top) and Spike Recoveries (bottom) as a Function of pH for the Baseline Fly Ash and the Fly
- Ash with Enhanced Hg Control. 5" and 95" percentiles of mercury concentrations observed in typical combustion waste
landfill leachate are shown for comparison.
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Figure E-4. Mercury Release {top) and Spike Recoveries (bottom) as a Function of LS Ratio for the Baseline Fiy Ash and
the Fly Ash with Enhanced Hg Control.
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Arsenic Release as a Function of pH
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Figure E-5. Arsenic Release (top) and Spike Recoveries (bottam) as a Function of pH for the Baseline Fly Ash and the Fly
Ash with Enhanced Hg Control. 5" and 95" percentiles of arsenic concentratlons observed in typical combustion waste
landfilf leachate are shown for comparison.
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Arsenic Belease as a Function of LS Ratio
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Figure E-6. Arsenic Release (top) and Spike Recoveries (bottom) as a Function ¢f LS Ratio for the Baseline Fly Ash and
the Fly Ash with Enhanced Hg Control,
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Selenium Release as a Function of LS Batio
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Figure E-8. Selenium Release (fop) and Spike Recoveries {bottom) as a Function of LS Ratio for the Baseline Fly Ash and
the Fly Ash with Enhanced Hg Control.
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; Arsenic Solubility
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Figure E-9. Regression Curves of Experimental Data of Arsenic Solubility as a Function of pH.-
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Selenium Solubility
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Figure E-10. Regression Curves of Experimental Data of Selenium Solubility as a Function of pH.
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100-Year Arsenic Helease Estimates
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Figure E-11. 100-Year Arsenic Release Estimates as a Function of the Gumulative Probability for the Scenario of Disposal
in a Combustion Waste Landfill.
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Flgure E-12. 100-Year Selenium Release Estimates as a Function of the Cumulative Probability for the Scenario of
Disposal in a Combustion Waste Landfill.
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100-Year Arsenic Release ESiimaies
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Figure E-13. 100-Year Arsenic Release Estimates from A) Baseline Fly Ash and B) Fly Ash with ACI. Release estimates
for percolation controlled scenario are compared to release estimate based on total content. The amount of the arsenic that
would be released if the release concentration was at the MCL is also shown for comparison (LS, ..., = 12.5 L/kgand

LS,,, = 100 L/kg).
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100-Year Selenium Release Estimales
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Figure E-14. 100-year Selenium Release Estimates from A) Baseline Fly Ash and B} Fly Ash with ACI. Release estimates
for percolation controlled scenario are compared to release estimate based on total content. The amount of the selenium
that would be released if the release concentration was at the MCL is also shown for comparison (LS =12.51/kg
and LS, =100 L/kg).
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Commeanis
Figure £-3:

* Fly ash from the test case had greater total Hg content
than the fly ash from the baseline case (by about 7.5
{imes).

» Hg release is well below levels of potential concern
(but poor replication) for both baseline and test cases,

Figure E-5:
« The fly ash from the test case had similar total As
content than that from the baseline case.
* As release was below the MCL for both the baseline
and the test cases for most pH conditions.

Figure E-7:

» Total selenium content was below detection limits for
Method 3052 for both fly ashes while significant sele-
nium release (ranging from around 30 ug/L to around
1000 pg/L} as a function of pH was observed. This
result is a consequence of the dilution effects of the
digestion method and analytical requirements.

+ Selenium release from both the baseline and the test
cases was close to or exceeded the MCL (50 pg/L)
for most pH conditions.

Figures E-11 and E-12:

+ The fly ash from the test case would result in As re-
lease slightly less than expected from the baseline case,
with 2 95% probability to be less than 358 and 473 g/
kg, respectively.

» The fly ash from the test case would result in Se re-
lease less than expected from the bascline case, witha
95% probability to be less than 4000 ug/kg (total con-

tent) in both cases and a 5% possibility that the total
content will be released.

Figure £-13:

* For all scenarios examined, no significant difference in
arsenic release would be observed between the fly ash
from the baseline case and the fly ash from the test
case. _

= Forthe 95% probability scenario, arsenic release from
both cases would be less than the amount that would
be released if the release concentration was at the MCL
and the LS ratio was the resultant LS ratio for the 95%
case (i.e., about 100 L/kg). However, arsenic release
would be greater than the amount that would be re-
leased if the release concentration was at the MCL
and the LS ratio was the LS ratio of the default sce-
nario considered (i.e., 12.5 L/kg).

» For the three default scenarios considered, arsenic re-
lease would most likely be less than the amount that
would be released if the release concentration was at
the MCL.

Figure E-14: :

* For scenarios at alkaline pH, lower Se release would
be expected for the test case compared to the baseline
case. ' :

= Forthe 95% probability scenario, selenium refease from
both cases would be greater than the amount that would
be released if the release concentration was at the
MCL. _

* In conclusion, Se release will most likely be greater
than the MCL based on solubility and cumulative re-
lease, Without controls appears worse than with con- -
trols.
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Appendix F
Salem Harbor Fly Ashes
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oM Titration Curves
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Figure F-1. pH Titration Curves for the Baseline Fly Ash and the Fly Ash with Enhanced Hg Control.

pH as a Function of LS Ratio
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~igure F-2. pH as a Function of LS Ratio forthe Baseline FEy Ash and the Fly Ash with Enbanced Hg Control.
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Mercury Release as a Function of pH
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Figure F-3. Mercury Release ({top} and Spike Recoveries {bottom) as a Function of pH for the Baseline Fly Ash and the Fly
Ash with Enhanced Hg Control. 8" and 95" percentiles of mercury concentrations ocbserved in typical combustion waste
landfill leachate are shown for comparison.
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Marcury Release as a Funciion of LS Ratio
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Figure F-4. Mercury Release (top) and Spike Recoveries (bottom) as a Function of LS Ratio for the Baseline Fly Ash and
the Fly Ash with Enhanced Hg Control.
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Arsenic Release as a Funciion of pH
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Figure F-5. Arsenic Release {top) and Spike Recoveries (bottom) as a Function of pH for the Baseline Fly Ash and the Fly
Ash with Enhanced Hg Conirol. 5™ and 95" percentiles of arsenic concentrations observed in typical combustion waste
landfill leachate are shown for comparison.
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