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1. Project Objectives and Organization

1.1 Purpose

The addition of flue-gas desulfurization (FGD) systems, selective catalytic reduction, and activated carbon
injection to capture mercury and other pollutants will shift mercury and other pollutants from the stack gas to
fly ash, FGD gypsum, and other air pollution control residues. The Air Pollution Prevention and Control
Division (APPCD) of EPA’s Office of Research and Development (ORD) is conducting research to evaluate
potential leaching and cross media transfers of mercury and other constituents of potential concern (COPCs)
resulting from the management of coal combustion residues (CCRs) resulting from wider use of state-of-the
art air pollution control technology. This research was cited as a priority in EPA’s Mercury Roadmap
(http://www.epa.gov/mercury/roadmap.htm) to ensure that one environmental problem is not being traded for
another. The objective is to understand the fate of mercury and other COPCs and ensure that emissions
being controlled in the flue gas at power plants are not later being released depending upon how the CCRs
are managed. 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 that are land disposed, the questions to be addressed include:
o Wil any of these changes result in an increase in the potential for leaching of mercury (Hg) and
other metals such as arsenic (As), selenium (Se), lead (Pb), cadmium (Cd), cobalt (Co), aluminum
(Al), barium (Ba), boron (B), molybdenum (Mo), antimony (Sb), thallium (TI), and chromium (Cr)
from disposal of CCRs in impoundments, monofills, agriculture amendment, minefills, or other
beneficial use scenarios?
0 What is the fate of Hg and other metals from CCRs that are land disposed?

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

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

0 What is the fate of Hg and other metals in CCRs when used in commercial applications?

0 What is the extent of Hg, As, Pb, Se, Cd, Co, Al, Ba, B, Mo, Sb, Tl, and Cr release during high
temperature manufacturing processes used to produce cement clinkers, asphalt, and wallboard?
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0 Are Hg and other pollutants such as As, Se, Pb, Cd, Co, Al, Ba, B, Mo, Sb, Tl, and Cr present in
CCRs that are used in commercial applications such as highway construction or beneficial use
scenarios 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 laboratory support contract
with ARCADIS is to conduct a comprehensive study on the fate of mercury (Hg), arsenic (As), selenium
(Se), lead (Pb), cadmium (Cd), cobalt (Co), aluminum (Al), barium (Ba), boron (B), molybdenum (Mo),
antimony (Sb), thallium (TI), and chromium (Cr) in CCRs. This research will be conducted in three tasks.
Task | will focus on updating the QAPP to clearly define the project scope and procedures. Task Il will focus
on completing the report on evaluating the potential release of Hg and other heavy metals from a cement
kiln operation, asphalt production, and wallboard production using synthetic gypsum. Task Il will cover the
evaluation of the potential of CCRs to leach Hg and other heavy metals during disposal or beneficial use
scenarios. The scope of this QAPP covers Task | through Task 111,

1.2 Project Objectives

US EPA's Office of Resource Conservation and Recovery (ORCR) formerly the Office of Solid Waste (OSW)
has been asked to provide general guidance on appropriate testing to evaluate the release potential of Hg
and other metallic contaminants (As, Se, Pb, Cd, Co, Al, Ba, B, Mo, Sb, Tl, and Cr) from CCRs via leaching,
run-off, and volatilization when the CCRs are 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, Cd, Co, Al, Ba, B, Mo, Sb, Tl, and Cr
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 ORCR to (1)
evaluate changes in CCRs resulting from the implementation of different Hg control technologies (see
Section 3.3), and (2) assess environmental releases of these toxic metals during CCR management
practices including land disposal and commercial applications. OSW will be using the results to determine
needs in regard to future policies for managing CCRs whose characteristics are changing as a result of the
MACT under development for coal fired power plants. US EPA’s Office of Air and Radiation (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 requirements for reducing emissions from coal-fired power plants.

Data on the chemical stability of these metals (leaching tests) will be generated using the EPA/IOSW
recommended methods (see Reply to comments on EPA/OSW's Proposed Approach to Environmental
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Assessment of CCRs Discussed March 5, 2002 - Appendix A) developed by Dr. David Kosson, Dr. Andrew
Garrabrants, and Dr. Florence Sanchez of Vanderbilt University titled An Integrated Framework for
Evaluating Leaching in Waste Management and Utilization of Secondary Materials (Kosson et al., 2002,
Environmental Engineering Science, Volume 19, Number 3). The ability of these EPA/OSW 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. Using this comprehensive database,
EPA/ORCR will determine the feasibility of the application of the above methods to CCRs and they will
assess the environmental impacts of different types of CCRs’ waste management practices.
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2. Project Organization

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.

EPA Work Assignment Manager, Susan Thorneloe: The EPA WA Manager is responsible for
communicating the scope of work, data quality objectives 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: thorneloe.susan@epamail.epa.gov

EPA QA Representative, Robert Wright: The EPA QA Representative will be responsible for reviewing and
approving this QAPP. This project has been assigned a QA category Ill and may be audited by EPA QA. Mr.
Wright is responsible for coordinating any EPA audits.

Phone (919) 541-4502
E-mail: wright.bob@epamail.epa.gov

ARCADIS Work Assignment Leader, Peter Kariher: 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 (919) 541-5740
E-mail: peter.kariher@arcadis-us.com

ARCADIS Inorganic Laboratory Manager, Peter Kariher. In addition to being the WA Leader, Peter Kariher is
also responsible for the operation of EPA’s in-house Inorganic Laboratory. Mr. Kariher will review and
validate all analytical data reports and ensure that the leaching studies are performed properly. He will also
operate the mercury analyzer and ion chromatograph. For the leaching studies and mercury and metals
analyses, Mr. Kariher will be supported by one technician: John Foley.

Mr. Kariher will perform SW-846 Method 3052 digestion of solid CCR and SRM samples and also be
responsible for mercury analysis of samples by CVAA. John Foley will perform the leaching tests. Mr.
Kariher will submit the remaining Method 3052 digestates to the subcontract analytical laboratory, Test
America-Savannah for ICP/MS analysis of the other target metals. Mr. Kariher will also be responsible for
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assisting Drs. Kosson and Sanchez in the development of appropriate QA/QC procedures for the leaching
assessment methods.

Phone (919) 541-5740
E-mail: peter.kariher@arcadis-us.com

Test America-Savannah Analytical Manager, Kathryn Smith: Ms. Smith will review and validate the ICP/MS
results for total content digest samples and report them to Mr. Kariher.

Phone (912) 354-7858
E-mail: kathye.smith@testamericainc.com

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, Peter Kariher.

Phone: (919) 544-4535
E-mail: libby.nessley@arcadis-us.com

Vanderbilt University, Methods Development, Professors David Kosson and Florence Sanchez: Dr. Kosson
in cooperation with Dr. Florence Sanchez developed the leachability methods being evaluated on this
project. They will be available to consult regarding method optimization and development of QA/QC
procedures for possible promulgation in the SW-846 methods. Dr. Kosson, Dr. Sanchez, and Ms. Rossane
Delapp will also assist in report writing and determining non-mercury metals concentrations in the leachates,
and development of the LeachXS Lite analytical database for sample data viewing and reporting.

Dr. David Kosson
Phone: (615) 322-1064
E-mail: David.Kosson@vanderbilt.edu

Dr. Florence Sanchez
Phone: (615) 322-5135
E-mail: Florence.Sanchez@vanderbilt.edu

Ms. Rossane Delapp
Phone: (615) 322-1064
E-mail: rossane.c.delapp@vanderbilt.edu
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Eastern Research Group (ERG), Analytical Manager, Laura Van Enwyck: Ms. Van Enwyck will review and
validate the hexavalent chromium and total chromium results generated by the ERG lab for the liquid
leachate digest samples and report them to Mr. Kariher.

Phone (919) 468-7930
E-mail: Laura.VanEnwyck@erg.com

ARCADIS Project Manager, Johannes Lee: The ARCADIS Project Manager, Johannes Lee, has been
assigned financial, contractual and managerial responsibilities for this work assignment. Mr. Lee will be
responsible for communications with the EPA project officer, the oversight of financial status, and fulfilling
contractual requirements.

Phone: (919) 544-4535
E-mail: johannes.lee@arcadis-us.com

ARCADIS Safety Officer, Jerry Revis: The ARCADIS Safety Officer, Jerry Revis, has been assigned the
safety supervisor responsibilities for this work assignment. Mr. Revis will be responsible for reviewing safety
plans, performing periodic safety inspections, communicating with the EPA safety office, and oversight of
safety operations.

Phone: (919) 544-4535
E-mail: jerry.revis@arcadis-us.com
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3. Experimental Approach
3.1 Task I: QAPP Development

The purpose of this task is to edit and modify the existing QAPP developed during WA 4-26 (EPA Contract #
EP-C-04-023) to comply with the requirements of the NRMRL QA requirements and definitions and describe
the most up to date record of analytical QA/QC activities.

3.2 Task II: Thermal Stability

This task covers the work to be performed to modify, edit, and complete the report on the thermal stability
studies titled “Thermal Stability of Mercury and Other Metals in Coal Combustion Residues Used in the
Production of Cement Clinker, Asphalt, and Wallboard”. This report focuses on the determination of air
emissions of Hg, As, Se, and Pb from the production of cement clinker, asphalt, and wallboard using CCRs.

3.3 Task Ill: Application of Leaching Framework to Evaluate Leaching Potential of Mercury-Enriched Coal
Combustion Residues and Cement Kiln Dust

This task will investigate the fate of Hg, As, Se, Pb, Cd, Co, Al, Ba, B, Mo, Sb, Tl, and Cr during CCR
management practice of land disposal. Using the recently proposed test methods developed by Kosson et
al. in coordination with ORCR, leaching studies were first 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 is a bituminous coal fly ash
that is fully described in Section 4.2.2. The results obtained from the reference fly ash leaching studies were
used to evaluate the performance of the method. Using a known standard in place of the CCR material will
also allow optimization of the proposed test methods. The quality control procedures regarding the reference
fly ash tests are described in Section 6.0.

Two reports have been published to date. The first report titled, “Characterization of Mercury-Enriched Coal
Combustion Residues from Electric Utilities Using Enhanced Sorbents for Mercury Control” (EPA, 2006a)
studied the leaching behavior of fly ash with and without the use of mercury sorbents. The second report
titled, “Characterization of Mercury-Enriched Coal Combustion Residues from Electric Utilities Using Wet
Scrubbers for Multi-Pollutant Control” (EPA, 2008) reported the leaching behavior of fly ash, scrubber
sludge, and FGD gypsum.

The third CCR report is currently being drafted and should be complete by the end of November 2009. This
third report will supersede the first and second reports, and will report the leaching behaviors for over 70
materials evaluated using the new leaching procedures.

The fourth report will present a probabilistic assessment of beneficial use scenarios and provide
groundwater model inputs to predict leaching behaviors of Hg and other metals from CCRs.



Project No.: RN990270.0007
Revision: 0

Date: December 2009

Page: 9

The group is has developed five leaching methods for consideration for inclusion into SW-846. These
methods are currently in the ORCR analytical measurements group for review. These leaching methods are
derived from published research procedures and methodologies (Kosson et al, 2002) used to evaluate
potential leaching of solid waste through integration of results from a pH-dependence test, a liquid-to-solid
ratio (L/S) test, a mass-transport leaching test, a column test, and an abbreviated pH-L/S test. Two of these
methods to be used for the leach testing have are included in the appendix. Preliminary Version® of Method
1313 - Liquid-Solid Partitioning as a Function of Extract pH for Constituents in Solid Materials Using a
Parallel Extraction Procedure is also referred to in this document as the SR002.1 testing. The Preliminary
Version of Method 1316 - Liquid-Solid Partitioning as a Function of Liquid-to-Solid Ratio for Constituents in
Solid Materials Using a Parallel Batch Extraction Procedure is also referred in this document as the SR003.1
testing.

The group is also working on the development of a Decision Support Tool (DST) to view and report the data
from our testing and allow users of the methods to input their information to compare with our samples. The
DST will be important to modelers, regulators, state and local governments, and the risk assessment parties
to understand how the leaching function can change due to varying conditions or application. This product is
being produced in collaboration with Vanderbilt University and the Energy Research Centre of the
Netherlands.

Estimates of the extent of release of the metals of concern during management scenarios that include
percolation through the CCRs or infiltration 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 Il to compare total content to CCR leachability.
For some metals with higher solubilities, the total content may correlate to total release. 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 as 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 concern is incorporation in gypsum board. In this case leaching of Hg after disposal is

! Preliminary Version denotes that the associated method has not been endorsed by SW-846, but is under
consideration for inclusion in SW-846. Preliminary methods have been submitted to USEPA Office of
Resource Conservation and Recovery and are currently under review for development of interlaboratory
validation studies to develop precision and bias information.
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of concern. This task will consider the potential for Hg leaching after disposal from a representative gypsum
board product.

A summary of materials for testing that will be carried out on the coal combustion residues is presented in
Table 3-1.
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Table 3-1.  Summary of Materials for Testing under Task lll to be Performed for Detailed
Characterization of CCRs
Facility Coal Rank NOxControl | Particulate Control Lime or Mg Oxidation Fly SDpr?r/ Gyp-U | Gyp-W Gyp+ SCS FSS FSSL Filter
Code X Lime Ash AZh P yp FA Cake
Brayton East-Bit None CS-ESP None None BPB
Point
B’%‘:” East-Bit None ACI+CS-ESP None None BPT
Peasant PRB None CS-ESP None None | PPB
Prairie
Peasant PRB None ACHCS-ESP None None | PPT
Prairie
Salem Low sulfur East-Bit SNCR CS-ESP None None | SHB
Harbor
Salem )
Low sulfur East-Bit SNCR ACl+ CS-ESP None None SHT
Harbor
A East-Bit SNCR-BP (off) Fabric Filter Limestone Natural CFA CGD CcC
A East-Bit SNCR (on) Fabric Filter Limestone Natural AFA AGD ACC
B East-Bit SCR-BP (on) CS-ESP Mg Lime Natural BFA BGD BCC
B East-Bit SCR (off) CS-ESP Mg Lime Natural DFA DGD DCC
) HS-ESP with
C Low sulfur Bit None COHPAC None None GAB
. ACI + HS-ESP with
C Low sulfur Bit None COHPAC None None GAT
. SCR EFA
E East-Bit CS-ESP None None EFB
(on and off)
EFC
F Low sulfur Bit None CS-ESP None None FFA
G Low sulfur Bit SNCR on CS-ESP None None GFA
H High sulfur Bit SCR CS-ESP Limestone Forced HFA
J Sub-Bit None CS-ESP None None JAB
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Facility Coal Rank NOxControl | Particulate Control Lime or Mg Oxidation Fly SDpr?r/ Gyp-U | Gyp-W Gyp+ SCS FSS FSSL Filter
Code X Lime Ash Argh P yp FA Cake
. Brominated ACI +
J Sub-Bit None CS-ESP None None JAT
K Bituminous SCR CS-ESP Mg Lime Natural KFA KGD KCC
L Southern Appalachian SOFA HS-ESP None None LAB
. Brominated ACI +
L Southern Appalachian SOFA HS-ESP None None LAT
M High sulfur Bit SCR-BP (off) CS-ESP Limestone Inhibited MAD
M High Sulfur Bit SCR (on) CS-ESP Limestone Inhibited MAS
N Bit None CS-ESP Limestone Forced NAU NAW
0 Bit SCR CS-ESP Limestone Forced OAU OAW
P Bit SCR & SNCR CS-ESP Limestone Forced PAD
Q Sub-Bit None HS-ESP Limestone Forced QAU
R Sub-Bit PRB None CSESP Vet Forced RAU
Limestone
S High Sulfur Bit SCR CS-ESP Limestone Forced SAU SAW
T East-Bit Class F SCR CS-ESP Lime Forced TFA TAU TAW TFC
Low sulfur Bit SCR ESP Limestone Forced UFA UGF
v Sub-Bit PRB SCR SprayDryer/ | gvediime | None VsD
Baghouse UAU
w East-Bit SCR off ESP L'"T"f;rt]c;”e Foced | WFA WAU | WAW WFC
X Sub-Bit PRB SCR ESP Limestone Forced XFA XAU XAW XFC
Slaked Lime
Y Sub-Bit PRB SCR before air Baghouse I Spray Natural YSD
preheater Dryer
Adsorber
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Facility Coal Rank NOxControl | Particulate Control Lime or Mg Oxidation Fly SDpr?r/ Gyp-U | Gyp-W Gyp+ SCS FSS FSSL Filter
Code X Lime Ash ArZh P yp FA Cake
ZFA
) ZFB
YA Sub-Bit PRB None ESP None None
(totals
only)
AaFA
Aa East-Bit SCR ESP Limestone Forced AaFB AaAU | AaAW
AaFC
CS- ESP COHPAC
baghouse
Ba Sub-Bit PRB / Lignite Ammonia injection None None BaFA
before the esp for
flue gas
conditioning
Gulf Coast Lignite Low nox Wet CaAW
Ca burner CSESP : Forced | CaFA
Limestone
. ) DaFC
Da East-Bit SCR ESP Limestone Forced DaFA DaAW

ACI = activated carbon injection

CS-ESP = cold-side electrostatic precipitator
HS-ESP = hot-side electrostatic precipitator
SCR = selective catalytic reduction

SNCR = selective non-catalytic reduction
SOFA = secondary over-fired air

COHPAC = compact hybrid particulate collector

East-Bit = eastern bituminous

PRB = Powder River Basin

Gyp-U = unwashed gypsum

Gyp-W = washed gypsum

SCS = scrubber sludge

FSS = fixated scrubber sludge

FSSL = fixated scrubber sludge with lime
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4. 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 Sample 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. Part of
the procedure is a coning and quartering to homogenize the sample well. A particle size reduction may
also be performed is material size is greater than 2 cm. A plastic sieve with 2 cm square holes is
attached to the coning and quartering apparatus to perform the particle size reduction.

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

3. Leachate samples (liquid samples) for Hg and other metals analysis

Each sample generated will be analyzed in-house or by outside laboratories and chain-of-custody
procedures will be required. CCRs will be logged as they are received by the ARCADIS WAL, Mr. Peter
Kariher. Information regarding where each CCR originated and any other descriptive information available
will be recorded in a dedicated laboratory notebook by Mr. Kariher. A 200 g grab sample of the
homogenized material 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 sample ID and sample
label. Sample labels at a minimum will contain the sample ID, date sampled, and initials of the analyst
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 Ill) is described in detail by the leaching procedure
provided by its developers. This procedure is included in Appendix A.

4.2 CCR, and Reference Fly Ash Samples
As mentioned, the focus of this program is to obtain information on the leachability and stability of Hg, As,

Se, Pb, Cd, Co, Al, Ba, B, Mo, Sb, Tl, and Cr in CCRs. Chemical modifications are being implemented in wet
scrubbers to enhance the Hg capture. The scrubber sludge from these facilities will be impacted by these
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new control technologies. The scrubber sludge samples from these facilities will be included in this test
program.

The facility descriptions 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 procedure.

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 be 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 laboratory
testing. A 200 g representative sample will be taken from the homogenized “as received” CCR and
subjected to physical characterization measurements. 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 studies may undergo size reduction to acquire an adequate sample for testing. The
size reduction method is outlined in the leaching test methods (see Appendix A). 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 um 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.
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Table 4-1. NIST 1633B SRM Certified Values

Element Concentration (mg/kg)
Arsenic 136.2+2.6
Barium 709 £ 27
Cadmium 0.784 £ 0.006
Chromium 198.2+4.7
Copper 1128+ 2.6
Lead 68.2+t1.1
Manganese 131.8+1.7
Mercury 0.141 +£0.019
Nickel 120.6+1.8
Selenium 10.26 £ 0.17
Strontium 1041+ 14
Thorium 257+13
Uranium 8.79+0.36
Vanadium 295.7+3.6

4.3 Leachate Collection

The proposed test methods described in the publication titled An Integrated Framework for Evaluating
Leaching in Waste Management and Utilization of Secondary Materials (Kosson et al., 2002a) will be used
to conduct leaching studies. This publication along with the referenced procedures is provided in Appendix
A. 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 (L/S) 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 expressed on a mg contaminant leached per kg waste basis. Tier 2

defines the release potential as a function of liquid-to-solid (L/S) ratio and pH. Tier 3 uses information on L/S
equilibrium in conjunction with mass transfer rate information. As mentioned previously, prior to testing CCR,
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a reference fly ash will be used to demonstrate the effectiveness of the proposed test methods. Procedures
for each tier are discussed in the following subsections.

If needed, prior to tier testing, the “as-received” CCR will be size reduced using the procedure PS001.1
Particle Size Reduction to minimize mass transfer rate limitation through larger particles. The pH will be then
tested using the method pH001.0 pH Titration Pretest. These methods can be found in the Leaching Test
Methods (Appendix A).

4.3.1 Tier 1 Screening Tests

Test Method AV002.1 Availability at pH 7.5 with EDTA (found in the Leaching Test Methods in Appendix A)
will be used to perform the screening test. This method measures availability in relation to the release of
anions at an endpoint pH of 7.5+0.5 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 reduced CCR material to dilute acid or base in DI water with the chelating agent,
ethylenediaminetetraacetic acid (EDTA). Extracts are tumbled end-over-end at 28+2 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 at 4°C until 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, Se, Pb, and Cd) in a 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 chemically bound, or immobile in
geologically stable mineral phases.

4.3.2 Tier 2 Solubility and Release as a Function of pH and L/S Ratio

Test Method SR002.1 Alkalinity, Solubility and Release as a Function of pH is the method to be used for Tier
2 pH Screening. This procedure is included in the leaching test methods (Appendix A). The original protocol
consisted of 11 parallel extractions of particle size reduced material at a liquid-to-solid 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 HNO3; 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 Method 1313 - Liquid-Solid Partitioning as a Function
of Extract pH for Constituents in Solid Materials Using a Parallel Extraction Procedure (see Appendix A).
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This method was modified from the original 11 extracts to a more concise leaching procedure using the
criteria found in Table 4-2. Replicates for the leach testing were also reduced to allow a greater number of
samples to be analyzed after trends were seen in the first and second reports. The single replicate was due
to resource constraints and availability of adequate replication in the remaining datasets to provide
comparative interpretation.

To develop a more concise test than the 11 position SR002.1 test, a 9-point test was developed to provide
leaching data for pH points of particular rationale. Table 4-2 presents the final pH points for the concise
SR002.1 testing.

Table 4-2.  Final Extract pH Targets

pH Target Rationale

Will Vary* Natural pH at LS 10 mL/g-dry (no acid/base addition)

2.0+0.5 Provides estimates of total or available COPC content

4.0+0.5 Lower pH limit of typical management scenario

5.5+0.5 Typical lower range of industrial waste landfills

7.0£0.5 Neutral pH region; high release of oxyanions

8.0+0.5 Endpoint pH of carbonated alkaline materials

9.0£0.5 Minimum of LSP curve for many cationic and amphoteric COPCs
12.0+0.5 Maximum in alkaline range for LSP curves of amphoteric COPCs

13.0+0.5 Upper bound (field conditions) for amphoteric COPCs
10.5+0.5 Substitution if natural pH falls within range of a mandatory target

*This is the pH of the material as received with only deionized water added (i.e., no acid or base addition).

If large particles are present in the CCR material, the material being evaluated is particle size reduced to 2
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 (L/S) 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 extractions are tumbled in an end-over-
end fashion at 28 rpm for a contact time of 24 hrs. Following gross separation of the solid and liquid phases
by centrifuging for 15 minutes, leachate pH measurements are recorded and the phases are separated by
pressure filtration through 0.45 um polypropylene filtration 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 by IC,
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un-preserved leachates are stored at 4°C until analysis. Mercury samples are prepared with 87 mL of
leachate, 3 mL of nitric, 5 mL of 5% KMnO4, and 5 mL of 10% hydroxylamine hydrochloride (NH,OH HCI) to
clear the solution before analysis.

Test method SR003.1 Solubility and Release as a Function of L/S Ratio is the method to be used for Tier 2
L/S ratio screening. This method is also referred to as the Method 1316 - Liquid-Solid Partitioning as a
Function of Liquid-to-Solid Ratio for Constituents in Solid Materials Using a Parallel Batch Extraction
Procedure is included in the leaching test methods (Appendix A). The protocol consists of five parallel batch
extractions over a range of L/S 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 centrifuging for 15
minutes, and then pH and conductivity measurements are taken. The liquid is further separated by pressure
filtration using a 0.45 um polypropylene filter membrane. Leachates are collected for each of the 5 L/S ratios
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 by IC, leachates are
stored at 4 °C until analysis. The change to single replicates was also changed for the SR003.1 sampling
due to resource constraints and availability of adequate replication in the remaining datasets to provide
comparative interpretation.
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5. Testing and Measurement Protocols

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

5.1 Physical Characterization
5.1.1 Surface Area and Pore Size Distribution

A Quantachrome Autosorb-1 C-M/S chemisorption mass-spectrometer 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. The BET will be operated according to
ASTM Method D-6556-09 (ASTM 2009). A 200 mg sample is degassed at 200 °C for at least one hour in
the sample preparation manifold. Samples are then moved to the analysis manifold, which has a known
volume. Total gas volume in the analysis manifold and sample tube is calculated from the pressure change
after release of an N, gas from the analysis manifold known volume. Report forms are automatically
generated after each completed analysis. The instrument uses successive dosings of N, while measuring
pressure. 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 pH and Conductivity

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 National Institute of Science and Technology (NIST) traceable 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 follows:

Following a gross separation of the solid and liquid phases by centrifugation or settling, a minimum volume
of the supernatant to measure the solution pH and conductivity will be taken and poured in a test tube. The
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remaining liquid will be separated by pressure filtration and filtrates will be appropriately labeled, preserved,
and stored for subsequent chemical analysis.

5.1.3 Moisture Content and Loss on Ignition (LOI)

Moisture content of the “as received” CCR, the reference fly ash and SRM samples will be determined using
ASTM D 2216-05 (ASTM 2005). This procedure supersedes the method indicated in the leaching procedure
(see Appendix A). 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. The
ASTM method allows cooling at 60 °C to prevent the conversion and will be used to determine the moisture
content of materials containing gypsum.

Loss on ignition (LOI) is performed by placing dried samples in a furnace at 750 °C for 1 hour and
measuring the mass lost during the combustion using ASTM D7348-08 (ASTM 2008).

5.2 Chemical Characterization

5.2.1 Dissolved Organic Carbon / Dissolved Inorganic Carbon (DOC/DIC) and Elemental Carbon / Organic Carbon
(EC/OC)

Analyses of total dissolved organic carbon and dissolved inorganic carbon are performed on a Shimadzu
model TOC-V CPH/CPN combustion catalytic oxidation NDIR analyzer. Five-point calibration curves, for
both inorganic (IC) and non-purgeable organic carbon (NPOC) analyses, are generated for an analytical
range between 5 ppm and 100 ppm and are accepted with a correlation coefficient of at least 0.995.
Reagent grade potassium hydrogen phthalate is used as the NPOC standard and sodium hydrogen
carbonate is used as the IC standard. An analytical blank and check standard at approximately 10 ppm are
run every 10 samples. The standard is required to be within 15% of the specified value. A new calibration
curve is generated if the check standard measurement does not meet specification. A volume of
approximately 16 mL of undiluted sample is loaded for analysis. Inorganic carbon analysis is performed first
for the analytical blank and standard and then the samples. Total carbon (hon-purgeable organic carbon)
analysis follows with addition of 2M hydrochloric acid to a pH of 2 and a sparge gas flow rate of 50 mL/min.
Method detection limit (MDL) and minimum level of quantification (MLQ) are shown in Table 5-1.
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Table5-1. MDL and MLQ of Total Organic Carbon Analyzer

MDL (ppm) MLQ (ppm)
IC 0.07 0.20
NPOC 0.09 0.20

Elemental carbon and organic carbon are determined using a Sunset Laboratory Carbon Aerosol Analysis
Lab Instrument in EPA RTP Laboratory E-581A. This method is defined in NIOSH Method 5040 (CDC
2003). This equipment uses a furnace to heat the sample and combust the carbon to carbon dioxide. The
carbon dioxide is reduced to methane and a FID is used to quantify the carbon emitted as the sample is
heated from ambient to 870 °C over four heating steps. Samples are prepared by weighing 3 grams of the
CCR into a 500 mL Nalgene high-density polyethylene bottle. A 37 mm tarred pre-baked quartz filter is
loaded into a 2.5 um particulate sampler and attached to the bottle. The particulate sampler is connected to
a vacuum source and a rotometer to control the flow at 4 liters per minute. The CCR material is aspirated
onto the quartz filter for 5 minutes and the filter is reweighed to determine the mass loading. Duplicate filters
are prepared for each material. Three analyses are performed on each filter. Blank filters are provided to
determine background levels.

5.2.2 Mercury (CVAA)

Mercury analysis of each extract and leachate will be carried out by Cold Vapor Atomic Absorption (CVAA)
Spectrometry according to EPA SW-846 Method 7470A Mercury in Liquid Waste (EPA 1994). 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
samples is 0.05 pg/L.

5.2.3 Mercury by Thermal Decomposition and Cold Vapor Atomic Adsorption (TD-CVAA) Method 7473

Mercury analysis of the solid materials will be carried out by thermal decomposition cold vapor atomic
adsorption (TC/CVAA) according the EPA SW-846 Method 7473 (EPA 1998).

The Lumex RA-915+ Mercury Analyzer is a portable instrument capable of measuring mercury
concentrations in air, liquids, and solids. Developed for use by the Russian Navy to detect elemental
mercury leaks on submarines (mercury is used as ballast), the analyzer is capable of measuring 1 ng/m3.
The instrument contains an internal sample pump, multi-pass optical cell and Zeeman Effect atomic
adsorption detector tuned to a wavelength of 253.7 nm for the detection of mercury. The Zeeman effect
atomic adsorption (AA) detector modulates the frequency of the source to eliminate matrix effects from air
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samples and enhance the detector sensitivity for mercury. An optional RP-91C high temperature (>750 °C)
furnace can be used to convert any mercury species to elemental mercury for post combustion detection of
total mercury in the solids. Since the detector can only measure elemental mercury directly, this technique is
based on the thermal decomposition properties of mercury, as only elemental mercury can exist at these
high temperatures. Under high temperatures, any oxidized mercury compounds are converted to elemental
mercury.

To perform a mercury analysis on a solid sample, the solid of known mass is weighed into a quartz or
stainless steel combustion boat. The combustion boat is then inserted into the furnace combustion chamber
and as the elemental mercury is evolved from the sample, the detector measures the mass of mercury. The
mass of mercury is directly proportional to the area under the peak, similar to the quantitation principle used
in gas chromatography. By dividing the mass of mercury by the mass of sample introduced to the
instrument, a mercury concentration can be derived. For wet samples, a moisture measurement of the solid
must be determined to correct the mercury content to a dry basis.

5.2.4 Other Metals (ICP)

Analysis for As, Se, Pb, Cd, Co, Al, Ba, B, Mo, Sb, Tl, and Cr will be performed on a ICP-MS using EPA
SW-846 Method 6020A (EPA 2007d). 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 target
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 Test America
Laboratories in Savannah, Ga. This laboratory uses an Agilent ICP-MS with octopole reaction system (ORS)
and will measure the metal species for the total content. The second facility is Vanderbilt University
(Department of Civil and Environmental Engineering). This laboratory uses a Perkin Elmer model ELAN
DRC Il or a Varian inductively couple plasma optical emission spectroscopy (ICP-OES). Vanderbilt
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University is responsible for measuring the metals content in the leachates. Standard analysis mode is used
for Pb and DRC mode is used for analysis of As and Se.

5.2.4.1 ICP-OES Analyses

Analysis of the inductively coupled plasma optical emission spectroscopy (ICP-OES) aqueous samples by
SW-846 Method 6010A (EPA 2007c) from laboratory leaching tests will be carried out at Vanderbilt
University (Department of Civil and Environmental Engineering) using a Varian ICP Model 720-ES. Five-
point standard curves will be used for an analytical range between approximately 0.1 mg/L and 25 mg/L for
trace metals. Seven-point standard curves will be used for an analytical range between approximately 0.1
mg/L and 500 mg/L for minerals. Analytical blanks and analytical check standards at approximately 0.5 mg/L
will be run every 10 to 20 samples and required to be within 15% of the specified value. Initially, analyses
were performed on undiluted samples to minimize total dissolved loading to the instrument. If the maximum
calibration is exceeded, samples for analysis will be diluted gravimetrically to within the targeted analytical
range using 1% v/v Optima grade nitric acid (Fisher Scientific). Yttrium at 10 mg/L will be used as the
internal standard. Analytical matrix spikes will be completed for three test positions from one of the replicate
extracts from SR002.1. For each analytical matrix spike, a volume of 500 uL of a 10 mg/L standard solution
will be added to 5 mL of sample aliquot. Table 5-2 provides the method detection limit (MDL) and minimum
level of quantification (ML) for each element to be analyzed. Analyte concentrations measured that are less
than the ML and greater than the MDL will be reported as estimated value using the instrument response.
Table 5-3 indicates the switch from ICP-MS to ICP-OES for specific elements and samples.
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Method Detection Limits (MDLs) and Minimum Level of Quantification (ML) for ICP-OES Analysis on

Table 5-2.
Liquid Samples*

Symbol Units MDL ML
Al po/L 1.00 3.18
Sb po/L 8.00 254
As po/L 15.0 47.7
Ba pg/L 1.00 3.18
Be pg/L 5.00 15.9

B po/L 1.00 3.18
Cd po/L 6.00 19.1
Ca po/L 3.50 111
Cr ug/L 1.00 3.18
Co pg/L 1.00 3.18
Cu pg/L 41 13.0
Fe po/L 2.90 9.22
Pb po/L 7.00 223

Li po/L 6.00 19.1
Mg pg/L 1.00 3.18
Mn pg/L 3.60 114
Mo po/L 1.00 3.18
Ni po/L 2.20 7.00

K po/L 1.50 4.77

P po/L 6.2 19.7
Se pg/L 17.0 54.1
Si pg/L 2.80 8.90
Ag pg/L 18.00 57.2
Na po/L 3.50 111
Sr pg/L 1.00 3.18

S pa/L 8.30 26.4
T po/L 5.00 15.9
Sn po/L 17.0 54.1
Ti po/L 6.40 20.3
\Y, pg/L 1.30 4.13
Zn pg/L 2.50 7.95
Zr pg/L 2.70 8.59

* All elements indicated in Table 5.2 will be analyzed, however, only elements indicated in bold are reported as part of the
leaching studies. The elements that were included in the leaching studies were selected based on input from EPA

program offices due to potential concern for human health and the environment.



Table 5-3.  ICP Instrument Used for Each Element*
Symbol Instrument Used Switch Date

Al ICP-OES Report 3 Samples
Sb ICP-MS ICP-OES* Only SR3 Rpt 1 Samples*
As ICP-MS

Ba ICP-MS

Be ICP-MS

B ICP-OES Report 1 and 3 Samples
Cd ICP-MS

Ca ICP-OES Report 3 Samples
Cr ICP-MS

Co ICP-MS

Cu ICP-MS

Fe ICP-OES Report 3 Samples
Pb ICP-MS

Mg ICP-OES Report 3 Samples
Mn ICP-MS
Mo ICP-MS ICP-OES* Only Rpt 1 Samples*
Ni ICP-MS

K ICP-OES Report 3 Samples
Re ICP-MS

Se ICP-MS

Si ICP-OES Report 3 Samples
Na ICP-OES Report 3 Samples
Sr ICP-OES Report 3 Samples
T ICP-MS ICP-OES* Only SR3 Rpt 1 Samples*
Sn ICP-MS

Ti ICP-OES Report 3 Samples
u ICP-MS

\Y, ICP-MS

Zn ICP-MS
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* Report 3 samples will be analyzed on the ICP-OES for the indicated elements. These elements would require multiple
dilutions on the ICP-MS. Measurements for the same elements on Facility T samples (TFA, TFC, TAW, and TAU) were
also completed on the ICP-MS for comparison. Results were within 15% for concentrations above 100 pg/L and within
25% for concentrations below 100 pg/L. Bold-faced elements are metals that are included in the leaching studies.
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5.2.4.2 ICP-MS Analyses

ICP-MS analyses by SW-846 Method 6020A (EPA 2007d) of agueous samples from laboratory leaching
tests will be carried out at Vanderbilt University (Department of Civil and Environmental Engineering) using a
Perkin EImer model ELAN DRC Il in both standard and dynamic reaction chamber (DRC) modes. Standard
chamber analysis mode will be used for all analytes except for As and Se, which are run in DRC mode with
0.5 mL/min of oxygen as the reaction gas. Seven-point standard curves will be analyzed with an analytical
range between approximately 0.5 pug/L and 500 ug/L and will be completed before each analysis. Analytical
blanks and analytical check standards at approximately 50 ug/L will be run every 10 to 20 samples and
required to be within 15% of the specified value. Samples for analysis will be diluted gravimetrically to within
the targeted analytical range using 1% v/v Optima grade nitric acid (Fisher Scientific). Initially, analyses for
10:1 dilutions will be performed to minimize total dissolved loading to the instrument. Additional dilutions at
100:1 and 1000:1 will be analyzed if the calibration range is exceeded with the 10:1 dilution. 50 pL of a 10
mg/L internal standard consisting of indium (In) (for mass range below 150) and bismuth (Bi) (for mass
range over 150) will be added to 10 mL of sample aliquot prior to analysis. Analytical matrix spikes will be
completed for one of each of the replicate extracts from SR002.1. For each analytical matrix spike, a volume
between 10 pL and 100 pL of a 10 mg/L standard solution will be added to 10 mL of sample aliquot. Table 5-
4 provides the element to be analyzed, method detection limit (MDL) and minimum level of quantification
(ML). Analyte concentrations measured that are less than the ML and greater than the MDL are reported as
estimated value using the instrument response. The values will reflect the initial 10:1 dilution used for
samples from laboratory leaching tests.
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Method Detection Limits (MDLs) and Minimum Level of Quantification (ML) for ICP-MS Analysis on

Table 5-4.
Liquid Samples*

Symbol Units MDL ML
Al po/L 0.96 3.06
Sb po/L 0.08 0.25
As ug/L 0.64 2.04
Ba ug/L 0.57 1.82
Be pg/L 0.64 2.03

B po/L 0.65 2.06
Cd pg/L 0.17 0.54
Ca pg/L 1.02 3.24
Cr Mo/l 0.50 1.58
Co pg/L 0.41 1.32
Cu pg/L 0.70 2.23
Fe po/L 0.94 3.00
Pb po/L 0.23 0.73
Mg Mg/l 0.57 1.83
Mn pg/L 0.34 1.09
Mo pg/L 0.76 241
Ni pg/L 0.73 231

K po/L 1.38 4.38
Re ug/L 0.24 0.77
Se pg/L 0.52 1.65
Si pg/L 1.56 4.97
Na po/L 0.74 2.35
Sr po/L 0.52 1.66
Tl pg/L 0.51 1.61
Sn po/L 0.70 222
Ti po/L 0.52 1.66

U pg/L 0.30 0.95

\Y pg/L 0.31 0.98
Zn Mg/l 0.92 2.94
Zr po/L 0.47 1.48

* All elements indicated in Table 5-4 will be analyzed. However, only elements indicated in bold are reported as part of the
leaching studies. The elements that were included in the leaching studies were selected based on input from EPA

program offices due to potential concern for human health and the environment.
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5.2.5 Anions Analysis by IC

Aqueous concentrations of anions (fluoride, chloride, nitrate, sulfate, sulfides, carbonate and phosphate) will
be determined using ion chromatography (IC). Standard USEPA guideline SW-846 Method 9056A (EPA
2007b) will be used. These analyses are performed using a Dionex HPLC system and a conductivity
detector. Equipment used in the instrument includes an ATC-3 anion trap column, AS-11G 4-mm guard
column, and a AS-11 analytical column. The system uses a sodium hydroxide gradient elution at 1 mL/min
to resolve the peaks.

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

X-Ray Fluorescence Spectrometry is used in the USEPA RTP, NC laboratories to analyze these samples for
the determination of total content for the major elements. A Philips model PW 2404 wavelength dispersive
instrument, equipped with a PW 2540 VRC sample changer, is used for these analyses. The manufacturer’s
software suite, “SuperQ”, is used to operate the instrument, collect the data, and perform quantification.

The instrument was calibrated using a manufacturer-supplied set of calibration standards at the time of
installation of the software plus a new X-ray tube. On a monthly basis, manufacturer-supplied drift correction
standards are used to create an updated drift correction factor for each potential analytical line. On a
monthly basis, a dedicated suite of QC samples are analyzed before and after the drift correction procedure.
This data is used to update and maintain the instrument’s QC charts. This has been described in previous
memos.

The software suite’s “Measure and Analyze” program collects and stores the sample data. This program has
two basic modes of operation, “scan” and “channels”. The scan mode is used to collect the bulk of the data.
It operates in a stepwise scanning mode and uses the manufacturer supplied “IQ+" program to define
operating parameters. IQ+ scans the available wavelength range using a series of 10 sub-scans that vary in
terms of detector, radiant power, collimator crystal, and wavelength. While the instrument incorporates a
sample rotation capability, this is not used by 1Q+ since the time spent at any one wavelength is only a
fraction of the pellet rotation time.

The channel mode is typically reserved for trace work. In this mode, the instrument moves to a specific
wavelength and goniometer position and collects data for defined periods of time. These data collection
periods are typically long enough to make use of the sample rotation function worth while. Other instrument
operation parameters, such as tube power and crystal, are taken from the scan function parameters. The
data collected in the channel mode is then incorporated into the sample’s data file. The intent is to improve
detection limits for certain trace elements that are often of interest at a small cost in analytical time.



Project No.: RN990270.0007
Revision: 0

Date: December 2009

Page: 30

Quantification is performed post-data collection using the program, “IQ+". IQ+ is a “first principles”
guantification program that includes complex calculations to account for a wide variety of sample-specific
parameters. For this reason, sample-specific calibrations are not necessary. This program calculates both
peak heights and baseline values. The difference is then used, after adjustment by drift correction factors,
for elemental quantification versus the calibration data. Interelement effects are possible and the software
includes a library of such parameters. Data from secondary lines may be used for quantification where
interelement effects are significant or the primary peak is overloading the DAQ. Where the difference
between the calculated peak height and baseline are of low quality, the program will not identify a peak and
will not report results. 1Q+ permits the inclusion of data from other sources by manual entry. Carbon is an
example of this for these samples. Entry of other source data for elements indeterminable by XRF improves
the mass balance.

Neutron activation analysis (NAA) is an established analytical technique with elemental analysis
applications. This method will be used to confirm the presence of hexavalent chromium species in the CCR
solids. NAA is different from 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 multi-element
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 elemental 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 neutron activation analysis) is the acronym used if radiochemistry is
used to separate the isotope of interest before counting. FNAA (fast neutron activation analysis) is the form
of the technique if higher energy neutrons, usually from an accelerator based neutron generator, are used.

5.2.7 XRF Detection Limits

Table 5-5 presents detection limit data in two forms, which are not mutually exclusive. The reporting limit is
built into the software and reflects the manufacturer’s willingness to report low-level data. Data listed under
“detection limit” are based upon the short-term reproducibility of replicate analyses and are sample matrix
specific. These calculations are likely to report higher detection limits for macro elements than what would
be calculated where the same element is present at trace levels. In this data set, calcium is a likely example
of this.
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Table 5-5. XRF Reporting and Detection Limits

Analyte Reporting Limit, pg/g Detection Limit %, 2o (wt. %)

Al 20 0.016
As 20 0.038
Ba 20 0.0084
Br 20 0.02
Ca 20 0.1
cd 20 0.064
Ce 20 0.022
cl 20 0.0046
Co 20 0.0024
Cr 20 0.0028
Cu 20 0.0014
F 20 0.082
Fe 20 0.034
Ga 20 0.0016
Ge 20 0.0014
K 20 0.0048
La 20 0.0054
Mg 20 0.01
Mn 20 0.0032
Mo 20 0.0026
Na 20 0.0076
Nb 20 0.0018
Ni 20 0.0048
Pb 20 0.0034
Px 20 0.004
Rb 20 0.0016
Sc 20 0.0016
Se 20 0.0018
Si 20 0.092
Sr 20 0.0016
Sx 20 0.05
Ti 20 0.003
v 20 0.0038
w 20 0.0036
Y 20 0.0018
Zn 20 0.0014

Zr 20 0.0024
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5.2.8 Hexavalent Chromium Determination in CCR Extracts

Fly ash samples will be leached at three different pH values in duplicate using the SR002.1 leaching
procedure for the determination of hexavalent (Cr6+) and total chromium concentrations. The pH target
values for the leachates are defined as 7-7.5, 10.5-11, and the natural CCR pH. The extracts will be split into
three samples for analysis by Eastern Research Group (ERG) and Vanderbilt University. ERG will receive
one unpreserved and one nitric acid preserved sample. Vanderbilt University will receive one nitric acid
preserved sample. Samples will be preserved by adding 97 mL of leachate with 3 mL concentrated nitric
acid.

Hexavalent chromium concentrations of the un-preserved CCR leachate extracts will be determined using
ion-chromatography. This procedure was modified from the EPA Urban Air Toxics Monitoring Programs
(UATMP) Hexavalent Chromium method developed by Eastern Research Group (ERG), Research Triangle
Park NC, for the determination of Cr®* in air by analyzing the liquid extracts from sodium bicarbonate
impregnated cellulose filters using SOPs developed for the UATMP (EPA 2007a). The analytical system
uses a ion chromatography with a guard column, an analytical column, a post-column deriviatization module,
and a UV/VIS detector. In the analysis procedure, Cr®" exists as chromate due to the near neutral pH of the
eluent. After separation through the column, the Cr®* complexes with 1,5-diphenylcarbohydrazide (DPC) to
allow detection at 530 nm (EPA, 2006b). This method had a reporting limit (RL) of 0.03 ng/mL in liquids.

The total chromium species for the nitric acid preserved samples will be analyzed by ERG and Vanderhilt
University using inductively-coupled plasma / mass spectroscopy (ICP/MS) found in SW-846 Method 6020A
(2007d).
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6. QA/QC Checks
6.1 Data Quality Indicator Goals

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

Table 6-1.  Data Quality Indicator Goals

Measurement Method Accuracy Precision Completeness

As, Se, Pb, Cd, Co, Al, Ba, B, Mo, Sh, Tl,

and Cr Concentration ICP-MS/6020 10% 10% >90%

Hg Concentration CVAA/7470A/7473 10% 10% >90%

Anions, Sulfate, Carbonates, Chlorides IC/SW-846 9056A 10% 10% >90%
pH, conductivity, ORP Electrode 2% 2% 100%

Carbon Content DIC/DOC EC/OC 10% 10% >90%

Surface Area BET ASTM D6556-09 5% 5% >90%

Loss on Ignition (LOI) ASTM D7348-08 2% 2% 100%
Moisture ASTM D2216-05 1% 10% 100%

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

Mass balance calculations will also be used as a data quality indicator for total content determination and for
thermal stability testing. 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 3052B) or Neutron
Activation Analysis (NAA) for the analysis of solid residues.

The mass balance recovery will only be performed on 3 pH points and one low L/S ratio. Uncertainty
analysis will be considered for each 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
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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 selected as the target pH values. In addition,
an extraction at the natural pH of the material and an L/S ratio of 1mL/g will be carried out. At least 4
replicates per extract will be run. In the case where the mass balance will be performed using total digestion
or NAA, at least 3 representative samples per residue will be analyzed.

6.2 QC Sample Types

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 method controls during testing of CCR samples. For the fixed-bed
reactor testing, one 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 leaching 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 SW-846 Methods 6020A (EPA 2007d), 7470A (EPA 1994), and 9056A (EPA 2007b)
respectively.
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7. Data Reduction, 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 software. The
primary analyst will review 100% of the report for completeness and to ensure that quality control checks
meet established criteria. If QC checks do not meet acceptance criteria, sample analysis must be repeated.
A secondary review will be performed by the Inorganic Laboratory Manager to validate the analytical report.
If appropriate, certain chemical characterization data will be compared to 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 procedures for reduction, validation and
reporting of the leaching experiments (Task Il) are outlined in Appendix A. ARCADIS WAL is responsible for
the implementation of these procedures. ARCADIS and Vanderbilt University will be responsible for
publishing results and reports. QA/QC activities will be mentioned in any published materials. A data quality
report will be provided in the final report of this investigation.

Data generated for the leachate analysis and total composition are entered into a standard Excel
spreadsheet to ease uploading into the VVanderbilt metals database from the ICP-MS and other analyses.
This data along with QA/QC information can be viewed using the “LeachXS Lite” software program
developed by Vanderbilt University and the Energy Research Centre of the Netherlands. This software tool
will allow future users to view the metals leaching information based on sample type, facility configuration, or
CCR coal type. This data viewer and database program will be available to the public on-line when
complete.
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8. Assessments

Assessments and audits are an integral part of a quality system. This project is assigned a QA Category Il
and, while desirable, does not require planned technical systems and performance evaluation audits. EPA
will determine external or third-party audit activities. Internal assessments will be performed by project
personnel to ensure acquired data meet data quality indicator goals established in Section 6.

There are currently no planned performance evaluation audits but Table 8-1 lists the measurement
parameters and expected ranges should EPA determine a PEA should be provided.

Table 8-1. PEA Parameters and Ranges

Analyte or Measurement Method Expected Range
As, Se, Pb, Cd, Co, Al, Ba, B, Mo, Sh, Tl, and Cr ICP-MS/3052/6020A 1-100 pg/mL
Hg CVAA/T470A 0.25to 10 ug/L
pH Electrode 0-14

In addition to the internal 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.
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9. Appendices

Vanderbilt Leaching Procedures



PRELIMINARY VERSION? OF METHOD 1313

LIQUID-SOLID PARTITIONING AS A FUNCTION OF EXTRACT pH FOR CONSTITUENTS IN
SOLID MATERIALS USING A PARALLEL BATCH EXTRACTION

SW-846 is not intended to be an analytical training manual. Therefore, method
procedures are written based on the assumption that they will be performed by analysts who are
formally trained in at least the basic principles of chemical analysis and in the use of the subject
technology.

In addition, SW-846 methods, with the exception of required method use for the analysis
of method-defined parameters, are intended to be guidance methods which contain general
information on how to perform an analytical procedure or technique which a laboratory can use as
a basic starting point for generating its own detailed Standard Operating Procedure (SOP), either
for its own general use or for a specific project application. The performance data included in this
method are for guidance purposes only, and are not intended to be and must not be used as
absolute quality control (QC) acceptance criteria for purposes of laboratory accreditation.

1.0 SCOPE AND APPLICATION

1.1 This method is designed to provide aqueous extracts representing the liquid-solid
partitioning (LSP) curve as a function of pH for inorganic constituents (e.g., metals and
radionuclides), semi-volatile organic constituents (e.g., polycyclic aromatic hydrocarbons or PAHS)
and non-volatile organic constituents (e.g., dissolved organic carbon) in solid materials. The LSP
curve is evaluated as a function of final extract pH at a liquid-to-solid (LS) ratio of 10 mL
extractant/g dry sample (g-dry) and conditions that approach liquid-solid chemical equilibrium.
This method also yields the acid/base titration and buffering capacity of the tested material at an
LS ratio of 10 mL extractant/g-dry sample. The analysis of extracts for dissolved organic carbon
and the solid phase for total organic carbon allow for the evaluation of the impact of organic
carbon release and the influence of dissolved organic carbon on the LSP of inorganic
constituents.

1.2 This method is intended to be used as part of an environmental leaching
assessment for the evaluation of disposal, beneficial use, treatment effectiveness and site
remediation options.

1.3 This method is suitable for a wide range of solid materials. Examples of solid
materials include: industrial wastes, soils, sludges, combustion residues, sediments, stabilized
materials, construction materials, and mining wastes.

% Preliminary Version denotes that this method has not been endorsed by EPA but is under consideration for
inclusion into SW-846. This method has been derived from published procedures (Kosson et al, 2002)
using reviewed and accepted methodologies (USEPA 2006, 2008, 2009). The method has been submitted
to the USEPA Office of Resource Conservation and Recovery and is currently under review for
development of interlaboratory validation studies to develop precision and bias information.
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14 This method is a leaching characterization method that is used to provide values
for intrinsic material parameters that control leaching of inorganic and some organic species under
equilibrium conditions. This test method is intended as a means for obtaining a series of extracts
of a solid material (i.e., the eluates), which may be used to estimate the LSP (e.g., solubility and
release) of constituents as a function of pH under the laboratory conditions described in the
method. Eluate constituent concentrations may be used in conjunction with information regarding
environmental management scenarios to estimate the anticipated leaching concentrations,
release rate and extent for individual material constituents under the management c evaluated.
Eluate constituent concentrations generated by this method may also be used along with
geochemical speciation modeling to infer the mineral phases that control the LSP in the pore
structure of the solid material.

15 This method is not applicable for characterizing the release of volatile organic
analytes (e.g., benzene, toluene, xylenes).

1.6 The relationships between eluate concentrations observed from this method and
field leachate must be considered in the context of the material being tested and the field scenario
being evaluated. This method provides solutions considered indicative of eluate under field
conditions, only where the field leaching pH is the same as the final laboratory extract pH and the
LSP is controlled by aqueous phase saturation of the constituent of interest.

1.7 The maximum mass of constituent released over the range of method pH
conditions (2 < pH < 13) may be considered an estimate of the maximum mass of the constituent
leachable under field leaching conditions for intermediate time frames and the domain of the
laboratory test pHs.

1.8 The solvents used in this method include dilute solutions of nitric acid (HNO3) and
potassium hydroxide (KOH) in reagent water.

1.9 Analysts are advised to take reasonable measures to ensure that the sample is
homogenized to the extent practical, prior to employment of this method. Particle-size reduction
may provide additional assurance of sample homogenization and also facilitate achievement of
equilibrium during the test procedure. Table 1 of this standard designates a recommended
minimum dry mass of sample to be added to each extraction vessel and the associated extraction
contact time as a function particle diameter. If the heterogeneity of the sample is suspected as
the cause of unacceptable precision in replicate test results or is considered significant based on
professional judgment, the sample mass used in the test procedure may be increased to a greater
minimum dry mass than that shown in Table 1 with the amount of extractant increased
proportionately to maintain the designated LS ratio.

1.10 In the preparation of solid materials for use in this method, particle-size reduction
of samples with a large grain size is performed in order to enhance the approach towards LS
equilibrium under the designated contact time interval of the extraction process. The extract
contact time for samples reduced to a finer maximum particle size will consequently be shorter
(see Table 1).

1.11 Prior to employing this method, analysts are advised to consult the base method
for each type of procedure that may be employed in the overall analysis (e.g., Methods 9040,
9045, and 9050, and the determinative methods for the target analytes), QC acceptance criteria,
calculations, and general guidance. Analysts also should consult the disclaimer statement at the
front of the manual and the information in Chapter Two for guidance on the intended flexibility in
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the choice of methods, apparatus, materials, reagents, and supplies, and on the responsibilities of
the analyst for demonstrating that the techniques employed are appropriate for the analytes of
interest, in the matrix of interest, and at the concentration levels of concern.

In addition, analysts and data users are advised that, except where explicitly specified in a
regulation, the use of SW-846 methods is not mandatory in response to Federal testing
requirements. The information contained in this method is provided by EPA as guidance to be
used by the analyst and the regulated community in making judgments necessary to generate
results that meet the data quality objectives for the intended application. Guidance on defining
data quality objectives can be obtained at http://www.epa.gov/QUALITY/gs-docs/g4-final.pdf

1.12 Use of this method is restricted to use by, or under supervision of, properly
experienced and trained personnel. Each analyst must demonstrate the ability to generate
acceptable results with this method.

2.0 SUMMARY OF METHOD

This method consists of nine parallel extractions of a particle size-reduced solid material in
dilute acid or base and reagent water. A flowchart for performing this method is shown in Figure
1. Particle-size reduction of the material to be tested is performed according to Table 1. A
schedule of acid and base additions is formulated from a pre-test titration curve or prior
knowledge indicating the required equivalents/g acid or base to be added to the series of
extraction vessels so as to yield a series of eluates having specified pH values in the range of 2-
13. In addition to the nine test extractions, three method blanks without solid sample are carried
through the procedure in order to verify that analyte interferences are not introduced as a
consequence of reagent impurities or equipment contamination. The twelve bottles (i.e., nine test
positions and three method blanks) are tumbled in an end-over-end fashion for a specified contact
time, which depends on the patrticle size of the sample (see Table 1). At the end of the specified
contact interval, the liquid and solid phases are roughly separated via settling or centrifugation.
Extract pH and specific conductivity measurements are then made on an aliquot of the liquid
phase and the remaining bulk of the eluate is clarified by either pressure or vacuum filtration.
Analytical samples of the filtered eluate are collected and preserved as appropriate for the desired
chemical analyses. The eluate concentrations of COPCs are determined and reported. In
addition, COPC concentrations may be plotted as a function of eluate pH and compared to quality
control and assessment limits for the interpretation of method results.

3.0 DEFINITIONS

3.1 COPC — A chemical species of interest, which may or may not be regulated, but
may be characteristic of release-controlling properties of the sample geochemistry.

3.2 Release — The dissolution or partitioning of a COPC from the solid phase to the
aqueous phase during laboratory testing (or under field conditions). In this method, mass release
is expressed in units of mg COPC/kg dry solid material.

3.3 LSP — The distribution of COPCs between the solid and liquid phases at the
conclusion of the extraction.
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3.4 LS ratio — The fraction of the total liquid volume (including the moisture
contained in the “as used” solid sample) to the dry mass equivalent of the solid material. LS ratio
is typically expressed in volume units of liquid per dry mass of solid material (mL/g-dry).

3.5 “As-tested” sample — The solid sample at the conditions (e.g., moisture content
and particle-size distribution) present at the time of the start of the test procedure. The “as-tested”
conditions will differ from the "as-received" sample conditions if particle-size reduction and drying
were necessarily performed.

3.6 Dry-mass equivalent — The mass of “as-tested” (i.e., “wet") sample that equates
to the mass of dry solids plus associated moisture, based on the moisture content of the “as-
tested” material. The dry-mass equivalent is typically expressed in mass units of the “as-tested”
sample (Q).

3.7 Refer to the SW-846 chapter of terms and acronyms for potentially applicable
definitions.

4.0 INTERFERENCES

4.1 Solvents, reagents, glassware, and other sample processing hardware may yield
artifacts and/or interferences to sample analysis. All of these materials must be demonstrated to
be free from interferences under the conditions of the analysis by analyzing method blanks.
Specific selection of reagents and purification of solvents by distillation in all-glass systems may
be necessary. Refer to each method to be used for specific guidance on quality control
procedures and to Chapters Three and Four for general guidance on the cleaning of laboratory
apparatus prior to use.

4.2 If potassium is a COPC, the use of KOH as a base reagent will interfere with the
determination of actual potassium release. In this case, sodium hydroxide (NaOH) of the same
grade and normality may be used as a substitute.

5.0 SAFETY

5.1 This method does not address all safety issues associated with its use. The
laboratory is responsible for maintaining a safe work environment and a current awareness file of
OSHA regulations regarding the safe handling of the chemicals listed in this method. A reference
file of material safety data sheets (MSDSs) should be available to all personnel involved in these
analyses.

5.2 During preparation of extracts and processing of extracts, some waste materials
may generate heat or evolve potentially harmful gases when contacted with acids and bases.

Adequate prior knowledge of the material being tested should be used to establish appropriate
personal protection and workspace ventilation.

6.0 EQUIPMENT AND SUPPLIES

The mention of trade names or commercial products in this manual is for illustrative
purposes only, and does not constitute an EPA endorsement or exclusive recommendation for
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use. The products and instrument settings cited in SW-846 methods represent those products
and setting used during the method development or subsequently evaluated by the Agency.
Glassware, reagents, supplies, equipment, and setting other than those listed in this manual may
be employed provided that method performance appropriate for the intended application has been
demonstrated and documented. This section does not list common laboratory glassware (e.g.,
beakers and flasks) which nonetheless may be required to perform the method.

6.1 Extraction vessels

6.1.1 Twelve wide-mouth bottles (i.e., nine for test positions plus three for
method blanks) constructed of inert material, resistant to high and low pH values and
interaction with COPCs as described in the following sections.

6.1.1.1 For the evaluation of inorganic COPC mobility, bottles
made of high density polyethylene (HDPE) (e.g., Nalgene #3140-0250 or
equivalent), polypropylene (PP), or polyvinyl chloride (PVC) are recommended.

6.1.1.2 For the evaluation of non-volatile organic and mixed
organic/inorganic COPC mobility, bottles made of glass or Type 316 stainless
steel are recommended. Polytetrafluoroethylene (PTFE) is not recommended for
non-volatile organics due to the sorption of species with high hydrophobicity (e.g.,
PAHSs). Borosilicate glass is recommended over other types of glass, especially
when inorganic analytes are of concern.

6.1.2 The extraction vessels must be of sufficient volume to accommodate
both the solid sample and an extractant volume, based on an LS ratio of 10 £ 0.5 mL
extractant/g-dry. The head space in the bottle should be minimized to the extent possible
when semi-volatile organics are COPCs. For example, Table 1 indicates that 250-mL
volume bottles are recommended when the minimum 20 g-dry mass equivalent is
contacted with 200 mL of extractant.

6.1.3 The vessel must have a leak-proof seals that can sustain end-over-
end tumbling for the duration of the designated contact time.

6.14 If centrifugation is anticipated to be beneficial for initial phase
separation, the extraction vessels should be capable of withstanding centrifugation at 4000
+ 100 rpm for a minimum of 10 £ 2 min. Alternately, samples may be extracted in bottles
that do not meet this centrifugation specification (e.g., Nalgene I-Chem #311-0250 or
equivalent) and the solid-liquid slurries transferred into appropriate centrifugation vessels
for phase separation as needed.

6.2 Balance — Capable of 0.01-g resolution for masses less than 500 g.

6.3 Rotary tumbler — Capable of rotating the extraction vessels in an end-over-end
fashion at a constant speed of 28 + 2 rpm (e.g., Analytical Testing, Werrington, PA or equivalent).

6.4 Filtration apparatus — Pressure or vacuum filtration apparatus composed of

appropriate materials so as to maximize the collection of extracts and minimize loss of the COPCs
(e.g., Nalgene #300-4000 or equivalent) (see Sec. 6.1).
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6.5 Filtration membranes — Composed of polypropylene or equivalent material with
an effective pore size of 0.45-um (e.g., Gelman Sciences GH Polypro #66548 from Fisher
Scientific or equivalent).

6.6 pH Meter — Laboratory model with the capability for temperature compensation
(e.g., Accumet 20, Fisher Scientific or equivalent) and a minimum resolution of 0.1 pH units.

6.7 pH combination electrode — Composed of chemically-resistant materials.

6.8 Conductivity meter — Laboratory model (e.g., Accumet 20, Fisher Scientific or
equivalent), with a minimum resolution of 5% of the measured value.

6.9 Conductivity electrodes — Composed of chemically-resistant materials.

6.10 Adjustable-volume pipettor — Oxford Benchmate series or equivalent The
necessary delivery range will depend on the buffering capacity of the solid material and acid/base
strength used in the test.

6.11 Disposable pipettor tips

6.12 Centrifuge (recommended) — Capable of centrifuging the extraction vessels at a
rate of 4000 + 100 rpm for 10 + 2 min.

7.0 REAGENTS AND STANDARDS

7.1 Reagent-grade chemicals must be used in all tests. Unless otherwise indicated,
it is intended that all reagents conform to the specifications of the Committee on Analytical
Reagents of the American Chemical Society, where such specification are available. Other
grades may be used, provided it is first ascertained that the reagents are of sufficiently high purity
to permit use without lessening the accuracy of the determination. Inorganic reagents and
extracts should be stored in plastic to prevent interaction of constituents from glass containers.

7.2 Reagent water must be interference free. All references to water in this method
refer to reagent water unless otherwise specified.

7.3 Nitric acid (2.0 N), HNO; — Trace-metal grade or better, purchased at strength or
prepared by diluting concentrated nitric acid with reagent water. Solutions with alternate normality
may be used as necessary. In such cases, the amounts of HNOj; solution added to samples
should be adjusted based on the equivalents required in the schedule of acid/base additions (see
Sec. 11.3).

7.4 Potassium hydroxide (1.0 N), KOH — ACS grade, purchased at strength or
prepared by diluting concentrated potassium hydroxide solution with reagent water, or otherwise
by dissolving 56.11 g of solid potassium hydroxide in 1 L of reagent water. Solutions with
alternate normality may be used as necessary. In such cases, the amounts of KOH solution
added to samples should be adjusted based on the equivalents required in the schedule of
acid/base additions (see Sec. 11.3).

7.5 Consult Methods 9040 and 9050 for additional information regarding the
preparation of reagents required for pH and specific conductance measurements.
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8.0 SAMPLE COLLECTION, PRESERVATION, AND STORAGE

8.1 See the introductory material to Chapter Three “Inorganic Analytes” and Chapter
Four “Organic Analytes.”

8.2 All samples should be collected using an appropriate sampling plan.

8.3 All analytical sample containers should be composed of materials that minimize
interaction with solution COPCs. For further information, see Chapters Three and Four.

8.4 Preservatives should not be added to samples before extraction.

8.5 Samples can be refrigerated, unless refrigeration results in an irreversible
physical change to the sample.

8.6 Analytical samples should be preserved according to the guidance given in the
individual determinative methods for the COPCs.

8.7 Extract holding times should be consistent with the agqueous sample holding
times specified in the determinative methods for the COPCs.

9.0 QUALITY CONTROL

9.1 Refer to Chapter One for guidance on quality assurance (QA) and quality control
(QC) protocols. When inconsistencies exist between QC guidelines, method-specific QC criteria
take precedence over both technique-specific criteria and those criteria given in Chapter One, and
technique-specific QC criteria take precedence over the criteria in Chapter One. Any effort
involving the collection of analytical data should include development of a structured and
systematic planning document, such as a Quality Assurance Project Plan (QAPP) or a Sampling
and Analysis Plan (SAP), which translates project objectives and specifications into directions for
those that will implement the project and assess the results. Each laboratory should maintain a
formal quality assurance program. The laboratory should also maintain records to document the
quality of the data generated. All data sheets and quality control data should be maintained for
reference or inspection.

9.2 In order to demonstrate the purity of reagents and sample contact surfaces,
method blanks should be tested at the extremes of the acid and base additions, as well as when
only reagent water (no acid or base addition) is used for extraction.

9.3 The analysis of extracts should follow appropriate QC procedures, as specified in
the determinative methods for the COPCs. Refer to Chapter One for specific quality control
procedures.

9.4 Unless the "as-received" samples are part of a time-dependent (e.g., aging)
study, solid materials should be processed and tested within one month of their receipt.

10.0 CALIBRATION AND STANDARDIZATION
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10.1 The balance should be calibrated and certified at a minimum annually or in

accordance with laboratory policy.

10.2 Prior to measurement of eluate pH, the pH meter should be calibrated using a

minimum of two standards that bracket the range of pH measurements. Refer to Methods 9040
and 9045 for additional guidance.

10.3 Prior to measurement of eluate conductivity, the meter should be calibrated using

at least one standard at a value greater than the range of conductivity measurements. Refer to
Method 9050 for additional guidance.

11.0

PREPARATORY PROCEDURES
A flowchart for the method procedure is presented in Figure 1.
11.1 Particle-size reduction (if required)

1111 In this method, particle-size reduction is used for sample
homogenization and to prepare large-grained samples for extraction so that the approach
toward liquid-solid equilibrium is enhanced and mass transport through large particles is
minimized. A longer extract contact time is required for larger maximum particle-size
designations. This method designates three maximum particle sizes and associated
contact times (see Table 1). The selection of an appropriate maximum particle size from
this table should be based on professional judgment regarding the practical effort required
to size-reduce the solid material.

11.1.2 Particle-size reduction of “as received” samples may be achieved
through crushing, milling or grinding with equipment made from chemically-inert materials.
During the reduction process, care should be taken to minimize the loss of sample and
potentially volatile constituents in the sample.

11.1.3 If the moisture content of the “as received” material is greater than
15% (wet basis), air drying or desiccation may be necessary. Oven drying is not
recommended for the preparation of test samples due to the potential for mineral alteration
and volatility loss. In all cases, the moisture content of the “as received” material should
be recorded.

NOTE: If the solid material is susceptible to interaction with the atmosphere (e.g.,
carbonation, oxidation), drying should be conducted in an inert environment.

11.1.4 When the material appears to be of a relatively uniform particle size,
calculate the percentage less than the sieve size as follows:

% Passing = Msieved 10096
total

Where: Mgieveq = Mass of sample passing the sieve (g)
Miotat = Mass of total sample (g) (€.9., Msieveg + Mass not passing sieve)
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1115 The fraction retained by the sieve should be recycled for further
particle-size reduction until at least 85% of the initial mass has been reduced below the
designated maximum particle size. Calculate and record the final percentage passing the
sieve and the designated maximum particle size. For the un-crushable fraction of the “as
received” material, record the fraction mass and nature (e.qg., rock, metal or glass shards,
etc).

11.1.6 Store the size-reduced material in an airtight container in order to
prevent contamination via gas exchange with the atmosphere. Store the container in a
cool, dark and dry place prior to use.

11.2 Determination of solids and moisture content

11.2.1 In order to provide the dry mass equivalent of the “as-tested”
material, the solids content of the subject material should be determined. Often, the
moisture content of the solid sample is recorded. In this method, the moisture content is
determined and recorded on the basis of the “wet” or “as-tested” sample.

WARNING: The drying oven should be contained in a hood or otherwise properly
ventilated. Significant laboratory contamination or inhalation hazards may
result when drying heavily contaminated samples. Consult the laboratory
safety officer for proper handling procedures prior to drying samples that may
contain volatile, hazardous, flammable or explosive materials.

11.2.2 Place a 5-10-g sample of solid material into a pre-tared dish or
crucible. Dry the sample to a constant mass at 105 + 2 °C. Periodically check the sample
mass after allowing the sample to cool to room temperature (20 + 2 °C) in a desiccator.

NOTE: The oven-dried sample is not used for the extraction and should be properly
disposed of once the dry mass is determined.

11.2.3 Calculate and report the solids content as follows:
SC = Ivldry
Mtest

Where: SC = solids content (g-dry/g)
Mary = mass of oven-dried sample (g-dry)
Miest = mass of “as-tested” sample (g)

11.2.4 Calculate and report the moisture content (wet basis) as follows:
Mgt — My
MCwet _ tes;/l ry
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Where: MC,e = moisture content on a wet basis (gHzo/g)

Mgry = mass of oven-dried sample (g-dry)
Miest = mass of “as-tested” sample (g)

11.3 Pre-test titration (if required)

In order to conduct the parallel batch test in Sec. 12.0, a schedule of acid and base
additions should be formulated from either a pre-test titration or based on prior knowledge of the
acid/base titration curve of the sample. This section describes the procedure for obtaining a
titration curve of the test material, when sufficient prior knowledge is unavailable.

If the schedule of acid and base additions will be generated from prior knowledge, proceed
to Sec. 11.4. If the schedule of acid and base additions is already known, proceed to Sec. 12.0.

Figures 2-4 show example titration curves for a wide variety of solid materials. Table 2
indicates how these materials may be classified as (a) low alkalinity; (b) moderate alkalinity; or (c)
high alkalinity in terms of the equivalents of acid required for obtaining final extraction pH values in
the range of 2-13.

11.3.1 Predict the classification of the neutralization behavior of the solid
material based on professional judgment, preliminary data, or the material examples
shown in Table 2 and Figures 2-4.

11.3.2 Conduct a five-point parallel extraction test using 10-g-dry samples of
the solid following the pre-test schedule shown in Table 3 for the chosen classification.
Perform the extraction procedure in Sec. 12.0, omitting the filtration, method blanks, and
analytical sample collection.

11.3.3 Plot the pre-test titration curve (e.g., the extract pH as a function of
the equivalents of acid added) considering base equivalents as the negative sign of acid
equivalents.

11.34 Reiterate the pre-test extraction, if necessary to expand or contract

the pre-test titration until the 2-13 pH range can be resolved.

NOTE: Additional pre-test point(s) interpolating or extrapolating from the pre-test schedule
may be necessary to provide adequate resolution in the titration curve.

11.35 Pre-test titration using provided Microsoft® Excel template

The “Pre-Test” worksheet in the provided Excel template may be used to
calculate pre-test extraction formulations and plot the pre-test titration curve. Mandatory
input data for the template includes:

a) particle size of the “as tested” material (see Sec. 11.1);

b) solids content of the “as tested” material (see Sec. 11.2); and

c) five acid/base additions based on the predicted response classification of the
solid material (see Sec. 11.3).
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Enter the eluate pH and plot the pre-test titration curve. Compare the resulting titration
curve to the target pH values as designated in Table 4.

11.4 Formulation of acid and base additions schedule

A schedule of acid and base additions is used in the main extraction procedure (Sec. 12.0)

to set up nine extractions of the test material plus three method blanks. Based on either prior
knowledge of the acid/base titration curve of the sample or the results of the pre-test titration
procedure in Sec. 11.3, formulate a schedule of test extractions using the example in Table 4 and
the following steps.

1141 Using the extraction parameters in Table 1, identify the
recommended minimum dry-mass equivalent associated with the particle size of the “as-
tested” sample. Calculate and record the amount of “as tested” material equivalent to the
dry-material mass from Table 1 as follows:

Where: Mt = mass of “as-tested” solid equivalent to the dry-material mass (g)
Mary = mass of dry material specified in the method (g-dry)
SC = solids content of “as-tested” material (g-dry/g)

11.4.2 Label Column A of the schedule table with consecutive numbers for
the nine test positions (shown in Table 4 as “TXX” labels) and three method blanks (shown
in Table 4 as “BXX” labels).

11.4.3 Select the nine target pH points as shown in Table 5 and enter this
data into Column B of the schedule table. One of the nine target pH values should be with
no acid or base addition in order to record the natural pH of the material. The target pH
points shown in Table 5 allow for substitution of one optional target point if the natural pH
of the solid material falls within the tolerance of another designated target pH. For
example, if the natural pH is 11.8 and would satisfy the target pH of 12.0 £ 0.5, the
optional target point of
10.5 + 0.5 should be included.

11.4.4 For each test position, determine the equivalents of acid or base
required to meet the target pH from the pre-test titration curve (see
Sec. 11.3). Enter this data into Column C of the schedule table. Interpolate intermediate
acid additions on the pre-test titration curve using linear interpolation or other regression
techniques.

NOTE: Linear interpolation will have some inherent error, which may result in an extract
pH that falls outside of the target pH tolerance. Additional pre-test points
interpolating or extrapolating from the pre-test schedule in Table 3 may be
necessary to provide adequate resolution of the titration curve.
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11.4.5 Enter the acid volumes in Column D and base volumes in Column E
of the schedule after converting the equivalents of acid and base to volume as follows:

Edam

V., =
alb
Na/b

Where: V,/, = volume of acid or base to be entered in the schedule table (mL)
Eq.p = equivalents of acid or base selected for the target pH as

determined from the pre-test titration curve (meq/g)
Nap = normality of the acid or base solution (meg/mL)

11.4.6 In Column F of the schedule table, calculate the volume of moisture
contained in the “as tested” sample as follows:

Mtest X (1_ SC)
Pw

VW,sampIe -

Where: Vi sample = VOlume of water in the “as tested” sample (mL)
Miest = mass of the “as tested” sample (g)
SC = solids content of the “as tested” sample (g-dry/g)
pw = density of water (1.0 g/mL at room temperature)

11.4.7 In Column G of the schedule table, calculate the volume of reagent
water required to bring each extraction to a LS ratio of 10 mL/g-dry solid as follows:

Vaw =My % LS = Viy sample = Varb

Where: Vgw = volume of reagent water required to complete LS ratio (mL)
Mary = dry mass equivalent of solid sample (g)
LS = liquid-to-dry-solid ratio (10 mL/g)
Vw sample = VOlume of water in “as used” sample (mL)
Vap = Volume of acid or base for the extraction recipe (mL)

11.4.8 Method Blanks

In the schedule table, include three additional extractions for processing method
blanks. Method blanks extractions are performed using the same equipment, reagents,

and extraction process as the test positions, but without solid sample. The three method
blanks should include:
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a) reagent water (BO1 in Table 4);

b) reagent water + maximum volume of acid in the schedule (BO2 in Table 4);
and

c) reagent water + maximum volume of base in the schedule (BO3 in Table 4).

NOTE: If multiple materials or replicate tests are carried out in parallel, only one set of
method blanks is necessary.

11.4.9 Schedule formulation using Excel template

The “Test Data” worksheet in the provided Excel template may be used to
automatically calculate a schedule of acid and base additions, as well as to plot the
response eluate pH and conductivity as a function of acid addition. Mandatory input data
for the template includes:

a) particle size of the “as tested” material (see Sec. 11.1);

b) solid content of the “as tested” material (see Sec. 11.2); and

¢) nine acid/base additions determined from the pre-test titration curve with
respect to target pH values designated in Table 5.

Subsequent to the extraction procedure, eluate pH, conductivity, and oxidation/reduction
potential (optional) for up to three replicates may be entered and plotted as a function of acid
added.

12.0 EXTRACTION PROCEDURE

Use the schedule of acid and base additions (Sec. 11.4) as a guide to set up nine test
extractions and three method blanks as follows:

12.1 Label nine bottles with test position numbers and three bottles with method blank
labels according to the schedule of acid and base additions (see
Column A in Table 4).

12.2 Use the extraction parameters in Table 1 to identify the recommended dry-mass
equivalent associated with the particle size of the “as tested” sample. Calculate and record the
amount of “as tested” material equivalent to the identified dry mass from Table 1 as follows:

Where: M = mass of “as tested” solid equivalent to g of dry material (g)
Mary = mass of dry material specified in method (g)
SC = solids content of “as tested” material (g/g)

12.3 Place the dry equivalent mass (£ 0.1 g) of the “as tested” sample, calculated
above, into each of the nine test position extraction vessels.
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NOTE: Do NOT put solid material in the method blank extraction vessels.

124 Add the appropriate volume of reagent water (+ 5% of target value) to both the
test position and method blank extraction vessels, as specified in the schedule for the LS ratio
makeup (see Column G in Table 4).

12.5 Add the appropriate volume of acid or base (x 1% of target value) to each vessel,
using a continuously adjustable pipettor, as designated in the schedule for acid/base addition (see
Column D and Column E in Table 4).

12.6 Tighten the leak-proof lid on each bottle and tumble all extractions
(i.e., test positions and method blanks) in an end-over-end fashion at a speed of 28 + 2
rpm at room temperature (20 + 2 °C). The contact time for this method will vary depending on the
sample particle size as shown in Table 1.

NOTE: The length of the contact time is designed to enhance the approach toward liquid-solid
equilibrium. Longer contact times are required for larger particles to compensate for the
effects of intra-particle diffusion. See Table 1 for recommended contact times based on
particle size.

12.7 Remove the extraction vessels from the rotary tumbler and clarify the extractants
by allowing the bottles to stand for 15 £ 5 min. Alternately, centrifuge the extraction vessels at
4000 + 100 rpm for 10 £ 2 min.

12.8 For each extract vessel, decant a minimum volume (~ 5 mL) of clear,
unpreserved supernatant into a clean container.

12.9 Measure and record the pH, specific conductivity, and oxidation-reduction
potential (ORP) (optional, but strongly recommended) of the extracts (see Methods 9040, 9045,
and 9050).

12.10 Separate the solid from the remaining liquid in each extraction vessel by pressure
or vacuum filtration through a clean 0.45-um pore size membrane (Sec. 6.5). The filtration
apparatus may be exchanged for a clean apparatus as often as necessary until all liquid has been
filtered.

NOTE: If COPCs which might be lost under vacuum (e.g., mercury) are suspected, the samples
should be pressure-filtered using an inert gas (e.g., nitrogen or argon).

12.11  Immediately, preserve and store the volume(s) of eluate required for chemical

analysis. Preserve all analytical samples in a manner that is consistent with the determinative
chemical analyses to be performed.
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13.0

DATA ANALYSIS AND CALCULATIONS (EXCEL TEMPLATE PROVIDED)
13.1 Data reporting

13.1.1 Figure 5 shows an example of a data sheet that may be used to
report the concentration results of this method. This example is included in the Excel
template. At a minimum, the basic test report should include:

a) Name of the laboratory

b) Laboratory technical contact information

c) Date at the start of the test

d) Name or code of the solid material

e) Particle size (85 wt% less than)

f) Type of acid and/or base used in test

g) Extraction contact time (h)

h) Ambient temperature during extraction (°C)

i) Eluate specific information (see Sec. 13.1.2 below)

13.1.2 The minimum set of data that should be reported for each eluate
includes:

a) Eluate sample ID
b) Mass of “as tested” solid material used (g)
¢) Moisture content of material used (gn,0/9)

d) Volume (mL) and normality (N) of acid and/or base used
e) Volume of water added (mL)

f) Target pH

g) Measured final eluate pH

h) Measured eluate conductivity (mS/cm)

I) Measured ORP (mV) (optional)

J) Concentrations of all COPCs

k) Analytical QC qualifiers as appropriate

13.2 Data interpretation (optional)
13.2.1 Acid/base neutralization curve

Plot the pH of each extract as a function of the equivalents of acid or base added
per dry gram of material to generate an acid/base neutralization curve.

NOTE: For materials in which both acid and base were used, equivalents of base can be
presented as the opposite sign of acid equivalents (i.e., 5 meq/g-dry of base would
correspond to -5 meqg/g-dry of acid).

The titration curve can be interpreted as showing the amount of acid or base that
is needed to shift the pH of the subject material. This is helpful when evaluating field
scenarios where the pH of leachates is not buffered by the acidity or alkalinity of the solid
material.

13.2.2 LSP curve
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An LSP curve can be generated for each COPC following chemical analyses of
all extracts by plotting the target analyte concentration in the liquid phase as a function of
the measured extract pH for each extract. As an example, Figure 6 illustrates the LSP
curves for arsenic and selenium from a coal combustion fly ash and indicates the limits of
guantitation (shown as ML and MDL) and the natural concentration response.

13.2.2.1 The lower limit of quantitation (LLOQ) of the
determinative method for each COPC may be shown as a horizontal line. COPC
concentrations below this line indicate negligible or non-quantitative
concentrations.

NOTE: The lower limit of quantitation is highly matrix dependent and should be
determined as part of a QA/QC plan.

13.2.2.2 Natural response is defined as the eluate pH and COPC
concentration measured when the solid material is extracted with reagent water
at an LS ratio of 10 mL/g-dry. The natural response values can be shown on the
LSP curve as a vertical line from the x-axis (at the replicate average natural pH)
intersected with a horizontal line (at the replicate average COPC concentration).
Alternatively, the natural response can be indicated in results using a different
symbol from other results.

13.2.2.3 The values on the curve indicate the eluate
concentration of the constituent of interest at an LS of 10 mL/g-dry over a pH
range. The shape of the LSP curve is indicative of the speciation of the COPC in
the solid phase with four characteristic LSP curve shapes (i.e., relative locations
of maxima and minima) presented schematically in Figure 7.

Cationic Species (e.g., Cd) — The LSP curve of cationic species
typically has a maximum concentration in the acidic pH range that decreases to
lower values at alkaline pH.

Amphoteric Species (e.qg., Pb, Cr(lll), Cu.) — The LSP curves tend to
be similar in shape to cationic LSP curves with greater concentrations in the
acidic pH range. However, the concentrations pass through a minimum in the
near neutral to slightly acid pH range only to increase again for alkaline pH
values. Typically, the increase at high pH is due to the solubility of hydroxide
complexes (e.g., [Pb(OH3)]).

Oxyanionic Species (e.g. [AsSO,], [SeQ,], [MNO,4]) — The LSP
curves often show maxima in the neutral to slightly alkaline range.
Highly Soluble Species (e.g., Na*, K*, CI') — The LSP curve is only a weak
function of pH.

The idealized LSP curves in Figure 7 can be compared with the
general shape of the test data to infer the speciation of the COPC in the solid
matrix. Concentration results from this method may be simulated with
geochemical speciation models to infer the mineral phases, adsorption reactions,
and soluble complexes that control the release of the COPC (see Ref. 1).
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14.0 METHOD PERFORMANCE

14.1 Performance data and related information are provided in SW-846 methods only
as examples and guidance. The data do not represent required performance criteria for users of
the methods. Instead, performance criteria should be developed on a project-specific basis, and
the laboratory should establish in-house QC performance criteria for the application of this
method. These performance data are not intended to be and must not be used as absolute QC
acceptance criteria for purposes of laboratory accreditation._

14.2 Refs. 2 and 3 may provide additional guidance and insight on the use,
performance and application of this method.

15.0 POLLUTION PREVENTION

151 Pollution prevention encompasses any technique that reduces or eliminates the
guantity and/or toxicity of waste at the point of generation. Numerous opportunities for pollution
prevention exist in laboratory operations. The EPA has established a preferred hierarchy of
environmental management techniques that places pollution prevention as the management
option of first choice. Whenever feasible, laboratory personnel should use pollution prevention
techniques to address their waste generation. When wastes cannot be feasibly reduced at the
source, the Agency recommends recycling as the next best option.

15.2 For information about pollution prevention that may be applicable to laboratories
and research institutions consult Less is Better: Laboratory Chemical Management for Waste
Reduction available from the American Chemical Society's Department of Government Relations
and Science Policy, 1155 16th St., N.W. Washington, D.C. 20036, http://www.acs.org.

16.0 WASTE MANAGEMENT

The Environmental Protection Agency requires that laboratory waste management
practices be conducted consistent with all applicable rules and regulations. The Agency urges
laboratories to protect the air, water, and land by minimizing and controlling all releases from
hoods and bench operations, complying with the letter and spirit of any sewer discharge permits
and regulations, and by complying with all solid and hazardous waste regulations, particularly the
hazardous waste identification rules and land disposal restrictions. For further information on
waste management, consult The Waste Management Manual for Laboratory Personnel available
from the American Chemical Society at the address listed in Sec. 14.2.
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TABLES, DIAGRAMS, FLOW CHARTS, AND VALIDATION DATA

The following pages contain the tables and figures referenced by this method.
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TABLE 1

EXTRACTION PARAMETERS AS FUNCTION OF MAXIMUM PARTICLE SIZE

Particle Size US Sieve Minimum Dry Contact Time | Suggested Vessel
(85 wt% less than) Size Mass Size
(mm) (g-dry) (h) (mL)
0.3 50 20 +£0.02 24 +2 250
2.0 10 40 + 0.02 48 + 2 500
5.0 4 80 +0.02 72+2 1000
TABLE 2

MATERIAL NEUTRALIZATION CLASSIFICATIONS

Neutralization Material Types
Classification
Low Alkalinity soils; sediments; CCR fly ash; CCR bottom ash; coal milling rejects;

MSWI fly ash, MSWI bottom ash; sewage sludge amended soil

Moderate Alkalinity soils; wood preserving waste; MSWI bottom ash; steel slag; electric
arc furnace dust; MSW compost; nickel sludge; Portland cement
mortar

High Alkalinity Portland cement clinker; steel blast furnace slag, solidified waste (fly

ash, blast furnace slag, Portland cement)

NOTE: CCR = Coal combustion residue
MSWI = Municipal solid waste incinerator
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TABLE 3

PRE-TEST TITRATION: ACID EQUIVALENT SCHEDULE

Equivalents of Acid (meq/g-dry)
Neutralization Classification | Bottle 1 Bottle 2 Bottle 3 Bottle 4 Bottle 5
Low Alkalinity -2.0 -1.0 0 1.0 2.0
Moderate Alkalinity -2.0 0 2.0 5.0 10.0
High Alkalinity 0 5.0 10.0 15.0 25.0

NOTE: 1) Base additions shown as opposite sign of acid equivalents.
2) Additional pre-test point(s) interpolating or extrapolating from the pre-test schedule
may be necessary to provide adequate resolution in the titration curve.

TABLE 4

EXAMPLE SCHEDULE OF ACID AND BASE ADDITIONS

A B C D E F G
Test Target | Equivalents | Volume of | Volume of | Volume of Volume of
position extract of Acid 2N HNO;3 1IN KOH moisture in | reagent water

pH sample

(meqg/g-dry) (mL) (mL) (mL) (mL)
TO1 13.0 -1.10 - 22.0 2.22 176
T02 12.0 -0.75 - 15.0 2.22 183
TO3 10.5 -0.38 - 7.60 2.22 190
TO4 9.0 -0.15 - 3.0 2.22 195
TO5 8.0 -0.05 - 1.0 2.22 197
TO6 Natural 0 - - 2.22 198
TO7 55 0.12 1.20 - 2.22 197
TO8 4.0 0.90 9.00 - 2.22 189
TO9 2.0 3.10 31.0 - 2.22 167
BO1 QA/QC 0 - - - 200
BO2 QA/QC 3.10 31.0 - - 169
BO3 QA/QC -1.10 - 22.0 - 178

NOTE: 1) This schedule is based on “as tested” sample mass of 22.2+0.1 g (i.e., equivalent
“as tested” mass for a 20.0 g-dry sample at a solids content of 0.90 g-dry/g).
2) In this example, the natural pH is assumed to be 7.0+0.5.
3) Test positions marked B0O1, B02, and B03 are method blanks of reagent water,
reagent water + maximum acid addition, and reagent water + maximum base
addition, respectively.

Data modified from Ref. 2.
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TABLE 5

FINAL EXTRACT PH TARGETS

pH Target Rationale

variable Natural pH at LS 10 mL/g-dry (no acid/base addition)

2.0+£0.5 Provides estimates of total or available COPC content

4.0£0.5 Lower pH limit of typical management scenario

5.5+0.5 Typical lower range of industrial waste landfills

7.0+0.5 Neutral pH region; high release of oxyanions

8.0+0.5 Endpoint pH of carbonated alkaline materials

9.0+0.5 Minimum of LSP curve for many cationic and amphoteric COPCs
12.0£0.5 Maximum in alkaline range for LSP curves of amphoteric COPCs
13.0£0.5 Upper bound (field conditions) for amphoteric COPCs

10.5+0.5 Substitution if natural pH falls within range of a mandatory target
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FIGURE 1

METHOD FLOWCHART
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FIGURE 2

EXAMPLE TITRATION CURVES FOR SELECTED “LOW ALKALINITY” WASTES

Some data taken LeachXS database (Ref. 1).
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FIGURE 3

EXAMPLE TITRATION CURVES FOR SELECTED “MODERATE ALKALINITY” WASTES

Some data taken from LeachXS database (Ref. 1).
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FIGURE 4

EXAMPLE TITRATION CURVES FOR SELECTED “HIGH ALKALINITY” WASTES
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FIGURE 5

EXAMPLE DATA REPORT FORMAT

EPA METHOD 1313

ABC Laboratories Report of Analysis
123 Main Street
Anytown, USA
Contact: John Smith Client Contact: Susan Jones
(555) 111-1111 (555) 222-2222
Material Code:  XYZ Particle Size:  88% passing 2-mm sieve
Material Type:  Coal Combustion Fly Ash Contact Time: 48 hours
Date Received:  10/1/20xx Lab Temperature: 21+2°C
Test Date:  11/1/20xx Acid Used:  Nitric acid
Report Date:  12/1/20xx Base Used:  Sodium hydroxide
Test
Position Replicate Value Units Method Note
TO1l A
Eluate Sample ID XYZ-1313-T01-A
Solid Material 40.0 g
Moisture Content 0.01 g
Water Added 386.0 gHzo/g
Acid Added 14.0 mL
Acid Strength 2.0 mL
Base Added - N
Base Strength 1.0 mL
Target pH 2005 -
Eluate pH 1.89 - EPA 9040
Eluate Conductivity 12.6 mS/c EPA 9050
Eluate ORP 203 mv
QC Dilution
Chemical Analysis Value Units Flag Method Date Factor
Al 216.0 mg/L EPA 6020 11/7/20xx 1000
As 0.64  mg/L EPA 6020 11/7/20xx 10
Cl <413 mg/L U EPA 9056 11/9/20xx 1
Test
Position Replicate Value Units Method Note
TO2 A
Eluate Sample ID XYZ-1313-T02-A
Solid Material 40.0 g
Moisture Content 0.01 g
Water Added 400.0 Oh,0/9
Acid Added 14.0 mL
Acid Strength 2.0 mL
Base Added - N
Base Strength 1.0 mL
Target pH 4005 -
Eluate pH 3.86 - EPA 9040 Natural pH
Eluate Conductivity 0.99 mS/c EPA 9050
Eluate ORP 180 mv
QC Dilution
Chemical Analysis Value Units Flag Method Date Factor
Al 449.0 mg/L EPA 6020 11/7/20xx 1000
As 0.979 mg/L EPA 6020 11/7/20xx 10
Cl <413 mg/L U EPA 9056 11/7/20xx 1

QC FlagKey: U Value below lower limit of quantitation as reported (< "LLOQ")
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Appendix C

Solid Characterization
(Organic Carbon Content, Elemental Carbon Content, Total Carbon
Content, Loss on Ignition, Moisture Content, and Pore Size Distribution)

Fly Ash without Hg Sorbent Injection C-1
Fly Ash without and with Hg Sorbent Injection Pairs C-3
Spray Dryer with Fabric Filter (Fly Ash and FGD collected together) c-4
Gypsum, Unwashed and Washed C-5
Scrubber Sludge C-9
Mixed Fly Ash and Scrubber Sludge (as managed) C-11
Mixed Fly Ash and Gypsum (as managed) C-13

Filter Cake C-13



Hg

Sample PM NOXx Sorbent SO; Organic Elemental Total Loss on Surface

Facility ID Capture Control Injection Control Carbon Carbon Carbon Ignition  Moisture Area

(%) (%) (%) (%) (%) m2/g
Fly Ash without Hg Sorbent Injection
Bituminous, Low S
Brayton Point BPB CS ESP None None None BML 2.22 2.25 5.5 0.2 6.5
Facility F FFA CS ESP None None None 1.63 2.52 4.15 7.7 0.2 6.4
Facility B DFA CS ESP SCR-BP None None BML 1.38 1.41 6.2 4.7 24
Facility A CFA Fabric F. SNCR-BP  |None None 0.10 3.55 3.65 5.3 1.6 2.6
Facility B BFA CS ESP SCR None None 0.43 1.51 1.93 53 3.4 5.7
Facility U UFA CS ESP SCR None None 0.04 0.07 0.11 0.4 0.3 1.0
Salem Harbor SHB CS ESP SNCR None None BML 7.82 7.84 21.0 0.2 28.0
Facility G GFA CS ESP SNCR None None 0.27 2.47 2.74 1.6 0.4 4.4
Facility A AFA Fabric F. SNCR None None 0.11 9.03 9.15 17.6 8.5 13.9
Facility L LAB HS ESP SOFA None None 0.05 5.51 5.56 12.3 0.9 8.2

HS ESP w/
Facility C GAB COHPAC None None None 0.10 7.66 7.75 18.0 BML 15.3
Bituminous, Med S
Facility T TFA CS ESP None None None 0.59 7.74 8.33 16.0 2.0 6.1
Facility E EFB CS ESP SCR-BP None None 0.21 2.32 2.53 5.3 0.5 2.2
Duct
Sorbent inj.

Facility W WFA CS ESP SCR-BP None - Troana 0.66 6.09 6.74 5.3 0.2 1.0
Facility E EFA CS ESP SCR None None 0.31 7.40 7.72 19.5 0.3 4.5
Facility K KFA CS ESP None None None 0.13 0.08 0.21 1.6 0.3 13
Facility Aa AaFA CS ESP SCR None None 0.40 8.02 8.42 7.9 BML 1.6
Facility Aa AaFB CS ESP SCR None None 0.83 12.6 134 11.0 BML 4.9
Facility Da DaFA CS ESP SCR None None 1.33 4.23 5.56 2.3 BML 0.5
Facility Aa AaFC HS ESP SCR None None 1.18 3.03 4.22 6.5 BML 1.7

BML - below method limit (not detected)




Hg

Sample PM NOx Sorbent SO, Organic Elemental Total Loss on Surface
Facility ID Capture Control Injection Control Carbon Carbon Carbon Ignition  Moisture Area
(%) (%) (%) (%) (%) m2/g

Fly Ash without Hg Sorbent Injection
Bituminous, High S
Facility E EFC CS ESP SCR None None 0.05 2.14 2.20 4.3 0.3 5.2
Facility H HFA CS ESP SCR None None 0.25 0.69 0.94 6.7 0.3 1.0
Sub-Bituminous & Sub-bit/bituminous mix
Pleasant Prairie PPB CS ESP None None None BML 0.25 0.25 0.6 0.2 1.8
St. Clair JAB CS ESP None None None BML 0.13 0.16 0.4 0.1 2.5
Facility Z ZFA CS ESP None None None 1.00 BML 1.00 0.6 0.1 0.5
Facility Z ZFB CS ESP None None None 0.92 0.14 1.06 6.1 0.1 0.8
Facility X XFA CS ESP SCR None None 0.11 0.05 0.16 0.4 0.1 2.2
Lignite

Duct

Sorbent inj.
Facility Ca CaFA CS ESP None None - Troana 0.27 0.31 0.59 2.4 BML 0.5

BML - below method limit (not detected)




Hg

Sample PM NOXx Sorbent SO; Organic Elemental Total Loss on Surface
Facility ID Capture Control Injection Control Carbon Carbon Carbon Ignition  Moisture Area
(%) (%) (%) (%) (%) m2/g

Fly Ash without and with Hg Sorbent Injection Pairs
Bituminous, Low S (Class F)

Brayton Point BPB CS ESP None None None BML 2.22 2.25 5.5 0.2 6.5

Brayton Point BPT CSESP None PAC None 0.12 12.89 13.01 12.0 0.5 92.0

Salem Harbor SHB CSESP SNCR None None BML 7.82 7.84 21.0 0.2 28.0

Salem Harbor SHT CSESP SNCR PAC None BML 11.2 11.2 25.0 0.2 36.0

Facility L LAB HS ESP SOFA None None 0.05 5.51 5.56 12.3 0.9 8.2

Facility L LAT HS ESP SOFA Br-PAC None 0.09 5.83 5.92 12.4 BML 27.0
HS ESP w/

Facility C GAB COHPAC None None None 0.10 7.66 7.75 18.0 BML 15.3
HS ESP w/

Facility C GAT COHPAC None PAC None 0.25 24.2 24.4 36.3 0.5 36.6

Sub-bituminous (Class C)

Pleasant Prairie PPB CS ESP None None None BML 0.25 0.25 0.6 0.2 1.8
Pleasant Prairie PPT CSESP None PAC None BML 3.57 3.58 35 03 23.0
St. Clair JAB CS ESP None None None BML 0.13 0.16 0.4 0.1 2.5
St. Clair JAT CS ESP None Br-PAC None BML 2.61 2.65 3.2 BML 24.9

Lignite (Class C)

CSESPw/  |Ammonia
Facility Ba BaFA COHPAC Inj. PAC None 0.31 0.27 0.57 13 BML 0.6

BML - below method limit (not detected)



Hg

Sample PM NOx Sorbent SO, Organic Elemental Total Loss on Surface
Facility ID Capture Control Injection Control Carbon Carbon Carbon Ignition  Moisture Area
(%) (%) (%) (%) (%) m2/g
Spray dryer with Fabric Filter (fly ash and FGD collected together)
Sub-bituminous
Facility V VSD Fabric F. SCR None None 0.44 0.01 0.45 2.6 0.9 6.3
Facility Y YSD Fabric F. SCR None None 2.13 2.12 4.25 4.0 0.8 14.7

BML - below method limit (not detected)

C-4




Wet TGD
Sample Residue PM NOx Scrubber Scrubber Organic Elemental Total Loss on
Facility ID type Capture Control type additive SO, Control Carbon Carbon Carbon Ignition
(%) (%) (%) (%)
Gypsum, unwashed and washed
Bituminous, Low S
[Facility U luAu |Gyp-U |cSESP  [SCR [Forced Ox. |Limestone [None 2.27 0.42 2.69 3.7
Bituminous, Med S
Facility T TAU Gyp-U CS ESP None Forced Ox. Limestone None 1.53 0.11 1.64 5.2
Facility T TAW Gyp-W  [CSESP None Forced Ox. [Limestone None 4.14 0.16 4.30 7.7
Duct Sorbent
Facility W WAU Gyp-U CS ESP SCR-BP Forced Ox. Limestone inj. - Troana 2.26 0.08 2.34 15.4
Duct Sorbent
Facility W WAW Gyp-W  [CSESP SCR-BP  |Forced Ox. [Limestone inj. - Troana 3.08 0.08 3.16 5.3
Facility Aa AaAU Gyp-U CS ESP SCR Forced Ox. Limestone None 4.85 0.08 4.95 1.9
Facility Aa AaAW Gyp-W CS ESP SCR Forced Ox. Limestone None 2.68 0.06 2.74 2.7
Facility Da DaAW Gyp-W CS ESP SCR Forced Ox. Limestone None 0.73 0.56 1.28 7.7
SCR &
Facility P PAD Gyp-U CS ESP SNCR Forced Ox. [Limestone None 0.12 BML 0.12 2.8

BML - below method limit (not detected)

C-5




Wet TGD
Sample Residue PM NOx Scrubber Scrubber Surface
Facility ID type Capture Control type additive SO, Control  Moisture Area
(%) m2/g
Gypsum, unwashed and washed
Bituminous, Low S
[Facility U luAu |Gyp-U |cSESP  [SCR [Forced Ox. |Limestone [None 25.8 4.4
Bituminous, Med S
Facility T TAU Gyp-U CS ESP None Forced Ox. Limestone None 38.2 9.8
Facility T TAW Gyp-W  [CSESP None Forced Ox. [Limestone None 25.6 11.0
Duct Sorbent
Facility W WAU Gyp-U CS ESP SCR-BP Forced Ox. Limestone inj. - Troana 38.3 4.3
Duct Sorbent
Facility W WAW Gyp-W  [CSESP SCR-BP  |Forced Ox. |Limestone inj. - Troana 25.9 7.5
Facility Aa AaAU Gyp-U CS ESP SCR Forced Ox. Limestone None 26.0 9.1
Facility Aa AaAW Gyp-W CS ESP SCR Forced Ox. Limestone None 26.0 8.4
Facility Da DaAW Gyp-W CS ESP SCR Forced Ox. Limestone None 24.4 3.3
SCR &
Facility P PAD Gyp-U CS ESP SNCR Forced Ox. [Limestone None 7.5 113

BML - below method limit (not detected)

C-6




Wet TGD

Sample Residue PM NOx Scrubber Scrubber Organic Elemental Total Loss on
Facility ID type Capture Control type additive SO, Control Carbon Carbon Carbon Ignition
(%) (%) (%) (%)

Gypsum, unwashed and washed
Bituminous, High S

Facility N NAU Gyp-U CS ESP None Forced Ox. Limestone None 0.55 BML 0.55 9.2
Facility N NAW Gyp-W  [CSESP None Forced Ox. [Limestone None 0.51 BML 0.51 2.1
Facility S SAU Gyp-U CS ESP SCR Forced Ox. Limestone None 1.77 0.21 1.99 5.0
Facility S SAW Gyp-W CS ESP SCR Forced Ox. Limestone None 1.10 0.11 1.21 4.7
Facility O OAU Gyp-U CS ESP SCR Forced Ox. Limestone None 2.50 0.43 2.93 204
Facility O OAW Gyp-W  [CS ESP SCR Forced Ox. [Limestone None 231 BML 2.35 3.9

Sub-bituminous

Facility R RAU Gyp-U CSESP None Forced Ox. [Limestone None 2.93 0.04 2.98 4.8
Facility Q QAU Gyp-U HS ESP None Forced Ox. [Limestone Other 0.87 BML 0.91 6.1
Facility X XAU Gyp-U CS ESP SCR Forced Ox. Limestone None 3.65 BML 3.65 2.2
Facility X XAW Gyp-W  [CSESP SCR Forced Ox. [Limestone None 1.04 1.30 2.34 4.6
Lignite

Duct Sorbent
Facility Ca CaAW Gyp-U CS ESP None Forced Ox. [Limestone inj. - Troana 1.64 BML 1.64 4.8

BML - below method limit (not detected)

C-7



Wet TGD

Sample Residue PM NOx Scrubber Scrubber Surface
Facility ID type Capture Control type additive SO, Control  Moisture Area
(%) m2/g

Gypsum, unwashed and washed
Bituminous, High S

Facility N NAU Gyp-U CS ESP None Forced Ox. |Limestone None 27.8 9.9
Facility N NAW Gyp-W  [CS ESP None Forced Ox. [Limestone None 28.0 3.9
Facility S SAU Gyp-U CS ESP SCR Forced Ox. Limestone None 27.9 19.7
Facility S SAW Gyp-W CS ESP SCR Forced Ox. Limestone None 234 20.5
Facility O OAU Gyp-U CS ESP SCR Forced Ox. |Limestone None 213 7.6
Facility O OAW Gyp-W  [CS ESP SCR Forced Ox. [Limestone None 213 3.4

Sub-bituminous

Facility R RAU Gyp-U CSESP None Forced Ox. [Limestone None 26.5 15.1
Facility Q QAU Gyp-U HS ESP None Forced Ox. [Limestone Other 12.8 22.0
Facility X XAU Gyp-U CS ESP SCR Forced Ox. Limestone None 34.6 2.2
Facility X XAW Gyp-W  [CSESP SCR Forced Ox. [Limestone None 22.9 2.7
Lignite

Duct Sorbent
Facility Ca CaAW Gyp-U CS ESP None Forced Ox. [Limestone inj. - Troana 38.2 5.3

BML - below method limit (not detected)



Wet TGD
Sample Residue PM NOx Scrubber Scrubber Organic Elemental Total Loss on
Facility ID type Capture Control type additive SO, Control Carbon Carbon Carbon Ignition
(%) (%) (%) (%)
Scrubber Sludge
Bituminous, Low S
Scrubber
Facility B DGD sludge CS ESP SCR-BP Natural Ox. |Mg lime None 0.14 0.30 0.44 9.3
Scrubber
Facility A CGD sludge FabricF. [SNCR-BP [Natural Ox. [Limestone None 0.12 0.27 0.39 22.1
Scrubber
Facility B BGD sludge CS ESP SCR Natural Ox. |Mg lime None 0.22 0.93 1.15 9.6
Scrubber
Facility A AGD sludge FabricF. [SNCR Natural Ox. [Limestone None 0.35 0.10 0.45 15.5
Bituminous, Med S
Scrubber
Facility K KGD sludge  |CSESP None Natural Ox. (Mg lime None 0.49 0.22 0.71 8.6

BML - below method limit (not detected)

c-9




Wet TGD

Sample Residue PM NOx Scrubber Scrubber Surface
Facility ID type Capture Control type additive SO, Control  Moisture Area
(%) m2/g
Scrubber Sludge
Bituminous, Low S
Scrubber
Facility B DGD sludge CS ESP SCR-BP Natural Ox. |Mg lime None 8.9 17.5
Scrubber
Facility A CGD sludge FabricF. [SNCR-BP [Natural Ox. [Limestone None 21.7 16.6
Scrubber
Facility B BGD sludge CS ESP SCR Natural Ox. |Mg lime None 8.5 22.7
Scrubber
Facility A AGD sludge FabricF. [SNCR Natural Ox. [Limestone None 15.1 14.5
Bituminous, Med S
Scrubber
Facility K KGD sludge CS ESP None Natural Ox. |Mg lime None 45.3 47.3

BML - below method limit (not detected)



Wet TGD
Sample Residue PM NOx Scrubber Scrubber Organic Elemental Total Loss on
Facility ID type Capture Control type additive SO, Control Carbon Carbon Carbon Ignition
(%) (%) (%) (%)
Mixed Fly Ash and Scrubber Sludge (as managed)
Bituminous, Low S
FA+5¢c5+
Facility B DCC lime CSESP SCR-BP  |Natural Ox. |Mglime None 0.17 0.91 1.08 7.6
Facility A ccc FA+ScS  |FabricF. |SNCR-BP |Natural Ox. |Limestone None BML 3.93 3.98 8.9
FA+5¢c5+
Facility B BCC lime CS ESP SCR Natural Ox. |Mglime None 0.17 0.49 0.66 14.6
Facility A AcCC FA+ScS  |FabricF. |SNCR Natural Ox. [Limestone None 0.57 8.73 9.30 14.0
Bituminous, Med S
FA+5c5+
Facility K Kcc lime CS ESP SCR Natural Ox. |Mglime None 0.58 0.26 0.85 5.6
FA+5¢c5+
Facility M MAD lime CS ESP SCR-BP  [Inhibited Ox. [Limestone None 0.98 0.35 1.33 7.1
FA+5¢c5+
Facility M MAS lime CS ESP SCR Inhibited Ox. [Limestone None 0.60 BML 0.61 7.7

BML - below method limit (not detected)




Wet TGD
Sample Residue PM NOx Scrubber Scrubber Surface
Facility ID type Capture Control type additive SO, Control  Moisture Area
(%) m2/g
Mixed Fly Ash and Scrubber Sludge (as managed)
Bituminous, Low S
FA+5¢cS+
Facility B DCC lime CS ESP SCR-BP  [Natural Ox. [Mglime None 6.5 3.5
Facility A ccc FA+S5cS  |FabricF. |SNCR-BP |Natural Ox. |Limestone None 4.9 4.9
FA+5¢cS+
Facility B BCC lime CS ESP SCR Natural Ox. |Mglime None 13.9 14.5
Facility A ACC FA+ScS  |FabricF. |SNCR Natural Ox. [Limestone None 4.7 10.2
Bituminous, Med S
FA+5c5+
Facility K Kcc lime CS ESP SCR Natural Ox. |Mglime None 51.4 13.3
FA+5¢c5+
Facility M MAD lime CS ESP SCR-BP Inhibited Ox. |Limestone None 321 20.7
FA+5¢c5+
Facility M MAS lime CS ESP SCR Inhibited Ox. [Limestone None 27.2 7.4

BML - below method limit (not detected)




Wet TGD

Sample Residue PM NOx Scrubber Scrubber Organic Elemental Total Loss on
Facility ID type Capture Control type additive SO, Control Carbon Carbon Carbon Ignition
(%) (%) (%) (%)

Mixed Fly Ash and Gypsum (as managed)
Bituminous, Low S

[Facilityu ~ [ugr  [Other  |csesp  [scr [Forced Ox. |Limestone  [None | 413 | o018 | 432 | 36

Filter Cake
Bituminous, Med S

Facility T TFC Other CS ESP None Forced Ox. Limestone None 2.43 1.03 3.46 12.6
Duct Sorbent

Facility W WEFC Other CS ESP SCR-BP Forced Ox. Limestone inj. - Troana 9.05 1.01 10.1 17.7

Facility Da DaFC Other CS ESP SCR Forced Ox. Limestone None 2.01 0.39 2.41 6.1

Sub-bituminous

Facility X XFC Other CS ESP SCR Forced Ox. |Limestone None 6.13 1.00 7.13 18.7

BML - below method limit (not detected)

C-13



Wet TGD
Sample Residue PM NOx Scrubber Scrubber Surface
Facility ID type Capture Control type additive SO, Control  Moisture Area
(%) m2/g

Mixed Fly Ash and Gypsum (as managed)

Bituminous, Low S
[Facilityu ~ [ugr  [Other  |csesp  [scr [Forced Ox. |Limestone  [None 11.8 7.0
Filter Cake

Bituminous, Med S

Facility T TFC Other CS ESP None Forced Ox. Limestone None 66.3 25.0

Duct Sorbent

Facility W WFC Other CS ESP SCR-BP Forced Ox. Limestone inj. - Troana 334 9.9
Facility Da DaFC Other CS ESP SCR Forced Ox. Limestone None 40.2 22.0
Sub-bituminous

Facility X XFC Other CS ESP SCR Forced Ox. |Limestone None 55.2 35.7

BML - below method limit (not detected)




Appendix D
Total Content by Digestion

Fly Ash without Hg Sorbent Injection D-1
Fly Ash without and with Hg Sorbent Injection Pairs D-5
Spray Dryer with Fabric Filter (Fly Ash and FGD collected together) D-5
Gypsum, Unwashed and Washed D-7
Scrubber Sludge D-9
Mixed Fly Ash and Scrubber Sludge (as managed) D-9
Mixed Fly Ash and Gypsum (as managed) D-11

Filter Cake D-11



Hg

Sample PM NOx  Sorbent SO;
Facility ID Capture Control Injection Control Al As Ba Ccd Co Cr Mo Pb Sb Se
mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg
Fly Ash without Hg Sorbent Injection
Bituminous, Low S
Brayton Point BPB CS ESP None None None NA 81 NA BML NA NA NA 117 NA 51
Facility F FFA CS ESP None None None NA NA NA NA NA NA NA NA NA NA
Facility B DFA CS ESP SCR-BP None None 105900 90 1360 0.70 21 169 11 36 2.8 2.9
Facility A CFA Fabric F. SNCR-BP  |None None 138200 88 1361 1.0 49 151 15 69 8.2 22
Facility B BFA CS ESP SCR None None 109400 82 1461 090 24 192 11 47 3.6 2.5
Facility U UFA CS ESP SCR None None 92200 42 2143 14 22 214 77 55 6.3 3.8
Salem Harbor SHB CS ESP SNCR None None NA 26 NA NA NA NA NA 25 NA 42
Facility G GFA CS ESP SNCR None None NA NA NA NA NA NA NA NA NA NA
Facility A AFA Fabric F. SNCR None None 127100 71 1016 13 55 152 17 81 14 26
Facility L LAB HS ESP SOFA None None NA 20 NA 0.4 NA NA NA 45 NA 4
HS ESP w/
Facility C GAB COHPAC None None None NA 94 NA NA NA NA NA 56 NA BML
Bituminous, Med S
Facility T TFA CS ESP None None None 93100 155 839 0.92 27 142 19 55 5.5 9.0
Facility E EFB CS ESP SCR-BP None None NA NA NA NA NA NA NA NA NA NA
Duct
Sorbent inj.
Facility w WFA S ESP SCK-BP None - 11odid 13UbUU 32 1229 u./8 38 122 11 4b 4.2 13
Facility E EFA CS ESP SCR None None NA NA NA NA NA NA NA NA NA NA
Facility K KFA CS ESP None None None 123200 85 585 1.0 38 124 23 93 6.0 4.8
Facility Aa AaFA CS ESP SCR None None 85200 31 935 052 53 141 13 55 4.1 17
Facility Aa AaFB CS ESP SCR None None 82000 36 900 0.68 55 134 15 60 5.2 30
Facility Da DaFA CS ESP SCR None None 103600 58 1297 0.77 66 170 17 72 7.0 13
Facility Aa AaFC HS ESP SCR None None 83200 73 1113 0.76 50 136 22 74 11 1.1

BML - below method limit (not detected); NA - not analyzed.

D-1




Hg

Sample PM NOx  Sorbent SO; Hg Hg

Facility ID Capture Control Injection Control Tl (7470) (7473)
mg/kg mg/kg mg/kg
Fly Ash without Hg Sorbent Injection
Bituminous, Low S
Brayton Point BPB CS ESP None None None NA 0.65 0.58
Facility F FFA CS ESP None None None NA NA NA
Facility B DFA CS ESP SCR-BP None None 4.5 0.11 NA
Facility A CFA Fabric F. SNCR-BP  |None None 3.2 0.38 NA
Facility B BFA CS ESP SCR None None 4.7 0.09 NA
Facility U UFA CS ESP SCR None None 13 0.01 0.02
Salem Harbor SHB CS ESP SNCR None None NA 0.53 0.57
Facility G GFA CS ESP SNCR None None NA NA NA
Facility A AFA Fabric F. SNCR None None 3.8 0.60 NA
Facility L LAB HS ESP SOFA None None NA 0.01 NA
HS ESP w/
Facility C GAB COHPAC None None None NA 0.02 0.01
Bituminous, Med S
Facility T TFA CS ESP None None None 6.0 0.59 0.70
Facility E EFB CS ESP SCR-BP None None NA NA NA
Duct
Sorbent inj.

racility w WFHA (S ESP SCKR-BP None - 11odid 2.3 U.1b NA
Facility E EFA CS ESP SCR None None NA NA NA
Facility K KFA CS ESP None None None 13 0.04 NA
Facility Aa AaFA CS ESP SCR None None 2.0 0.15 0.23
Facility Aa AaFB CS ESP SCR None None 2.2 0.22 0.34
Facility Da DaFA CS ESP SCR None None 2.3 0.19 0.18
Facility Aa AaFC HS ESP SCR None None 4.4 0.01 0.01

BML - below method limit (not detected); NA - not analyzed.

D-2




Hg

Sample PM NOx  Sorbent SO;
Facility ID Capture Control Injection Control Al As Ba Ccd Co Cr Mo Pb Sb Se
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Fly Ash without Hg Sorbent Injection
Bituminous, High S
Facility E EFC CS ESP SCR None None NA NA NA NA NA NA NA NA NA NA
Facility H HFA CS ESP SCR None None NA NA NA NA NA NA NA NA NA NA
Sub-Bituminous & Sub-bit/bituminous mix
Pleasant Prairie PPB CS ESP None None None NA 21 NA BML NA NA NA 42 NA BML
St. Clair JAB CS ESP None None None NA 43 NA 1.4 NA NA NA 46 NA 11
Facility Z ZFA CS ESP None None None 68600 17 6907 15 34 70 8.4 41 2.5 11
Facility Z ZFB CS ESP None None None 73800 22 7034 1.6 31 74 9.4 55 3.0 14
Facility X XFA CS ESP SCR None None 98900 36 6306 1.8 29 129 22 51 4.2 15
Lignite

Duct

Sorbent inj.
Facility Ca CaFA CS ESP None None - Troana 77200 22 955 1.7 21 88 19 56 6.2 8.6

BML - below method limit (not detected); NA - not analyzed.

D-3




Hg

Sample PM NOx  Sorbent SO; Hg Hg
Facility ID Capture Control Injection Control Tl (7470) (7473)
mg/kg  mg/kg  mg/kg
Fly Ash without Hg Sorbent Injection
Bituminous, High S
Facility E EFC CS ESP SCR None None NA NA NA
Facility H HFA CS ESP SCR None None NA NA NA
Sub-Bituminous & Sub-bit/bituminous mix
Pleasant Prairie PPB CS ESP None None None NA 0.16 0.15
St. Clair JAB CS ESP None None None NA 0.11 NA
Facility Z ZFA CS ESP None None None 0.81 0.33 0.35
Facility Z ZFB CS ESP None None None 0.72 0.63 0.61
Facility X XFA CS ESP SCR None None 0.99 0.24 0.46
Lignite
Duct
Sorbent inj.
Facility Ca CaFA CS ESP None None - Troana 1.5 0.08 0.10

BML - below method limit (not detected); NA - not analyzed.
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Hg

Sample PM NOx  Sorbent SO;
Facility ID Capture Control Injection Control Al Ba Ccd Co Cr Mo Sb Se
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Fly Ash without and with Hg Sorbent Injection Pairs
Bituminous, Low S (Class F)
Brayton Point BPB CS ESP None None None NA 81 NA BML NA NA NA 117 NA 51
Brayton Point BPT CS ESP None PAC None NA 28 NA BML NA NA NA 83 NA 152
Salem Harbor SHB CS ESP SNCR None None NA 26 NA NA NA NA NA 25 NA 42
Salem Harbor SHT CS ESP SNCR PAC None NA 26 NA NA NA NA NA 24 NA 44
Facility L LAB HS ESP SOFA None None NA 20 NA 0.40 NA NA NA 45 NA 41
Facility L LAT HS ESP SOFA Br-PAC None NA 19 NA 030 NA NA NA 42 NA 43

HS ESP w/
Facility C GAB COHPAC  [None None None NA 94 NA NA NA NA NA 56 NA BML

HSESP W/
Facility C GAT COHPAC None PAC None NA 506 NA NA NA NA NA 114 NA 206
Sub-bituminous (Class C)
Pleasant Prairie PPB CS ESP None None None NA 21 NA BML NA NA NA 42 NA BML
Pleasant Prairie PPT CS ESP None PAC None NA 24 NA BML NA NA NA 47 NA BML
St. Clair 1AB CSESP None None None NA 43 NA 1.4 NA NA NA 46 NA 11
St. Clair JAT CS ESP None Br-PAC None NA 41 NA 1.3 NA NA NA 35 NA 13
Lignite (Class C) _

CSESPw/  |Ammonia
Facility Ba BaFA COHPAC Inj. PAC None 63800 19 2381 099 16 66 6.9 30 2.7 10
BML - below method limit (not detected); NA - not analyzed.

Hg
Sample PM NOx  Sorbent SO;
Facility ID Capture Control Injection Control Al Ba Ccd Co Cr Mo Sb Se
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Spray dryer with Fabric Filter (fly ash and FGD collected together)
Sub-bituminous
Facility V VSD Fabric F. SCR None None 58900 22 272 1.0 16 51 7.1 25 2.2 16
Facility Y YSD Fabric F. SCR None None 51100 11 511 0.98 18 48 9.6 23 0.10 6.3

BML - below method limit (not detected); NA - not analyzed.
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Hg

Sample PM NOx  Sorbent SO; Hg Hg
Facility ID Capture Control Injection Control Tl (7470) (7473)
mg/kg mg/kg mg/kg
Fly Ash without and with Hg Sorbent Injection Pairs
Bituminous, Low S (Class F)
Brayton Point BPB CS ESP None None None NA 0.65 0.58
Brayton Point BPT CS ESP None PAC None NA 1.5 1.4
Salem Harbor SHB CS ESP SNCR None None NA 0.53 0.57
Salem Harbor SHT CS ESP SNCR PAC None NA 0.41 0.45
Facility L LAB HS ESP SOFA None None NA 0.01 NA
Facility L LAT HS ESP SOFA Br-PAC None NA 0.04 NA
HS ESP w/
Facility C GAB COHPAC None None None NA 0.02 0.01
ASESP w/
Facility C GAT COHPAC None PAC None NA 1.2 1.1
Sub-bituminous (Class C)
Pleasant Prairie PPB CS ESP None None None NA 0.16 0.15
Pleasant Prairie PPT CS ESP None PAC None NA 1.2 1.2
St. Clair JAB CS ESP None None None NA 0.11 NA
St. Clair JAT CS ESP None Br-PAC None NA 1.2 NA
Lignite (Class C) _
CSESPw/  |Ammonia
Facility Ba BaFA COHPAC Inj. PAC None 1.2 0.48 0.69
BML - below method limit (not detected); NA - not analyzed.
Hg
Sample PM NOx  Sorbent SO, Hg Hg
Facility ID Capture Control Injection Control Tl (7470) (7473)
mg/kg mg/kg mg/kg
Spray dryer with Fabric Filter (fly ash and FGD collected tog¢
Sub-bituminous
Facility V VSD Fabric F. SCR None None 0.60 0.18 0.35
Facility Y YSD Fabric F. SCR None None 0.45 0.32 0.47

BML - below method limit (not detected); NA - not analyzed.
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Wet FGD
Sample Residue PM NOx Scrubber Scrubber
Facility ID type Capture Control type additive SO, Control Al As Ba cd Co Cr Mo Pb Sb Se Tl
mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg

Gypsum, unwashed and washed
Bituminous, Low S
[Facility U |uAU  |Gyp-U [CSESP  [SCR [Forced Ox. [Limestone  [None 4103 2.9| 48] 0.58| 2.1 11] 2.0 2.1 0.66| 2.4 0.55|
Bituminous, Med S
Facility T TAU Gyp-U CS ESP None Forced Ox. Limestone None 2108 3.8 47 0.61 2.0 13 5.6 1.4 3.1 49 1.1
Facility T TAW Gyp-W CS ESP None Forced Ox. Limestone None 1836 3.5 53 0.40 4.2 7.8 5.4 1.6 1.9 4.5 1.1

Duct Sorbent
Facility W WAU Gyp-U CS ESP SCR-BP Forced Ox. Limestone inj. - Troana 335 0.95 2.4 0.11 4.4 1.5 1.5 0.63 0.57 11 0.29

Duct Sorbent
Facility W WAW Gyp-W CS ESP SCR-BP Forced Ox. Limestone inj. - Troana 411 0.97 2.4 0.13 4.2 1.2 1.2 0.73 0.58 12 0.50
Facility Aa AaAU Gyp-U CS ESP SCR Forced Ox. Limestone None 959 5.8 8.7 0.13 1.7 23 1.1 0.89 0.21 33 0.26
Facility Aa AaAW Gyp-W CS ESP SCR Forced Ox. Limestone None 951 6.1 8.8 0.13 1.9 2.2 1.3 0.72 0.64 31 0.26
Facility Da DaAW Gyp-W CS ESP SCR Forced Ox. Limestone None 950 10 9.3 0.12 1.5 2.2 1.2 0.75 0.32 35 0.24

SCR &
Facility P PAD Gyp-U CS ESP SNCR Forced Ox. |Limestone None 12700 2.6 53 0.30 35 5.7 2.4 33 2.6 19 0.60
BML - below method limit (not detected); NA - not analyzed.
Wet FGD
Sample Residue PM NOx Scrubber Scrubber
Facility ID type Capture Control type additive SO, Control Al As Ba cd Co Cr Mo Pb Sb Se Tl
mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg

Gypsum, unwashed and washed
Bituminous, High S
Facility N NAU Gyp-U CS ESP None Forced Ox. Limestone None 8030 2. 57 u.ou .1 e “.u 2. L. z.0 u.su
Facility N NAW Gyp-W CS ESP None Forced Ox. [Limestone None 9836 3.5 53 0.40 2.6 18 3.7 5.5 2.1 2.6 0.70
Facility S SAU Gyp-U CS ESP SCR Forced Ox. Limestone None 1691 3.0 19 0.56 2.3 9.8 4.8 3.0 5.1 3.7 1.2
Facility S SAW Gyp-W  [CSESP SCR Forced Ox. |Limestone None 2176 3.4 14 0.43 26 20 8.1 3.4 3.0 29 1.0
Facility O OAU Gyp-U CS ESP SCR Forced Ox. Limestone None 456 1.6 3.2 0.30 2.9 17 3.1 0.90 1.6 2.3 0.60
Facility O OAW Gyp-W CS ESP SCR Forced Ox. Limestone None 11600 3.8 52 0.40 33 8.3 4.6 12 1.9 2.3 0.60
Sub-bituminous
Facility R RAU Gyp-U CS ESP None Forced Ox. [Limestone None 1270 2.1 67 0.50 2.1 5.8 5.0 2.6 8.2 3.2 1.0
Facility Q QAU Gyp-U HS ESP None Forced Ox. |Limestone Other 3187 1.8 56 0.30 1.1 8.7 12 2.4 5.8 28.2 23
Facility X XAU Gyp-U CS ESP SCR Forced Ox. Limestone None 472 1.1 10 0.12 1.4 3.4 1.2 0.87 0.14 16 0.28
Facility X XAW Gyp-W CS ESP SCR Forced Ox. Limestone None 398 1.0 14 0.31 0.77 2.5 3.1 0.51 0.50 9.8 0.60
Lignite

Duct Sorbent
Facility Ca CaAW Gyp-U CS ESP None Forced Ox. |Limestone inj. - Troana 4595 3.1 19 0.12 2.5 7.7 3.7 33 0.46 46 0.28

BML - below method limit (not detected); NA - not analyzed.
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Wet FGD
Sample Residue PM NOx Scrubber Scrubber
Facility ID type  Capture Control type additive SO, Control Hg (7470) Hg (7473)
mg/kg  mg/kg

Gypsum, unwashed and washed
Bituminous, Low S
[Facility U JuAu  |Gyp-U [CSESP  |SCR [Forced Ox. [Limestone [None 0.25| 0.09)|
Bituminous, Med S
Facility T TAU Gyp-U CS ESP None Forced Ox. Limestone None 0.80 0.51
Facility T TAW Gyp-W CS ESP None Forced Ox. [Limestone None 0.89 0.66

Duct Sorbent
Facility W WAU Gyp-U CS ESP SCR-BP Forced Ox. Limestone inj. - Troana 0.77 0.62

Duct Sorbent
Facility W WAW Gyp-W  [cS ESP SCR-BP  [Forced Ox. |Limestone inj. - Troana 0.79 NA
Facility Aa AaAU Gyp-U CSESP SCR Forced Ox. Limestone None 0.53 0.63
Facility Aa AaAW Gyp-W CS ESP SCR Forced Ox. Limestone None 0.37 0.49
Facility Da DaAW Gyp-W CS ESP SCR Forced Ox. Limestone None 0.45 0.43

SCR &
Facility P PAD Gyp-U CS ESP SNCR Forced Ox. [Limestone None 0.01 NA
BML - below method limit (not detected); NA - not analyzed.
Wet FGD
Sample Residue PM NOx Scrubber Scrubber
Facility ID type  Capture Control type additive SO, Control Hg (7470) Hg (7473)
mg/kg  mg/kg

Gypsum, unwashed and washed
Bituminous, High S
Facility N NAU Gyp-U CS ESP None Forced Ox. Limestone None u. o4 NA
Facility N NAW Gyp-W CS ESP None Forced Ox. Limestone None 0.05 NA
Facility S SAU Gyp-U CS ESP SCR Forced Ox. Limestone None 0.31 0.26
Facility S SAW Gyp-W CS ESP SCR Forced Ox. Limestone None 0.30 0.26
Facility O OAU Gyp-U CS ESP SCR Forced Ox. Limestone None 0.39 NA
Facility O OAW Gyp-W CS ESP SCR Forced Ox. Limestone None 0.04 NA
Sub-bituminous
Facility R RAU Gyp-U CS ESP None Forced Ox. Limestone None 0.26 0.23
Facility Q QAU Gyp-U HS ESP None Forced Ox. [Limestone Other 0.51 NA
Facility X XAU Gyp-U CS ESP SCR Forced Ox. Limestone None 1.2 2.0
Facility X XAW Gyp-W CS ESP SCR Forced Ox. Limestone None 0.82 0.94
Lignite

Duct Sorbent
Facility Ca CaAW Gyp-U CS ESP None Forced Ox. [Limestone inj. - Troana 1.8 3.1

BML - below method limit (not detected); NA - not analyzed.
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Wet FGD
Sample Residue PM NOx Scrubber Scrubber
Facility ID type Capture Control type additive SO, Control Al As Ba cd Cr Mo Pb Sb
mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg

Scrubber Sludge
Bituminous, Low S

Scrubber
Facility B DGD sludge CS ESP SCR-BP  |Natural Ox. |Mglime None 12700 10 76 0.60 1.5 21 14 11 8.8 1.8 3.5

Scrubber
Facility A CGD sludge FabricF. |SNCR-BP |Natural Ox. [Limestone None 7969 3.6 82 0.30 1.0 9.2 8.9 2.5 3.9 2.1 24

Scrubber
Facility B BGD sludge CS ESP SCR Natural Ox. (Mg lime None 198100 23 2426 1.5 42 343 27 13 7.8 2.9 12

Scrubber
Facility A AGD sludge FabricF. [SNCR Natural Ox.  [Limestone None 12700 7.3 147 0.40 3.4 12 19 4.8 9.4 3.0 3.7
Bituminous, Med S

Scrubber
Facility K KGD sludge CS ESP None Natural Ox. (Mg lime None 40300 41 243 0.8 13 49 26 26 13 4.2 4.6
BML - below method limit (not detected); NA - not analyzed.

Wet FGD
Sample Residue PM NOx Scrubber Scrubber
Facility ID type Capture Control type additive SO, Control Al As Ba cd Cr Mo Pb Sb
mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg

Mixed Fly Ash and Scrubber Sludge (as managed)
Bituminous, Low S

FA+SCS+
Facility B DCC lime CS ESP SCR-BP Natural Ox. Mg lime None 35100 16 370 0.8 6.4 53 8.6 9.7 4.7 2.0 0.8
Facility A Cccc FA+ScS FabricF. [SNCR-BP |Natural Ox. [Limestone None 106500 72 1065 0.7 40 119 11 55 5.7 23 2.5

FATSCS+
Facility B BCC lime CS ESP SCR Natural Ox. Mg lime None 29400 4.3 100 0.9 2.4 35 26 5.7 14 24 6.4
Facility A ACC FA+ScS FabricF. |SNCR Natural Ox. [Limestone None 114000 56 713 1.2 45 130 14 64 9.7 20 3.4
Bituminous, Med S

FA+SCS+
Facility K KCC lime CS ESP SCR Natural Ox. Mg lime None 30600 33 77 1.0 1.7 39 31 3.7 17 3.9 7.9

FA+SCS+
Facility M MAD lime CS ESP SCR-BP Inhibited Ox. |Limestone None 46500 44 232 1.6 20 54 22 68 6.0 2.0 4.2

FA+SCS+
Facility M MAS lime CS ESP SCR Inhibited Ox. [Limestone None 44900 42 262 1.4 22 53 18 95 9.6 3.9 33

BML - below method limit (not detected); NA - not analyzed.
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Wet FGD

Sample Residue PM NOx Scrubber Scrubber
Facility ID type  Capture Control type additive SO, Control Hg (7470) Hg (7473)
mg/kg  mg/kg
Scrubber Sludge
Bituminous, Low S
Scrubber
Facility B DGD sludge  |CSESP SCR-BP  |Natural Ox. |Mglime None 0.30 NA
Scrubber
Facility A CGD sludge FabricF. |SNCR-BP |Natural Ox. [Limestone None 0.43 NA
Scrubber
Facility B BGD sludge  |cSESP SCR Natural Ox.  |Mg lime None 0.61 NA
Scrubber
Facility A AGD sludge FabricF. |SNCR Natural Ox. |Limestone None 0.05 NA
Bituminous, Med S
Scrubber
Facility K KGD sludge  [cSESP None Natural Ox.  |Mg lime None 0.57 NA

BML - below method limit (not detected); NA - not analyzed.

Wet FGD
Sample Residue PM NOx Scrubber Scrubber
Facility ID type  Capture Control type additive SO, Control Hg (7470) Hg (7473)

mg/kg  mg/kg
Mixed Fly Ash and Scrubber Sludge (as managed)
Bituminous, Low S

FA+ScS+
Facility B DCC lime CS ESP SCR-BP  [Natural Ox. |Mglime None 0.20 NA
Facility A cce FA+ScS  |FabricF. [SNCR-BP [Natural Ox. [Limestone None 0.39 NA
FA+ScS+
Facility B BCC lime CS ESP SCR Natural Ox. [Mg lime None 0.41 NA
Facility A ACC FA+ScS  |FabricF. [SNCR Natural Ox. [Limestone None 0.51 NA
Bituminous, Med S
FA+ScS+
Facility K KCC lime CS ESP SCR Natural Ox. (Mg lime None 1.0 NA
FA+ScS+
Facility M MAD lime CS ESP SCR-BP Inhibited Ox. [Limestone None 0.23 NA
FA+ScS+
Facility M MAS lime CS ESP SCR Inhibited Ox. [Limestone None 0.36 NA

BML - below method limit (not detected); NA - not analyzed.




Wet FGD
Sample Residue PM NOx Scrubber Scrubber
Facility ID type Capture Control type additive SO, Control Al As Ba cd Co Cr Mo Pb Sb Se Tl
mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg
Mixed Fly Ash and Gypsum (as managed)
Bituminous, Low S
[Faciityu ~ uer  [Other  [csesp  [scr [Forced Ox.  [Limestone  [None | 13800 5.9] 525| 1.1] 11] 46 9.9| 6.4] 15| 2.6 0.98|
Filter Cake
Bituminous, Med S
Facility T TFC Other CS ESP None Forced Ox. Limestone None 41700 89 867 3.4 29 118 22 24 8.2 168 2.5
Facility W WEFC Other CS ESP SCR-BP Forced Ox. Limestone Duct Sorbent in 4530 8.1 40 0.92 10 15 7.5 13 2.0 215 0.62
Facility Da DaFC Other CS ESP SCR Forced Ox. Limestone None 36100 230 406 1.1 31 105 15 52 5.2 1800 0.47
Sub-bituminous
Facility X |XFC [other  [csesp  [scr Forced Ox. |Limestone  [None 22800 19 455 2.8 22 138 33 39 0.21 1127 16

BML - below method limit (not detected); NA - not analyzed.




Wet FGD
Sample Residue PM NOx Scrubber Scrubber
Facility ID type  Capture Control type additive SO, Control Hg (7470) Hg (7473)
mg/kg  mg/kg

Mixed Fly Ash and Gypsum (as managed)

Bituminous, Low S

|Faci|ity U |UGF |Other |CS ESP |SCR |Forced Ox. Limestone None 0403| 0405|
Filter Cake

Bituminous, Med S

Facility T TFC Other CS ESP None Forced Ox. Limestone None 27 8.6
Facility W WFC Other CS ESP SCR-BP Forced Ox. [Limestone Duct Sorbent in 9.2 10
Facility Da DaFC Other CS ESP SCR Forced Ox. Limestone None 37 34
Sub-bituminous

Facility X [XFC [Other  [csesp  [scr Forced Ox. |Limestone  [None 54 65

BML - below method limit (not detected); NA - not analyzed.



Appendix E
Total Content by XRF

Fly Ash without Hg Sorbent Injection

Fly Ash without and with Hg Sorbent Injection Pairs

Spray Dryer with Fabric Filter (Fly Ash and FGD collected together)
Gypsum, Unwashed and Washed

Scrubber Sludge

Mixed Fly Ash and Scrubber Sludge (as managed)

Mixed Fly Ash and Gypsum (as managed)

Filter Cake

E-1

E-7
E-10
E-13
E-19
E-22
E-25
E-25



Hg

Sample PM NOx Sorbent SO,
Facility ID Capture  Control Injection Control Al Ba C Ca Cl
mg/kg  mg/kg  mg/kg  mg/kg  mg/kg
Fly Ash without Hg Sorbent Injection
Bituminous, Low S
Brayton Point BPB CS ESP None None None 150450 755 22500 46870 184
Facility F FFA CS ESP None None None 150450 1145 41500 6004 191
Facility B DFA CS ESP SCR-BP None None 109975 1223 14600 31075 295
Facility A CFA Fabric F. SNCR-BP None None 128125 1240 36900 36050 6103
Facility B BFA CS ESP SCR None None 108433 1280 19300 34050 440
Facility U UFA CS ESP SCR None None 114850 2130 1100 33450 295
Salem Harbor SHB CS ESP SNCR None None 120250 812 78000 12265 660
Facility G GFA CS ESP SNCR None None 152717 1031 27400 5848 262
Facility A AFA Fabric F. SNCR None None 114425 956 91500 35275 5418
Facility L LAB HS ESP SOFA None None 131900 652 122800 3283 389
HS ESP w/
Facility C GAB COHPAC None None None 122475 2058 180000 20700 373
Bituminous, Med S
Facility T TFA CS ESP None None None 134025 1010 83300 14293 344
Facility E EFB CS ESP SCR-BP None None 150775 1630 25200 6523 132
Duct
Sorbent inj.
Facility W WFA CS ESP SCR-BP None - Troana 140950 741 67400 9692 2120
Facility E EFA CS ESP SCR None None 136300 1285 76900 6948 758
Facility K KFA CS ESP None None None 124250 582 2100 14150 BML
Facility Aa AaFA CS ESP SCR None None 138800 1111 84200 5682 1538
Facility Aa AaFB CS ESP SCR None None 133600 1061 134300 6032 391
Facility Da DaFA CS ESP SCR None None 148400 1366 55600 6835 163
Facility Aa AaFC HS ESP SCR None None 156300 1281 42200 14265 611

BML - below method limit (not detected)
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Hg

Sample PM NOx Sorbent SO,
Facility ID Capture  Control Injection Control F Fe K Mg Na P
mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg
Fly Ash without Hg Sorbent Injection
Bituminous, Low S
Brayton Point BPB CS ESP None None None BML 32185 12930 7339 9736 1513
Facility F FFA CS ESP None None None BML 32653 21750 5061 1898 517
Facility B DFA CS ESP SCR-BP None None BML 111000 18700 7735 6625 1703
Facility A CFA Fabric F. SNCR-BP None None BML 52025 20950 9313 3617 1373
Facility B BFA CS ESP SCR None None BML 107817 19600 8688 7242 2353
Facility U UFA CS ESP SCR None None BML 98965 26605 6392 7592 2725
Salem Harbor SHB CS ESP SNCR None None BML 42935 10415 7330 5299 940
Facility G GFA CS ESP SNCR None None BML 29617 21213 4919 1849 451
Facility A AFA Fabric F. SNCR None None BML 46750 16700 8345 3753 1223
Facility L LAB HS ESP SOFA None None BML 23850 22650 5838 1335 262
HS ESP w/
Facility C GAB COHPAC None None None BML 74325 18400 6790 3743 3028
Bituminous, Med S
Facility T TFA CS ESP None None None BML 98210 16053 4085 4030 1416
Facility E EFB CS ESP SCR-BP None None BML 41425 24700 6248 2418 731
Duct
Sorbent inj.
Facility W WFA CS ESP SCR-BP None - Troana BML 47520 17138 3545 18945 880
Facility E EFA CS ESP SCR None None BML 56200 21500 4948 2348 768
Facility K KFA CS ESP None None None BML 161175 15800 5898 2588 1083
Facility Aa AaFA CS ESP SCR None None BML 29870 17020 3655 2193 532
Facility Aa AaFB CS ESP SCR None None BML 29840 15425 3579 1802 613
Facility Da DaFA CS ESP SCR None None BML 31995 21625 4657 2379 1074
Facility Aa AaFC HS ESP SCR None None BML 62910 19570 4733 4811 723

BML - below method limit (not detected)
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Hg

Sample PM NOx Sorbent SO,
Facility ID Capture  Control Injection Control Si Sr Ti
mg/kg  mg/kg  mg/kg  mg/kg
Fly Ash without Hg Sorbent Injection
Bituminous, Low S
Brayton Point BPB CS ESP None None None 3985 239350 850 6683
Facility F FFA CS ESP None None None 2938 259550 594 8454
Facility B DFA CS ESP SCR-BP None None 5115 211650 991 5700
Facility A CFA Fabric F. SNCR-BP None None 3935 230825 1158 9308
Facility B BFA CS ESP SCR None None 7110 212333 1112 BML
Facility U UFA CS ESP SCR None None 9071 231650 344 6306
Salem Harbor SHB CS ESP SNCR None None 4345 262500 384 3673
Facility G GFA CS ESP SNCR None None 2093 267717 563 8571
Facility A AFA Fabric F. SNCR None None 3638 195000 922 7665
Facility L LAB HS ESP SOFA None None 2275 247525 322 8820
HS ESP w/
Facility C GAB COHPAC None None None 5435 174825 1433 7093
Bituminous, Med S
Facility T TFA CS ESP None None None 7512 202850 824 6814
Facility E EFB CS ESP SCR-BP None None 2265 254625 672 9060
Duct
Sorbent inj.
Facility W WFA CS ESP SCR-BP None - Troana 9403 228450 582 7788
Facility E EFA CS ESP SCR None None 7743 236375 695 8550
Facility K KFA CS ESP None None None 2980 213325 512 6208
Facility Aa AaFA CS ESP SCR None None 2720 255450 661 8008
Facility Aa AaFB CS ESP SCR None None 4602 235900 691 7782
Facility Da DaFA CS ESP SCR None None 2134 254850 639 8470
Facility Aa AaFC HS ESP SCR None None 3654 226900 1063 7587

BML - below method limit (not detected)




Hg

Sample PM NOx Sorbent SO,
Facility ID Capture  Control Injection Control Al Ba C Ca Cl
mg/kg  mg/kg  mg/kg  mg/kg  mg/kg

Fly Ash without Hg Sorbent Injection
Bituminous, High S
Facility E EFC CS ESP SCR None None 151650 826 22000 7298 361
Facility H HFA CS ESP SCR None None 111250 570 9400 44645 159
Sub-Bituminous & Sub-bit/bituminous mix
Pleasant Prairie PPB CS ESP None None None 119450 4579 2500 138400 57
St. Clair JAB CS ESP None None None 106475 12000 1600 120875 156
Facility Z ZFA CS ESP None None None 100750 7342 10000 184900 160
Facility Z ZFB CS ESP None None None 104800 7219 10600 174450 194
Facility X XFA CS ESP SCR None None 107800 5864 1600 163025 173
Lignite

Duct

Sorbent inj.
Facility Ca CaFA CS ESP None None - Troana 132500 1151 5900 62875 236

BML - below method limit (not detected)




Hg

Sample PM NOXx Sorbent SO;
Facility ID Capture  Control Injection Control F Fe K Mg Na P
mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg

Fly Ash without Hg Sorbent Injection
Bituminous, High S
Facility E EFC CS ESP SCR None None BML 49800 19675 4970 1945 777
Facility H HFA CS ESP SCR None None BML 132750 19810 4816 2378 1574
Sub-Bituminous & Sub-bit/bituminous mix
Pleasant Prairie PPB CS ESP None None None BML 29530 2626 37265 30965 5301
St. Clair JAB CS ESP None None None BML 53625 7968 30725 46675 2195
Facility Z ZFA CS ESP None None None 1195 39180 4084 32375 20595 6548
Facility Z ZFB CS ESP None None None 1322 40395 4394 31125 21240 7656
Facility X XFA CS ESP SCR None None BML 38250 4837 23903 16330 5092
Lignite

Duct

Sorbent inj.
Facility Ca CaFA CS ESP None None - Troana BML 31290 7698 8318 1800 533

BML - below method limit (not detected)




Hg

Sample PM NOXx Sorbent SO;
Facility ID Capture  Control Injection Control S Si Sr Ti
mg/kg mg/kg mg/kg mg/kg

Fly Ash without Hg Sorbent Injection
Bituminous, High S
Facility E EFC CS ESP SCR None None 2555 254200 554 9328
Facility H HFA CS ESP SCR None None 6259 200950 365 22879
Sub-Bituminous & Sub-bit/bituminous mix
Pleasant Prairie PPB CS ESP None None None 7528 177100 2570 6197
St. Clair JAB CS ESP None None None 12275 166875 5665 7610
Facility Z ZFA CS ESP None None None 8838 155650 2949 8655
Facility Z ZFB CS ESP None None None 8522 157850 3050 8239
Facility X XFA CS ESP SCR None None 13660 174075 3209 8389
Lignite

Duct

Sorbent inj.
Facility Ca CaFA CS ESP None None - Troana 2050 262600 733 8167

BML - below method limit (not detected)

E-6




Hg

Sample PM NOx Sorbent SO,
Facility ID Capture  Control Injection Control Al Ba C Ca cl
mg/kg  mg/kg  mg/kg  mg/kg  mg/kg
Fly Ash without and with Hg Sorbent Injection Pairs
Bituminous, Low S (Class F)
Brayton Point BPB CS ESP None None None 150450 755 22500 46870 184
Brayton Point BPT CS ESP None PAC None 133250 736 130000 13390 2387
Salem Harbor SHB CS ESP SNCR None None 120250 812 78000 12265 660
Salem Harbor SHT CS ESP SNCR PAC None 97595 827 112000 7480 1007
Facility L LAB HS ESP SOFA None None 131900 652 122800 3283 389
Facility L LAT HS ESP SOFA Br-PAC None 131450 632 123800 3185 339
HS ESP w/
Facility C GAB COHPAC None None None 122475 2058 180000 20700 373
HS ESP w/
Facility C GAT COHPAC None PAC None 89600 1475 362600 19150 790
Sub-bituminous (Class C)
Pleasant Prairie PPB CS ESP None None None 119450 4579 2500 138400 57
Pleasant Prairie PPT CSESP None PAC None 120800 4261 36000 124600 233
St. Clair JAB CS ESP None None None 106475 12000 1600 120875 156
St. Clair JAT CS ESP None Br-PAC None 102125 10075 26500 114150 414
Lignite (Class C)
CSESPw/  |[Ammonia
Facility Ba BaFA COHPAC Inj. PAC None 105650 2973 5700 105950 310

BML - below method limit (not detected)




Hg

Sample PM NOx Sorbent SO,
Facility ID Capture  Control Injection Control F Fe K Mg Na
mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg

Fly Ash without and with Hg Sorbent Injection Pairs
Bituminous, Low S (Class F)
Brayton Point BPB CS ESP None None None BML 32185 12930 7339 9736 1513
Brayton Point BPT CS ESP None PAC None 39730 15895 9259 5553 4309 337
Salem Harbor SHB CS ESP SNCR None None BML 42935 10415 7330 5299 940
Salem Harbor SHT CS ESP SNCR PAC None BML 32835 8519 4011 6266 668
Facility L LAB HS ESP SOFA None None BML 23850 22650 5838 1335 262
Facility L LAT HS ESP SOFA Br-PAC None BML 23625 22225 5795 1320 240

HS ESP w/
Facility C GAB COHPAC None None None BML 74325 18400 6790 3743 3028

HS ESP w/
Facility C GAT COHPAC None PAC None BML 59025 13400 5863 2865 1840
Sub-bituminous (Class C)
Pleasant Prairie PPB CS ESP None None None BML 29530 2626 37265 30965 5301
Pleasant Prairie PPT CS ESP None PAC None BML 29300 3283 31605 24615 4974
St. Clair JAB CS ESP None None None BML 53625 7968 30725 46675 2195
St. Clair JAT CS ESP None Br-PAC None BML 55550 7723 29325 41075 1705
Lignite (Class C)

CSESPw/  |[Ammonia
Facility Ba BaFA COHPAC Inj. PAC None BML 33890 8963 17175 9310 1450

BML - below method limit (not detected)




Hg

Sample PM NOx Sorbent SO,
Facility ID Capture  Control Injection Control S Si Sr
mg/kg  mg/kg  mg/kg  mg/kg

Fly Ash without and with Hg Sorbent Injection Pairs
Bituminous, Low S (Class F)
Brayton Point BPB CS ESP None None None 3985 239350 850 6683
Brayton Point BPT CS ESP None PAC None 6444 223450 520 6073
Salem Harbor SHB CS ESP SNCR None None 4345 262500 384 3673
Salem Harbor SHT CS ESP SNCR PAC None 5183 279450 300 3493
Facility L LAB HS ESP SOFA None None 2275 247525 322 8820
Facility L LAT HS ESP SOFA Br-PAC None 2245 248000 322 8775

HS ESP w/
Facility C GAB COHPAC None None None 5435 174825 1433 7093

HS ESP w/
Facility C GAT COHPAC  [None PAC None 11825 129150 1040 5740
Sub-bituminous (Class C)
Pleasant Prairie PPB CS ESP None None None 7528 177100 2570 6197
Pleasant Prairie PPT CS ESP None PAC None 12155 172750 2382 6011
St. Clair JAB CS ESP None None None 12275 166875 5665 7610
St. Clair JAT CSESP None Br-PAC None 10300 170875 5205 7178
Lignite (Class C)

CSESPw/  |[Ammonia
Facility Ba BaFA COHPAC  [Inj. PAC None 4717| 239050 2533 6651

BML - below method limit (not detected)




Hg
Sample PM NOXx Sorbent SO,
Facility ID Capture  Control Injection Control Al Ba C Ca Cl

mg/kg mg/kg mg/kg mg/kg mg/kg

Spray dryer with Fabric Filter (fly ash and FGD collected together)
Sub-bituminous

Facility V VSD Fabric F. SCR None None 57035 5705 4500 255050 836

Facility Y YSD Fabric F. SCR None None 57588 4150 42500 252800 16403
BML - below method limit (not detected)




Hg

Sample PM NOXx Sorbent SO;
Facility ID Capture  Control Injection Control F Fe K Mg Na P
mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg
Spray dryer with Fabric Filter (fly ash and FGD collected together)
Sub-bituminous
Facility V VSD Fabric F. SCR None None BML 30975 2531 21885 9440 3545
Facility Y YSD Fabric F. SCR None None BML 27000 4214 16300 31635 3122

BML - below method limit (not detected)




Hg

Sample PM NOXx Sorbent SO;
Facility ID Capture  Control Injection Control S Si Sr Ti
mg/kg  mg/kg  mg/kg  mg/kg
Spray dryer with Fabric Filter (fly ash and FGD collected together)
Sub-bituminous
Facility V VSD Fabric F. SCR None None 83575 91475 3083 6068
Facility Y YSD Fabric F. SCR None None 52880 97668 1949 5571

BML - below method limit (not detected)




Wet FGD
Sample Residue PM NOx Scrubber Scrubber
Facility ID type Capture Control type additive SO, Control Al Ba C Ca Cl
mg/kg  mg/kg  mg/kg  mg/kg  mg/kg
Gypsum, unwashed and washed
Bituminous, Low S
[Facilityu  [uAU  [Gyp-U  [cSESP  [SCR |Forced Ox. [Limestone [None 3532]  BML 26900| 309650 414
Bituminous, Med S
Facility T TAU Gyp-U CS ESP None Forced Ox. Limestone None 1661 BML 16400 292950 4816
Facility T TAW Gyp-W CS ESP None Forced Ox. Limestone None 2099 BML 43000 288750 415
Duct Sorbent
Facility W WAU Gyp-U CS ESP SCR-BP Forced Ox. [Limestone inj. - Troana 388 BML 23400 303800 2805
Duct Sorbent
Facility W WAW Gyp-W CS ESP SCR-BP Forced Ox. Limestone inj. - Troana 404 BML 31600 298525 275
Facility Aa AaAU Gyp-U CS ESP SCR Forced Ox. [Limestone None 1705 BML 49500 281400 1270
Facility Aa AaAW Gyp-W CS ESP SCR Forced Ox. [Limestone None 1140 BML 27400 288700 571
Facility Da DaAW Gyp-W CS ESP SCR Forced Ox. |Limestone None 1281 BML 12800 296900 215
SCR &
Facility P PAD Gyp-U CS ESP SNCR Forced Ox. [Limestone None 1470 BML 1200 306650 368

BML - below method limit (not detected)



Wet FGD
Sample Residue PM NOx Scrubber Scrubber
Facility ID type Capture Control type additive SO, Control F Fe K Mg Na P
mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg
Gypsum, unwashed and washed
Bituminous, Low S
[Facilityu  [uAU  [Gyp-U  [cSESP  [SCR |Forced Ox. [Limestone [None BML 5881 906| 4553 204 78|
Bituminous, Med S
Facility T TAU Gyp-U CS ESP None Forced Ox. Limestone None BML 1610 440 1927 897 88
Facility T TAW Gyp-W CS ESP None Forced Ox. Limestone None BML 1830 401 399 197 100
Duct Sorbent
Facility W WAU Gyp-U CS ESP SCR-BP Forced Ox. Limestone inj. - Troana 1273 1004 128 1710 167 42
Duct Sorbent
Facility W WAW Gyp-W CS ESP SCR-BP Forced Ox. Limestone inj. - Troana 956 887 138 989 BML 40
Facility Aa AaAU Gyp-U CS ESP SCR Forced Ox. [Limestone None 1124 1252 391 370 593 38
Facility Aa AaAW Gyp-W CS ESP SCR Forced Ox. [Limestone None 1386 1160 352 304 775 37
Facility Da DaAW Gyp-W CS ESP SCR Forced Ox. Limestone None 1040 1287 380 512 241 38
SCR &
Facility P PAD Gyp-U CS ESP SNCR Forced Ox. |Limestone None 925 1783 376 264 BML 199

BML - below method limit (not detected)



Wet FGD
Sample Residue PM NOx Scrubber Scrubber
Facility ID type Capture Control type additive SO, Control S Si Sr Ti

mg/kg mg/kg mg/kg mg/kg

Gypsum, unwashed and washed
Bituminous, Low S
[Facilityu  [uAU  [Gyp-U  [cSESP  [SCR |Forced Ox. [Limestone [None | 198200] 9024 359| 281|

Bituminous, Med S

Facility T TAU Gyp-U CS ESP None Forced Ox. Limestone None 219725 4173 397 BML

Facility T TAW Gyp-W CS ESP None Forced Ox. Limestone None 213675 4882 382 129
Duct Sorbent

Facility W WAU Gyp-U CS ESP SCR-BP Forced Ox. Limestone inj. - Troana 216000 1138 145 BML
Duct Sorbent

Facility W WAW Gyp-W CS ESP SCR-BP Forced Ox. Limestone inj. - Troana 217700 1061 133 BML

Facility Aa AaAU Gyp-U CS ESP SCR Forced Ox. [Limestone None 216500 3054 146 BML

Facility Aa AaAW Gyp-W CS ESP SCR Forced Ox. [Limestone None 222400 2427 144 BML

Facility Da DaAW Gyp-W CS ESP SCR Forced Ox. Limestone None 223550 3105 148 BML

SCR &
Facility P PAD Gyp-U CS ESP SNCR Forced Ox. |Limestone None 222600 2821 122 BML

BML - below method limit (not detected)



Wet FGD

Sample Residue PM NOx Scrubber Scrubber
Facility ID type Capture Control type additive SO, Control Al Ba C Ca Cl
mg/kg mg/kg mg/kg mg/kg mg/kg
Gypsum, unwashed and washed
Bituminous, High S
Facility N NAU Gyp-U CS ESP None Forced Ox. Limestone None 729 BML 5500 309050 1639
Facility N NAW Gyp-W CS ESP None Forced Ox. |Limestone None 672 BML 5100 306350 284
Facility S SAU Gyp-U CS ESP SCR Forced Ox. [Limestone None 2976| BML 19900 290200 2506
Facility S SAW Gyp-W CS ESP SCR Forced Ox. |Limestone None 3228 BML 12100 292500 257
Facility O OAU Gyp-U CS ESP SCR Forced Ox. Limestone None 1419 227 29300 299000 869
Facility O OAW Gyp-W CS ESP SCR Forced Ox. |Limestone None 1133 BML 23500 301100 222
Sub-bituminous
Facility R RAU Gyp-U CS ESP None Forced Ox. [Limestone None 1862 BML 29800 293200 272
Facility Q QAU Gyp-U HS ESP None Forced Ox. Limestone Other 4623 BML 9100 305800 1205
Facility X XAU Gyp-U CS ESP SCR Forced Ox. |Limestone None 1002 BML 36500 278900 1341
Facility X XAW Gyp-W CS ESP SCR Forced Ox. Limestone None 449 BML 23400 293800 174
Lignite
Duct Sorbent
Facility Ca CaAW Gyp-U CS ESP None Forced Ox. [Limestone inj. - Troana 3933 BML 16400 291550 1255

BML - below method limit (not detected)




Wet FGD
Sample Residue PM NOx Scrubber Scrubber
Facility ID type Capture Control type additive SO, Control F Fe K Mg Na P
mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg
Gypsum, unwashed and washed
Bituminous, High S
Facility N NAU Gyp-U CS ESP None Forced Ox. [Limestone None BML 1690 BML 201 178 389
Facility N NAW Gyp-W CS ESP None Forced Ox. Limestone None BML 1583 BML 58 BML 367
Facility S SAU Gyp-U CS ESP SCR Forced Ox. Limestone None BML 1916 706 3390 558 88
Facility S SAW Gyp-W CS ESP SCR Forced Ox. |Limestone None BML 2025 710 1998 220 101
Facility O OAU Gyp-U CS ESP SCR Forced Ox. [Limestone None BML 2202 380 1601 138 BML
Facility O OAW Gyp-W CS ESP SCR Forced Ox. |Limestone None BML 2114 320 1219 BML BML
Sub-bituminous
Facility R RAU Gyp-U CS ESP None Forced Ox. Limestone None BML 1393 453 1411 174 67
Facility Q QAU Gyp-U HS ESP None Forced Ox. Limestone Other 3775 1679 468 7054 1093 366
Facility X XAU Gyp-U CS ESP SCR Forced Ox. |Limestone None 1724 1257 326 5861 520 65
Facility X XAW Gyp-W CS ESP SCR Forced Ox. [Limestone None BML 747 122 1164 BML 40
Lignite
Duct Sorbent
Facility Ca CaAW Gyp-U CS ESP None Forced Ox. [Limestone inj. - Troana 1365 1667 370 4134 565 50

BML - below method limit (not detected)




Wet FGD
Sample Residue PM NOx Scrubber Scrubber
Facility ID type Capture Control type additive SO, Control S Si Sr Ti
mg/kg  mg/kg  mg/kg  mg/kg
Gypsum, unwashed and washed
Bituminous, High S
Facility N NAU Gyp-U CS ESP None Forced Ox. [Limestone None 219100 3641 281 BML
Facility N NAW Gyp-W CS ESP None Forced Ox. [Limestone None 222000 3190 289 BML
Facility S SAU Gyp-U CS ESP SCR Forced Ox. [Limestone None 213600 10095 331 184
Facility S SAW Gyp-W CS ESP SCR Forced Ox. [Limestone None 215800 11705 331 232
Facility O OAU Gyp-U CS ESP SCR Forced Ox. [Limestone None 212900 4698 534 BML
Facility O OAW Gyp-W CS ESP SCR Forced Ox. |Limestone None 215200 4415 527 BML
Sub-bituminous
Facility R RAU Gyp-U CS ESP None Forced Ox. |Limestone None 215800 5473 147 BML
Facility Q QAU Gyp-U HS ESP None Forced Ox. Limestone Other 201800 13035 177 207
Facility X XAU Gyp-U CS ESP SCR Forced Ox. |Limestone None 218800 4146 151 BML
Facility X XAW Gyp-W CS ESP SCR Forced Ox. Limestone None 223450 1451 160 BML
Lignite
Duct Sorbent
Facility Ca CaAW Gyp-U CS ESP None Forced Ox. [Limestone inj. - Troana 214900 8342 222 158

BML - below method limit (not detected)




Wet FGD
Sample Residue PM NOx Scrubber Scrubber
Facility ID type Capture Control type additive SO, Control Al Ba C Ca Cl
mg/kg  mg/kg  mg/kg  mg/kg  mg/kg
Scrubber Sludge
Bituminous, Low S
Scrubber
Facility B DGD sludge CS ESP SCR-BP Natural Ox. |Mg lime None 2168 BML 4400 309600 4580
Scrubber
Facility A CGD sludge FabricF. |SNCR-BP [Natural Ox. |Limestone None 4392 150 3900 272867 6320
Scrubber
Facility B BGD sludge CS ESP SCR Natural Ox. |Mg lime None 19075 382 11500 263450 3665
Scrubber
Facility A AGD sludge Fabric F. |SNCR Natural Ox. |Limestone None 7380 161 4500 278500 7253
Bituminous, Med S
Scrubber
Facility K KGD sludge CS ESP None Natural Ox. (Mg lime None 24950 213 7100 249725 1900

BML - below method limit (not detected)




Wet FGD
Sample Residue PM NOx Scrubber Scrubber
Facility ID type Capture Control type additive SO, Control F Fe K Mg Na P

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Scrubber Sludge
Bituminous, Low S

Scrubber

Facility B DGD sludge CS ESP SCR-BP  [Natural Ox. [Mg lime None BML 3070 486 14475 522 79
Scrubber

Facility A CGD sludge FabricF. |SNCR-BP [Natural Ox. [Limestone None 2687 2803 1147 2943 711 307
Scrubber

Facility B BGD sludge CS ESP SCR Natural Ox. (Mg lime None BML 32450 4008 10625 1605 355
Scrubber

Facility A AGD sludge FabricF. |SNCR Natural Ox. [Limestone None 1670 5348 2093| 8400 1335 397

Bituminous, Med S
Scrubber

Facility K KGD sludge CS ESP None Natural Ox. (Mg lime None BML 36100 3745 11575 62 238

BML - below method limit (not detected)




Wet FGD
Sample Residue PM NOx Scrubber Scrubber
Facility ID type Capture Control type additive SO, Control S Si Sr Ti
mg/kg mg/kg mg/kg mg/kg
Scrubber Sludge
Bituminous, Low S
Scrubber
Facility B DGD sludge CS ESP SCR-BP Natural Ox. |Mg lime None 168475 6533 168 191
Scrubber
Facility A CGD sludge FabricF. |SNCR-BP [Natural Ox. [Limestone None 138650 9775 136 202
Scrubber
Facility B BGD sludge CS ESP SCR Natural Ox. |Mg lime None 135375 38350 405 1485
Scrubber
Facility A AGD sludge FabricF. |SNCR Natural Ox. [Limestone None 144250 20700 215 301
Bituminous, Med S
Scrubber
Facility K KGD sludge CS ESP None Natural Ox. (Mg lime None 178225 32100 324 1558

BML - below method limit (not detected)




Wet FGD
Sample Residue PM NOx Scrubber Scrubber
Facility ID type Capture Control type additive SO, Control Al Ba C Ca Cl
mg/kg mg/kg mg/kg mg/kg mg/kg
Mixed Fly Ash and Scrubber Sludge (as managed)
Bituminous, Low S
FA+5cS+
Facility B DCC lime CS ESP SCR-BP Natural Ox. |Mg lime None 15825 311 10800 286100 5853
Facility A ccc FA+ScS FabricF. |SNCR-BP |Natural Ox. |Limestone None 105550 1088 39800 74300 5138
FA+5cS+
Facility B BCC lime CS ESP SCR Natural Ox. Mg lime None 4263 136 6600 281425 3815
Facility A ACC FA+ScS Fabric F. [SNCR Natural Ox. |Limestone None 97525 917 93000 78125 7428
Bituminous, Med S
FA+5cS+
Facility K KCC lime CS ESP SCR Natural Ox. Mg lime None 1628 BML 8500 291100 812
FA+5cS+
Facility M MAD lime CS ESP SCR-BP Inhibited Ox. [Limestone None 31470 266 13000 206600 2088
FA+5cS+
Facility M MAS lime CS ESP SCR Inhibited Ox. [Limestone None 29445 331 7500 234550 703

BML - below method limit (not detected)




Wet FGD
Sample Residue PM NOx Scrubber Scrubber
Facility ID type Capture Control type additive SO, Control F Fe K Mg Na P
mg/kg  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg
Mixed Fly Ash and Scrubber Sludge (as managed)
Bituminous, Low S
FA+5cS+
Facility B DCC lime CS ESP SCR-BP Natural Ox. |Mg lime None BML 16100 3655 14500 1400 257
Facility A ccc FA+ScS FabricF. |SNCR-BP |Natural Ox. |Limestone None BML 44225 17225 8590 3348 1110
FA+5cS+
Facility B BCC lime CS ESP SCR Natural Ox. Mg lime None BML 9193 908 9943 656 96
Facility A ACC FA+ScS FabricF. [SNCR Natural Ox. [Limestone None BML 42575 15275 9773 3260 1010
Bituminous, Med S
FA+5cS+
Facility K KCC lime CS ESP SCR Natural Ox. Mg lime None BML 938 165 9933 355 BML
FA+5cS+
Facility M MAD lime CS ESP SCR-BP Inhibited Ox. [Limestone None BML 67660 7495 4829 944 271
FA+5cS+
Facility M MAS lime CS ESP SCR Inhibited Ox. [Limestone None BML 63570 6954 2953 4344 202

BML - below method limit (not detected)




Wet FGD
Sample Residue PM NOx Scrubber Scrubber
Facility ID type Capture Control type additive SO, Control S Si
mg/kg  mg/kg  mg/kg  mg/kg

Mixed Fly Ash and Scrubber Sludge (as managed)
Bituminous, Low S

FA+S5cS+
Facility B DCC lime CS ESP SCR-BP Natural Ox. Mg lime None 148425 30975 378 1255
Facility A ccc FA+ScS FabricF. |SNCR-BP |Natural Ox. |Limestone None 32725 185575 999 7875

FA+5cS+
Facility B BCC lime CS ESP SCR Natural Ox. Mg lime None 157725 10053 196 380
Facility A ACC FA+ScS Fabric F. [SNCR Natural Ox. |Limestone None 36975 162950 763 6683
Bituminous, Med S

FA+5cS+
Facility K KCC lime CS ESP SCR Natural Ox. Mg lime None 220400 5075 231 79

FA+5cS+
Facility M MAD lime CS ESP SCR-BP Inhibited Ox. [Limestone None 149650 66170 314 2303

FA+5cS+
Facility M MAS lime CS ESP SCR Inhibited Ox. [Limestone None 180050 61595 330 2504

BML - below method limit (not detected)




Wet FGD
Sample Residue PM NOx Scrubber Scrubber
Facility ID type Capture Control type additive SO, Control Al Ba C Ca Cl
mg/kg  mg/kg  mg/kg  mg/kg  mg/kg
Mixed Fly Ash and Gypsum (as managed)
Bituminous, Low S
[Facilityu  [ugF  [Other  [csEsp  [scR [Forced Ox.  [Limestone  [None 12408| 738]  43200]  351700] 701
Filter Cake
Bituminous, Med S
Facility T TFC Other CS ESP None Forced Ox. |Limestone None 46055 884 34600 157600 16348
Duct Sorbent
Facility W WFC Other CS ESP SCR-BP  [Forced Ox. |Limestone inj. - Troana 5870 BML 100500 306367 3877
Facility Da DaFC Other CS ESP SCR Forced Ox. [Limestone None 44050 581 24100 198150 8267
Sub-bituminous
[Facility X ~ |xFC [Other  JcsEsp  [scr Forced Ox. |Limestone  |None 28450 649 71300| 109400 9140

BML - below method limit (not detected)



Wet FGD
Sample Residue PM NOx Scrubber Scrubber
Facility ID type Capture Control type additive SO, Control F Fe K Mg Na P

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Mixed Fly Ash and Gypsum (as managed)
Bituminous, Low S

[Facilityu  [ugF  [Other  [csEsp  [scR [Forced Ox.  [Limestone  [None [ BvML | 99953 2385| 9883| 572| 545|
Filter Cake
Bituminous, Med S
Facility T TFC Other CS ESP None Forced Ox. Limestone None 10157 55558 12138 13168 2355 1769
Duct Sorbent
Facility W WFC Other CS ESP SCR-BP  [Forced Ox. |Limestone inj. - Troana 15923 16083 2808 17620 454 629
Facility Da DaFC Other CS ESP SCR Forced Ox. Limestone None 47385 42215 13070 13205 1308 1572

Sub-bituminous
[Facility X ~ |xFC [Other  JcsEsp  [scr Forced Ox. |Limestone  |None 27640 68475 11720 77370 3387 2181
BML - below method limit (not detected)




Wet FGD
Sample Residue PM NOx Scrubber Scrubber
Facility ID type Capture Control type additive SO, Control S Si
mg/kg  mg/kg  mg/kg  mg/kg
Mixed Fly Ash and Gypsum (as managed)
Bituminous, Low S
[Facilityu  [ugF  [Other  [csEsp  [scR [Forced Ox.  [Limestone  [None 85198|  27858] 540 1328|
Filter Cake
Bituminous, Med S
Facility T TFC Other CS ESP None Forced Ox. [Limestone None 109750 101175 358 2008
Duct Sorbent
Facility W WFC Other CS ESP SCR-BP  [Forced Ox. [Limestone inj. - Troana 135167 18807 164 429
Facility Da DaFC Other CS ESP SCR Forced Ox. [Limestone None 93545 98485 202 3051
Sub-bituminous
[Facility X ~ |xFC [Other  JcsEsp  [scr Forced Ox. |Limestone  |None 96640 80960 156 2088

BML - below method limit (not detected)



Appendix F
Leaching Test Results
SR0O02 - Concentration as a Function of pH and

SR0O03 - Concentration as a Function of LS
Elements Reported: Al, As, B, Ba, Cd, Co, Cr, Hg, Mo, Pb, Sb, Se, and Tl

Brayton Point - Fly ash without and with ACI (Samples BPB, BPT) F-1
Pleasant Prairie - Fly ash without and with ACI (Samples PPB, PPT) F-5
Salem Harbor - Fly ash without and with ACI (Samples SHB, SHT) F-9
Facility A - Fly ash; Scrubber sludge; Mixed fly ash and scrubber sludge — SNCR-BP

(Samples CFA, CGD, CCC) F-13
Facility A - Fly ash; Scrubber sludge; Mixed fly ash and scrubber sludge — SNCR on

(Samples AFA, AGD, ACC) F-17
Facility B - Fly ash; Scrubber sludge; Mixed fly ash and scrubber sludge —

SCR-BP (Samples BFA, BGD, BCC) F-21
Facility B - Fly ash; Scrubber sludge; Mixed fly ash and scrubber sludge —

SCR on (Samples DFA, DGD, DCC) F-25
Facility C - Fly ash without and with ACI (Samples GAB, GAT) F-29
Facility E - Fly ash, SCR on and SCR-BP (Samples EFA, EFC, EFB) F-33
Facilities F, G, and H - Fly ash (Samples FFA, GFA, HFA) F-37
Facility J - Fly ash without and with Br-ACl (Samples JAB, JAT) F-41

Facility K - Fly ash; Scrubber sludge; Mixed fly ash and scrubber sludge
(Samples KFA, KGD, KCC) F-45

Facility L - Fly ash without and with Br-ACl (Samples LAB, LAT) F-49

Facility M - Mixed fly ash and scrubber sludge, SCR-BP and SCR on
(Samples MAD, MAS) F-53

Facility N - Gypsum, unwashed and washed (Samples NAU, NAW) F-57



Facility O - Gypsum, unwashed and washed (Samples OAU, OAW)
Facilities P, Q, and R - Gypsum, unwashed (Samples PAD, QAU, RAU)
Facility S - Gypsum, unwashed and washed (Samples SAU, SAW)

Facility T - Fly ash; Gypsum, unwashed and washed; Filter Cake (Samples
TFA, TAU, TAW, TFC)

Facility U - Fly ash; Gypsum, unwashed; Mixed fly ash and gypsum
(Samples UFA, UAU, UGF)

Facility V - Spray dryer ash (Sample VSD)

Facility W - Fly ash; Gypsum, unwashed and washed; Filter Cake (Samples
WFA, WAU, WAW, WFC)

Facility X - Fly ash; Gypsum, unwashed and washed; Filter Cake (Samples
XFA, XAU, XAW, XFC)

Facility Y - Spray dryer ash (Sample YSD)
Facility Z - Fly ash (Sample ZFA)

Facility Aa - Fly ash; Gypsum, unwashed and washed (Samples AaFA, AaFB,
AaFC, AaAU, AaAW)

Facility Ba - Fly ash (Samples BaFA)

Facility Ca - Fly ash; Gypsum, washed (Samples CaFA, CaAW)

Facility Da - Fly ash; Gypsum, washed; Filter Cake (Samples DaFA, DaAW, DaFC)

F-61

F-65

F-69

F-73

F-77

F-81

F-85

F-89

F-93

F-97

F-101

F-105

F-109

F-113
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Brayton Point (East-Bit., CS-ESP). BPB - fly ash without ACI; BPT - fly ash with ACI.
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pH dependent Concentration of Cd Cd concentration as function of L/S
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Brayton Point (East-Bit., CS-ESP). BPB - fly ash without ACI; BPT - fly ash with ACI.
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pH dependent Concentration of Mo Mo concentration as function of L/S
C— — — e — . —
~ A Q, .8~ . ¢ ~ | =l
S 1 . 3 1 ——g
3 / 3
< i <
-5 0.1 o 4 -5 0.1
T : N T ’
£ / £
g N ' 5
g e 1 g
S o001 S o001
o o
0.001 0.001
3 5 7 9 11 13 0 2 4 6 8 10
pH L/S (L/kg)
pH dependent Concentration of Pb Pb concentration as function of L/S
0.1 0.1
o Q o
S S
[} o
£ 0.01 £ 0.01
< <
c c %
S k]
=] =]
© ©
=] =]
c c
g 0001 g 0001
o c
5 3 8\5
© © c\
0.0001 0.0001
1 3 5 7 9 11 13 0 2 4 6 8 10
pH L/S (L/kg)
pH dependent Concentration of Sb Sb concentration as function of L/S
! L ]
A A -
1 P it s -
a hd [ Q a 01 :
S / LA S -
> AN [ L) =) o .
£ 0.1 S /' £ o7
c L4 c 0.01 &
g om g 2 L
o e o
s \g £ o001
g 0001 8
o c
S S 00001
DN Yo Y SRS S S S S SRS S S S © OGS niintiatinth ibintinb I e Bt =
0.00001 0.00001
1 3 5 7 9 11 13 0 2 4 6 8 10
pH L/S (L/kg)
pH dependent Concentration of Se Se concentration as function of L/S
¢ 1 1
. o
g & s 2 . —=m T ®
N B O
= o . — = ¢
g & oo s &/@— €
-~ O \ -~
R L. 2 G :
= B S o0
© ©
s o001 5
o : =
Q Q
o o
5 S o001
O 0001 o L__._ [P SIS SR NORNPRP -
0.0001 0.0001
1 3 5 7 9 11 13 0 2 4 6 8 10
pH L/S (L/kg)

Brayton Point (East-Bit., CS-ESP). BPB - fly ash without ACI; BPT - fly ash with ACI.
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pH dependent Concentration of Tl Tl concentration as function of L/S
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Brayton Point (East-Bit., CS-ESP). BPB - fly ash without ACI; BPT - fly ash with ACI.
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Pleasant Prairie (PRB, CS-ESP). PPB - fly ash without ACI; PPT - fly ash with ACI.
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pH dependent Concentration of Cd Cd concentration as function of L/S
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Pleasant Prairie (PRB, CS-ESP). PPB - fly ash without ACI; PPT - fly ash with ACI.
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pH dependent Concentration of Mo Mo concentration as function of L/S
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Pleasant Prairie (PRB, CS-ESP). PPB - fly ash without ACI; PPT - fly ash with ACI.
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pH dependent Concentration of Tl Tl concentration as function of L/S
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Pleasant Prairie (PRB, CS-ESP). PPB - fly ash without ACI; PPT - fly ash with ACI.
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Salem Harbor (Low S East-Bit.,, SNCR, CS-ESP). SHB - fly ash without ACI; SHT - fly ash with

ACI.
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pH dependent Concentration of Cd Cd concentration as function of L/S
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Salem Harbor (Low S East-Bit.,, SNCR, CS-ESP). SHB - fly ash without ACI; SHT - fly ash with
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pH dependent Concentration of Mo Mo concentration as function of L/S
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Salem Harbor (Low S East-Bit.,, SNCR, CS-ESP). SHB - fly ash without ACI; SHT - fly ash with

ACI.




pH dependent Concentration of Tl Tl concentration as function of L/S
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Facility A (Low S East-Bit., Fabric F., Limestone, Natural Oxidation). SNCR-BP.
CFA - fly ash; CGD - scrubber sludge; CCC - mixed fly ash and scrubber sludge (as managed).




pH dependent Concentration of Cd Cd concentration as function of L/S
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Facility A (Low S East-Bit., Fabric F., Limestone, Natural Oxidation). SNCR-BP.
CFA - fly ash; CGD - scrubber sludge; CCC - mixed fly ash and scrubber sludge (as managed).




pH dependent Concentration of Mo Mo concentration as function of L/S
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Facility A (Low S East-Bit., Fabric F., Limestone, Natural Oxidation). SNCR-BP.
CFA - fly ash; CGD - scrubber sludge; CCC - mixed fly ash and scrubber sludge (as managed).
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Facility A (Low S East-Bit., Fabric F., Limestone, Natural Oxidation). SNCR-BP.
CFA - fly ash; CGD - scrubber sludge; CCC - mixed fly ash and scrubber sludge (as managed).
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Facility A (Low S East-Bit., Fabric F., Limestone, Natural Oxidation). SNCR on.
AFA - fly ash; AGD - scrubber sludge; ACC - mixed fly ash and scrubber sludge (as managed).
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Facility A (Low S East-Bit., Fabric F., Limestone, Natural Oxidation). SNCR on.
AFA - fly ash; AGD - scrubber sludge; ACC - mixed fly ash and scrubber sludge (as managed).
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Facility A (Low S East-Bit., Fabric F., Limestone, Natural Oxidation). SNCR on.
AFA - fly ash; AGD - scrubber sludge; ACC - mixed fly ash and scrubber sludge (as managed).
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Facility A (Low S East-Bit., Fabric F., Limestone, Natural Oxidation). SNCR on.
AFA - fly ash; AGD - scrubber sludge; ACC - mixed fly ash and scrubber sludge (as managed).
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Facility B (Low S East-Bit., CS-ESP, Mg Lime, Natural Oxidation). SCR-BP.
BFA - fly ash; BGD - scrubber sludge; BCC - mixed fly ash and scrubber sludge (as managed).
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Facility B (Low S East-Bit.,, CS-ESP, Mg Lime, Natural Oxidation). SCR-BP.
BFA - fly ash; BGD - scrubber sludge; BCC - mixed fly ash and scrubber sludge (as managed).
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Facility B (Low S East-Bit.,, CS-ESP, Mg Lime, Natural Oxidation). SCR-BP.
BFA - fly ash; BGD - scrubber sludge; BCC - mixed fly ash and scrubber sludge (as managed).
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Facility B (Low S East-Bit., CS-ESP, Mg Lime, Natural Oxidation). SCR-BP.
BFA - fly ash; BGD - scrubber sludge; BCC - mixed fly ash and scrubber sludge (as managed).
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Facility B (Low S East-Bit., CS-ESP, Mg Lime, Natural Oxidation). SCR on.
DFA - fly ash; DGD - scrubber sludge; DCC - mixed fly ash and scrubber sludge (as managed).
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Facility B (Low S East-Bit.,, CS-ESP, Mg Lime, Natural Oxidation). SCR on.
DFA - fly ash; DGD - scrubber sludge; DCC - mixed fly ash and scrubber sludge (as managed).




pH dependent Concentration of Mo Mo concentration as function of L/S
o _/5'@0-“-9@@-0—@ o
> 1 B /-4&_ > 1
£ £
< A . =
5 GT0) s
=] 0.1 - < =1 0.1
g ™ Lt ey g
c c
Q Q
o o
S oo S oo1
o o
0.001 0.001
1 3 5 7 9 11 13 0 2 4 6 8 10
pH L/S (L/kg)
pH dependent Concentration of Pb Pb concentration as function of L/S
0.1
o o
S S
[} o
£ o O -
g @ S T —— . _ _a
T T
i A A [
g 10 Ad g
; 0.001 ) T | + E) é 0.001
-~ ]
o | \ s} A
© t\ | lA ° . _—"——— Ak
1 —"— T -
/ -
0.0001 | o o — 0.0001 & . .
1 3 5 7 9 11 13 0 2 4 6 8 10
pH L/S (L/kg)
pH dependent Concentration of Sb Sb concentration as function of L/S
0.1 0.01
A -_i--- -------- 7’4'"
~ ~ T O C
g 001 - g & o ____4- ——
£ E 0001 5 —
< < o
g P S m
=] 0.001 =] ®]
@ @
=] =]
= c
9 Q00001 oo i st Sty e
5  0.0001 -] 5
[8) [8)
0.00001 0.00001
1 3 5 7 9 11 13 0 2 4 6 8 10
pH L/S (L/kg)
pH dependent Concentration of Se Se concentration as function of L/S
1 - 1
3 96 T o 2 4
S 01 A N S 01 A
< <
: T ged = XWEYe ;—ﬁ z N R
] 0 ]
=] 0.01 e =1 0,01 f ~m-mmmmmmmme e — e
© ©
=] =]
o =
Q Q
o o
S o001 S o001
o PPN SRS ) EPURUNIDS SUONURDPE DRI DU N M o  L___d [P SIS SR NORNPRP ——
0.0001 0.0001
1 3 5 7 9 11 13 0 2 4 6 8 10
pH L/S (L/kg)

Facility B (Low S East-Bit.,, CS-ESP, Mg Lime, Natural Oxidation). SCR on.
DFA - fly ash; DGD - scrubber sludge; DCC - mixed fly ash and scrubber sludge (as managed).
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Facility B (Low S East-Bit., CS-ESP, Mg Lime, Natural Oxidation). SCR on.
DFA - fly ash; DGD - scrubber sludge; DCC - mixed fly ash and scrubber sludge (as managed).
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Facility C (Low S East-Bit., HS-ESP w/ COHPAC). GAB - fly ash without ACI; GAT fly ash with
ACI.
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Facility C (Low S East-Bit., HS-ESP w/ COHPAC). GAB - fly ash without ACI; GAT fly ash with

ACI.
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Facility C (Low S East-Bit.,, HS-ESP w/ COHPAC). GAB - fly ash without ACI; GAT fly ash with

ACI.
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Facility C (Low S East-Bit., HS-ESP w/ COHPAC). GAB - fly ash without ACI; GAT fly ash with
ACI.
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Facility E (Med. S East-Bit.). EFA, EFC - fly ash SCR on; EFB - fly ash SCR-BP.




pH dependent Concentration of Cd Cd concentration as function of L/S
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Facility E (Med. S East-Bit.). EFA, EFC - fly ash SCR on; EFB - fly ash SCR-BP.
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Facility E (Med. S East-Bit.). EFA, EFC - fly ash SCR on; EFB - fly ash SCR-BP.
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pH dependent Concentration of Tl Tl concentration as function of L/S
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Facility E (Med. S East-Bit.). EFA, EFC - fly ash SCR on; EFB - fly ash SCR-BP.
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Facility F (Low S East-Bit., CS-ESP). FFA - fly ash.
Facility G (Low S East-Bit., SNCR, CS-ESP). GFA - fly ash.
Facility H (High S East-Bit., SCR, CS-ESP, Limestone, Forced Oxidation). HFA - fly ash.




pH dependent Concentration of Cd Cd concentration as function of L/S
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Facility F (Low S East-Bit., CS-ESP). FFA - fly ash.
Facility G (Low S East-Bit., SNCR, CS-ESP). GFA - fly ash.
Facility H (High S East-Bit., SCR, CS-ESP, Limestone, Forced Oxidation). HFA - fly ash.
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Facility F (Low S East-Bit.,, CS-ESP). FFA - fly ash.
Facility G (Low S East-Bit., SNCR, CS-ESP). GFA - fly ash.
Facility H (High S East-Bit., SCR, CS-ESP, Limestone, Forced Oxidation). HFA - fly ash.
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Facility F (Low S East-Bit., CS-ESP). FFA - fly ash.
Facility G (Low S East-Bit., SNCR, CS-ESP). GFA - fly ash.
Facility H (High S East-Bit., SCR, CS-ESP, Limestone, Forced Oxidation). HFA - fly ash.
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Facility J (PRB/Low S Bit mix., CS-ESP). JAB - fly ash without Br-ACl; JAT - fly ash with Br-ACI.
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pH dependent Concentration of Cd Cd concentration as function of L/S
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Facility J (PRB/Low S Bit mix., CS-ESP). JAB - fly ash without Br-ACI; JAT - fly ash with Br-ACI.
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Facility J (PRB/Low S Bit mix., CS-ESP). JAB - fly ash without Br-AClI; JAT - fly ash with Br-ACI.
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pH dependent Concentration of Tl Tl concentration as function of L/S
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Facility J (PRB/Low S Bit mix., CS-ESP). JAB - fly ash without Br-AClI; JAT - fly ash with Br-ACI.
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Facility K (East-Bit., SCR, CS-ESP, Mg Lime, Natural Oxidation).

KFA - fly ash; KGD - scrubber sludge; KCC - mixed fly ash and scrubber sludge (as managed).
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pH dependent Concentration of Cd Cd concentration as function of L/S
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Facility K (East-Bit., SCR, CS-ESP, Mg Lime, Natural Oxidation).
KFA - fly ash; KGD - scrubber sludge; KCC - mixed fly ash and scrubber sludge (as managed).
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pH dependent Concentration of Mo Mo concentration as function of L/S
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Facility K (East-Bit., SCR, CS-ESP, Mg Lime, Natural Oxidation).
KFA - fly ash; KGD - scrubber sludge; KCC - mixed fly ash and scrubber sludge (as managed).

F-47




pH dependent Concentration of Tl Tl concentration as function of L/S
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Facility K (East-Bit., SCR, CS-ESP, Mg Lime, Natural Oxidation).
KFA - fly ash; KGD - scrubber sludge; KCC - mixed fly ash and scrubber sludge (as managed).
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Facility L (Southern Appalachian Low S Bit.; SOFA, HS-ESP).
LAB - fly ash without Br-ACI; LAT - fly ash with Br-ACI.
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pH dependent Concentration of Cd Cd concentration as function of L/S
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Facility L (Southern Appalachian Low S Bit.; SOFA, HS-ESP).
LAB - fly ash without Br-ACI; LAT - fly ash with Br-ACI.




pH dependent Concentration of Mo Mo concentration as function of L/S
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Facility L (Southern Appalachian Low S Bit.; SOFA, HS-ESP).
LAB - fly ash without Br-ACI; LAT - fly ash with Br-ACI.




pH dependent Concentration of Tl Tl concentration as function of L/S
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Facility L (Southern Appalachian Low S Bit.; SOFA, HS-ESP).
LAB - fly ash without Br-ACI; LAT - fly ash with Br-ACI.
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Facility M (lllinois Basin Bit., CS-ESP, Limestone, Inhibited Oxidation).
MAD - SCR-BP; mixed fly ash and scrubber sludge (as managed).
MAS - SCR on; mixed fly ash and scrubber sludge (as managed).




pH dependent Concentration of Cd Cd concentration as function of L/S
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Facility M (lllinois Basin Bit., CS-ESP, Limestone, Inhibited Oxidation).
MAD - SCR-BP; mixed fly ash and scrubber sludge (as managed).
MAS - SCR on; mixed fly ash and scrubber sludge (as managed).
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Facility M (lllinois Basin Bit., CS-ESP, Limestone, Inhibited Oxidation).
MAD - SCR-BP; mixed fly ash and scrubber sludge (as managed).
MAS - SCR on; mixed fly ash and scrubber sludge (as managed).
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Facility M (lllinois Basin Bit., CS-ESP, Limestone, Inhibited Oxidation).
MAD - SCR-BP; mixed fly ash and scrubber sludge (as managed).
MAS - SCR on; mixed fly ash and scrubber sludae (as manaaed).
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Facility N (High S East-Bit., CS-ESP, Limestone, Forced Oxidation).
NAU - unwashed gypsum; NAW - washed gypsum.



pH dependent Concentration of Cd Cd concentration as function of L/S
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Facility N (High S East-Bit., CS-ESP, Limestone, Forced Oxidation).
NAU - unwashed gypsum; NAW - washed gypsum.




pH dependent Concentration of Mo Mo concentration as function of L/S
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Facility N (High S East-Bit., CS-ESP, Limestone, Forced Oxidation).
NAU - unwashed gypsum; NAW - washed gypsum.




pH dependent Concentration of Tl Tl concentration as function of L/S
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Facility N (High S East-Bit., CS-ESP, Limestone, Forced Oxidation).
NAU - unwashed gypsum; NAW - washed gypsum.
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Facility O (Bit., SCR, CS-ESP, Limestone, Forced Oxidation).
OAU - unwashed gypsum; OAW - washed gypsum.
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pH dependent Concentration of Cd Cd concentration as function of L/S
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Facility O (Bit., SCR, CS-ESP, Limestone, Forced Oxidation).

OAU - unwashed gypsum; OAW - washed gypsum.
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pH dependent Concentration of Mo Mo concentration as function of L/S
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Facility O (Bit., SCR, CS-ESP, Limestone, Forced Oxidation).
OAU - unwashed gypsum; OAW - washed gypsum.
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Facility O (Bit., SCR, CS-ESP, Limestone, Forced Oxidation).
OAU - unwashed gypsum; OAW - washed gypsum.
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Facility P (Med. S East-Bit.,, SCR&SNCR, CS-ESP, Limestone, Forced Ox.). PAD - unwashed gyp.
Facility Q (PRB, HS-ESP, Limestone, Forced Oxidation). QAU - unwashed gypsum.
Facility R (PRB, CS-ESP, Limestone, Forced Oxidation). RAU - unwashed aypsum.
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pH dependent Concentration of Cd Cd concentration as function of L/S
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Facility P (Med. S East-Bit., SCR&SNCR, CS-ESP, Limestone, Forced Ox.). PAD - unwashed gyp.

Facility Q (PRB, HS-ESP, Limestone, Forced Oxidation). QAU - unwashed gypsum.
Facility R (PRB, CS-ESP, Limestone, Forced Oxidation). RAU - unwashed aypsum.
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Facility P (Med. S East-Bit., SCR&SNCR, CS-ESP, Limestone, Forced Ox.). PAD - unwashed gyp.

Facility Q (PRB, HS-ESP, Limestone, Forced Oxidation). QAU - unwashed gypsum.
Facility R (PRB, CS-ESP, Limestone, Forced Oxidation). RAU - unwashed aypsum.
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Facility P (Med. S East-Bit., SCR&SNCR, CS-ESP, Limestone, Forced Ox.). PAD - unwashed gyp.
Facility Q (PRB, HS-ESP, Limestone, Forced Oxidation). QAU - unwashed gypsum.
Facility R (PRB, CS-ESP, Limestone, Forced Oxidation). RAU - unwashed aypsum.
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Facility S (lllinois Basin High S Bit., SCR, CS-ESP, Limestone, Forced Oxidation).
SAU - unwashed gypsum; SAW - washed gypsum.
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pH dependent Concentration of Cd Cd concentration as function of L/S
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Facility S (lllinois Basin High S Bit., SCR, CS-ESP, Limestone, Forced Oxidation).

SAU - unwashed gypsum; SAW - washed gypsum.
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pH dependent Concentration of Mo Mo concentration as function of L/S
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Facility S (lllinois Basin High S Bit., SCR, CS-ESP, Limestone, Forced Oxidation).
SAU - unwashed gypsum; SAW - washed gypsum.
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Facility S (lllinois Basin High S Bit., SCR, CS-ESP, Limestone, Forced Oxidation).

SAU - unwashed gypsum; SAW - washed gypsum.
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Facility T (Med. S East-Bit., SCR, CS-ESP, Limestone, Forced Oxidation).
TFA - fly ash; TAU - unwashed gypsum; TAW - washed gypsum; TFC - filter cake.




pH dependent Concentration of Cd Cd concentration as function of L/S
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Facility T (Med. S East-Bit., SCR, CS-ESP, Limestone, Forced Oxidation).
TFA - fly ash; TAU - unwashed gypsum; TAW - washed gypsum; TFC - filter cake.




pH dependent Concentration of Mo Mo concentration as function of L/S
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Facility T (Med. S East-Bit., SCR, CS-ESP, Limestone, Forced Oxidation).
TFA - fly ash; TAU - unwashed gypsum; TAW - washed gypsum; TFC - filter cake.
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Facility T (Med. S East-Bit., SCR, CS-ESP, Limestone, Forced Oxidation).
TFA - fly ash; TAU - unwashed gypsum; TAW - washed gypsum; TFC - filter cake.
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Facility U (Southern Appalachian Low S Bit., SCR, CS-ESP, Limestone, Forced Oxidation).

UFA - fly ash; UAU - unwashed gypsum; UGF - gypsum/flyash.
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Facility U (Southern Appalachian Low S Bit., SCR, CS-ESP, Limestone, Forced Oxidation).
UFA - fly ash; UAU - unwashed gypsum; UGF - gypsum/flyash.
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Facility U (Southern Appalachian Low S Bit., SCR, CS-ESP, Limestone, Forced Oxidation).
UFA - fly ash; UAU - unwashed gypsum; UGF - gypsum/flyash.
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Facility U (Southern Appalachian Low S Bit., SCR, CS-ESP, Limestone, Forced Oxidation).
UFA - fly ash; UAU - unwashed gypsum; UGF - gypsum/flyash.
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Facility V (PRB, SCR, Fabric F., Spray Dryer, Slaked Lime). VSD - spray dryer ash.
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pH dependent Concentration of Cd Cd concentration as function of L/S
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Facility V (PRB, SCR, Fabric F., Spray Dryer, Slaked Lime). VSD - spray dryer ash.
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Facility V (PRB, SCR, Fabric F., Spray Dryer, Slaked Lime). VSD - spray dryer ash.
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Facility V (PRB, SCR, Fabric F., Spray Dryer, Slaked Lime). VSD - spray dryer ash.
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Facility W (Med. S East-Bit., SCR-BP, CS-ESP, Limestone, Forced Oxidation, Duct Sorbent Inj.-
Troana). WFA - fly ash; WAU - unwashed gypsum; WAW - washed gypsum; WFC - filter cake.
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Facility W (Med. S East-Bit., SCR-BP, CS-ESP, Limestone, Forced Oxidation, Duct Sorbent Inj.-
Troana). WFA - fly ash; WAU - unwashed gypsum; WAW - washed gypsum; WFC - filter cake.
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Facility W (Med. S East-Bit., SCR-BP, CS-ESP, Limestone, Forced Oxidation, Duct Sorbent Inj.-
Troana). WFA - fly ash; WAU - unwashed gypsum; WAW - washed gypsum; WFC - filter cake.
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Facility W (Med. S East-Bit., SCR-BP, CS-ESP, Limestone, Forced Oxidation, Duct Sorbent Inj.-
Troana). WFA - fly ash; WAU - unwashed gypsum; WAW - washed gypsum; WFC - filter cake.



pH dependent Concentration of Al
.
100 -
~
S >Nl e,
E’ 10 R \‘ _/ —a—XAU(P1,1) O own pH
T . 3 X --x--XAW(P,1,1) O ownpH
g "Q ™ —e—XFA(P1,1) O ownpH
[
5 01 \}@“" o A —x- =XFC(P,1,1) O own pH
S o \ A —5% ——95%
s : N LA e MCLorDWEL ~ -oeee ML
o001 \5@_ = ;(,,\/ -—-MDL
0.0001
1 3 5 7 9 11 13
pH
pH dependent Concentration of As As concentration as function of L/S
1 0.1
) A )
Y 0.1 3 S
£ \. R E oam
5 AN el 5
= 0.01 M~ =
© N @« ©
= o = <7
g o " g o001 T
g oo s N e i JESURUS \ AV B
8 ' ,,,,,\,,A,:@)-;::,;, NG o ]—in s 8 _ N
T*
0.0001 0.0001
1 3 5 7 9 11 13 0 2 4 6 8 10
pH L/S (L/kg)
pH dependent Concentration of B B concentration as function of L/S
X+ 3e— X— X %
g 1w - A i, S T g i\“‘x‘ -
> et > e
£ £
= ) N = . \ \
c N N D —a () c — e
2 & i<
g ; 2 R
2 o1 N P g g o i = — -
g R g
c Weoommbay | Priad c ‘*-~‘_.
8 om & 8 om ==3
0.001 0.001
1 3 5 7 9 11 13 0 2 4 6 8 10
pH L/S (L/kg)
pH dependent Concentration of Ba Ba concentration as function of L/S
100 P 100 o
~ @ ~
<::‘> 10 X — S’ 10 H—
L
E oo E
s ! fannlt s !
=] ' K= X =1
g 01 AR O gk = g 01 A=k =
g g
2 0.01 2 0.01
3 3
0,001 f--mmmemem oo e s e 0,001 - it Ryt Mpe o (v
0.0001 0.0001
1 3 5 7 9 11 13 0 2 4 6 8 10
pH L/S (L/kg)

Facility X (PRB, SCR, CS-ESP, Limestone, Forced Oxidation).
XFA - fly ash; XAU - unwashed gypsum; XAW - washed gypsum; XFC - filter cake.
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Facility X (PRB, SCR, CS-ESP, Limestone, Forced Oxidation).
XFA - fly ash; XAU - unwashed gypsum; XAW - washed gypsum; XFC - filter cake.
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Facility X (PRB, SCR, CS-ESP, Limestone, Forced Oxidation).
XFA - fly ash; XAU - unwashed gypsum; XAW - washed gypsum; XFC - filter cake.
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Facility X (PRB, SCR, CS-ESP, Limestone, Forced Oxidation).

XFA - fly ash; XAU - unwashed gypsum; XAW - washed gypsum; XFC - filter cake.
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Facility Y (PRB, SCR, Fabric F., Spray Dryer, Slaked Lime, Natural Oxidation). YSD - spray dryer
ash.
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Facility Y (PRB, SCR, Fabric F., Spray Dryer, Slaked Lime, Natural Oxidation). YSD - spray dryer

ash.




pH dependent Concentration of Mo Mo concentration as function of L/S
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Facility Y (PRB, SCR, Fabric F., Spray Dryer, Slaked Lime, Natural Oxidation). YSD - spray dryer

ash.
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0.1 0.1
~ ~
= =
> \ > ST T ——. beea
£ 0.01 P £ 0.01 x== et
~ &‘* ~ A Tl
c Nao L = [ T S S Rt D
2 N EREg g 3
© ] [
] ) H ]
c \ " =
g 0001 3 ' g 0001
c A c
5 PR R A5 S NN WY A [ IS F S, s  L___4 U SN SNV NN _
o g/ o
by
0.0001 0.0001
1 3 5 7 9 11 13 0 2 4 6 8 10
pH L/S (L/kg)

Facility Y (PRB, SCR, Fabric F., Spray Dryer, Slaked Lime, Natural Oxidation). YSD - spray dryer
ash.
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Facility Z (PRB, CS-ESP). ZFA - fly ash.
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pH dependent Concentration of Cd Cd concentration as function of L/S
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Facility Z (PRB, CS-ESP). ZFA - fly ash.




pH dependent Concentration of Mo Mo concentration as function of L/S
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Facility Z (PRB, CS-ESP). ZFA - fly ash.




pH dependent Concentration of Tl Tl concentration as function of L/S
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Facility Z (PRB, CS-ESP). ZFA - fly ash.
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Facility Aa (Med. S East-Bit., SCR, ESP, Limestone, Forced Oxidation).
AaFA, AaFB - fly ash (CS-ESP); AaFC - fly ash (HS-ESP);
AaAU - unwashed aypsum; AaAW - washed aypsum.
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pH dependent Concentration of Cd Cd concentration as function of L/S
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Facility Aa (Med. S East-Bit., SCR, ESP, Limestone, Forced Oxidation).
AaFA, AaFB - fly ash (CS-ESP); AaFC - fly ash (HS-ESP);
AaAU - unwashed aypsum; AaAW - washed aypsum.
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pH dependent Concentration of Mo Mo concentration as function of L/S
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Facility Aa (Med. S East-Bit., SCR, ESP, Limestone, Forced Oxidation).
AaFA, AaFB - fly ash (CS-ESP); AaFC - fly ash (HS-ESP);
AaAU - unwashed aypsum; AaAW - washed aypsum.
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pH dependent Concentration of Tl Tl concentration as function of L/S
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Facility Aa (Med. S East-Bit., SCR, ESP, Limestone, Forced Oxidation).
AaFA, AaFB - fly ash (CS-ESP); AaFC - fly ash (HS-ESP);
AaAU - unwashed aypsum; AaAW - washed aypsum.
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Facility Ba (PRB-Lignite Blend, CS-ESP w/ COHPAC Ammonia Inj.). BaFA - fly ash.
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pH dependent Concentration of Cd Cd concentration as function of L/S
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Facility Ba (PRB-Lignite Blend, CS-ESP w/ COHPAC Ammonia Inj.). BaFA - fly ash.
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pH dependent Concentration of Mo Mo concentration as function of L/S
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Facility Ba (PRB-Lignite Blend, CS-ESP w/ COHPAC Ammonia Inj.). BaFA - fly ash.
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pH dependent Concentration of Tl Tl concentration as function of L/S
1 0.01
o o
N 0.1 o N
D D
£ \\ £
= =
c ~ c
£ om AN £ oom
g . g
c c L. !3‘,_(,’?',’:.,\, el Lo
S  0.001 S
o ,,,,,,,_k,,*,,,,,,,l\,®7[,, o \1
0.0001 0.0001
1 3 5 7 9 11 13 0 2 4 6 8 10
pH L/S (L/kg)

Facility Ba (PRB-Lignite Blend, CS-ESP w/ COHPAC Ammonia Inj.). BaFA - fly ash.
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Facility Ca (Gulf Coast Lignite, CS-ESP, Limestone, Forced Oxidation).

CaFA - fly ash; CaAW - washed gypsum.
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pH dependent Concentration of Cd Cd concentration as function of L/S
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Facility Ca (Gulf Coast Lignite, CS-ESP, Limestone, Forced Oxidation).

CaFA - fly ash; CaAW - washed gypsum.
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pH dependent Concentration of Mo Mo concentration as function of L/S
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Facility Ca (Gulf Coast Lignite, CS-ESP, Limestone, Forced Oxidation).

CaFA - fly ash; CaAW - washed gypsum.
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pH dependent Concentration of Tl
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Facility Ca (Gulf Coast Lignite, CS-ESP, Limestone, Forced Oxidation).

CaFA - fly ash; CaAW - washed gypsum.
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Facility Da (Med. S East-Bit., SCR, CS-ESP, Limestone, Forced Oxidation).
DaFA - fly ash; DaAW - washed gypsum; DaFC - filter cake.
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pH dependent Concentration of Cd Cd concentration as function of L/S
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Facility Da (Med. S East-Bit., SCR, CS-ESP, Limestone, Forced Oxidation).
DaFA - fly ash; DaAW - washed gypsum; DaFC - filter cake.
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pH dependent Concentration of Mo Mo concentration as function of L/S
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Facility Da (Med. S East-Bit., SCR, CS-ESP, Limestone, Forced Oxidation).
DaFA - fly ash; DaAW - washed gypsum; DaFC - filter cake.
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pH dependent Concentration of Tl Tl concentration as function of L/S
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Facility Da (Med. S East-Bit., SCR, CS-ESP, Limestone, Forced Oxidation).

DaFA - fly ash; DaAW - washed gypsum; DaFC - filter cake.
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Appendix G
CCR pH Titration Curves

Brayton Point - Fly ash without and with ACI (Samples BPB, BPT) G-1
Pleasant Prairie - Fly ash without and with ACI (Samples PPB, PPT) G-2
Salem Harbor - Fly ash without and with ACI (Samples SHB, SHT) G-3

Facility A - Fly ash; Scrubber sludge; Mixed fly ash and scrubber sludge — SNCR-BP

(Samples CFA, CGD, CCC) G-4
Facility A - Fly ash; Scrubber sludge; Mixed fly ash and scrubber sludge — SNCR on

(Samples AFA, AGD, ACC) G-6
Facility B - Fly ash; Scrubber sludge; Mixed fly ash and scrubber sludge —

SCR-BP (Samples BFA, BGD, BCC) G-8
Facility B - Fly ash; Scrubber sludge; Mixed fly ash and scrubber sludge —

SCR on (Samples DFA, DGD, DCC) G-10
Facility C - Fly ash without and with ACI (Samples GAB, GAT) G-12
Facility E - Fly ash, SCR on and SCR-BP (Samples EFA, EFC, EFB) G-13
Facilities F, G, and H - Fly ash (Samples FFA, GFA, HFA) G-14
Facility J - Fly ash without and with Br-ACI (Samples JAB, JAT) G-16
Facility K - Fly ash; Scrubber sludge; Mixed fly ash and scrubber sludge

(Samples KFA, KGD, KCC) G-17
Facility L - Fly ash without and with Br-ACI (Samples LAB, LAT) G-19
Facility M - Mixed fly ash and scrubber sludge, SCR-BP and SCR on

(Samples MAD, MAS) G-20
Facility N - Gypsum, unwashed and washed (Samples NAU, NAW) G-21
Facility O - Gypsum, unwashed and washed (Samples OAU, OAW) G-22
Facilities P, Q, and R - Gypsum, unwashed (Samples PAD, QAU, RAU) G-23

Facility S - Gypsum, unwashed and washed (Samples SAU, SAW) G-25



Facility T - Fly ash; Gypsum, unwashed and washed (Samples TFA, TAU, TAW)

Facility U - Fly ash; Gypsum, unwashed; Mixed fly ash and gypsum
(Samples UFA, UAU, UGF)

Facility V - Spray dryer ash (Sample VSD)

Facility W - Fly ash; Gypsum, unwashed and washed (Samples WFA, WAU, WAW)
Facility X - Fly ash; Gypsum, unwashed and washed (Samples XFA, XAU, XAW)
Facility Y - Spray dryer ash (Sample YSD)

Facility Z - Fly ash (Sample ZFA)

Facility Aa - Fly ash; Gypsum, unwashed and washed (Samples AaFA, AaFB,
AaFC, AaAU, AaAW)

Facility Ba - Fly ash (Samples BaFA)
Facility Ca - Fly ash; Gypsum, washed (Samples CaFA, CaAW)

Facility Da - Fly ash; Gypsum, washed (Samples DaFA, DaAW)

G-26

G-28

G-29

G-30

G-32

G-34

G-34

G-35

G-38

G-39

G-40
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ACI.
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Acid/Base Added [mEg/g dry]

Facility A (Low S East-Bit., Fabric F., Limestone, Natural Oxidation). SNCR-BP.

CFA —fly ash; CGD — scrubber sludge.
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Acid/Base Added [mEg/g dry]

Facility A (Low S East-Bit., Fabric F., Limestone, Natural Oxidation). SNCR-BP.
CCC — mixed fly ash and scrubber sludge (as managed).
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Acid/Base Added [mEg/g dry]
G6

Facility A (Low S East-Bit., Fabric F., Limestone, Natural Oxidation). SNCR on.

AFA — fly ash; AGD — scrubber sludge.
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Facility A (Low S East-Bit., Fabric F., Limestone, Natural Oxidation). SNCR on.
ACC - mixed fly ash and scrubber sludge (as managed).
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Acid/Base Added [mEg/g dry]
G-8

Facility B (Low S East-Bit., CS-ESP, Mg Lime, Natural Oxidation). SCR-BP.

BFA —fly ash; BGD — scrubber sludge.
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Acid/Base Added [mEg/g dry]

Facility B (Low S East-Bit., CS-ESP, Mg Lime, Natural Oxidation). SCR-BP.

BCC — mixed fly ash and scrubber sludge (as managed).
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Facility B (Low S East-Bit., CS-ESP, Mg Lime, Natural Oxidation). SCR on.

DFA —fly ash; DGD — scrubber sludge.
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Acid/Base Added [mEg/g dry]

Facility B (Low S East-Bit., CS-ESP, Mg Lime, Natural Oxidation). SCR on.

DCC — mixed fly ash and scrubber sludge (as managed).
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Acid/Base Added [mEg/g dry]
G-12

Facility C (Low S East-Bit., HS-ESP w/ COHPAC). GAB - fly ash without ACI; GAT fly ash with

ACI.
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Acid/Base Added [mEg/g dry]
G-13

Facility E (Med. S East-Bit.). EFA, EFC — fly ash SCR on.
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Acid/Base Added [mEg/g dry]
G-14

Facility F (Low S East-Bit., CS-ESP). FFA — fly ash.
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Acid/Base Added [mEg/g dry]
G-15

Facility H (High S East-Bit., SCR, CS-ESP, Limestone, Forced Oxidation). HFA — fly ash.
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Acid/Base Added [mEg/g dry]
G-16

Facility J (PRB/Low S Bit mix., CS-ESP). JAB — fly ash without Br-ACI; JAT — fly ash with Br-

ACI.
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Facility K (East-Bit., SCR, CS-ESP, Mg Lime, Natural Oxidation).

KFA —fly ash; KGD — scrubber sludge.
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Acid/Base Added [mEg/g dry]

Facility K (East-Bit., SCR, CS-ESP, Mg Lime, Natural Oxidation).

KCC — mixed fly ash and scrubber sludge (as managed).

G-18



g T T S B R
e A O R R A L A O R R A

L e e s e e Y ™ e e e s e e Y ™
R ] I ]
IR IR
L i L s i
T T O~ 1 O O Y O
R .
R S e I | e e e e R A

i empeees me@esB.mi =L S8 [ | iejw e @en QP —; |3
S L T 1 | e A A A A S AR B Y
(LIt e e I Yt s s AN
L | w2 _______-s_
R IR
AR A P ) B D AR P I D
I e e I N N e T R
R e e e e I I S = R e e I N S =
- e =

B B s e e
Toeg e s e oA Tedcee® s @0 T oA

Hd Hd

Acid/Base Added [mEg/g dry]
G-19

Facility L (Southern Appalachian Low S Bit.; SOFA, HS-ESP).
LAB - fly ash without Br-ACI; LAT — fly ash with Br-ACI.
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Acid/Base Added [mEg/g dry]
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Acid/Base Added [mEg/g dry]
G-20

Facility M (lllinois Basin Bit., CS-ESP, Limestone, Inhibited Oxidation).

MAD — SCR-BP; mixed fly ash and scrubber sludge (as managed).
MAS — SCR on; mixed fly ash and scrubber sludge (as managed).
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Acid/Base Added [mEg/g dry]
G-21

Facility N (High S East-Bit., CS-ESP, Limestone, Forced Oxidation).

NAU — unwashed gypsum; NAW — washed gypsum.
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Acid/Base Added [mEg/g dry]
G-22

Facility O (Bit., SCR, CS-ESP, Limestone, Forced Oxidation).

OAU — unwashed gypsum; OAW — washed gypsum.
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Acid/Base Added [mEg/g dry]
G-23

Facility Q (PRB, HS-ESP, Limestone, Forced Oxidation). QAU — unwashed gypsum.
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Acid/Base Added [mEg/g dry]

Facility R (PRB, CS-ESP, Limestone, Forced Oxidation). RAU — unwashed gypsum.
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Acid/Base Added [mEg/g dry]
G-25

Facility S (lllinois Basin High S Bit., SCR, CS-ESP, Limestone, Forced Oxidation).

SAU — unwashed gypsum; SAW — washed gypsum.
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Acid/Base Added [mEg/g dry]

Facility T (Med. S East-Bit., SCR, CS-ESP, Limestone, Forced Oxidation).

TFA —fly ash.
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Acid/Base Added [mEg/g dry]
G-27

Facility T (Med. S East-Bit., SCR, CS-ESP, Limestone, Forced Oxidation).

TAU — unwashed gypsum; TAW — washed gypsum.
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G-28

Facility U (Southern Appalachian Low S Bit., SCR, CS-ESP, Limestone, Forced Oxidation).

UFA —fly ash; UAU — unwashed gypsum.
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Acid/Base Added [mEg/g dry]

Facility U (Southern Appalachian Low S Bit., SCR, CS-ESP, Limestone, Forced Oxidation).

UGF — gypsum/flyash.
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Acid/Base Added [mEg/g dry]

Facility V (PRB, SCR, Fabric F., Spray Dryer, Slaked Lime). VSD — spray dryer ash.

G-29



P e e e
SO
T T T T T Tl
I e I R O I I |
e
1L U N N B B A Al
I R I R ol |
I T T B O B RO R Tt
L e T
e @ T m =
S - R RN
T T e T I T T T T
N
o
LR I N U O B O s R
IR N R R R |
R A
- R RN
i e o el el el e e e i =
LU A A PURD AL U

0.0 0.4 0.8 1.2 1.6 20

G-30

. -0.4
Acid/Base Added [mEg/g dry]

Facility W (Med. S East-Bit., SCR-BP, CS-ESP, Limestone, Forced Oxidation, Duct Sorbent Inj.-

Troana). WFA — fly ash.
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Acid/Base Added [mEg/g dry]
G-31

Facility W (Med. S East-Bit., SCR-BP, CS-ESP, Limestone, Forced Oxidation, Duct Sorbent Inj.-

Troana). WAU — unwashed gypsum; WAW — washed gypsum.
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Acid/Base Added [mEg/g dry]

Facility X (PRB, SCR, CS-ESP, Limestone, Forced Oxidation).

XFA —fly ash.
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Acid/Base Added [mEg/g dry]
G-33

Facility X (PRB, SCR, CS-ESP, Limestone, Forced Oxidation).

XAU — unwashed gypsum; XAW — washed gypsum.
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Acid/Base Added [mEg/g dry]

Facility Y (PRB, SCR, Fabric F., Spray Dryer, Slaked Lime, Natural Oxidation). YSD — spray

dryer ash.
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Acid/Base Added [mEg/g dry]

Facility Z (PRB, CS-ESP). ZFA —fly ash.
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Hd Hd

Acid/Base Added [mEg/g dry]
G-35

Facility Aa (Med. S East-Bit., SCR, ESP, Limestone, Forced Oxidation).

AaFA, AaFB — fly ash (CS-ESP).
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Acid/Base Added [mEg/g dry]
G-36

Facility Aa (Med. S East-Bit., SCR, ESP, Limestone, Forced Oxidation).

AaFC — fly ash (HS-ESP).
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Acid/Base Added [mEg/g dry]
G-37

Facility Aa (Med. S East-Bit., SCR, ESP, Limestone, Forced Oxidation).

AaAU — unwashed gypsum; AaAW — washed gypsum.
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10 12
Acid/Base Added [mEg/g dry]

Facility Ba (PRB-Lignite Blend., CS-ESP w/ COHPAC Ammonia Inj.). BaFA — fly ash.
G-38
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Acid/Base Added [mEg/g dry]
G-39

Facility Ca (Gulf Coast Lignite., CS-ESP, Limestone, Forced Oxidation).

CaFA - fly ash; CaAW — washed gypsum.
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Facility Da (Med. S East-Bit., SCR, CS-ESP, Limestone, Forced Oxidation).

DaFA - fly ash; DaAW — washed gypsum.



Appendix H
Hexavalent Chromium and Total Chromium Analyses

by Arcadis and ERG

Fly Ash without Hg Sorbent Injection

Fly Ash without and with Hg Sorbent Injection Pairs

Spray Dryer with Fabric Filter (Fly Ash and FGD collected together)

Filter Cake

H-1
H-3
H-3
H-3



Hg

Sample PM NOx Sorbent SO, Solid Phase Eluate Total Eluate Cr (VI) Eluate Total Eluate Cr (VI)
Facility ID Capture  Control Injection Control Cr (VI) pH Cr Conc. Eluate Cr (VI) pH Cr Conc. Eluate Cr (VI)
% mg/L mg/L % mg/L mg/L %
Fly Ash without Hg Sorbent Injection
Bituminous, Low S
Facility B DFA CS ESP SCR-BP None None 2.3 7.67 575 565 98 9.09 363 355 98
7.67 349 381 109 9.14 397 399 101
Facility A CFA Fabric F. SNCR-BP None None 5.4 7.11 605 614 101 8.22 377 328 87
7.47 521 522 100 8.46 377 362 96
Facility B BFA CS ESP SCR None None 1.7 7.13 83.2 72.9 88 8.37 60.5 48.1 79
7.26 80.6 79.5 99 8.42 60 3 52.6 87
Facility U UFA CS ESP SCR None None 7.6 NA NA NA NA NA NA NA NA
Facility A AFA Fabric F. SNCR None None 2.3 7.29 621 606 98 8.44 529 579 109
7.42 542 535 99 8.80 512 499 97
Bituminous, Med S
Facility T TFA CS ESP None None None 8.4 NA NA NA NA NA NA NA NA
Duct
Sorbent inj.
Facility W WFA CS ESP SCR-BP None - Troana 4.2 NA NA NA NA NA NA NA NA
Facility K KFA CS ESP None None None 3.0 7.59 2.33 2.89 124 9.20 302 19.6 65
7.67 2.34 3.11 133 9.27 349 23.1 66
Facility Aa AaFA CS ESP SCR None None 1.2 NA NA NA NA NA NA NA NA
Facility Aa AaFB CS ESP SCR None None 1.8 NA NA NA NA NA NA NA NA
Facility Da DaFA CS ESP SCR None None 1.8 NA NA NA NA NA NA NA NA
Facility Aa AaFC HS ESP SCR None None 2.2 NA NA NA NA NA NA NA NA
Fly Ash without Hg Sorbent Injection
Sub-Bituminous & Sub-bit/bituminous mix
St. Clair JAB CS ESP None None None 19.7 7.03 1041 1140 109 9.93 1031 1100 107
7.17 918 945 103 10.16 978 1100 112
Lignite
Duct
Sorbent inj.
Facility Ca CaFA CS ESP None None - Troana 16.5 NA NA NA NA NA NA NA NA

NA - not analyzed

H-1



Hg

Sample PM NOx Sorbent SO; Eluate Total Eluate Cr (V1)
Facility ID Capture  Control Injection Control pH Cr Conc. Eluate Cr (VI)
mg/L mg/L %
Fly Ash without Hg Sorbent Injection
Bituminous, Low S
Facility B DFA CS ESP SCR-BP None None 10.06 304 305 100
10.06 359 361 101
Facility A CFA Fabric F. SNCR-BP  |None None 10.59 356 367 103
10.74 266 269 101
Facility B BFA CS ESP SCR None None 10.32 61.2 53.2 87
10.39 60.5 54.0 89
Facility U UFA CS ESP SCR None None NA NA NA NA
Facility A AFA Fabric F. SNCR None None 10.42 460 463 101
10.54 496 490 99
Bituminous, Med S
Facility T TFA CS ESP None None None NA NA NA NA
Duct
Sorbent inj.
Facility W WFA CS ESP SCR-BP None - Troana NA NA NA NA
Facility K KFA CS ESP None None None 10.02 27.3 30.1 110
10.64 35.2 40.6 115
Facility Aa AaFA CS ESP SCR None None NA NA NA NA
Facility Aa AaFB CS ESP SCR None None NA NA NA NA
Facility Da DaFA CS ESP SCR None None NA NA NA NA
Facility Aa AaFC HS ESP SCR None None NA NA NA NA
Fly Ash without Hg Sorbent Injection
Sub-Bituminous & Sub-bit/bituminous mix
St. Clair JAB CS ESP None None None 12.10 1072 1080 101
12.35 1062 1130 106
Lignite
Duct
Sorbent inj.
Facility Ca CaFA CS ESP None None - Troana NA NA NA NA

NA - not analyzed

H-2




Hg

Sample PM NOx Sorbent SO; Solid Phase
Facility ID Capture  Control Injection Control Cr (VI) pH Total Cr Cr (VI) Conc. Cr (VI) pH Total Cr Cr (VI) Conc. Cr (VI)
% mg/L mg/L % mg/L mg/L %
Fly Ash without and with Hg Sorbent Injection Pairs
Sub-bituminous (Class C)
St. Clair JAB CSESP None None None 19.7 7.03 1041 1140 109 9.93 1031 1100 107
7.17 918 945 103 10.16 978 1100 112
Lignite (Class C)
CSESPw/  [Ammonia
Facility Ba BaFA COHPAC  |In. PAC None 270 NA NA NA NA NA NA NA NA
Spray dryer with Fabric Filter (fly ash and FGD collected together)
Sub-bituminous
[Facility v |vsD [FabricF.  |scr [None [None | 174]  NA NA NA NA | na NA NA NA |
Filter Cake
Bituminous, Med S
[Facility T [TFc CS ESP None None None 07] nNa NA NA NA | nNa NA NA NA |

NA - not analyzed

H-3



Hg

Sample PM NOXx Sorbent SO,

Facility ID Capture  Control Injection Control pH Total Cr Cr (V1) Conc. Cr (VI)
mg/L mg/L %

Fly Ash without and with Hg Sorbent Injection Pairs

Sub-bituminous (Class C)

St. Clair JAB CS ESP None None None 12.10 1072 1080 101

12.35 1062 1130 106
Lignite (Class C)
CSESPw/  [Ammonia

Facility Ba BaFA COHPAC Inj. PAC None NA NA NA NA

Spray dryer with Fabric Filter (fly ash and FGD collected toge

Sub-bituminous

[Facility v |vsD [FabricF.  |scr [None [None NA NA NA NA |

Filter Cake

Bituminous, Med S

[Facility T [TFc CS ESP None None None NA NA NA NA |

NA - not analyzed

H-4



Appendix |
Summary of Statistics (Min/Max/Own pH Values)

Fly Ash - Bituminous -1
Fly Ash - Sub-bituminous -1
Fly Ash - with and without ACI -8
Spray Dryer with Fabric Filter (Fly Ash and FGD collected together) -8
Gypsum, Unwashed and Washed [-15
Scrubber Sludge [-15

Blended CCRs I-15



Facility

Fly Ash -
Bituminous
Brayton Point (BPB)

Facility F (FFA)
Facility B (DFA)
Facility A (CFA)
Facility B (BFA)
Facility U (UFA)

Salem Harbor (SHB)

Facility G (GFA)
Facility A (AFA)
Facility L (LAB)
Facility C (GAB)

Facility T (TFA)
Facility E (EFB)
Facility W (WFA)
Facility E (EFA)
Facility K (KFA)
Facility Aa (AaFA)

Facility Aa (AaFB)
Facility Da (DaFA)

Facility Aa (AaFC)

Facility E (EFC)
Facility H (HFA)

Fly Ash - Sub-
bituminous
Pleasant Prairie
(PPB)

Facility J (JAB)
Facility Z (ZFA)
Facility X (XFA)

Facility Ca (CaFA)

Al As
Al max Val Al _min Val Al ownpHVal Al pH at Max Al pH at Min Al ownph As max Val As min Val As ownpHVal As pH at Max As pH at Min As ownph
6400 00 3810.00 4110.00 12.18 12.14 12.24 3530 5.40 6.67 9.19 12.14 12.24,
29484 90 25.00 29673.35 920 6.70 4.25 2007.10 22.97 53.70 1160 6.70 4.25
3583 35 157.97 825.69 1233 6.46 10.26 26155 33.79 46.83 795 11.35 10.26
7794 04 35.71 1804.46 12 20 7.07 10.28 111 38 9.31 14.06 900 11.21 10.28
1970 00 826.00 1245.00 9.45 12.02 10.06 99.40 23.20 28.95 824 11.76 10.06
7751.76 10.00 21.45 10 54 12.32 11.81 773 63 21.04 40.97 6 36 12.19 11.81
2104 92 331.03 1996.89 11.76 8.59 11.68 105 00 18.00 19.30 859 11.76 11.68
25156.10 33.47 10673.80 1150 6.20 4.35 1862 05 20.77 34.41 11 50 6.20 4.35
24600 00 1310.00 13426.67 1235 8.00 10.52 173 00 7.20 39.83 569 8.09 10.52
20919 24 30.15 1087.32 12.10 6.40 5.75 1686 99 23.49 25.95 12.10 6.30 5.75
34209 60 58.09 13419.61 1120 6.60 11.27 1113.43 123.96 237.37 830 11.60 11.27
25605.70 113.17 7085.60 10.46 5.71 8.88 1720 59 288.05 500.57 12.11 6.71 8.88
91369 20 32.02 29776.20 12 00 5.70 4.30 1283 89 12.04 56.28 1200 6.30 4.30
49019.40 186.79 10015.98 1033 7.67 10.25 18197 07 117.01 3236.78 1033 6.21 10.25
27515.10 42.45 572.40 12.10 6.40 4.80 76157 5.48 16.28 12.10 6.50 4.80
31246 00 44.42 17159.46 1187 6.10 9.15 130.14 22.02 68.42 695 9.27 9.15
23751.70 6517.90 12337.40 12.13 8.72 4.36 1152 51 373.74 167.75 12.13 8.72 4.36
29740 20 12.51 29843.30 12.19 5.73 3.92 1187 89 97.21 757.91 12.19 5.73 3.92
20581 30 45.92 4795.10 1191 7.11 4.32 1909 37 228.88 331.13 10 96 5.52 4.32
15348 00 53.52 15348.00 1152 6.55 11.52 425 23 29.95 254.56 12 32 11.47 11.52
76844.40 7.03 769.59 1199 6.33 4.80 747.46 1.14 9.52 12 07 6.33 4.80
54623 00 164.46 2339.03 11 60 7.30 8.55 76 58 32.22 36.47 11 60 9.30 8.55
97500 00 98.46 26700.00 12.10 5.71 11.22 12 80 3.26 4.00 12 02 10.51 11.22
514917 86 702.07 102345.42 12 20 6.40 12.10 58 06 0.32 0.92 12 20 9.60 12.10
41067.40 189.46 10105.60 1098 6.34| 11.98 032 0.32 0.32 734 7.34 11.98
28448.10 1847.26 28448.10 11 50 6.80 11.50 1.10 0.32 0.32 990 12.02 11.50
3012 93 10.00 3012.93 1200 12.06 12.00, 101.48 15.79 33.68 9.15 12.06 12.00




Facility

Fly Ash -
Bituminous
Brayton Point (BPB)

Facility F (FFA)
Facility B (DFA)
Facility A (CFA)
Facility B (BFA)
Facility U (UFA)
Salem Harbor (SHB)

Facility G (GFA)
Facility A (AFA)
Facility L (LAB)
Facility C (GAB)

Facility T (TFA)
Facility E (EFB)
Facility W (WFA)
Facility E (EFA)
Facility K (KFA)
Facility Aa (AaFA)

Facility Aa (AaFB)
Facility Da (DaFA)

Facility Aa (AaFC)

Facility E (EFC)
Facility H (HFA)

Fly Ash - Sub-
bituminous
Pleasant Prairie
(PPB)

Facility J (JAB)
Facility Z (ZFA)
Facility X (XFA)

Facility Ca (CaFA)

Ba
B max Val min Val B ownpHVal B pH at Max B pH at Min B ownph Ba max Val Ba min Val Ba ownpHVal Ba pH at Max Ba pH at Min Ba ownph
30871.40 2430.60 2267.98 12.39 12.18 12 88, 1830.00 301.00 1810.00 12.14 8.02 1224
2705 59 2206.58 2910.91 9.20 8.40 425 322.77 97.47 115.67 9.20 5.50 425
25805 59 757.79 3551.28 6.89 12.33 10 26 276.80 129.78 192.38 10.88 8.42 10 26
11814 88 412.26 1480.31 7.07 7.72 1028 2950.67 194.14 625.42 7.88 10.22 1028
57359 05 2486.02 7216.20 9.29 11.91 10 06 205.00 87.20 143.00 11.91 9.57 10 06
39415.70 1466.22 10835.70 6.36 12.32 1181 1176.38 331.45 881.70 10.54 12.32 1181
20534.10 1484.62 4886.93 9.45 11.67 11 64 1000.00 138.00 778.00 11.99 7.74 11 68
2178.18 1539.05 1987.25 11.00 8.60 435 297.36 75.36 95.36 9.80 6.20 435
11267.41 209.68 320.43 5.69 12.24 10 52, 3720.00 218.00 349.00 7.69 7.52 1052
2586.70 480.50 590.78 6.50 7.60 5.75) 219.28 63.59 125.13 8.20 6.50 5.75)
12929.40 1148.41 5449.60 7.30 11.60 1127 1007.89 59.60 569.83 11.70 7.80 1127
47149 20 7469.63 8229.03 9.00 9.70 8 88| 818.44 189.20 373.88 10.46 5.71 8 88|
3397 55 1998.64 2565.79 12.00 6.30 430 177.43 84.71 92.91 10.50 6.30 430
34753 90 2777.40 3139.63 10.33 12.10 10 25, 231.52 59.82 69.00 7.67 10.31 10 25,
2894 30 2157.44 2644.94 12.10 8.50 480 377.10 79.26 80.61 12.10 6.40 480
272943.76 28095.68 32484.17 9.27 11.96 9.15) 442.29 81.14 170.90 9.27 6.95 9.15)
2134 05 2099.99 2336.11 12.13 10.88 436 610.93 388.83 220.54 12.13 8.72 436
2374 35 2214.50 2729.65 5.73 9.19 392 652.94 177.28 220.66 9.19 5.73 392
1554.14 1416.36 1529.28 5.52 10.96 432 1229.51 314.48 349.89 11.91 5.52 432
12137 80 5341.71 7386.50 11.31 12.32 11 52 2121.59 314.20 1700.87 11.39 6.55 1152
5995 09 2994.29 4298.65 11.99 9.90 480 518.96 50.64 77.63 11.99 9.59 480
173444 00 14348.10 20722.25 8.90 11.60 8 55 223.03 49.84 80.71 11.60 7.30 8 55|
29226 20 3846.36 9495.67 8.36 12.10 1132 101000.00 1030.00 22933.33 12.09 5.56 11 22
17608 90 235.65 295.95 9.20 12.10 12.10 4801.77 246.26 853.55 11.70 9.60 12.10
8602 85 524.54 3360.89 9.47 10.98 1198 671282.99 6961.94 219461.96 12.37 6.34 1198
11142.70 761.61 761.61 9.06 11.50 11 50 160764.25 6498.60 32923.08 12.02 6.80 11 50
65990 90 17626.20 17626.20 12.06 12.00 12 00 4946.58 690.49 2732.22 12.06 9.15 12 00




Facility

Fly Ash -
Bituminous
Brayton Point (BPB)

Facility F (FFA)
Facility B (DFA)
Facility A (CFA)
Facility B (BFA)
Facility U (UFA)
Salem Harbor (SHB)

Facility G (GFA)
Facility A (AFA)
Facility L (LAB)
Facility C (GAB)

Facility T (TFA)
Facility E (EFB)
Facility W (WFA)
Facility E (EFA)
Facility K (KFA)
Facility Aa (AaFA)

Facility Aa (AaFB)
Facility Da (DaFA)

Facility Aa (AaFC)

Facility E (EFC)
Facility H (HFA)

Fly Ash - Sub-
bituminous
Pleasant Prairie
(PPB)

Facility J (JAB)
Facility Z (ZFA)
Facility X (XFA)

Facility Ca (CaFA)

Cd Co
Cd max Val Cd min Val Cd ownpHVal Cd pH at Max Cd pH at Min Cd ownph Co max Val Co min Val Co ownpHVal Co pH at Max Co pH at Min Co _ownph
70 60 22.70 24.07 12.37 12.14 12.24 223 00 0.50 0.86 9.19 12.06 12.24
468 1.01 10.19 5.90 9.20 4.25 61 68 0.21 96.86 5.90 8.20 4.25
15 06 0.66 0.79 5.43 11.34 10.26 3235 0.21 0.21 5.43 9.84 10.26
1105 0.09 0.29 5.84 8.45 10.28 145 07 0.21 0.21 5.84 10.17 10.28
2220 0.96 1.03 9.45 11.43 10.06 17.10 0.94 5.51 9.37 11.30 10.06
149 32 18.30 23.48 12.32 9.45 11.81 1993 0.21 2.89 6.36 12.19 11.81
36 50 2.37 3.85 12.03 11.53 11.68 42 20 0.21 0.21 7.01 8.15 11.68
3.49 1.26 5.34 5.70 7.60 4.35 5203 0.21 65.43 5.70 11.80 4.35
23.10 0.09 0.73 5.69 11.76 10.52 157 00 1.38 7.72 5.69 12.24 10.52
186 0.33 0.46 6.50 7.60 5.75 3080 0.21 6.25 6.50 7.60 5.75)
34 89 0.09 0.09 11.20 6.60 11.27 78.16 0.21 0.21 5.60 9.30 11.27
37.71 4.67 4.97 9.00 10.04 8.88 1109 0.21 0.98 5.71 10.46 8.88
239 0.38 10.42 5.70 6.30 4.30 3723 0.21 108.20 5.70 10.50 4.30
2225 1.83 2.24 6.21 9.06 10.25 8330 0.21 0.21 6.21 10.33 10.25
084 0.40 4.54 6.40 8.50 4.80 106 06 0.21 186.30 6.50 12.10 5.40
27.77 0.09 0.09 9.27 11.96 9.15 234 0.21 0.21 9.21 9.80 9.15)
396 3.81 30.04 12.13 8.72 4.36 021 0.21 189.39 12.13 12.13 4.36
9 56 5.92 49.14 5.73 10.41 3.92 7599 0.21 248.74 5.73 12.19 3.92
2781 3.72 38.55 5.52 9.28 4.32 100.17 0.21 109.99 5.52 11.91 4.32
44 04 4.08 4.69 11.47 9.04 11.52 58 32 0.21 0.21 6.55 12.32 11.52
084 0.09 10.03 11.99 5.57 4.70 40 25 0.21 77.47 6.33 11.62 4.80
78.19 6.22 6.36 8.60 8.60 8.55 3.11 0.21 0.52 7.30 8.90 8.55)
17 00 0.09 0.15 5.56 12.02 11.22 503 00 0.21 0.66 5.56 12.02 11.22
359 0.46 0.58 12.20 11.60 12.10 74.78 0.21 0.21 5.50 11.80 12.10
0.70 0.09 0.09 6.34 8.63 11.98 37529 0.21 0.21 6.34 12.37 11.98
267 0.09 0.09 9.90 12.02 11.50 2356 0.21 0.21 6.80 12.02 11.50
106 00 3.39 3.43 5.54 9.15 12.00, 221.77 0.96 0.96 5.54 12.00 12.00




Facility

Fly Ash -
Bituminous
Brayton Point (BPB)

Facility F (FFA)
Facility B (DFA)
Facility A (CFA)
Facility B (BFA)
Facility U (UFA)
Salem Harbor (SHB)

Facility G (GFA)
Facility A (AFA)
Facility L (LAB)
Facility C (GAB)

Facility T (TFA)
Facility E (EFB)
Facility W (WFA)
Facility E (EFA)
Facility K (KFA)
Facility Aa (AaFA)

Facility Aa (AaFB)
Facility Da (DaFA)

Facility Aa (AaFC)

Facility E (EFC)
Facility H (HFA)

Fly Ash - Sub-
bituminous
Pleasant Prairie
(PPB)

Facility J (JAB)
Facility Z (ZFA)
Facility X (XFA)

Facility Ca (CaFA)

Cr Hg
Cr_max Val Cr_min Val __Cr ownpHVal Cr pH at Max _ Cr pH at Min Cr_ownph Hg max Val Hg min Val Hg ownpHVal Hg pH at Max Hg pH at Min Hg ownph
42.70 2.56 27.38 9.19 12.39 12.24, 0.12 0.00 0.04 11.71 12 06 12.24,
96.45 4.32 27.59 1160 5.90 4.25 0.19 0.02 0.08 9.50 8.40 4.25
1718 02 13.79 131.54 10.43 7.80 10.26 0.42 0.01 0.02 10.43 795 10.26
1358 51 119.56 186.77 8.17 11.21 10.28 007 0.01 0.04 10.78 7.72 10.28
3680 00 757.00 850.50 9.45 8.24 10.06 007 0.01 0.03 11.18 868 10.06
7369 95 117.36 1883.17 1232 6.36 11.81 003 0.00 0.00 12.32 783 11.81
527 00 0.25 451.67 1191 7.01 11.68 008 0.01 0.04 8.27 8.15 11.68
96 32 3.31 8.77 11 80 6.20 4.35 006 0.01 0.02 11.00 850 4.35
1870 00 835.00 1104.67 10.73 5.44 10.52 0.49 0.03 0.12 8.04 1235 10.52
18 96 0.25 1.29 12.10 5.70 5.75 0.12 0.00 0.01 6.70 10 30 5.75
86 57 0.25 0.25 1120 7.30 11.27 005 0.00 0.02 9.90 880 11.27
258.75 22.22 62.10 900 5.71 8.88 000 0.00 0.00 6.71 6.71 8.88
5521 6.58 18.82 1200 5.70 4.30 004 0.00 0.01 9.90 10 50 4.30
2552.40 8.77 290.01 1033 6.21 10.25 000 0.00 0.00 10.33 1033 10.25
46.77 0.91 0.85 12.10 8.50 4.80 006 0.00 0.02 12.10 7.70 4.80
137.43 0.99 21.47 927 6.10 9.15 0.14 0.02 0.02 9.27 927 9.15
108.77 44.07 33.91 12.13 8.72 4.36 001 0.00 0.01 12.13 10 88 4.36
561.43 12.48 225.20 12.19 5.73 3.92 000 0.00 0.00 10.41 10.41 3.92
107.40 0.25 32.32 1191 5.52 4.32 000 0.00 0.00 5.52 552 4.32
1850.47 7.05 233.26 11.47 6.55 11.52 001 0.00 0.00 11.47 11 39 11.52
14121 10.07 13.39 1199 5.57 4.80 003 0.01 0.02 10.66 990 4.80
95 64 7.50 20.47 11 60 7.30 8.55 004 0.00 0.02 11.60 800 8.55
1400 00 1.27 2.93 5.40 11.60 11.22 021 0.00 0.01 11.40 12 09 11.22
5457 59 269.56 612.45 12 20 11.60 12.10 005 0.00 0.03 12.10 1190 12.10
1920 35 0.25 6.30 9.47 12.37 11.98 000 0.00 0.00 12.37 12 37 11.98
3442 95 0.25 187.15 9 06 11.99 11.50 004 0.02 0.04 9.06 12 02 11.50
2323.45 5.63 625.64 12 06 5.54 12.00, 001 0.00 0.00 12.06 1184 12.00




Facility

Fly Ash -
Bituminous
Brayton Point (BPB)

Facility F (FFA)
Facility B (DFA)
Facility A (CFA)
Facility B (BFA)
Facility U (UFA)
Salem Harbor (SHB)

Facility G (GFA)
Facility A (AFA)
Facility L (LAB)
Facility C (GAB)

Facility T (TFA)
Facility E (EFB)
Facility W (WFA)
Facility E (EFA)
Facility K (KFA)
Facility Aa (AaFA)

Facility Aa (AaFB)
Facility Da (DaFA)

Facility Aa (AaFC)

Facility E (EFC)
Facility H (HFA)

Fly Ash - Sub-
bituminous
Pleasant Prairie
(PPB)

Facility J (JAB)
Facility Z (ZFA)
Facility X (XFA)

Facility Ca (CaFA)

Mo Pb
Mo max Val Mo min Val Mo ownpHVal Mo pH at Max Mo pH at Min Mo _ownph Pb_max Val Pb min Val Pb ownpHVal Pb pH at Max Pb pH at Min Pb_ownph
2419 09 859.01 772.19 12.39 12.18 12.88, 8.65 0.29 5.20 12.18 12.39 12.24,
1956 24 464.94 38.00 9.50 590 4.25 0.87 0.12 1.44 830 8.40 4.25
7401 59 131.58 1955.66 10.32 5.43 10.26 0.57 0.12 0.16 780 6.46 10.26
2161.70 428.15 521.47 6.91 10 06 10.28, 1.28 0.12 0.12 10.78 8.09 10.28
11436 06 1282.45 1822.15 9.45 988 10.06 0.73 0.12 0.12 937 11.13 10.06
125858 80 10096.31 14391.59 12.32 636 11.81] 3.20 0.12 0.71 12 32 9.45 11.81
13129 20 1119.47 1826.51 12.10 7.10 11.64 3.48 0.24 0.46 11.75 9.45 11.68
1259.13 369.35 57.78 11.80 5.70 4.35 0.28 0.12 0.46 7 60 11.80 4.35
9075 50 230.67 586.85 7.52 569 10.52 1.83 0.31 0.34 1224 8.50 10.52
788 02 221.80 243.18 6.50 6 50 5.75) 0.71 0.12 0.32 6 50 6.40 5.75
14658 90 1317.36 3009.33 11.60 6.40 11.27 0.12 0.12 0.12 1120 11.20 11.27
8488 54 853.99 1024.63 8.81 564 8.88| 4.14 0.12 0.12 12 23 5.64 8.88
2587 56 382.59 9.36 12.00 5.70 4.30 0.94 0.12 0.12 980 10.50 4.30
17928.47 1255.17 1970.54 10.29 621 10.25 7.01 0.33 0.83 1029 7.67 10.25
1864.79 853.87 47.18 12.10 6.40 4.80 0.59 0.12 0.12 6 50 12.10 4.80
36054 07 1262.83 2297.47 9.27 6.10 9.15) 0.45 0.12 0.12 9.16 9.27 9.15
2838 53 2731.47 135.71 12.13 8.72 4.36 217 0.12 3.27 8.72 12.13 4.36
321131 2300.23 68.81 12.19 5.73 3.92 0.87 0.12 11.46 12.19 10.41 3.92
3538.43 1736.08 356.49 11.91 552 4.32 0.88 0.12 4.60 1191 5.52 4.32
45509 56 2932.69 3853.29 11.47 6 55 11.52 5.00 0.12 0.12 1232 11.52 11.52
2011 85 281.89 163.59 11.99 633 4.80 0.26 0.12 0.12 1199 11.62 4.80
55235 80 3954.03 8.90 8.10 8.55) 2.12 0.12 0.23 780 8.90 8.55
774.44 0.50 0.50 8.36 11 60 11.32 4.82 0.71 3.74 12.17 5.71 11.22
4009.77 171.91 666.50 12.20 550 12.10 242 0.12 0.12 12 20 11.80 12.10
705 87 4.32 8.62 7.99 12 37 11.98 4.06 0.12 0.12 12 37 6.34 11.98
2403 83 7.45 546.12 9.90 1199 11.50 1.02 0.12 0.12 12 02 9.06 11.50
10945 90 1098.29 1985.31 12.06 554 12.00 35.34 0.37 2.56 12 06 9.15 12.00




Facility

Fly Ash -
Bituminous
Brayton Point (BPB)

Facility F (FFA)
Facility B (DFA)
Facility A (CFA)
Facility B (BFA)
Facility U (UFA)

Salem Harbor (SHB)

Facility G (GFA)
Facility A (AFA)
Facility L (LAB)
Facility C (GAB)

Facility T (TFA)
Facility E (EFB)
Facility W (WFA)
Facility E (EFA)
Facility K (KFA)
Facility Aa (AaFA)

Facility Aa (AaFB)
Facility Da (DaFA)

Facility Aa (AaFC)

Facility E (EFC)
Facility H (HFA)

Fly Ash - Sub-
bituminous
Pleasant Prairie
(PPB)

Facility J (JAB)
Facility Z (ZFA)
Facility X (XFA)

Facility Ca (CaFA)

PH Sb
PH max Val PH min Val PH ownpHVal PH pH at Max PH pH at Min PH ownph Sb _max Val Sb min Val Sb ownpHVval Sb pH at Max Sb pH at Min Sb _ownph
12 39 6.86 12.24 12.39 6 86 12.24 3328.38 1.94 6.94 7.01 12.18 12.88
11.70 5.50 4.25 11.70 550 4.25 194.86 102.04 50.13 11.70 590 4.25
12 38 5.43 10.26 12.38 5.43 10.26 58.44 0.04 6.43 7.09 12 38 10.26
12 20 5.84 10.28 12.20 584 10.28 223.69 6.57 20.67 6.91 788 10.28
12 02 7.97 10.06 12.02 797 10.06 49.20 0.97 5.71 7.97 11.43 10.06
12 32 6.36 11.81 12.32 6 36 11.81 59.12 0.27 0.63 7.83 1195 11.81
12.10 7.01 11.68 12.10 701 11.68 162.22 4.00 13.03 8.08 1193 11.64
1180 5.70 4.35 11.80 5.70 4.35 99.48 16.68 29.46 11.80 6 60 4.35
1235 5.44 10.52 12.35 5.44 10.52 165.98 5.29 12.96 8.04 11.76 10.52
12 20 5.70 5.75 12.20 5.70 5.75 148.50 4.00 57.62 12.10 6.40 5.75
11 80 5.60 11.27 11.80 560 11.27 129.52 4.00 30.86 8.30 1160 11.27
12 23 5.64 8.88 12.23 564 8.88 168.50 42.62 70.97 8.81 12.11 8.88|
12 00 5.70 4.30 12.00 5.70 4.30 108.52 48.57 29.24 12.00 5.70 4.30
12.10 5.96 10.25 12.10 596 10.25 1166.10 119.68 131.76 10.33 621 10.25
12.10 6.40 4.80 12.10 6.40 4.80 82.25 43.18 21.09 12.10 6.40 4.80
1196 6.10 9.15 11.96 6.10 9.15 54.20 12.06 30.07 9.16 1196 9.15)
12.13 8.72 4.36 12.13 8.72 4.36 145.09 134.26 51.56 8.72 1088 4.36
12.19 5.73 3.92 12.19 5.73 3.92 168.44 157.79 59.92 7.21 9.19 3.92
1191 5.52 4.32 11.91 552 432 243.74 173.10 130.12 7.11 552 4.32]
12 32 6.55 11.52 12.32 655 11.52 144.94 2.86 73.59 9.04 11.47 11.52]
12.10 5.57 4.80 12.10 557 4.80 114.32 42.58 46.99 11.62 633 4.80
11 60 7.30 8.55 11.60 730 8.55 86.37 15.50 42.70 7.80 9.70 8.55)
12 20 5.40 11.22 12.20 5.40 11.22 399.86 4.00 8.83 8.36 11 60 11.32
12 20 5.50 12.10 12.20 550 12.10 56.64 2.26 7.45 11.80 960 12.10
12 37 6.34 11.98 12.37 634 11.98 5.23 0.04 0.56 7.99 863 11.98
12 02 6.80 11.50 12.02 6 80 11.50 1.96 0.04 1.96 11.50 6 80 11.50
12 06 5.54 12.00 12.06 554 12.00 75.30 0.20 4.96 10.90 1206 12.00




Facility

Fly Ash -
Bituminous
Brayton Point (BPB)

Facility F (FFA)
Facility B (DFA)
Facility A (CFA)
Facility B (BFA)
Facility U (UFA)
Salem Harbor (SHB)

Facility G (GFA)
Facility A (AFA)
Facility L (LAB)
Facility C (GAB)

Facility T (TFA)
Facility E (EFB)
Facility W (WFA)
Facility E (EFA)
Facility K (KFA)
Facility Aa (AaFA)

Facility Aa (AaFB)
Facility Da (DaFA)

Facility Aa (AaFC)

Facility E (EFC)
Facility H (HFA)

Fly Ash - Sub-
bituminous
Pleasant Prairie
(PPB)

Facility J (JAB)
Facility Z (ZFA)
Facility X (XFA)

Facility Ca (CaFA)

Se Tl
Se _max Val Se min Val _Se ownpHVal Se pH at Max Se pH at Min Se ownph Tl max Val Tl min Val Tl ownpHVal Tl pH at Max Tl pH at Min Tl ownph
458 00 43.50 57.03 12.18 12.14 12.24 786.71 12.44 14 50 7.01 12.18 1288
1682 38 121.82 50.51 11.60 5.90 4.25 5.70 0.68 883 5.90 11.60 425
74.75 6.79 9.27 8.92 11.35 10.26 132.14 0.26 0.73 5.43 9.36 10 26
32359 10.01 23.61 7.96 11.21 10.28, 55.07 3.21 481 6.43 11.41 1028
97 50 10.80 15.25 9.45 11.76 10.06 14.74 1.35 1.41 8.32 10.02 10 06
216 98 39.92 51.97 12.32 11.95 11.81] 563.84 118.81 118 81 12.32 11.81 1181
2070 00 96.20 1716.67 11.99 12.07 11.68 16.95 0.26 058 11.67 11.75 1164
1303 84 123.88 61.01 11.80 5.70 4.35 20.78 0.26 33.17 5.70 9.20 435
249 00 25.10 25.67 8.00 9.88 10.52 43.00 1.96 288 5.67 12.24 1052
45.79 8.90 8.29 12.10 6.30 5.75) 446.79 1.59 6 30 6.50 8.80 5.75
3810.78 991.02 3079.77 11.20 11.60 11.27, 327.44 2.50 50 89 8.50 11.60 1127
1520.72 156.42 539.47 12.11 5.71 8.88] 17.10 0.99 500 6.71 10.46 888
859.15 23.56 36.28 12.00 5.70 4.30 69.82 2.59 92 23 5.70 12.00 430
28827 86 1224.33 2855.94 10.33 6.21 10.25, 38.81 3.63 4.16 5.96 11.15 1025
1433 29 77.57 63.49 12.10 6.50 4.80 7.27 1.07 14.74 6.40 12.10 4 80|
417 58 17.45 122.54 9.27 6.10 9.15) 256.81 34.65 3801 9.27 9.17 9.15
3641 64 2443.87 213.82 10.88 8.72 4.36 3.56 0.85 33.74 8.72 12.13 436
7386.75 1299.44 496.06 10.41 5.73 3.92 14.15 0.95 3828 5.73 12.19 392
2436 67 371.00 250.89 11.91 5.52 4.32 144.46 5.17 193.12 5.52 11.91 432
773 56 42.76 47.79 11.47 9.04 11.52 29.58 0.26 498 6.55 12.32 1152
2968.48 65.45 51.97 12.07 6.33 4.80 34.04 1.63 26 51 6.33 11.64 480
120.17 9.13 17.91 11.60 7.30 8.55 176.34 11.40 3561 7.80 9.70 855
369 00 35.10 110.90 12.09 11.71 11.22 182.32 0.66 558 5.71 8.95 1132
31292 42.75 50.80 12.20 11.60 12.10 22.08 2.50 582 5.50 11.90 12.10
434.46 16.51 16.51 6.34 11.98 11.98, 7.31 0.26 026 6.34 11.98 1198
197.14 15.31 22.44 7.60 11.99 11.50 1.54 0.26 026 11.99 12.02 11 50
548 01 141.22 338.64 10.90 6.64 12.00 16.10 0.26 026 5.54 12.00 12 00|




Facility

Fly Ash - With and
without ACI
Brayton Point (BPB)

Brayton Point (BPT)
Salem Harbor (SHB)
Salem Harbor (SHT)

Facility L (LAB)
Facility L (LAT)
Facility C (GAB)
Facility C (GAT)
Pleasant Prairie
(PPB)

Pleasant Prairie
(PPT)

Facility J (JAB)
Facility J (JAT)
Facility Ba (BaFA)

SDA
Facility V (VSD)
Facility Y (YSD)

Al As
Al max Val Al min Val Al ownpHVal Al pH at Max Al pH at Min Al ownph As max Val As min Val As ownpHVal As pH at Max As pH at Min As ownph
6400 00 3810.00 4110.00 12.18 12.14 12.24, 3530 5.40 6.67 9.19 12.14 12.24,
103000 00 1540.00 5966.67 550 8.89 9.49 4290 2.26 4.84 1235 9.04 9.49
2104 92 331.03 1996.89 11.76 8.59 11.68 105 00 18.00 19.30 859 11.76 11.68
932 68 188.44 532.11 5.72 8.38 10.31 188 00 83.30 156.00 933 5.72 10.31
20919 24 30.15 1087.32 12.10 6.40 5.75 1686 99 23.49 25.95 12.10 6.30 5.75
21402 23 16.62 1373.00 12.10 6.50 5.00 1312.12 24.58 24.96 12.10 6.50 5.00
34209 60 58.09 13419.61 1120 6.60 11.27 1113.43 123.96 237.37 830 11.60 11.27
23475 20 1202.04 2045.14 980 8.40 8.10 273.72 69.64 119.67 1150 8.60 8.10
97500 00 98.46 26700.00 12.10 5.71 11.22 1280 3.26 4.00 1202 10.51 11.22
125000 00 138.92 118666.67 1195 6.86 11.86 14 50 2.99 4.15 1139 8.25 11.86
514917 86 702.07 102345.42 1220 6.40 12.10, 58 06 0.32 0.92 1220 9.60 12.10,
189069.46 158.38 9244421 12.10 5.80 12.20 289 0.32 0.54 12.10 10.40 12.20
15999.70 35.55 15999.70 11.70 6.88 11.70, 36 69 0.85 5.82 895 11.82 11.70,
13131 50 10.00 172.89 909 12.18 11.99 32.16 0.87 1.80 5.74 11.63 11.99
7179.46 0.50 16.14 903 12.11 12.10, 27 96 0.32 2.23 5.79 9.18 12.10




Facility

Fly Ash - With and
without ACI
Brayton Point (BPB)

Brayton Point (BPT)
Salem Harbor (SHB)
Salem Harbor (SHT)

Facility L (LAB)
Facility L (LAT)
Facility C (GAB)
Facility C (GAT)
Pleasant Prairie
(PPB)

Pleasant Prairie
(PPT)

Facility J (JAB)
Facility J (JAT)
Facility Ba (BaFA)

SDA
Facility V (VSD)
Facility Y (YSD)

Ba

B max Val B min Val B ownpHval B pH at Max B pH at Min B ownph Ba max Val Ba min Val Ba ownpHval Ba pH at Max Ba pH at Min Ba ownph
30871.40 2430.60 2267.98 12.39 12.18 12 88, 1830.00 301.00 1810.00 12.14 8.02 1224
39163 60 1129.79 38865.80 9.04 8.28 9 39 270.00 105.00 120.33 12.34 8.28 9.49
20534.10 1484.62 4886.93 9.45 11.67 1164 1000.00 138.00 778.00 11.99 7.74 1168
56140.40 7111.69 9115.11 9.72 11.87 10 27 1000.00 164.00 567.67 12.39 6.44 1031
2586.70 480.50 590.78 6.50 7.60 5.75) 219.28 63.59 125.13 8.20 6.50 5.75)
2105.44 398.66 517.82 5.50 7.50 5 00| 168.04 59.36 116.33 7.30 6.70 5 00|
12929.40 1148.41 5449.60 7.30 11.60 1127 1007.89 59.60 569.83 11.70 7.80 1127
11228.10 2993.11 7460.41 5.50 11.70 8.10 369.71 50.60 69.29 10.50 8.40 8.10
29226 20 3846.36 9495.67 8.36 12.10 1132 101000.00 1030.00 22933.33 12.09 5.56 1122
25901 80 348.38 565.16 11.46 12.35 1196 11000.00 662.00 10766.67 11.95 8.13 11 86
17608 90 235.65 295.95 9.20 12.10 12.10 4801.77 246.26 853.55 11.70 9.60 12.10
17023.70 237.33 256.48 8.50 12.20 12 20 3197.81 1787.19 2453.01 10.40 9.70 12 20
26354.10 1473.61 1867.05 6.88 11.82 11.70 53382.66 1347.63 11059.18 11.91 8.95 11.70
23657 20 78.66 90.94 6.00 11.63 1199 451497.14 3758.26 167632.20 12.18 8.19 1199
12743 50 143.17 144.02 5.98 12.11 12.10 6304.27 465.49 1271.34 8.73 12.33 12.10




Facility

Fly Ash - With and
without ACI
Brayton Point (BPB)

Brayton Point (BPT)
Salem Harbor (SHB)
Salem Harbor (SHT)

Facility L (LAB)
Facility L (LAT)
Facility C (GAB)
Facility C (GAT)
Pleasant Prairie
(PPB)

Pleasant Prairie
(PPT)

Facility J (JAB)
Facility J (JAT)
Facility Ba (BaFA)

SDA
Facility V (VSD)
Facility Y (YSD)

Cd Co
Cd max Val Cd min Val Cd ownpHVal Cd pH at Max Cd pH at Min Cd ownph Co max Val Co min Val Co ownpHval Co pH at Max Co pH at Min Co ownph
70 60 22.70 24.07 12.37 12.14 12.24 22300 0.50 0.86 9.19 12.06 12.24)
126 00 3.20 42.77 7.91 5.48 9.49 106 00 0.21 0.29 5.60 11.24 9.49
36 50 2.37 3.85 12.03 11.53 11.68 4220 0.21 0.21 7.01 8.15 11.68|
32300 54.50 75.77 9.72 6.44 10.31 31.10 0.21 0.21 5.72 10.20 10.31]
186 0.33 0.46 6.50 7.60 5.75 3080 0.21 6.25 6.50 7.60 5.75
129 0.29 0.33 5.50 6.70 5.00 2137 0.21 5.08 5.50 12.10 5.00
3489 0.09 0.09 11.20 6.60 11.27 78.16 0.21 0.21 5.60 9.30 11.27|
1098 0.58 0.64 5.50 8.30 8.10 13590 0.21 1.19 5.50 9.60 8.10
17 00 0.09 0.15 5.56 12.02 11.22 503 00 0.21 0.66 5.56 12.02 11.22]
15.40 0.09 4.21 7.91 11.92 11.86 153 00 0.21 0.32 5.57 12.19 11.86
359 0.46 0.58 12.20 11.60 12.10 74.78 0.21 0.21 5.50 11.80 12.10
124 0.45 0.45 12.10 12.20 12.20 65 00 0.21 0.21 5.80 12.10 12.20,
833 0.42 0.98 6.88 11.82 11.70 282.10 0.61 0.68 6.88 11.77 11.70]
1005 0.09 0.82 5.74 9.09 11.99 1461 94 0.21 5.26 6.00 12.18 11.99
39.70 1.67 1.83 5.79 12.11 12.10 2688 06 0.21 4.40 5.79 12.33 12.10]

I-10




Facility

Fly Ash - With and
without ACI
Brayton Point (BPB)

Brayton Point (BPT)
Salem Harbor (SHB)
Salem Harbor (SHT)

Facility L (LAB)
Facility L (LAT)
Facility C (GAB)
Facility C (GAT)
Pleasant Prairie
(PPB)

Pleasant Prairie
(PPT)

Facility J (JAB)
Facility J (JAT)
Facility Ba (BaFA)

SDA
Facility V (VSD)
Facility Y (YSD)

Cr Hg
Cr max Val Cr min Val  Cr ownpHVal Cr pH at Max  Cr pH at Min Cr ownph Hg max Val Hg min Val Hg ownpHval Hg pH at Max Hg pH at Min Hg ownph
42.70 2.56 27.38 9.19 12.39 12.24, 0.12 0.00 0.04 11.71 1206 12.24,
74 60 2.07 15.27 1134 7.65 9.49 002 0.00 0.01 9.52 791 9.49
527 00 0.25 451.67 1191 7.01 11.68 008 0.01 0.04 8.27 8.15 11.68
260 00 3.25 76.57 968 7.62 10.31 003 0.00 0.01 11.82 968 10.31
18 96 0.25 1.29 12.10 5.70 5.75 0.12 0.00 0.01 6.70 1030 5.75
27 67 0.25 0.50 12.10 5.50 5.00 0.16 0.00 0.01 10.40 12.10 5.00
86 57 0.25 0.25 1120 7.30 11.27 005 0.00 0.02 9.90 880 11.27
65 59 0.25 29.32 860 5.50 8.10 0.13 0.00 0.02 8.60 11.70 8.10
1400 00 1.27 2.93 5.40 11.60 11.22 021 0.00 0.01 11.40 1209 11.22
709.48 57.60 80.73 11.46 5.57 11.86 003 0.00 0.01 7.91 1235 11.86
5457 59 269.56 612.45 1220 11.60 12.10, 005 0.00 0.03 12.10 1190 12.10,
2602 54 67.03 631.98 12.10 5.80 12.20 005 0.00 0.02 8.50 7.10 12.20
834 05 23.48 425.46 10 67 11.91 11.70, 002 0.00 0.01 6.88 1191 11.70,
434.79 16.17 252.31 10.40 6.76 11.99 197 0.01 0.02 7.09 1127 11.99
9118 93 25.52 1741.96 1233 5.79 12.10, 0.70 0.00 0.02 6.59 9.18 12.10




Facility

Fly Ash - With and
without ACI
Brayton Point (BPB)

Brayton Point (BPT)
Salem Harbor (SHB)
Salem Harbor (SHT)

Facility L (LAB)
Facility L (LAT)
Facility C (GAB)
Facility C (GAT)
Pleasant Prairie
(PPB)

Pleasant Prairie
(PPT)

Facility J (JAB)
Facility J (JAT)
Facility Ba (BaFA)

SDA
Facility V (VSD)
Facility Y (YSD)

Mo Pb
Mo max Val Mo min Val Mo ownpHVal Mo pH at Max Mo pH at Min Mo ownph Pb max Val Pb min Val Pb ownpHVval Pb pH at Max Pb pH at Min Pb ownph
2419 09 859.01 772.19 12.39 12.18 12.88 8.65 0.29 5.20 12.18 12.39 12.24,
2548 90 14.38 2548.90 9.39 5.48 9.39 3.37 0.23 1.81 9 56 8.89 9.49
13129 20 1119.47 1826.51 12.10 7.10 11.64 3.48 0.24 0.46 11.75 9.45 11.68
26762 60 1679.90 3111.61 9.72 6.44 10.27 1.72 0.24 0.76 1239 10.53 10.31
788 02 221.80 243.18 6.50 6 50 5.75) 0.71 0.12 0.32 6 50 6.40 5.75
651 82 172.05 202.57 5.50 6.40 5.00 2.28 0.12 0.49 6.40 5.50 5.00
14658 90 1317.36 3009.33 11.60 6.40 11.27 0.12 0.12 0.12 1120 11.20 11.27
2046.71 350.10 1387.32 11.50 550 8.10 4.03 0.12 0.51 6.10 8.70 8.10
774.44 0.50 0.50 8.36 11 60 11.32 4.82 0.71 3.74 12.17 5.71 11.22
3290 24 0.50 94.61 11.46 1134 11.96 5.78 0.63 3.49 1192 6.86 11.86
4009.77 171.91 666.50 12.20 550 12.10 242 0.12 0.12 1220 11.80 12.10,
1548 68 234.50 687.16 12.20 580 12.20 12.16 0.37 3.50 580 12.20 12.20
818 27 100.83 533.35 8.95 11901 11.70 2.73 0.26 0.61 1182 8.95 11.70,
764 04 182.96 188.12 9.09 12.13 11.99 26.58 0.12 6.89 1239 8.19 11.99
9202 95 354.13 1231.90 12.33 5.79 12.10 58.99 5.81 10.42 1233 10.23 12.10,
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Facility

Fly Ash - With and
without ACI
Brayton Point (BPB)

Brayton Point (BPT)
Salem Harbor (SHB)
Salem Harbor (SHT)

Facility L (LAB)
Facility L (LAT)
Facility C (GAB)
Facility C (GAT)
Pleasant Prairie
(PPB)

Pleasant Prairie
(PPT)

Facility J (JAB)
Facility J (JAT)
Facility Ba (BaFA)

SDA
Facility V (VSD)
Facility Y (YSD)

PH Sb
PH max Val PH min Val PH ownpHVal PH pH at Max PH pH at Min PH ownph Sb max Val Sb min vVal Sb ownpHval Sb pH at Max Sb pH at Min Sb ownph
1239 6.86 12.24 12.39 686 12.24 3328.38 1.94 6.94 7.01 12.18 12.88|
1235 5.48 9.49 12.35 5.48 9.49 4317.57 4.00 548.04 9.04 892 9.39
12.10 7.01 11.68 12.10 701 11.68 162.22 4.00 13.03 8.08 1193 11.64]
12 39 5.72 10.31 12.39 5.72 10.31 11145.85 26.78 392.68 5.72 10 20 10.27|
1220 5.70 5.75 12.20 5.70 5.75 148.50 4.00 57.62 12.10 6.40 5.75
12 20 5.50 5.00 12.20 550 5.00 135.74 4.00 54.48 12.10 550 5.00
1180 5.60 11.27 11.80 560 11.27 129.52 4.00 30.86 8.30 11 60 11.27|
11.70 5.50 8.10 11.70 550 8.10 96.40 8.31 53.42 6.10 11.70 8.10
12 20 5.40 11.22 12.20 5.40 11.22 399.86 4.00 8.83 8.36 11 60 11.32]
1235 5.57 11.86 12.35 557 11.86 361.64 4.00 571 5.57 11.46 11.96|
1220 5.50 12.10 12.20 550 12.10 56.64 2.26 7.45 11.80 9 60 12.10]
12 20 5.80 12.20 12.20 580 12.20, 17.14 2.45 5.86 12.20 10.40 12.20
1191 6.88 11.70 11.91 688 11.70 22.80 2.53 5.13 8.95 1191 11.70]
12 39 5.74 11.99 12.39 5.74 11.99 15.63 0.04 0.67 5.74 1130 11.99
1233 5.79 12.10 12.33 5.79 12.10 13.60 0.04 0.22 5.79 12 00 12.10]
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Facility

Fly Ash - With and
without ACI
Brayton Point (BPB)

Brayton Point (BPT)
Salem Harbor (SHB)
Salem Harbor (SHT)

Facility L (LAB)
Facility L (LAT)
Facility C (GAB)
Facility C (GAT)
Pleasant Prairie
(PPB)

Pleasant Prairie
(PPT)

Facility J (JAB)
Facility J (JAT)
Facility Ba (BaFA)

SDA
Facility V (VSD)
Facility Y (YSD)

Se Tl
Se max Val Se min Val Se ownpHVvVal Se pH at Max Se pH at Min Se ownph Tl max Val Tl min Val Tl ownpHval Tl pH at Max Tl pH at Min Tl ownph
458 00 43.50 57.03 12.18 12.14 12.24 786.71 12.44 14 50 7.01 12.18 1288
2700 00 91.50 164.33 12.35 8.28 9.49 184.82 23.83 54.40 9.04 9.84 939
2070 00 96.20 1716.67 11.99 12.07 11.68 16.95 0.26 058 11.67 11.75 11 64
3010 00 153.00 1496.67 9.68 6.44 10.31] 143.98 0.91 1.40 5.72 10.66 10 27
45.79 8.90 8.29 12.10 6.30 5.75 446.79 1.59 630 6.50 8.80 5.75
4157 5.70 5.85 12.20 5.90 5.00 216.56 1.83 684 6.40 9.70 500
3810.78 991.02 3079.77 11.20 11.60 11.27| 327.44 2.50 50 89 8.50 11.60 1127
12091.11 1035.91 3288.09 11.50 5.80 8.10 319.97 41.30 98 94 8.90 11.50 8.10
369 00 35.10 110.90 12.09 11.71 11.22] 182.32 0.66 558 571 8.95 1132
85.70 10.50 25.27 9.78 11.86 11.86 406.21 2.08 460 5.57 12.35 11 96
31292 42.75 50.80 12.20 11.60 12.10 22.08 2.50 582 5.50 11.90 12.10
17057 48.49 58.85 9.90 12.20 12.20, 6.39 1.78 237 5.80 8.60 12 20,
720.15 40.05 133.22 8.95 11.91 11.70 4.98 0.26 026 6.88 11.70 11.70
1142.48 73.96 83.14 5.74 11.63 11.99 12.03 0.26 169 5.74 7.09 1199
951.76 108.99 116.03 5.79 12.11 12.10 15.06 0.26 361 12.27 8.45 12.10
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Facility

Gypsum

Facility U (UAU)
Facility T (TAU)
Facility T (TAW)
Facility W (WAU)
Facility W (WAW)

Facility Aa (AaAU)
Facility Aa (AaAW)
Facility Da (DaAW)

Facility P (PAD)
Facility N (NAU)
Facility N (NAW)
Facility S (SAU)
Facility S (SAW)
Facility O (OAU)
Facility O (OAW)
Facility R (RAU)
Facility Q (QAU)
Facility X (XAU)
Facility X (XAW)
Facility Ca (CaAW)

Scrubber Sludge
Facility B (DGD)
Facility A (CGD)
Facility B (BGD)
Facility A (AGD)
Facility K (KGD)

Blended CCRs

Facility B (DCC)
Facility A (CCC)
Facility B (BCC)
Facility A (ACC)
Facility K (KCC)
Facility M (MAD)
Facility M (MAS)
Facility U (UGF)

Al As
Al max Val Al min Val Al ownpHVal Al pH at Max Al pH at Min Al ownph As max Val As min Val As ownpHVal As pH at Max As pH at Min As ownph
890 65 76.79 181.84 1065 12.13 5.85 582 4.82 5.21 702 5.65 5.85
73177 0.50 12.59 5.71 9.12 7.11 393 0.32 2.68 728 8.96 7.11
405.44 0.50 28.43 1097 12.16 6.02 465 0.32 0.32 12.16 5.64 6.02
47 95 0.50 3.70 553 8.92 6.84 197 50 0.95 1.38 595 7.35 6.84
203.43 0.50 6.04 822 12.00 6.33 299 0.32 0.32 594 10.41 6.33
1623 05 4.38 384.78 1023 11.95 7.14 132 0.32 1.04 1195 10.23 7.14
2876 07 0.50 384.78 1091 12.00 7.14 211 0.32 0.69 550 10.91 6.86
467.43 10.00 170.63 903 5.81 7.74 121397 1.05 1.05 554 7.74 7.74
57125 50.05 62.70 568 11.76 6.66 6.12 0.32 0.32 582 6.05 6.66
2149 62 65.51 340.84 10 82 7.20 7.18 594 0.32 0.32 626 7.18 7.18
3442.44 65.37 324.86 565 7.18 7.13 10.16 0.32 5.24 725 6.87 7.13
2762 65 10.00 437.11 5.42 7.42 7.13 63.73 7.03 12.03 7.42 12.11 7.13
1801.48 10.00 1800.98 727 5.60 7.61 4354 7.60 42.26 727 6.49 7.61
2155 36 0.48 414.70 5.49 10.22 7.53 6 56 0.32 1.29 729 9.53 7.53
2440 99 507.95 823.80 583 7.44 7.33 901 0.32 212 705 9.17 7.33
2029.43 16.53 119.18 557 12.05 6.92 596 0.32 1.18 1104 9.45 6.92
448 37 0.48 176.41 8.12 10.49 6.89 1069 0.32 0.88 585 6.95 6.89
742 33 0.50 58.48 567 12.25 7.73 901 0.32 0.32 720 5.67 7.73
892 62 11.64 437.43 6 85 12.25 6.03 302 0.72 0.80 637 6.85 6.03
10282.40 5.97 79.31 581 9.05 7.75 2100 1.83 5.00 695 12.13 7.75
3254 94 33.17 36.97 586 8.52 9.13 22.72 0.32 0.32 586 9.03 9.13
21565 05 260.83 495.95 5.74 7.28 7.30 307 0.32 0.46 10 86 6.70 7.30
14400 00 455.00 2340.00 1221 7.23 10.11 63 90 5.54 5.80 703 10.70 10.11
3170 00 217.00 913.33 5.48 9.35 6.78 794 2.81 6.38 7.74 8.09 6.78
13860 01 71.91 2812.52 12 02 5.69 10.99 105 00 10.84 18.62 12 02 7.07 10.99
321.40 9.33 9.51 12.17 12.26 12.19 184 53 0.32 2.09 631 12.17 12.19
10010 03 106.20 584.06 587 11.52 10.00 83.71 4.75 18.81 9.16 11.52 10.00
3270 00 250.00 551.00 12 04 8.10 8.00 40 60 7.26 16.60 703 12.04 8.00
15400 00 530.00 1920.00 583 8.88 8.43 76 60 21.20 41.30 791 11.39 8.43
3751 09 644.75 711.03 627 8.24 8.18 698 0.32 0.32 627 8.30 8.18
920 34 0.50 366.25 1187 6.88 11.93 2818.75 1.20 7.20 5.74 12.05 11.93
15319.17 3.31 4048.82 11.14 7.13 11.58 3664.46 77.19 205.37 1194 8.02 11.58
2309 30 12.69 82.20 561 12.07 7.12 44 25 4.73 12.98 561 12.07 7.12
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Facility

Gypsum

Facility U (UAU)
Facility T (TAU)
Facility T (TAW)
Facility W (WAU)
Facility W (WAW)

Facility Aa (AaAU)
Facility Aa (AaAW)
Facility Da (DaAW)

Facility P (PAD)
Facility N (NAU)
Facility N (NAW)
Facility S (SAU)
Facility S (SAW)
Facility O (OAU)
Facility O (OAW)
Facility R (RAU)
Facility Q (QAU)
Facility X (XAU)
Facility X (XAW)
Facility Ca (CaAW)

Scrubber Sludge
Facility B (DGD)
Facility A (CGD)
Facility B (BGD)
Facility A (AGD)
Facility K (KGD)

Blended CCRs

Facility B (DCC)
Facility A (CCC)
Facility B (BCC)
Facility A (ACC)
Facility K (KCC)
Facility M (MAD)
Facility M (MAS)
Facility U (UGF)

Ba
B max Val B min Val B ownpHval B pH at Max B pH at Min B ownph Ba max Val Ba min Val Ba ownpHval Ba pH at Max Ba pH at Min Ba ownph
1268 87 541.87 574.10 5.65 8.21 5 85 141.07 106.49 123.66 5.65 12.13 5 85
94758 60 9374.62 10908.75 7.47 9.40 7.11 105.24 56.16 75.52 7.42 12.16 7.11
5435 68 638.86 701.25 5.52 9.93 6 02 71.86 58.54 69.65 6.39 12.15 6 02
113879 00 7479.40 9094.99 6.83 9.86 6 84 198.65 36.89 96.64 6.83 12.07 6 84
1437.11 208.82 210.72 5.99 8.22 6 33| 99.45 29.99 59.39 5.75 12.00 6 33|
4142.44 695.22 716.07 5.86 11.95 7.14 86.82 70.81 76.03 5.86 11.95 7.14)
13402 101.01 101.01 5.50 6.86 6 86| 87.39 69.74 69.74 5.50 6.86 6 86|
1702 84 158.04 158.04 5.54 7.74 7.74) 257.40 95.11 95.11 5.81 7.74 7.74)
1518 04 260.68 285.95 11.76 6.71 6 66| 77.15 37.63 45.02 5.68 11.74 6 66|
16490 02 1469.68 2214.49 7.16 7.65 7.18 148.02 50.43 67.00 7.20 11.96 7.18
978 34 42.83 48.63 7.18 7.25 7.13 80.49 46.26 58.38 7.31 11.31 7.13
268491 00 18975.00 21801.20 7.42 10.55 7.13 158.96 40.67 101.42 6.10 12.11 7.13
788 39 355.86 387.72 5.60 6.02 761 84.35 31.09 32.43 5.60 9.83 761
49574.17 4979.84 5234.54 7.44 7.50 753 159.25 75.59 83.52 5.49 12.01 753
371322 327.62 344.99 8.05 6.91 7 33 144.91 40.70 80.01 5.83 8.93 7 33
2664 52 58.48 59.72 11.95 6.98 692 123.62 62.00 81.77 5.57 12.05 692
65034 94 2737.33 3592.31 6.41 9.31 6 89 421.86 114.93 128.93 5.81 6.41 6 89
5903 89 531.69 569.55 7.20 7.01 7.73) 107.64 80.61 99.30 5.67 12.25 7.73
395 80 11.81 11.81 12.25 6.03 6 03] 95.96 80.35 91.49 11.29 12.25 6 03]
77196 90 7034.84 7521.65 6.95 9.05 7.75 564.84 124.95 164.15 5.81 12.13 7.75
62361.43 3120.08 3331.06 8.77 9.05 9.13 401.77 118.07 127.96 7.06 11.59 9.13
43149 82 4059.68 5373.95 7.28 12.13 7 30 82.67 21.75 30.43 7.25 10.79 7 30
14166 99 18.23 726.43 6.39 9.39 10.11 1760.00 156.00 176.00 7.03 9.51 10.11
213447.79 4750.32 6270.42 7.74 9.35 6.78] 118.00 33.60 43.57 7.70 6.49 6.78]
20929 26 1574.03 1845.13 6.03 11.00 1099 2313.82 99.12 112.52 6.03 12.02 1099
13903.42 6.28 818.70 6.31 11.97 12.19 5991.09 624.94 2250.24 12.12 9.38 12.19
7950 30 7.57 112.32 6.08 11.52 10 00, 1590.77 149.99 162.39 8.69 9.91 1000
223287 90 1841.01 5616.40 7.93 10.85 8 00| 178.00 46.70 49.70 7.93 7.91 8 00|
10883 92 529.50 3215.59 7.10 11.39 8.43) 494.00 122.00 130.00 8.88 8.72 8.43
44446 01 7827.50 10851.50 8.24 9.24 8.18 154.08 7.63 15.23 6.27 11.54 8.18|
32923 84 172.30 305.35 6.55 11.87 1193 10158.06 516.86 2227.47 7.87 9.13 1193
28731 07 357.08 794.72 6.73 11.95 11 58, 1180.41 32.33 67.28 6.73 11.60 11 58,
338321 122.74 284.52 5.61 10.55 7.12 962.81 185.00 190.25 5.61 10.55 7.12
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Facility

Gypsum

Facility U (UAU)
Facility T (TAU)
Facility T (TAW)
Facility W (WAU)
Facility W (WAW)

Facility Aa (AaAU)
Facility Aa (AaAW)
Facility Da (DaAW)

Facility P (PAD)
Facility N (NAU)
Facility N (NAW)
Facility S (SAU)
Facility S (SAW)
Facility O (OAU)
Facility O (OAW)
Facility R (RAU)
Facility Q (QAU)
Facility X (XAU)
Facility X (XAW)
Facility Ca (CaAW)

Scrubber Sludge
Facility B (DGD)
Facility A (CGD)
Facility B (BGD)
Facility A (AGD)
Facility K (KGD)

Blended CCRs

Facility B (DCC)
Facility A (CCC)
Facility B (BCC)
Facility A (ACC)
Facility K (KCC)
Facility M (MAD)
Facility M (MAS)
Facility U (UGF)

Cd Co
Cd max Val Cd min Val Cd ownpHVal Cd pH at Max Cd pH at Min Cd ownph Co max Val Co min Val Co ownpHval Co pH at Max Co pH at Min Co ownph
137 0.62 1.37 5.85 7.02 5.85 2.40 0.21 1.93 12.13 5.65 5.85
1528 0.09 0.84 6.02 7.95 7.11 103.12 1.43 17.11 7.42 11.33 7.11
089 0.09 0.15 6.20 7.33 6.02 11.45 1.30 2.25 7.95 7.20 6.02
197 0.09 0.56 6.97 8.92 6.84 4162 0.21 2.15 6.97 8.39 6.84
2.19 0.09 0.25 5.49 10.16 6.33 10.70 1.97 2.64 5.49 10.91 6.33
009 0.09 0.09 11.95 11.95 7.14 021 0.21 0.21 11.95 11.95 7.14
009 0.09 0.09 12.00 12.00 6.86 6.79 0.21 0.21 5.50 12.00 6.86
371.15 0.09 0.09 5.54 9.03 7.74 1147 29 0.21 0.21 5.54 9.03 7.74
050 0.09 0.09 5.68 6.37 6.66 259 112 1.16 5.68 6.71 6.66
726 0.09 0.17 7.16 10.98 7.18 4.15 1.36 1.83 6.26 8.19 7.18
791 0.09 0.09 5.70 8.15 7.13 408 1.00 231 5.70 10.08 7.13
3299 0.09 491 7.42 12.11 7.13 63 54 0.21 11.78 7.47 12.11 7.13
0.71 0.09 0.09 5.60 9.83 7.61 211 1.33 1.41 12.08 10.92 7.61
1223 0.09 1.08 5.49 9.51 7.53 17 32 1.19 1.65 5.49 7.16 7.53
669 0.09 0.09 5.83 8.42 7.33 14.43 0.57 1.52 5.83 8.93 7.33
235 0.09 0.57 5.57 10.28 6.92 3029 1.68 3.28 5.57 10.90 6.92
5126 0.09 6.03 5.81 10.49 6.89 50.74 1.99 8.69 6.68 10.49 6.89
3.11 0.09 0.39 7.20 12.25 7.73 63 28 1.35 9.24 7.20 12.25 7.73
193 0.39 1.08 6.37 7.98 6.03 358 2.34 2.89 6.37 11.29 6.03
5.77 0.09 0.56 5.81 9.05 7.75 69 20 0.21 1.28 5.81 12.13 7.75)
068 0.09 0.09 7.06 9.29 9.13 6.46 0.21 0.21 5.86 12.09 9.13]
117 0.09 0.09 8.98 9.21 7.30 8.71 0.59 0.87 7.25 9.21 7.30
1.44 0.09 0.09 6.43 12.24 10.11 40 30 0.21 0.21 7.03 9.11 10.11
159 0.09 1.01 5.48 11.69 6.78 92 00 0.93 51.23 6.30 11.69 6.78
411 0.18 0.19 8.34 11.00 10.99 245 08 0.21 0.21 5.69 11.00 10.99
109 0.09 0.09 6.31 12.12 12.19 4704 0.78 0.94 6.25 12.12 12.19
9.12 0.21 0.28 6.08 10.81 10.00, 124 87 0.21 0.49 6.08 10.75 10.00]
1180 0.34 2.08 7.06 8.10 8.00 93 00 231 5.06 6.34 12.04 8.00
895 0.55 0.63 5.70 11.39 8.43 11100 3.33 4.15 5.70 11.39 8.43
108 0.09 0.09 8.30 7.98 8.18 782 0.21 0.21 6.27 8.30 8.18
11 00 0.09 1.49 7.37 12.03 11.93 149 82 0.21 1.78 6.16 12.03 11.93
20.15 3.02 3.30 11.94 11.50 11.58 117 94 0.45 1.40 6.73 11.76 11.58
3199 0.09 0.09 5.61 10.21 7.12 48.46 0.21 0.21 5.61 6.77 7.12]
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Facility

Gypsum

Facility U (UAU)
Facility T (TAU)
Facility T (TAW)
Facility W (WAU)
Facility W (WAW)

Facility Aa (AaAU)
Facility Aa (AaAW)
Facility Da (DaAW)

Facility P (PAD)
Facility N (NAU)
Facility N (NAW)
Facility S (SAU)
Facility S (SAW)
Facility O (OAU)
Facility O (OAW)
Facility R (RAU)
Facility Q (QAU)
Facility X (XAU)
Facility X (XAW)
Facility Ca (CaAW)

Scrubber Sludge
Facility B (DGD)
Facility A (CGD)
Facility B (BGD)
Facility A (AGD)
Facility K (KGD)

Blended CCRs

Facility B (DCC)
Facility A (CCC)
Facility B (BCC)
Facility A (ACC)
Facility K (KCC)
Facility M (MAD)
Facility M (MAS)
Facility U (UGF)

Cr Hg
Cr max Val Cr min Val  Cr ownpHVal Cr pH at Max  Cr pH at Min Cr ownph Hg max Val Hg min Val Hg ownpHval Hg pH at Max Hg pH at Min Hg ownph
23.16 11.88 11.88 565 5.85 5.85 002 0.00 0.00 5.65 1065 5.85
38 96 8.21 8.36 9.40 7.24 7.11 003 0.00 0.00 10.98 724 7.11
241.17 6.92 15.36 795 12.16 6.02 002 0.00 0.01 8.63 552 6.02
2083 4.10 9.37 697 9.86 6.84 002 0.00 0.00 12.09 9.16 6.84
27 89 8.23 15.94 5.75 5.94 6.33 001 0.00 0.00 5.87 1200 6.33
9.41 5.04 5.69 1195 6.06 7.14 001 0.00 0.00 6.06 9.14 7.14
17 57 10.04 10.04 12 00 6.86 6.86 002 0.01 0.01 5.50 1200 6.86
8587 18.64 2421 581 5.65 7.74 009 0.00 0.01 5.54 903 7.74
24 23 0.75 4.18 637 9.83 6.66 008 0.00 0.03 7.35 6 60 6.66
52 63 1.87 2.87 10 82 7.18 7.18 003 0.00 0.00 11.96 703 7.18
18.71 0.25 0.25 11.45 6.87 7.13 0.10 0.00 0.00 7.28 10.72 7.13
2093 0.25 13.77 5.42 12.11 7.02 0.11 0.00 0.00 6.10 800 7.13
16 95 7.01 12.34 560 12.08 7.61 001 0.00 0.00 12.08 560 7.61
6.11 0.25 1.13 11.77 8.87 7.53 002 0.00 0.00 7.47 7.16 7.53
12.47 0.25 0.25 767 5.83 7.33 009 0.00 0.00 7.67 7.44 7.33
2123 7.90 13.77 760 10.28 6.92 000 0.00 0.00 12.05 1205 6.92
17 29 121 4.20 10 62 6.42 6.89 066 0.00 0.00 5.81 6.42 6.89
3503 11.17 17.21 6.42 5.67 7.73 006 0.00 0.00 5.67 8.70 7.73
34 87 27.33 34.42 1129 6.37 6.03 004 0.01 0.02 7.98 1129 6.03
56 24 11.56 1351 695 5.81 7.75 020 0.01 0.03 6.95 581 7.75
2428 0.80 10.08 903 11.49 9.13 899 0.02 0.04 5.86 653 9.13
985 291 4.33 1199 9.21 7.30 0.10 0.02 0.03 12.13 620 7.30
794 00 203.00 228.00 899 7.31 10.11 530 0.01 0.03 7.02 9.40 10.11
831 00 574.00 592.33 7.70 7.39 6.78 008 0.00 0.02 7.37 7.13 6.78
16 85 3.54 10.55 569 9.70 10.99 158 0.00 0.06 8.00 1058 10.99
2195 0.25 13.90 1221 6.31 12.19 1.47 0.01 0.02 6.61 1220 12.19
2259 67 88.38 211.16 8 96 5.87 10.00, 022 0.01 0.10 10.03 794 10.00,
952 00 680.00 714.67 734 12.14 8.00 550 0.01 0.02 7.06 833 8.00
2290 00 677.00 960.33 9.45 5.83 8.43 0.14 0.00 0.08 7.85 888 8.43
8.70 3.14 6.00 830 7.55 8.18 28.15 0.00 0.35 6.27 1023 8.18
6.49 0.50 3.36 962 6.71 11.93 902 0.00 0.00 6.56 1187 11.93
3084 0.62 2.34 1199 7.13 11.58 7.49 0.00 0.02 6.73 11.14 11.58
8198 17.09 33.81 6.76 10.55 7.12 064 0.00 0.00 5.61 6.77 7.12
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Facility

Gypsum

Facility U (UAU)
Facility T (TAU)
Facility T (TAW)
Facility W (WAU)
Facility W (WAW)

Facility Aa (AaAU)
Facility Aa (AaAW)
Facility Da (DaAW)

Facility P (PAD)
Facility N (NAU)
Facility N (NAW)
Facility S (SAU)
Facility S (SAW)
Facility O (OAU)
Facility O (OAW)
Facility R (RAU)
Facility Q (QAU)
Facility X (XAU)
Facility X (XAW)
Facility Ca (CaAW)

Scrubber Sludge
Facility B (DGD)
Facility A (CGD)
Facility B (BGD)
Facility A (AGD)
Facility K (KGD)

Blended CCRs

Facility B (DCC)
Facility A (CCC)
Facility B (BCC)
Facility A (ACC)
Facility K (KCC)
Facility M (MAD)
Facility M (MAS)
Facility U (UGF)

Mo Pb
Mo max Val Mo min Val Mo ownpHVal Mo pH at Max Mo pH at Min Mo ownph Pb max Val Pb min Val Pb ownpHVval Pb pH at Max Pb pH at Min Pb ownph
505 82 52.79 61.43 5.65 10 65 5.85) 1.24 0.37 0.49 12.13 9.19 5.85
58 50 0.98 11.30 7.42 625 7.11 16.85 0.12 0.53 7.47 7.24 7.11
84 88 0.38 9.09 7.95 7.19 6.02] 6.03 0.12 0.12 552 11.07 6.02
53 69 4.89 7.75 6.83 595 6.84 16.33 1.55 4.04 12 07 7.74 6.84
2157 3.40 4.52 12.00 5.75 6.33] 2.26 0.12 0.12 587 10.41 6.33
1167 1.84 1.84 5.86 7.14 7.14) 4.83 2.03 2.03 586 7.14 7.14
13.41 2.45 3.47 12.00 550 6.86) 1.48 0.12 0.12 12 00 5.50 6.86
1254 60 5.26 6.25 5.54 565 7.74) 9.70 0.12 0.12 554 12.03 7.74
12.73 1.04 2.75 11.76 568 6.66) 0.12 0.12 0.12 568 5.68 6.66
154.11 13.72 15.15 7.20 6 05 7.18 5.35 0.12 0.12 720 11.91 7.18
110.17 7.65 9.54 7.18 687 7.13 0.50 0.12 0.12 10.72 5.65 7.13
1944 08 119.16 187.31 7.42 5.42 7.13 14.40 0.12 0.27 12.11 9.02 7.13
13521 65.28 79.45 5.60 602 7.61] 1.28 0.12 0.12 12 09 5.60 7.61
174 94 3.37 18.76 7.44 5.49 7.53 0.48 0.12 0.19 584 7.44 7.53
130.12 2.19 12.29 8.05 583 7.33 0.47 0.12 0.12 731 7.44 7.33
27 32 2.05 5.36 11.95 557 6.92 2.40 0.93 1.35 557 11.04 6.92
392 32 12.16 14.28 6.68 8.12 6.89 12.05 0.12 0.68 6.41 10.49 6.89
167 56 10.13 15.05 7.20 567 7.73 14.91 1.94 2.10 720 7.01 7.73
16 59 7.23 7.23 6.37 603 6.03] 1.32 0.44 0.53 637 10.14 6.03
967 52 58.72 91.55 6.95 581 7.75 12.67 2.60 2.60 695 7.75 7.75
131398 58.82 134.74 8.24 1159 9.13 2.01 0.12 0.32 851 7.75 9.13
11531 211 10.24 7.28 5.74 7.30) 0.93 0.12 0.12 898 7.23 7.30
418 23 52.77 61.93 9.40 10 06 10.11 1.64 0.12 0.33 1221 7.19 10.11
749 81 0.38 36.53 7.70 5.48 6.78] 0.50 0.28 0.35 7.13 11.67 6.78
1076.43 148.41 159.77 7.85 1100 10.99 24.98 0.12 0.57 834 5.69 10.99
458 35 136.56 138.36 12.12 1226 12.19 7.20 0.12 3.69 1221 9.49 12.19
15544 55 520.48 647.65 8.45 1081 10.00 0.65 0.12 0.12 8 96 9.61 10.00,
1717.79 74.39 116.15 5.84 1083 8.00) 1.24 0.35 0.56 734 8.89 8.00
38083 83 137.98 241.33 9.45 560 8.43) 0.68 0.30 0.57 8.72 6.77 8.43
235.43 11.51 12.06 8.24 867 8.18 2.03 0.41 0.45 7.79 8.67 8.18
1082.17 159.62 574.76 7.90 12 09 11.93 46.53 0.12 35.06 12 28 6.16 11.93
11073 83 852.04 1164.91 11.94 7.13 11.58 5.40 0.12 1.14 1199 10.26 11.58
1199 24 112.34 116.63 6.76 1021 7.12 1.85 0.12 0.12 6.76 6.77 7.12
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Facility

Gypsum

Facility U (UAU)
Facility T (TAU)
Facility T (TAW)
Facility W (WAU)
Facility W (WAW)

Facility Aa (AaAU)
Facility Aa (AaAW)
Facility Da (DaAW)

Facility P (PAD)
Facility N (NAU)
Facility N (NAW)
Facility S (SAU)
Facility S (SAW)
Facility O (OAU)
Facility O (OAW)
Facility R (RAU)
Facility Q (QAU)
Facility X (XAU)
Facility X (XAW)
Facility Ca (CaAW)

Scrubber Sludge
Facility B (DGD)
Facility A (CGD)
Facility B (BGD)
Facility A (AGD)
Facility K (KGD)

Blended CCRs

Facility B (DCC)
Facility A (CCC)
Facility B (BCC)
Facility A (ACC)
Facility K (KCC)
Facility M (MAD)
Facility M (MAS)
Facility U (UGF)

PH Sb
PH max Val PH min Val PH ownpHVal PH pH at Max PH pH at Min PH ownph Sb max Val Sb min vVal Sb ownpHval Sb pH at Max Sb pH at Min Sb ownph
12.13 5.65 5.85 12.13 565 5.85 531 0.25 2.63 5.65 12.13 5.85
12 26 5.42 7.11 12.26 5.42 7.11 2.67 0.52 1.39 7.47 5.42 7.11
12.16 5.43 6.02 12.16 5.43 6.02 271 0.46 1.44 5.52 564 6.02
1209 5.53 6.84 12.09 553 6.84 5.26 0.98 1.13 6.84 595 6.84
12 00 5.49 6.33 12.00 5.49 6.33 2.85 0.60 0.91 10.16 12 00 6.33
1195 5.86 7.14 11.95 586 7.14 0.86 0.04 0.04 5.86 11 95 7.14
12 00 5.50 6.86 12.00 550 6.86 0.37 0.04 0.04 5.50 12 00 6.86
12 03 5.54 7.74 12.03 554 7.74 332.39 0.24 0.55 5.54 12 03 7.74
11.76 5.68 6.66 11.76 568 6.66 1.45 0.45 0.55 7.35 9.75 6.66
1196 6.05 7.18 11.96 6 05 7.18 7.10 0.04 0.04 7.18 7.18 7.18
11.45 5.65 7.13 11.45 565 7.13 3.81 0.04 0.21 7.28 565 7.13
12.16 5.42 7.13 12.16 5.42 7.13 54.20 4.85 5.34 7.47 795 7.13
1209 5.60 7.61 12.09 560 7.61 5.48 0.04 4.36 10.29 1092 7.61
1201 5.49 7.53 12.01 5.49 7.53 7.05 0.04 0.95 7.16 733 7.53
1166 5.83 7.33 11.66 583 7.33 6.82 0.32 0.64 7.95 691 7.33
12 05 5.57 6.92 12.05 557 6.92 2.96 0.85 1.07 9.45 658 6.92
1192 5.75 6.89 11.92 5.75 6.89 11.75 2.48 2.53 6.41 682 6.89
12 25 5.67 7.73 12.25 567 7.73 13.29 1.16 1.16 7.20 7.73 7.73
1225 6.03 6.03 12.25 603 6.03 2.72 0.75 0.75 11.29 603 6.03
12.13 5.81 7.75 12.13 581 7.75 18.38 2.32 2.32 6.95 7.75 7.75
12.16 5.86 9.13 12.16 586 9.13 1291 0.99 5.44 8.00 12 09 9.13
12.14 5.74 7.30 12.14 5.74 7.30 95.15 0.86 1.41 7.19 899 7.30
1224 6.39 10.11 12.24 639 10.11 12.79 0.48 3.05 7.19 9.40 10.11
1204 5.48 6.78 12.04 5.48 6.78 9.44 121 2.94 7.70 1169 6.78
12 02 5.69 10.99 12.02 569 10.99 10.72 121 1.25 8.00 1100 10.99
1233 6.25 12.19 12.33 625 12.19 15.13 0.15 1.76 6.57 1233 12.19
1152 5.87 10.00 11.52 587 10.00| 199.42 0.71 10.00 8.07 1081 10.00]
12.14 5.84 8.00 12.14 584 8.00 13.60 3.57 452 5.84 683 8.00
1139 5.60 8.43 11.39 560 8.43 144.88 0.04 56.25 7.85 1139 8.43
1154 6.27 8.18 11.54 627 8.18 4.49 0.94 1.13 8.30 798 8.18
1228 5.42 11.93 12.28 5.42 11.93 107.86 0.31 1.65 7.54 1203 11.93
12 06 6.73 11.58 12.06 6.73 11.58 91.72 2.16 5.52 7.26 11.12 11.58|
12 07 5.61 7.12 12.07 561 7.12 10.82 0.04 0.73 5.61 1021 7.12]
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Facility

Gypsum

Facility U (UAU)
Facility T (TAU)
Facility T (TAW)
Facility W (WAU)
Facility W (WAW)

Facility Aa (AaAU)
Facility Aa (AaAW)
Facility Da (DaAW)

Facility P (PAD)
Facility N (NAU)
Facility N (NAW)
Facility S (SAU)
Facility S (SAW)
Facility O (OAU)
Facility O (OAW)
Facility R (RAU)
Facility Q (QAU)
Facility X (XAU)
Facility X (XAW)
Facility Ca (CaAW)

Scrubber Sludge
Facility B (DGD)
Facility A (CGD)
Facility B (BGD)
Facility A (AGD)
Facility K (KGD)

Blended CCRs

Facility B (DCC)
Facility A (CCC)
Facility B (BCC)
Facility A (ACC)
Facility K (KCC)
Facility M (MAD)
Facility M (MAS)
Facility U (UGF)

Se Tl
Se max Val Se min Val Se ownpHVvVal Se pH at Max Se pH at Min Se ownph Tl max Val Tl min Val Tl ownpHval Tl pH at Max Tl pH at Min Tl ownph
92 50 52.90 57.17 12.13 9.19 5.85 11.13 3.62 362 12.13 5.85 585
205 94 32.97 48.17 12.16 7.95 7.11 12.03 3.60 4.43 5.71 7.24 7.11
174.71 17.40 17.57 12.16 6.39 6.02 11.02 0.26 1.72 5.52 8.63 602
913 52 23.17 27.27 5.95 7.11 6.84 30.12 3.58 14.79 5.95 7.35 684
217.78 20.41 22.27 12.00 5.78 6.33 4.45 0.81 111 5.99 5.78 633
795.77 248.42 251.48 5.86 9.14 7.14 10.20 5.33 533 5.86 7.14 7.14
1514.72 183.63 183.63 12.00 6.86 6.86 0.26 0.26 026 12.00 12.00 686
805 54 37.98 38.44 5.54 9.03 7.74 1099.26 0.26 026 5.54 7.74 7.74
23555 184.40 193.08 5.82 8.10 6.66 0.26 0.26 026 5.68 5.68 6 66
151 30 3.63 18.51 6.26 6.92 7.18 16.14 3.44 364 7.20 11.96 7.18
160 63 10.51 13.53 5.70 7.24 7.13 1.53 0.26 026 7.18 5.65 7.13
1682.45 139.09 254.59 7.47 6.10 7.13 18.16 1.62 10 84 7.47 12.11 7.13
99 51 18.05 19.81 10.89 9.02 7.61 3.68 0.26 1.48 9.46 6.49 761
670 62 83.43 88.76 7.33 8.49 7.53 11.99 1.24 1.44 7.33 7.50 753
15138 2331 26.08 8.05 8.93 7.33 1.35 0.26 026 8.05 6.91 733
13781 71.64 71.78 11.04 6.86 6.92] 3.30 0.71 083 9.45 6.86 692
2995.47 292.96 324.89 6.68 8.12 6.89 3.99 1.00 160 8.12 9.35 689
3226 90 397.48 712.19 7.20 12.25 7.73 14.61 8.85 1102 7.20 6.42 7.73
293 09 55.45 71.65 11.29 6.85 6.03 3.34 0.58 081 6.37 11.29 603
15523 31 1670.10 2063.86 6.95 7.32 7.75) 16.44 10.28 10 28 6.95 7.75 7.75
197.70 19.01 21.89 8.24 9.29 9.13] 25.63 4.10 490 7.06 10.32 9.13
162 94 6.99 7.54 5.74 7.03 7.30 19.85 0.26 2.44 7.25 6.21 730
54 20 2.22 231 7.03 11.54 10.11 34.32 4.20 4.46 9.50 10.70 10.11
27.70 7.01 18.20 5.48 8.09 6.78 87.59 4.39 6.75 8.15 11.67 6.78
276.73 5.54 7.21 5.69 10.97 10.99 109.92 14.02 14.48 6.03 11.00 1099
146.13 13.96 16.27 6.25 12.20 12.19 25.81 1.98 15 63 12.20 12.33 1223
39537 10.02 16.24 7.93 10.75 10.00, 36.83 3.21 498 6.62 11.52 10 00|
11500 13.00 32.10 8.54 7.90 8.00 14.01 3.02 423 7.34 12.04 800
286 00 16.20 83.00 7.91 11.39 8.43 35.27 4.15 7.10 5.60 11.39 8.43
33499 5.72 22.63 8.24 9.19 8.18 4.44 2.84 298 8.24 8.67 8.18
967 20 8.83 10.39 5.74 12.28 11.93 103.19 8.11 10 37 5.74 12.28 1193
473 53 27.48 43.52 11.99 11.65 11.58 41.31 6.14 720 6.73 11.50 1158
11357 9.96 17.63 5.61 10.55 7.12] 23.82 2.57 484 5.61 8.67 7.12




Appendix J
Summary of Statistics (Percentiles)

Aluminum J-1
Arsenic J-1
Boron J-1
Barium J-1
Cadmium J-2
Cobalt J-2
Chromium J-2
Mercury J-2
Molybdenum J-3
Lead J-3
Antimony J-3
Selenium J-3
Thallium J-4




Max Eluate Concentrations for 5.4 € pH < 12.4 [ug/L]

Eluate Concentrations at Own pH [ug/L]

Al Fly Ash SDA Gypsum  FGD Residue Blended CCRs Fly Ash SDA Gypsum FGD Residue Blended CCRs
Max. Conc. 515000 13100 10300 21600 15400 119000 7180 1800 2810 4050
95th percentile 271000 9940 21600 15400 106000 1750 2810 4050
90th percentile 114000 3390 21600 15400 61100 785 2810 4050
75th percentile 50400 2370 18000 14000 19500 407 2580 1620
50th percentile 25400 1260 13900 3510 8550 179 913 568
25th percentile 13500 493 3210 1270 1700 59.5 266 153
10th percentile 2560 224 3170 321 671 6.69 37 9.51
5th percentile 1710 55.7 3170 321 404 3.82 37 9.51
Min. Conc 933 7180 48 3170 321 21.4 173 3.7 37 9.51

As Fly Ash SDA Gypsum FGD Residue Blended CCRs Fly Ash SDA Gypsum FGD Residue Blended CCRs
Max. Conc. 18200 32.2 1210 105 3660 3240 28 42.3 18.6 205
95th percentile 6050 1160 105 3660 1380 40.7 18.6 205
90th percentile 1890 184 105 3660 416 11.4 18.6 205
75th percentile 1210 - 18.4 84.4 2160 129 4.42 12.5 35.7
50th percentile 225 6.34 22.7 80.2 34 111 5.8 14.8
25th percentile 54.3 - 4.11 5.51 41.5 6.46 0.413 0.391 3.36
10th percentile 7.84 2.2 3.07 6.98 0.732 0.32 0.32 0.32
5th percentile 0.904 1.36 3.07 6.98 0.32 0.32 0.32 0.32
Min. Conc 0.32 28 1.32 3.07 6.98 0.32 1.8 0.32 0.32 0.32

B Fly Ash SDA Gypsum FGD Residue Blended CCRs Fly Ash SDA Gypsum FGD Residue Blended CCRs
Max. Conc. 273000 23700 268000 213000 223000 38900 12700 21800 6270 10900
95th percentile 198000 261000 213000 223000 34100 21300 6270 10900
90th percentile 61700 112000 213000 223000 19200 10700 6270 10900
75th percentile 35900 61200 138000 41600 7650 4820 5820 5020
50th percentile 15000 3930 43100 21300 3030 572 3330 807
25th percentile 3270 1310 17500 8680 1520 171 1290 290
10th percent“e 2160 - 435 14200 3380 419 === 49.7 726 112
5th percentile 1970 147 14200 3380 286 13.6 726 112
Min. Conc 1550 12700 134 14200 3380 256 90.9 11.8 726 112

Ba Fly Ash SDA Gypsum  FGD Residue Blended CCRs Fly Ash SDA Gypsum FGD Residue Blended CCRs
Max. Conc. 671000 451000 565 2310 10200 219000 168000 164 176 2250
95th percentile 288000 558 2310 10200 79600 162 176 2250
90th percentile 77200 405 2310 10200 17000 128 176 2250
75th percentile 3330 159 2040 4890 1730 98.6 152 1720
50th percentile 909 116 402 1070 349 80.9 113 146
25th percentile 292 87 100 257 116 67.7 37 54.1
10th percentile 212 775 82.7 154 79.1 46.4 30.4 15.2
5th percentile 175 721 82.7 154 69.2 33.1 304 15.2
Min. Conc 168 6300 71.9 82.7 154 69 6300 32.4 30.4 15.2

J1




Max Eluate Concentrations for 5.4 € pH < 12.4 [ug/L]

Eluate Concentrations at Own pH [ug/L]

cd Fly Ash SDA Gypsum  FGD Residue Blended CCRs Fly Ash SDA Gypsum FGD Residue Blended CCRs
Max. Conc. 323 39.7 371 411 32 75.8 39.7 6.03 1.01 33
95th percent“e 193 --- 355 411 32 55.8 --- 5.97 1.01 3.3
90th percent“e 116 === 49.4 411 32 40.7 === 4.56 1.01 3.3
75th percentile 36.8 11.2 2.85 18.1 10.2 1.02 0.603 1.93
50th percentile 15.2 2.73 1.44 101 3.64 0.318 0.085 0.457
25th percentile 3.28 1.01 0.925 3.05 0.458 0.085 0.085 0.085
10th percentile 1.04 0.127 0.677 1.08 0.085 0.085 0.085 0.085
5th percentile 0.803 0.085 0.677 1.08 0.085 0.085 0.085 0.085
Min. Conc 0.698 10 0.085 0.677 1.08 0.085 0.822 0.085 0.085 0.085

Co Fly Ash SDA Gypsum FGD Residue Blended CCRs Fly Ash SDA Gypsum FGD Residue Blended CCRs
Max. Conc. 503 2690 1150 245 150 249 2690 17.1 51.2 5.06
95th percentile 407 1100 245 150 204 16.8 51.2 5.06
90th percentile 253 --- 99.7 245 150 148 11.5 51.2 5.06
75th percentile 138 60.1 169 123 22.1 3.18 26.1 3.56
50th percentile 63.3 12.9 40.3 102 0.773 2.04 0.205 1.17
25th percentile 29 3.7 7.59 47.4 0.205 1.31 0.205 0.276
10th percentile 7.1 2.14 6.46 7.82 0.205 0.205 0.205 0.205
5th percentile 181 0.3 6.46 7.82 0.205 0.205 0.205 0.205
Min. Conc 0.205 1460 0.205 6.46 7.82 0.205 5.26 0.205 0.205 0.205

Cr Fly Ash SDA Gypsum  FGD Residue Blended CCRs Fly Ash SDA Gypsum FGD Residue Blended CCRs
Max. Conc. 7370 9120 241 831 2290 1880 9120 34.4 592 960
95th percentile 5940 233 831 2290 1300 33.9 592 960
90th percentile 3560 82.9 831 2290 741 235 592 960
75th percentile 1880 38 812 1930 324 15 410 589
50th percentile 394 22.2 24.3 56.4 48 11 10.6 23.9
25th percentile 93.4 17.4 134 12 14.8 4.18 7.2 4.02
10th percentile 447 9.71 9.85 6.49 1.07 0.338 4.33 2.34
5th percentile 255 6.28 9.85 6.49 0.439 0.25 4.33 2.34
Min. Conc 19 435 6.11 9.85 6.49 0.25 252 0.25 4.33 2.34

Ha Fly Ash SDA Gypsum  FGD Residue Blended CCRs Fly Ash SDA Gypsum FGD Residue Blended CCRs
Max. Conc. 0.489 1.97 0.657 8.99 28.1 0.116 0.703 0.0287 0.0611 0.348
95th percentile 0.437 0.634 8.99 28.1 0.087 0.0285 0.0611 0.348
90th percentile 0.198 0.188 8.99 28.1 0.0422 0.0244 0.0611 0.348
75th percentile 0.117 0.0859 7.15 8.64 0.0242 0.00848 0.0503 0.0946
50th percentile 0.0467 0.0318 1.58 3.48 0.0143 0.003 0.0347 0.0215
25th percentile 0.0151 0.0157 0.0898 0.321 0.00544 0.003 0.021 0.00655
10th percentile 0.003 0.00935 0.0791 0.137 0.003 0.00207 0.0168 0.00207
5th percentile 0.003 0.0033 0.0791 0.137 0.001 0.002 0.0168 0.00207
Min. Conc 0.003 0.703 0.003 0.0791 0.137 0.001 0.0203 0.002 0.0168 0.00207
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Max Eluate Concentrations for 5.4 € pH < 12.4 [ug/L]

Eluate Concentrations at Own pH [ug/L]

Mo Fly Ash SDA Gypsum  FGD Residue Blended CCRs Fly Ash SDA Gypsum FGD Residue Blended CCRs
Max. Conc. 126000 9200 1940 1310 38100 14400 9200 187 160 1160
95th percentile 72900 1910 1310 38100 7010 183 160 1160
90th percentile 40800 1230 1310 38100 3070 90.3 160 1160
75th percentile 11900 338 1200 14400 1960 17.9 147 629
50th percentile 3020 120 750 1460 587 104 61.9 190
25th percentile 1930 - 23 267 614 115 5.58 234 116
10th percentile 781 12.8 115 235 20.8 2.83 10.2 12.1
5th percentile 692 11.7 115 235 6.19 1.88 10.2 12.1
Min. Conc 652 764 11.7 115 235 0.5 188 1.84 10.2 12.1

Ph Fly Ash SDA Gypsum FGD Residue Blended CCRs Fly Ash SDA Gypsum FGD Residue Blended CCRs
Max. Conc. 35.3 59 16.9 25 46.5 11.5 59 4.04 0.567 35.1
95th percentile 18 16.8 25 46.5 6.77 3.97 0.567 35.1
90th percentile 7.83 - 16.2 25 46.5 4.17 2.55 0.567 35.1
75th percentile 4.08 - 12.5 135 6.75 2 1.18 0.46 3.05
50th percentile 2.15 3.62 1.64 1.94 0.46 0.229 0.333 0.566
25th percentile 0.831 - 1.25 0.715 0.821 0.115 0.115 0.217 0.198
10th percentile 0.363 - 0.471 0.499 0.649 0.115 0.115 0.115 0.115
5th percentile 0.224 0.133 0.499 0.649 0.115 0.115 0.115 0.115
Min. Conc 0.115 26.6 0.115 0.499 0.649 0.115 6.89 0.115 0.115 0.115

Sh Fly Ash SDA Gypsum  FGD Residue Blended CCRs Fly Ash SDA Gypsum FGD Residue Blended CCRs
Max. Conc. 11100 15.6 332 95.2 199 548 13.6 5.34 5.44 56.3
95th percentile 6020 318 95.2 199 432 5.29 5.44 56.3
90th percentile 2250 50.6 95.2 199 131 4.19 5.44 56.3
75th percent“e 202 - 10.6 54 136 55.3 === 2.1 4.25 8.88
50th percentile 133 5.29 12.8 53.4 29.3 1.01 2.94 3.14
25th percentile 59 2.71 10.1 11.5 6.28 0.551 1.33 1.26
10th percentile 20 0.915 9.44 4.49 3.46 0.04 1.25 0.732
5th percentile 4.41 0.391 9.44 4.49 0.612 0.04 1.25 0.732
Min. Conc 1.96 13.6 0.366 9.44 4.49 0.565 0.673 0.04 1.25 0.732

Se Fly Ash SDA Gypsum  FGD Residue Blended CCRs Fly Ash SDA Gypsum FGD Residue Blended CCRs
Max. Conc. 28800 1140 15500 277 967 3290 952 2060 21.9 83
95th percentile 16300 14900 277 967 3130 2000 21.9 83
90th percentile 5600 3200 277 967 2290 673 21.9 83
75th percentile 2500 1360 237 454 273 237 20 40.7
50th percentile 634 264 163 310 57.9 64.4 7.54 20.1
25th percentile 212 154 41 123 24.9 23.2 4.76 16.2
10th percentile 80.2 103 27.7 114 12.3 17.7 231 10.4
5th percentile 44.7 92.8 27.7 114 7.68 13.7 231 10.4
Min. Conc 41.6 952 92.5 27.7 114 5.85 83.1 13.5 2.31 10.4
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Max Eluate Concentrations for 5.4 € pH < 12.4 [ug/L]

Eluate Concentrations at Own pH [ug/L]

Tl Fly Ash SDA Gypsum  FGD Residue Blended CCRs Fly Ash SDA Gypsum FGD Residue Blended CCRs
Max. Conc. 787 15.1 1100 110 103 193 15.1 14.8 14.5 15.6
95th percent“e 620 -—- 1050 110 103 137 === 14.6 14.5 15.6
90th percent“e 426 === 28.9 110 103 95.6 === 11 14.5 15.6
75th percent“e 193 === 15.8 98.8 40.2 36.2 === 5.1 10.6 9.58
50th percentile 40.9 10.6 34.3 30.5 6.06 1.54 4.9 6.04
25th percentile 14.6 3.31 22.7 16.5 2.13 0.395 3.45 4.38
10th percentile 5.34 0.365 19.8 4.44 0.255 0.255 2.44 2.98
5th percentile 3.05 0.255 19.8 4.44 0.255 0.255 2.44 2.98
Min. Conc 1.54 12 0.255 19.8 4.44 0.255 1.69 0.255 2.44 2.98
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Appendix K
Outliers



Eluate Observations Outliers

Material Leaching Test Replicate Code Constituent Concentration [ug/L]

CFA SR02 A Cd 22.3
CFA SR02 A Co 0.73
CGD SR02 B Mo 9.42
CGD SR02 B Sb 11.1
FFA SRO03 B Ba 1180
FFA SRO03 B Cd 306
FFA SRO03 B Co 0.205
FFA SRO03 B Pb 708
FFA SRO03 B Se 2380
GAT SR02 B Ba 1370
GAT SR02 B Cd 194
GAT SR02 B Co 5.62
GAT SR02 B Cr 51.6
GAT SR02 B Pb 11.9
GAT SR02 B Pb 211
GAT SR02 B T 15.8
JAB SR02 B Cd 507
JAB SR02 B Pb 134
JAT SR02 B Cd 129
JAT SR02 B Cd 595
JAT SR02 B Cd 458
KFA SRO03 B As 2710
KFA SRO03 B Se 15800
PPB SR02 B Sb 2.35
QAU SR02 B Al 47200
TAW SR02 B Cr 292
WFC SR02 A Co 124
WFC SR02 A Cr 36.5
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pH Outlier Observations

Material Leaching Test Replicate Code pH

AFA SR02 A 8.401
AGD SR02 C 1.849
AGD SR02 C 2.578
AGD SR02 C 2.029
AGD SR02 C 2.322
AGD SR02 C 1.651
AGD SR02 C 1.345
AGD SR02 C 3.761
BCC SR02 C 2.713
BCC SR02 C 3.742
BFA SR02 C 8.358
BGD SR02 B 7.614
BPB SR02 A 14.319
BPB SR02 B 14.191
BPB SR02 cC 13.497
EFA SR02 B 5.3
KFA SR02 B 5.05
MAD SR02 C 3.63
NAU SR02 B 4.12
VSD SR02 B 2.88
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Eluate Concentration Outliers Due to pH Outliers

Material Leaching Test Replicate Code Constituent Concentration [ug/L]

AFA SR02 A Al 7570
AFA SR02 A As 57.9
AFA SR02 A B 557
AFA SR02 A Ba 312
AFA SR02 A Cd 0.608
AFA SR02 A Co 8.43
AFA SR02 A Cr 1310
AFA SR02 A Hg 0.213
AFA SR02 A Mo 877
AFA SR02 A Pb 0.494
AFA SR02 A Sb 314
AFA SR02 A Se 83
AFA SR02 A T 3.33
AGD SR02 C Al 34800
AGD SR02 C Al 24700
AGD SR02 C Al 22000
AGD SR02 C Al 43800
AGD SR02 C Al 9580
AGD SR02 C Al 52800
AGD SR02 C Al 39700
AGD SR02 cC As 13.3
AGD SR02 C As 243
AGD SR02 C As 6.11
AGD SR02 C As 6.12
AGD SR02 C As 129
AGD SR02 C As 7.16
AGD SR02 C As 9.26
AGD SR02 C B 6630
AGD SR02 C B 7650
AGD SR02 C B 7270
AGD SR02 C B 8150
AGD SR02 C B 7100
AGD SR02 C B 7860
AGD SR02 C B 7190
AGD SR02 c Ba 80
AGD SR02 C Ba 69.7
AGD SR02 C Ba 70.4
AGD SR02 Cc Ba 83.8
AGD SR02 C Ba 37.2
AGD SR02 C Ba 93.7
AGD SR02 C Ba 61.8
AGD SR02 C Cd 1.7
AGD SR02 c Cd 1.97
AGD SR02 C Cd 1.66
AGD SR02 C Cd 1.93
AGD SR02 C Cd 1.77
AGD SR02 C Cd 1.75
AGD SR02 C Cd 1.96
AGD SR02 C Co 79
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Eluate Concentration Outliers Due to pH Outliers

Material Leaching Test Replicate Code Constituent Concentration [ug/L]

AGD SRO02 C Co 77
AGD SR02 C Co 63.2
AGD SR02 C Co 106.00
AGD SRO02 C Co 90.3
AGD SRO02 C Co 85
AGD SRO02 C Co 81.9
AGD SR02 C Cr 719
AGD SRO02 C Cr 787
AGD SRO02 C Cr 732
AGD SRO02 C Cr 882
AGD SR02 C Cr 848
AGD SRO02 C Cr 900
AGD SRO02 C Cr 869
AGD SRO02 C Hg 0.025
AGD SR02 C Hg 0.0281
AGD SRO02 C Hg 0.0125
AGD SRO02 C Hg 0.0094
AGD SRO02 C Hg 0.0094
AGD SRO02 C Hg 0.0188
AGD SRO02 C Hg 0.0063
AGD SRO02 C Mo 61.9
AGD SR02 C Mo 117
AGD SRO02 C Mo 21.6
AGD SRO02 C Mo 0.38
AGD SRO02 C Mo 7.91
AGD SRO02 C Mo 4.09
AGD SRO02 C Mo 0.38
AGD SR02 C Pb 64.4
AGD SR02 C Pb 8.28
AGD SR02 C Pb 0.338
AGD SR02 C Pb 0.475
AGD SR02 C Pb 3.28
AGD SR02 C Pb 0.463
AGD SR02 C Pb 35.2
AGD SR02 C Sh 5.01
AGD SR02 C Sh 9.55
AGD SR02 C Sh 3.65
AGD SRO02 C Sb 4.15
AGD SR02 C Sb 61.3
AGD SR02 C Sb 16.1
AGD SR02 C Sb 20.6
AGD SR02 C Se 119
AGD SR02 C Se 19.7
AGD SR02 C Se 68
AGD SR02 C Se 25.3
AGD SR02 C Se 21.1
AGD SR02 C Se 37
AGD SR02 C Se 20.1
AGD SR02 C TI 6.56
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Eluate Concentration Outliers Due to pH Outliers

Material Leaching Test Replicate Code Constituent Concentration [ug/L]

AGD SRO02 C TI 7.96
AGD SR02 C TI 8.65
AGD SRO02 C TI 7.15
AGD SR02 C TI 7.38
AGD SRO02 C TI 6.5
AGD SR02 C TI 7.45
BCC SR02 C Al 3780
BCC SR02 C Al 808
BCC SR02 C As 28.4
BCC SR02 C As 69.1
BCC SRO02 C B 7120
BCC SR02 C B 8430
BCC SRO02 C Ba 83.8
BCC SRO02 C Ba 188
BCC SR02 C Cd 7.36
BCC SR02 C Cd 9.41
BCC SR02 C Co 168
BCC SR02 C Co 83.8
BCC SR02 C Cr 712
BCC SR02 C Cr 703
BCC SR02 C Hg 1.52
BCC SR02 C Hg 1.3
BCC SR02 C Mo 77.4
BCC SR02 C Mo 103
BCC SR02 C Pb 0.691
BCC SR02 C Pb 0.604
BCC SR02 C Sh 473
BCC SR02 C Sh 6.02
BCC SR02 C Se 47.4
BCC SR02 C Se 60.6
BCC SR02 C TI 7.07
BCC SR02 C TI 9.91
BFA SR02 C Al 1210
BFA SR02 C As 29.3
BFA SR02 C B 7530
BFA SR02 C Ba 142
BFA SR02 C Cd 1.19
BFA SR02 C Co 6.96
BFA SR02 C Cr 873
BFA SR02 C Hg 0.0125
BFA SR02 C Mo 1870
BFA SR02 C Pb 0.265
BFA SR02 C Sb 6.17
BFA SR02 C Se 14.1
BFA SR02 C TI 1.94
BGD SRO02 B Al 2440
BGD SR02 B As 5.54
BGD SR02 B B 583
BGD SR02 B Ba 162
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Eluate Concentration Outliers Due to pH Outliers

Material Leaching Test Replicate Code Constituent Concentration [ug/L]

BGD SRO02 B Cd 0.085
BGD SR02 B Co 0.205
BGD SR02 B Cr 220
BGD SRO02 B Hg 0.0219
BGD SRO02 B Mo 61.4
BGD SRO02 B Pb 0.345
BGD SR02 B Sb 2.79
BGD SRO02 B Se 2.54
BGD SRO02 B TI 4.15
BPB SRO02 A Al 15.4
BPB SR02 A As 2190
BPB SR02 A Ba 432
BPB SRO02 A Cd 43.4
BPB SRO02 A Co 0.775
BPB SRO02 A Cr 0.5
BPB SR02 A Hg 0.104
BPB SR02 A Pb 161
BPB SR02 A Se 3230
BPB SR02 B Al 14.4
BPB SR02 B As 2260
BPB SRO02 B B 14.8
BPB SR02 B Ba 398
BPB SR02 B Cd 42.1
BPB SR02 B Co 0.752
BPB SR02 B Cr 0.5
BPB SR02 B Hg 0.0018
BPB SR02 B Mo 1.13
BPB SR02 B Pb 159
BPB SR02 B Sh 4360
BPB SR02 B Se 3060
BPB SR02 B TI 189
BPB SR02 C Al 9.04
BPB SR02 C As 2770
BPB SR02 C Ba 413
BPB SR02 C Cd 48.8
BPB SR02 C Co 0.422
BPB SR02 C Cr 0.5
BPB SR02 C Hg 0.0018
BPB SR02 C Pb 189
BPB SR02 C Se 2550
EFA SR02 B Al 1.62
EFA SR02 B As 20.3
EFA SR02 B B 2.46
EFA SR02 B Ba 83.4
EFA SR02 B Cd 0.482
EFA SR02 B Co 1.31
EFA SRO02 B Cr 4.45
EFA SR02 B Hg 0.0018
EFA SR02 B Mo 1480
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Eluate Concentration Outliers Due to pH Outliers

Material Leaching Test Replicate Code Constituent Concentration [ug/L]

EFA SRO02 B Pb 0.115
EFA SR02 B Sb 57.1
EFA SR02 B Se 332
EFA SR02 B TI 3.25
KFA SR02 B Al 359
KFA SR02 B As 114
KFA SR02 B B 37700
KFA SR02 B Ba 87.4
KFA SR02 B Cd 0.085
KFA SR02 B Co 1.78
KFA SR02 B Cr 6.21
KFA SR02 B Hg 0.0156
KFA SR02 B Mo 2070
KFA SR02 B Pb 0.115
KFA SR02 B Sb 34.9
KFA SR02 B Se 40.9
KFA SR02 B Tl 87.9
MAD SR02 C Al 73.5
MAD SR02 C As 4320
MAD SR02 C B 26300
MAD SR02 C Ba 2730
MAD SR02 C Cd 481
MAD SR02 C Co 190
MAD SR02 C Cr 0.5
MAD SR02 C Hg 7.16
MAD SR02 C Mo 0.5
MAD SR02 C Pb 8.33
MAD SR02 C Sh 75.6
MAD SR02 C Se 873
MAD SR02 C TI 182
NAU SR02 B Al 341
NAU SR02 B As 0.32
NAU SR02 B B 2160
NAU SR02 B Ba 65.9
NAU SR02 B Cd 0.359
NAU SR02 B Co 1.44
NAU SR02 B Cr 6.04
NAU SR02 B Hg 0.0018
NAU SR02 B Mo 14.5
NAU SR02 B Pb 0.435
NAU SR02 B Sb 0.971
NAU SR02 B Se 17
NAU SR02 B TI 4.36
VSD SR02 B Al 3.92
VSD SR02 B As 37.4
VSD SR02 B B 27.9
VSD SR02 B Ba 8890
VSD SR02 B Cd 62.4
VSD SR02 B Co 2850
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Eluate Concentration Outliers Due to pH Outliers

Material Leaching Test Replicate Code Constituent Concentration [ug/L]

VSD SRO02 B Cr 91.1
VSD SR02 B Hg 9.58
VSD SRO02 B Mo 129
VSD SRO02 B Pb 5.08
VSD SR02 B Sb 7.34
VSD SRO02 B Se 1800
VSD SRO02 B TI 8.56
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Appendix L

Minimum Attenuation Factors

Minimum attenuation factor needed for the maximum eluate concentration
(5.4 <pH<12.4) to be reduced to less than the MCL for each CCR evaluated in this study L-1

Minimum attenuation factor needed for the own eluate concentration to be reduced to less
than the MCL for each CCR evaluated in this study L-12

Minimum attenuation factor needed for the maximum eluate concentration
(5.4 <pH<12.4) to be reduced to less than the MCL for Fly Ash without Hg Sorbent Injection L-23

Minimum attenuation factor needed for the maximum eluate concentration
(5.4 <pH<12.4) to be reduced to less than the MCL for Fly Ash without and with Hg Sorbent
Injection Pairs L-25

Minimum attenuation factor needed for the maximum eluate concentration
(5.4 <pH<12.4) to be reduced to less than the MCL for Spray Dryer with Fabric Filter (Fly Ash
and FGD collected together) L-26

Minimum attenuation factor needed for the maximum eluate concentration
(5.4 <pH<12.4) to be reduced to less than the MCL for Gypsum, Unwashed and Washed L-27

Minimum attenuation factor needed for the maximum eluate concentration
(5.4 <pH<12.4) to be reduced to less than the MCL for Scrubber Sludge L-29

Minimum attenuation factor needed for the maximum eluate concentration
(5.4 <pH<12.4) to be reduced to less than the MCL for Mixed Fly Ash and Scrubber Sludge
(blended CCRs) L-30

Minimum attenuation factor needed for the maximum eluate concentration
(5.4 <pH<12.4) to be reduced to less than the MCL for Mixed Fly Ash and Gypsum (blended
CCRs) L-31

Minimum attenuation factor needed for the own eluate concentration to be reduced to less
than the MCL for Fly Ash without Hg Sorbent Injection L-32

Minimum attenuation factor needed for the own eluate concentration to be reduced to less
than the MCL for Fly Ash without and with Hg Sorbent Injection Pairs L-34



Minimum attenuation factor needed for the own eluate concentration to be reduced to less
than the MCL for Spray Dryer with Fabric Filter (Fly Ash and FGD collected together) L-35

Minimum attenuation factor needed for the own eluate concentration to be reduced to less
than the MCL for Gypsum, Unwashed and Washed L-36

Minimum attenuation factor needed for the own eluate concentration to be reduced to less
than the MCL for Scrubber Sludge L-38

Minimum attenuation factor needed for the own eluate concentration to be reduced to less
than the MCL for Mixed Fly Ash and Scrubber Sludge (blended CCRs) L-39

Minimum attenuation factor needed for the own eluate concentration to be reduced to less
than the MCL for Mixed Fly Ash and Gypsum (blended CCRs) L-40



Individual COPCs

Minimum attenuation factor needed for the maximum eluate concentration (5.4 <pH<12.4) to be
reduced to less than the MCL for each CCR evaluated in this study.
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Figure L-1. Arsenic - Minimum attenuation factor needed for the maximum eluate concentration (5.4 <pH<12.4) to be reduced to less than

the MCL for each CCR evaluated in this study.
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Figure L-2. Boron - Minimum attenuation factor needed for the maximum eluate concentration (5.4 <pH<12.4) to be reduced to less than the

DWEL for each CCR evaluated in this study.
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Figure L-3. Barium - Minimum attenuation factor needed for the maximum eluate concentration (5.4 <pH<12.4) to be reduced to less than

the MCL for each CCR evaluated in this study.
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Figure L-4. Cadmium - Minimum attenuation factor needed for the maximum eluate concentration (5.4 <pH<12.4) to be reduced to less

than the MCL for each CCR evaluated in this study.
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Figure L-5. Chromium - Minimum attenuation factor needed for the maximum eluate concentration (5.4 <pH<12.4) to be reduced to less

than the MCL for each CCR evaluated in this study.
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Figure L-6. Mercury - Minimum attenuation factor needed for the maximum eluate concentration (5.4 <pH<12.4) to be reduced to less than

the MCL for each CCR evaluated in this study.
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Figure L-7. Molybdenum - Minimum attenuation factor needed for the maximum eluate concentration (5.4 <pH<12.4) to be reduced to less

than the DWEL for each CCR evaluated in this study.
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Figure L-8. Antimony - Minimum attenuation factor needed for the maximum eluate concentration (5.4 <pH<12.4) to be reduced to less

than the MCL for each CCR evaluated in this study.
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Figure L-9. Selenium - Minimum attenuation factor needed for the maximum eluate concentration (5.4 <pH<12.4) to be reduced to less than

the MCL for each CCR evaluated in this study.
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Figure L-10. Thallium - Minimum attenuation factor needed for the maximum eluate concentration (5.4 <pH<12.4) to be reduced to less

than the MCL for each CCR evaluated in this study.
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Figure L-11. Arsenic - Minimum attenuation factor needed for the own pH eluate concentration to be reduced to less than the MCL for each

CCR evaluated in this study.
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Figure L-12. Boron - Minimum attenuation factor needed for the own pH eluate concentration to be reduced to less than the DWEL for each

CCR evaluated in this study.
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Figure L-13. Barium - Minimum attenuation factor needed for the own pH eluate concentration to be reduced to less than the MCL for each

CCR evaluated in this study.
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Figure L-14. Cadmium - Minimum attenuation factor needed for the own pH eluate concentration to be reduced to less than the MCL for

each CCR evaluated in this study.
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Figure L-15. Chromium - Minimum attenuation factor needed for the own pH eluate concentration to be reduced to less than the MCL for

each CCR evaluated in this study.
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Figure L-16. Mercury - Minimum attenuation factor needed for the own pH eluate concentration to be reduced to less than the MCL for

each CCR evaluated in this study.
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Figure L-17. Molybdenum - Minimum attenuation factor needed for the own pH eluate concentration to be reduced to less than the DWEL

for each CCR evaluated in this study.



Sb

Attenuation Factor needed
based on own pH eluate
concentration and MCL

Blended CCRs

Wi

Scrubber|
Sludge

[0 Without NOx control |
B With NOx control

E Without ACI

B With ACI

O Unwashed

B Washed

Hashing

Sub-Bif}d

with COHPAC| | | n

Gypsum

Bituminous

AL EA] 0T oremoocs |1

g Ny N N N N N N N N N

AT

<
a)
0
- e

With and Without ACI

|sub-Bif

Bituminous

Fly Ash

Bituminous

I weaums JIT2]I[J]11

Low S

[ on) N Aujoes

[ (a9M) Y Aujioed
[(dov) v Aujioed
[ (aod) g Aujioed
[ (a90) Vv Anjioey
[ (a9oaq) a Anjroed

[ Wve)) eD Aujioed
MVX) X Ajioed
Nvx) X Aujioes

[ (NvO) O Aujioey

[ (Nvd) o Ayjioe

[ MVQ) O Aujioed

[ (NvO) O Aujioey

[ TWVYS) S Anjioed
[{NvS) S Auioed

[ TWVN) N Anjioed

[ (NVN) N Aujioe

[ (avd) d Aujioed
[(W\veq) eq Aujioed
[(vey) ey Aljioeq
[ (Nvey) ev Aljioe
[ (MYM) M Anjioed
[ (nvMm) M AujioeS
[ (WVL) L Anjoey
Nv.L) L Ajioes

[ (hvn) N Aujoed

[TASA) A Aujioed
[ {asA) A Ajioed

[ (vdeq) eqg Anjoey
LY() eID 1S

avr) eD s

[l dd) sureid weses|d
[ (8dd) aureid jueses|d

l1oe-
1v1) 1 Ajioed

av) 1 Aujroes

[ (IHS) JlogieH waes
[ (9HS) JogieH wales
[ (1 d9) iod uoifeig

[(8dg) iod uoikeig
[Tv-e0) ©0 Aujioes

[ Tv-x) X Anjioed
[(v47) Z Aiioed

avr) .0 1S

[ (9dd) eureid ueses|d

[ Tv4H) H Aujoey
[1043) 3 Anjioed

[ O-ey) ev Aujioed

[ (9-43) 3 Aupoed
[ (v-41) 1 Aupoes

[ (av9) O Aujioe

[ (v4v) v Aljioed
[ (v49) © Aujioeq
dHS) JogieH wales
v4n) N Anjoed
[(v44) g Aujroed
[ (v40) V Anjioed
[(v-a) g Anjioed
[(v44) 4 Aujioed
[ (add) Juod uoieig

o
o
i

—

.______ LI _______ LI
o o D
= =1 =]

10N / UumQO g9s

o
—

<

o
—

Figure L-18. Antimony - Minimum attenuation factor needed for the own pH eluate concentration to be reduced to less than the MCL for

each CCR evaluated in this study.
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Figure L-19. Selenium - Minimum attenuation factor needed for the own pH eluate concentration to be reduced to less than the MCL for

each CCR evaluated in this study.



Tl

Blended CCRs

AT

Bituminous

based on own pH eluate
concentration and MCL

Scrubber|
Sludge

_| Attenuation Factor needed

0 Without NOx control
B With NOx control

B Without ACI

H With ACI

O Unwashed

B Washed

with COHPAC

Hashing

Sub-Bif}d

Gypsum

Bituminous

AL EA] 0T oremoocs |1

<
a)
0
i
- e

[

oy, T, W e W e

|sub-Bif

With and Without ACI

Bituminous

Fly Ash
M Medium S Mi

Bituminous

Low S

[ on) N Aujoes
[TSVYIN) IN e
avin) W e
DOM) M Aujioes
[ (OOV) V Anjioed
[(004) g Anjoed
[ (DD0) v Aujioed
[ (00a) g Aujoed

[ (a9M) Y Aujioed
[(dov) v Aujioed
[ (aod) g Aujioed
[ (a90) Vv Anjioey
[ (a9oaq) a Anjroed

[ Wve)) eD Aujioed
MVX) X Ajioed
Nvx) X Aujioes
[ (NvO) O Aujioey
[ (Nvd) o Ayjioe

[{NvS) S Auioed

[ TWVN) N Anjioed

[ (NVN) N Aujioe

[ (avd) d Aujioed
[(W\veq) eq Aujioed
[(vey) ey Aljioeq
[ (Nvey) ev Aljioe
[ (MYM) M Anjioed
[ (nvMm) M AujioeS
[ (WVL) L Anjoey
Nv.L) L Ajioes

[ (hvn) N Aujoed

[TASA) A Aujioed
[ {asA) A Ajioed

[Tv4egd) eg Aujoed
LY() eID 1S

0 1S

[ (1 dd) sureid weses|d
[ (8dd) aureid jueses|d
1v9) O Aujioey

av9) O Anjoed

1v1) 1 Anjoed

av) 1 Aujroes

[ (IHS) JlogieH waes
[ (9HS) JogieH wales
[ (1 d9) iod uoifeig

[(ad9) iod uoikelg
[ (v4e0) ed Aujioed

[Tv=X) X Aupoes
' [(v42) z Aupoeq

avr) .0 1S

[ (add) aureid wuesea|d

[ Tv4H) H Aujoey
[1043) 3 Anjioed

[ O-ey) ev Aujioed

[ (9-43) 3 Aupoed
[ (v-41) 1 Aupoes

[ (av9) O Aujioe
[(av) 1Auoed
[ (v4v) v Aljioed
[ (v49) © Aujioeq
dHS) JogieH wales
v4n) N Anjoed
[(v44) g Aujroed
[ (v40) V Anjioed
[(v-a) g Anjioed
[(v44) 4 Aujioed
[ (9dd) Juiod uoikeig

o~
o
—

—
o
—

o
o
—

1O /UMOQO | L

-
o
—

o
o
—

Figure L-20. Thallium - Minimum attenuation factor needed for the own pH eluate concentration to be reduced to less than the MCL for

each CCR evaluated in this study.



Attenuation factor needed based on maximum eluate concentration, 5.4 <pH<12.4, and MCL or DWEL

Hg Maximum
Sample PM NOx  Sorbent  SO; Attenuation Controlling
Facility ID Capture Control Injection Control Hg As B Ba Cd Cr Mo Se Sb Tl Factor COoPC
Fly Ash without Hg Sorbent Injection
Bituminous, Low S
Brayton Point BPB CS ESP None None None 0.058 3.5 4.4 0.92 14 0.43 12 9.2 550 390 550 Sb
Facility F FFA CS ESP None None None 0.095 | 200 0.39 0.16 0.94 0.96 9.8 34 32 2.9 200 As
Facility B DFA CS ESP SCR-BP None None 0.21 26 3.7 0.14 3.0 17 37 1.5 9.7 66 66 Tl
Facility A CFA FabricF.  |SNCR-BP  [None None 0.034 11 1.7 1.5 2.2 14 11 6.5 37 28 37 Sb
Facility B BFA CS ESP SCR None None 0.034 9.9 8.2 0.10 4.4 37 57 2.0 8.2 7.4 37 cr
Facility U UFA CS ESP SCR None None 0.017 77 5.6 0.59 30 74 630 43 9.9 280 280 Tl
Salem Harbor SHB CS ESP SNCR None None 0.040 11 2.9 0.50 7.3 5.3 66 41 27 8.5 41 Se
Facility G GFA CS ESP SNCR None None 0.030 | 190 0.31 0.15 0.70 0.96 6.3 26 17 10 190 As
Facility A AFA FabricF.  |SNCR None None 0.24 17 1.6 1.9 4.6 19 45 5.0 28 21 28 Sb
Facility L LAB HS ESP SOFA None None 0.059 | 170 0.37 0.11 0.37 0.19 3.9 0.92 25 220 220 Tl
HS ESP w/
Facility C GAB COHPAC  [None None None 0.027 | 110 1.8 0.50 7.0 0.87 73 76 22 160 160 Tl
Bituminous, Med S
Facility T TFA CS ESP None None None 0.00090| 170 6.7 0.41 7.5 2.6 42 30 28 8.6 170 As
Facility E EFB CS ESP SCR-BP None None 0.022 | 130 0.49 0.089 0.48 0.55 13 17 18 35 130 As
Duct
Sorbent inj.
Facility W WFA CS ESP SCR-BP None - Troana 0.00090| 1800 5.0 0.12 4.4 26 90 580 190 19 1800 As
Facility E EFA CS ESP SCR None None 0.031 76 0.41 0.19 0.17 0.47 9.3 29 14 3.6 76 As
Facility K KFA CS ESP None None None 0.072 13 39 0.22 5.6 1.4 180 8.4 9.0 130 130 Tl
Facility Aa AaFA CS ESP SCR None None 0.0063 | 120 0.30 0.31 0.79 1.1 14 73 24 1.8 120 As
Facility Aa AaFB CS ESP SCR None None 0.00090| 120 0.34 0.33 1.9 5.6 16 150 28 7.1 150 Se
Facility Da DaFA CS ESP SCR None None 0.00090| 190 0.22 0.61 5.6 1.1 18 49 41 72 190 As
Facility Aa AaFC HS ESP SCR None None 0.0045 | 43 1.7 1.1 8.8 19 230 15 24 15 43 As
AF<1 AF = Attenuation Factor
1<AF<10
10 <AF < 100
100 < AF




Attenuation factor needed based on maximum eluate concentration, 5.4 <pH<12.4, and MCL or DWEL

Hg Maximum
Sample PM NOx  Sorbent  SO; Attenuation Controlling
Facility ID Capture Control Injection Control Hg As B Ba Cd Cr Mo Se Sb Tl Factor COoPC
Fly Ash without Hg Sorbent Injection
Bituminous, High S
Facility E EFC CS ESP SCR None None 0.013 75 0.86 0.26 0.17 1.4 10 59 19 17 75 As
Facility H HFA CS ESP SCR None None 0.020 7.7 25 0.11 16 0.96 280 2.4 14 88 88 Tl
Sub-Bituminous & Sub-bit/bituminous mix
Pleasant Prairie PPB CS ESP None None None 0.10 1.3 4.2 51 3.4 14 3.9 7.4 67 91 91 Tl
St. Clair JAB CS ESP None None None 0.025 5.8 2.5 2.4 0.72 55 20 6.3 9.4 11 55 cr
Facility Z ZFA CS ESP None None None 0.00090|  0.032 1.2 340 0.14 19 3.5 8.7 0.87 3.7 340 Ba
Facility X XFA CS ESP SCR None None 0.019 0.11 1.6 80 0.53 34 12 3.9 0.33 0.77 80 Ba
Lignite
Duct
Sorbent inj.
Facility Ca CaFA CS ESP None None - Troana 0.0045 | 10 9.4 2.5 21 23 55 11 13 8.1 23 Cr
AF<1 AF = Attenuation Factor
1<AF<10
10 < AF < 100
100 < AF




Attenuation factor needed based on maximum eluate concentration, 5.4 <pH<12.4, and MCL or DWEL

Hg Maximum
Sample PM NOx  Sorbent  SO; Attenuation Controlling
Facility ID Capture Control Injection Control Hg As B Ba Cd Cr Mo Se Sb Tl Factor COoPC

Fly Ash without and with Hg Sorbent Injection Pairs
Bituminous, Low S (Class F)

Brayton Point BPB CS ESP None None None 0.058 3.5 4.4 0.92 14 0.43 12 9.2 550 390 550 Sb

Brayton Point BPT CS ESP None PAC None 0.0080 4.3 5.6 0.14 25 0.75 13 54 720 92 720 Sb

Salem Harbor SHB CS ESP SNCR None None 0.040 11 2.9 0.50 7.3 5.3 66 41 27 8.5 41 Se

Salem Harbor SHT CS ESP SNCR PAC None 0.017 19 8.0 0.50 65 2.6 130 60 1900 72 1900 Sb

Facility L LAB HS ESP SOFA None None 0.059 170 0.37 0.11 0.37 0.19 3.9 0.92 25 220 220 Tl

Facility L LAT HS ESP SOFA Br-PAC None 0.081 130 0.30 0.084 0.26 0.28 88 0.83 23 110 130 As
HS ESP w/

Facility C GAB COHPAC None None None 0.027 110 1.8 0.50 7.0 0.87 73 76 22 160 160 Tl
HS ESP w/

Mixed Fly Ash and Scr|GAT COHPAC None PAC None 0.066 27 1.6 0.18 2.2 0.66 10 240 16 160 240 Se

Sub-bituminous (Class C)

Pleasant Prairie PPB CS ESP None None None 0.10 13 4.2 51 3.4 14 3.9 7.4 67 91 91 Tl
Pleasant Prairie PPT CS ESP None PAC None 0.014 1.5 3.7 5.5 3.1 7.1 16 1.7 60 200 200 Tl
St. Clair JAB CS ESP None None None 0.025 5.8 2.5 2.4 0.72 55 20 6.3 9.4 11 55 Cr
St. Clair JAT CS ESP None Br-PAC None 0.027 0.29 2.4 1.6 0.25 26 7.7 3.4 2.9 3.2 26 Cr
Lignite (Class C)
CSESPw/ |Ammonia
Facility Ba BaFA COHPAC Inj. PAC None 0.0080 3.7 3.8 27 1.7 8.3 4.1 14 3.8 2.5 27 Ba
AF<1 AF = Attenuation Factor
1<AF<10
10 <AF <100

100 < AF




Attenuation factor needed based on maximum eluate concentration, 5.4 <pH<12.4, and MCL or DWEL

Hg Maximum

Sample PM NOx  Sorbent  SO; Attenuation Controlling
Facility ID Capture Control Injection Control Hg As B Ba Cd Cr Mo Se Sb Tl Factor COoPC
Mixed Fly Ash and Gypsum (as managed)
Sub-bituminous
Facility V VSD FabricF.  |SCR None None 0.99 3.2 3.4 230 2.0 43 3.8 23 2.6 6.0 230 Ba
Facility Y YsD FabricF.  |SCR None None 0.35 2.8 1.8 3.2 7.9 91 46 19 2.3 7.5 91 Cr

AF<1 AF = Attenuation Factor
1<AF<10
10 < AF < 100

100 < AF




Attenuation Factor needed based on maximum eluate concentration, 5.4<pH<12.4, and MCL or DWEL

Wet FGD Maximum
Sample Residue PM NOx Scrubber Scrubber Attenuation Controlling
Facility ID type Capture Control type additive SO, Control Hg As B Ba cd Cr Mo Se Sh T Factor COPC
Gypsum, unwashed and washed
Bituminous, Low S
[Facility U~ [uAU  |Gyp-U [cSESP [sCR [Forced Ox. [Limestone  [None 00078 | 0.58 0.18 0.071 0.27 0.23 25 18 0.88 56 || 5.6 Tl
Bituminous, Med S
Facility T TAU Gyp-U CS ESP None Forced Ox. |Limestone None 0.016 0.39 14 0.053 3.1 0.39 0.29 4.1 0.44 6.0 6.0 Tl
Facility T TAW Gyp-W CS ESP None Forced Ox. [Limestone None 0.0094 0.47 0.78 0.036 0.18 2.4 0.42 3.5 0.45 5.5 5.5 Tl
Duct Sorbent
Facility W WAU Gyp-U CS ESP SCR-BP  |Forced Ox. [Limestone inj. - Troana 0.011 20 16 0.099 0.39 0.21 0.27 18 0.88 15 20 As
Duct Sorbent
Facility W WAW Gyp-W  |CS ESP SCR-BP  [Forced Ox. |Limestone inj. - Troana 0.0065 0.30 0.21 0.050 0.44 0.28 0.11 4.4 0.48 2.2 4.4 Se
Facility Aa AaAU Gyp-U CS ESP SCR Forced Ox. |Limestone None 0.0045 0.13 0.59 0.043 0.017 0.094 0.058 16 0.14 5.1 16 Se
Facility Aa AaAW  |Gyp-W  [CSESP SCR Forced Ox. [Limestone None 0.0080 0.21 0.019 0.044 0.017 0.18 0.067 30 0.061 0.13 30 Se
Facility Da DaAW  |Gyp-W  |CSESP SCR Forced Ox. [Limestone None 0.043 120 0.24 0.13 74 0.86 6.3 16 55 550 550 Tl
SCR &
Facility P PAD Gyp-U CS ESP SNCR Forced Ox. |Limestone None 0.041 0.61 0.22 0.039 0.10 0.24 0.064 4.7 0.24 0.13 4.7 Se
AF<1 AF = Attenuation Factor
1<AF<10
10 <AF < 100
100 < AF




Attenuation Factor needed based on maximum eluate concentration, 5.4<pH<12.4, and MCL or DWEL

Wet FGD Maximum
Sample Residue PM NOx Scrubber Scrubber Attenuation Controlling
Facility ID type Capture Control type additive SO, Control Hg As B Ba cd Cr Mo Se Sh T Factor COPC
Gypsum, unwashed and washed
Bituminous, High S
Facility N NAU Gyp-U CS ESP None Forced Ox. [Limestone None 0.016 0.59 24 0.074 1.5 0.53 0.77 3.0 1.2 8.1 8.1 Tl
Facility N NAW Gyp-W CS ESP None Forced Ox. [Limestone None 0.052 1.0 0.14 0.040 1.6 0.19 0.55 3.2 0.63 0.77 3.2 Se
Facility S SAU Gyp-U CS ESP SCR Forced Ox. |Limestone None 0.053 6.4 38 0.079 6.6 0.21 9.7 34 9.0 9.1 34 Se
Facility S SAW Gyp-W CS ESP SCR Forced Ox. [Limestone None 0.0063 4.4 0.11 0.042 0.14 0.17 0.68 2.0 0.91 1.8 4.4 As
Facility O OAU Gyp-U CS ESP SCR Forced Ox. |Limestone None 0.011 0.66 7.1 0.080 2.4 0.061 0.87 13 1.2 6.0 13 Se
Facility O OAW Gyp-W CS ESP SCR Forced Ox. [Limestone None 0.043 0.90 0.53 0.072 1.3 0.12 0.65 3.0 1.1 0.68 3.0 Se
Sub-bituminous
Facility R RAU Gyp-U CS ESP None Forced Ox. [Limestone None 0.00090 0.60 0.38 0.062 0.47 0.21 0.14 2.8 0.49 1.6 2.8 Se
Facility Q QAU Gyp-U HS ESP None Forced Ox. |Limestone Other 0.33 1.1 9.3 0.21 10 0.17 2.0 60 2.0 2.0 60 Se
Facility X XAU Gyp-U CS ESP SCR Forced Ox. |Limestone None 0.032 0.90 0.84 0.054 0.62 0.35 0.84 65 2.2 7.3 65 Se
Facility X XAW Gyp-W CS ESP SCR Forced Ox. [Limestone None 0.020 0.30 0.057 0.048 0.39 0.35 0.083 5.9 0.45 1.7 5.9 Se
Lignite
Duct Sorbent
Facility Ca CaAW  [Gyp-U CS ESP None Forced Ox. |Limestone inj. - Troana 0.099 2.1 11 0.28 1.2 0.56 4.8 310 3.1 8.2 310 Se
AF<1 AF = Attenuation Factor
1<AF<10
10 < AF <100
100 < AF




Attenuation Factor needed based on maximum eluate concentration, 5.4<pH<12.4, and MCL or DWEL

Wet FGD Maximum
Sample Residue PM NOx Scrubber Scrubber Attenuation Controlling

Facility ID type Capture Control type additive SO, Control Hg As B Ba cd Cr Mo Se Sh T Factor COPC
Scrubber Sludge
Bituminous, Low S

Scrubber
Facility B DGD sludge CS ESP SCR-BP Natural Ox. Mg lime None 4.5 2.3 8.9 0.20 0.14 0.24 6.6 4.0 2.2 13 13 Tl

Scrubber
Facility A CGD sludge FabricF. [SNCR-BP [Natural Ox. |Limestone None 0.050 0.31 6.2 0.041 0.23 0.099 0.58 3.3 16 9.9 16 Sb

Scrubber
Facility B BGD sludge CS ESP SCR Natural Ox. | Mg lime None 2.7 6.4 2.0 0.88 0.29 7.9 2.1 1.1 2.1 17 17 Tl

Scrubber
Facility A AGD sludge FabricF. |SNCR Natural Ox.  [Limestone None 0.040 0.79 30 0.059 0.32 8.3 3.7 0.55 1.6 44 44 Tl
Bituminous, Med S

Scrubber
Facility K KGD sludge CS ESP None Natural Ox. |Mg lime None 0.79 10 3.0 1.2 0.82 0.17 5.4 5.5 1.8 55 55 Tl

AF<1 AF = Attenuation Factor
1<AF<10
10 <AF< 100
100 < AF




Attenuation Factor needed based on maximum eluate concentration, 5.4<pH<12.4, and MCL or DWEL

Wet FGD Maximum
Sample Residue PM NOx Scrubber Scrubber Attenuation Controlling
Facility ID type Capture Control type additive SO, Control Hg As B Ba cd Cr Mo Se Sh T Factor COPC

Mixed Fly Ash and Scrubber Sludge (as managed)
Bituminous, Low S

FA+ScS+
Facility B DCC lime CS ESP SCR-BP Natural Ox. Mg lime None 0.73 18 2.0 3.0 0.22 0.22 2.3 2.9 2.5 13 18 As
Facility A cce FA+ScS  |FabricF. |SNCR-BP [Natural Ox. |Limestone None 0.11 8.4 1.1 0.80 1.8 23 78 7.9 33 18 33 Sh

FA+ScS+
Facility B BCC lime CS ESP SCR Natural Ox. (Mg lime None 2.7 4.1 32 0.089 2.4 9.5 8.6 2.3 2.3 7.0 9.5 Cr
Facility A ACC FA+ScS FabricF. |SNCR Natural Ox. [Limestone None 0.068 7.7 1.6 0.25 1.8 23 190 5.7 24 18 24 Sb
Bituminous, Med S

FA+ScS+
Facility K KCC lime CS ESP SCR Natural Ox. Mg lime None 14 0.70 6.3 0.077 0.22 0.087 1.2 6.7 0.75 2.2 14 Hg

FA+ScS+
Facility M MAD lime CS ESP SCR-BP Inhibited Ox. |Limestone None 4.5 280 4.7 5.1 2.2 0.065 5.4 19 18 52 280 As

FA+ScS+
Facility M MAS lime CS ESP SCR Inhibited Ox. |Limestone None 3.7 370 4.1 0.59 4.0 0.31 55 9.5 15 21 370 As

AF<1 AF = Attenuation Factor
1<AF<10
10 <AF< 100
100 < AF




Attenuation Factor needed based on maximum eluate concentration, 5.4<pH<12.4, and MCL or DWEL

Wet FGD Maximum

Sample Residue PM NOx Scrubber Scrubber Attenuation Controlling
Facility ID type Capture Control type additive SO, Control Hg As B Ba cd Cr Mo Se Sh T Factor COPC
Mixed Fly Ash and Gypsum (as managed)
Bituminous, Low S
Facility U UGF  [Other  [csesp  [scr [Forced Ox.  [Limestone  [None 0.32 44 0.48 0.48 6.4 0.82 6.0 23 18 2 || 12 Tl

AF<1 AF = Attenuation Factor
1<AF<10
10 <AF <100

100 < AF




Attenuation factor needed based on own pH eluate concentration and MCL or DWEL

Hg Maximum
Sample PM NOx  Sorbent  SO; Attenuation Controlling
Facility ID Capture Control Injection Control Hg As B Ba Ccd Cr Mo Se Sb Tl Factor COoPC
Fly Ash without Hg Sorbent Injection
Bituminous, Low S
Brayton Point BPB CS ESP None None None 0.020 0.67 0.32 0.91 4.8 0.27 3.9 1.1 1.2 7.2 7.2 Tl
Facility F FFA CS ESP None None None 0.039 5.4 0.42 0.058 2.0 0.28 0.19 1.0 8.4 4.4 8.4 Sb
Facility B DFA CS ESP SCR-BP None None 0.011 4.7 0.51 0.096 0.16 1.3 9.8 0.19 1.1 0.37 4.7 As
Facility A CFA FabricF.  |SNCR-BP  [None None 0.022 1.4 0.21 0.31 0.058 1.9 2.6 0.47 3.4 2.4 3.4 Sb
Facility B BFA CS ESP SCR None None 0.013 2.9 1.0 0.072 0.21 8.5 9.1 0.31 0.95 0.71 8.5 Ccr
Facility U UFA CS ESP SCR None None 0.00090 4.1 1.5 0.44 4.7 19 72 1.0 0.10 59 59 Tl
Salem Harbor SHB CS ESP SNCR None None 0.018 1.9 0.70 0.39 0.77 45 9.1 34 2.2 0.29 34 Se
Facility G GFA CS ESP SNCR None None 0.0086 3.4 0.28 0.048 1.1 0.088 0.29 1.2 4.9 17 17 Tl
Facility A AFA FabricF.  |SNCR None None 0.058 4.0 0.046 0.17 0.15 11 2.9 0.51 2.2 1.4 11 Cr
Facility L LAB HS ESP SOFA None None 0.0058 2.6 0.084 0.063 0.092 0.013 1.2 0.17 9.6 3.2 9.6 Sb
HS ESP w/
Facility C GAB COHPAC  [None None None 0.0081 | 24 0.78 0.28 0.017 0.0025 15 62 5.1 25 62 Se
Bituminous, Med S
Facility T TFA CS ESP None None None 0.00090| 50 1.2 0.19 0.99 0.62 5.1 11 12 2.5 50 As
Facility E EFB CS ESP SCR-BP None None 0.0058 5.6 0.37 0.046 2.1 0.19 0.047 0.73 4.9 46 46 Tl
Duct
Sorbent inj.
Facility W WFA CS ESP SCR-BP None - Troana 0.00090| 320 0.45 0.035 0.45 2.9 9.9 57 22 2.1 320 As
Facility E EFA CS ESP SCR None None 0.010 1.6 0.38 0.040 0.91 0.0085 0.24 1.3 3.5 7.4 7.4 Tl
Facility K KFA CS ESP None None None 0.012 6.8 4.6 0.085 0.017 0.21 11 2.5 5.0 19 19 Tl
Facility Aa AaFA CS ESP SCR None None 0.0031 17 0.33 0.11 6.0 0.34 0.68 43 8.6 17 17 Tl
Facility Aa AaFB CS ESP SCR None None 0.00090 76 0.39 0.11 9.8 2.3 0.34 9.9 10 19 76 As
Facility Da DaFA CS ESP SCR None None 0.00090 33 0.22 0.17 7.7 0.32 1.8 5.0 22 97 97 Tl
Facility Aa AaFC HS ESP SCR None None 0.00090| 25 1.1 0.85 0.94 2.3 19 0.96 12 2.5 25 As
AF<1 AF = Attenuation Factor
1<AF<10
10 < AF < 100
100 < AF




Attenuation factor needed based on own pH eluate concentration and MCL or DWEL

Hg Maximum
Sample PM NOx  Sorbent  SO; Attenuation Controlling
Facility ID Capture Control Injection Control Hg As B Ba Cd Cr Mo Se Sb Tl Factor COoPC
Fly Ash without Hg Sorbent Injection
Bituminous, High S
Facility E EFC CS ESP SCR None None 0.0076 0.95 0.61 0.039 2.0 0.13 0.82 1.0 7.8 13 13 Tl
Facility H HFA CS ESP SCR None None 0.0094 3.6 3.0 0.040 1.3 0.20 0.0 0.36 7.1 18 18 Tl
Sub-Bituminous & Sub-bit/bituminous mix
Pleasant Prairie PPB CS ESP None None None 0.0062 0.40 1.4 11 0.030 0.029 0.0025 2.2 1.5 2.8 11 Ba
St. Clair JAB CS ESP None None None 0.017 0.092 0.042 0.43 0.12 6.1 3.3 1.0 1.2 2.9 6.1 cr
Facility Z ZFA CS ESP None None None 0.00090|  0.032 0.48 110 0.017 0.063 0.043 0.33 0.094 0.13 110 Ba
Facility X XFA CS ESP SCR None None 0.019 0.032 0.11 16 0.017 1.9 2.7 0.45 0.33 0.13 16 Ba
Lignite
Duct
Sorbent inj.
Facility Ca CaFA CS ESP None None - Troana 0.00090| 3.4 2.5 1.4 0.69 6.3 9.9 6.8 0.83 0.13 6.8 Se
AF<1 AF = Attenuation Factor
1<AF<10
10 < AF < 100
100 < AF




Attenuation factor needed based on own pH eluate concentration and MCL or DWEL

Hg Maximum
Sample PM NOx  Sorbent  SO; Attenuation Controlling
Facility ID Capture Control Injection Control Hg As B Ba Cd Cr Mo Se Sb Tl Factor COoPC

Fly Ash without and with Hg Sorbent Injection Pairs
Bituminous, Low S (Class F)

Brayton Point BPB CS ESP None None None 0.020 0.67 0.32 0.91 4.8 0.27 3.9 dldl 1.2 7.2 U2 Tl

Brayton Point BPT CS ESP None PAC None 0.0033 0.48 5.6 0.060 8.6 0.15 13 88 91 27 91 Sb

Salem Harbor SHB CS ESP SNCR None None 0.018 %9 0.70 0.39 0.77 4.5 9.1 34 2.2 0.29 34 Se

Salem Harbor SHT CS ESP SNCR PAC None 0.0062 16 %3 0.28 15 0.77 16 30 65 0.70 65 Sb

Facility L LAB HS ESP SOFA None None 0.0058 2.6 0.084 0.063 0.092 0.013 1.2 0.17 9.6 3.2 9.6 Sb

Facility L LAT HS ESP SOFA Br-PAC None 0.0049 2.5 0.074 0.058 0.067 0.0050 1.0 0.12 9.1 3.4 9.1 Sh
HS ESP w/

Facility C GAB COHPAC None None None 0.0081 24 0.78 0.28 0.017 0.0025 15 62 5.1 25 62 Se
HS ESP w/

Mixed Fly Ash and Scr|GAT COHPAC None PAC None 0.0090 12 1.1 0.035 0.13 0.29 6.9 66 8.9 49 66 Se

Sub-bituminous (Class C)

Pleasant Prairie PPB CS ESP None None None 0.0062 0.40 1.4 11 0.030 0.029 0.0025 2.2 1.5 2.8 11 Ba
Pleasant Prairie PPT CS ESP None PAC None 0.0064 0.42 0.081 5.4 0.84 0.81 0.47 0.51 0.95 2.3 5.4 Ba
St. Clair JAB CS ESP None None None 0.017 0.092 0.042 0.43 0.12 6.1 3.3 1.0 1.2 2.9 6.1 Cr
St. Clair JAT CS ESP None Br-PAC None 0.012 0.054 0.037 1.2 0.090 6.3 3.4 1.2 0.98 1.2 6.3 Cr
Lignite (Class C)
CSESPw/ |Ammonia
Facility Ba BaFA COHPAC Inj. PAC None 0.0045 0.58 0.27 5.5 0.20 4.3 2.7 2.7 0.85 0.13 5.5 Ba
AF<1 AF = Attenuation Factor
1<AF<10
10 <AF <100

100 < AF




Attenuation factor needed based on own pH eluate concentration and MCL or DWEL

Hg Maximum

Sample PM NOx  Sorbent  SO; Attenuation Controlling
Facility ID Capture Control Injection Control Hg As B Ba Cd Cr Mo Se Sb Tl Factor COoPC
Mixed Fly Ash and Gypsum (as managed)
Sub-bituminous
Facility V VSD FabricF.  |SCR None None 0.010 0.18 0.013 84 0.16 2.5 0.94 1.7 0.11 0.85 84 Ba
Facility Y YsD FabricF.  |SCR None None 0.0094 0.22 0.021 0.64 0.37 17 6.2 2.3 0.037 1.8 17 Cr

AF<1 AF = Attenuation Factor
1<AF<10
10 < AF < 100

100 < AF




Attenuation Factor needed based on own pH eluate concentration and MCL or DWEL

Wet FGD Maximum
Sample Residue PM NOx Scrubber Scrubber Attenuation Controlling
Facility ID type Capture Control type additive SO, Control Hg As B Ba cd Cr Mo Se Sh T Factor COPC
Gypsum, unwashed and washed
Bituminous, Low S
[Facility U~ [uAU  |Gyp-U [cSESP [sCR [Forced Ox. [Limestone  [None 0.00090|  0.52 0.082 0.062 0.27 0.12 0.31 1.1 0.44 18 || 18 Tl
Bituminous, Med S
Facility T TAU Gyp-U CS ESP None Forced Ox. |Limestone None 0.00090 0.27 1.6 0.038 0.17 0.084 0.057 0.96 0.23 2.2 2.2 Tl
Facility T TAW Gyp-W CS ESP None Forced Ox. [Limestone None 0.0044 0.032 0.10 0.035 0.029 0.15 0.045 0.35 0.24 0.86 0.86 Tl
Duct Sorbent
Facility W WAU Gyp-U CS ESP SCR-BP Forced Ox. Limestone inj. - Troana 0.00090 0.14 1.3 0.048 0.11 0.094 0.039 0.55 0.19 7.4 7.4 Tl
Duct Sorbent
Facility W WAW Gyp-W CS ESP SCR-BP Forced Ox. |Limestone inj. - Troana 0.00090 0.032 0.030 0.030 0.050 0.16 0.023 0.45 0.15 0.56 0.56 Tl
Facility Aa AaAU Gyp-U CS ESP SCR Forced Ox. |Limestone None 0.00090 0.10 0.10 0.038 0.017 0.057 0.0092 5.0 0.0067 2.7 5.0 Se
Facility Aa AaAW Gyp-W CS ESP SCR Forced Ox. Limestone None 0.0065 0.069 0.014 0.035 0.017 0.10 0.017 3.7 0.0067 0.13 3.7 Se
Facility Da DaAW Gyp-W CS ESP SCR Forced Ox. Limestone None 0.0030 0.10 0.023 0.048 0.017 0.24 0.031 0.77 0.092 0.13 0.77 Se
SCR &
Facility P PAD Gyp-U CS ESP SNCR Forced Ox. |Limestone None 0.014 0.032 0.041 0.023 0.017 0.042 0.014 3.9 0.092 0.13 3.9 Se
AF<1 AF = Attenuation Factor
1<AF<10
10 <AF < 100
100 < AF




Attenuation Factor needed based on own pH eluate concentration and MCL or DWEL

Wet FGD Maximum
Sample Residue PM NOx Scrubber Scrubber Attenuation Controlling
Facility ID type Capture Control type additive SO, Control Hg As B Ba cd Cr Mo Se Sh T Factor COPC
Gypsum, unwashed and washed
Bituminous, High S
Facility N NAU Gyp-U CS ESP None Forced Ox. [Limestone None 0.00090 0.032 0.32 0.033 0.035 0.029 0.076 0.37 0.0067 1.8 1.8 Tl
Facility N NAW Gyp-W CS ESP None Forced Ox. [Limestone None 0.00090 0.52 0.0069 0.029 0.017 0.0025 0.048 0.27 0.035 0.13 0.52 As
Facility S SAU Gyp-U CS ESP SCR Forced Ox. |Limestone None 0.00090 1.2 3.1 0.051 0.98 0.14 0.94 5.1 0.89 5.4 5.4 Tl
Facility S SAW Gyp-W CS ESP SCR Forced Ox. [Limestone None 0.00090 4.2 0.055 0.016 0.017 0.12 0.40 0.40 0.73 0.74 4.2 As
Facility O OAU Gyp-U CS ESP SCR Forced Ox. |Limestone None 0.0022 0.13 0.75 0.042 0.22 0.011 0.094 1.8 0.16 0.72 1.8 Se
Facility O OAW Gyp-W CS ESP SCR Forced Ox. [Limestone None 0.00090 0.21 0.049 0.040 0.017 0.0025 0.061 0.52 0.11 0.13 0.52 Se
Sub-bituminous
Facility R RAU Gyp-U CS ESP None Forced Ox. [Limestone None 0.00090 0.12 0.0085 0.041 0.11 0.14 0.027 1.4 0.18 0.41 1.4 Se
Facility Q QAU Gyp-U HS ESP None Forced Ox. |Limestone Other 0.0022 0.088 0.51 0.064 1.2 0.042 0.071 6.5 0.42 0.80 6.5 Se
Facility X XAU Gyp-U CS ESP SCR Forced Ox. |Limestone None 0.00090 0.032 0.081 0.050 0.077 0.17 0.075 14 0.19 5.5 14 Se
Facility X XAW Gyp-W CS ESP SCR Forced Ox. [Limestone None 0.0094 0.080 0.0017 0.046 0.22 0.34 0.036 1.4 0.12 0.41 1.4 Se
Lignite
Duct Sorbent
Facility Ca CaAW  [Gyp-U CS ESP None Forced Ox. |Limestone inj. - Troana 0.013 0.50 1.1 0.082 0.11 0.14 0.46 41 0.39 5.1 41 Se
AF<1 AF = Attenuation Factor
1<AF<10
10 <AF < 100
100 < AF




Attenuation Factor needed based on own pH eluate concentration and MCL or DWEL

Wet FGD Maximum
Sample Residue PM NOx Scrubber Scrubber Attenuation Controlling

Facility ID type Capture Control type additive SO, Control Hg As B Ba cd Cr Mo Se Sh T Factor COPC
Scrubber Sludge
Bituminous, Low S

Scrubber
Facility B DGD sludge CS ESP SCR-BP Natural Ox. Mg lime None 0.020 0.032 0.48 0.064 0.017 0.10 0.67 0.44 0.91 2.5 2.5 Tl

Scrubber
Facility A CGD sludge  [FabricF. [SNCR-BP [Natural Ox. [Limestone None 0.017 0.046 0.77 0.015 0.017 0.043 0.051 0.15 0.23 1.2 1.2 Tl

Scrubber
Facility B BGD sludge CS ESP SCR Natural Ox. | Mg lime None 0.013 0.58 0.10 0.088 0.017 2.3 0.31 0.046 0.51 2.2 2.3 Cr

Scrubber
Facility A AGD sludge FabricF. |SNCR Natural Ox.  [Limestone None 0.0084 0.64 0.90 0.022 0.20 5.9 0.18 0.36 0.49 3.4 5.9 Cr
Bituminous, Med S

Scrubber
Facility K KGD sludge CS ESP None Natural Ox. |Mg lime None 0.031 1.9 0.26 0.056 0.038 0.11 0.80 0.14 0.21 7.2 7.2 Tl

AF<1 AF = Attenuation Factor
1<AF<10
10 <AF< 100
100 < AF




Attenuation Factor needed based on own pH eluate concentration and MCL or DWEL

Wet FGD Maximum
Sample Residue PM NOx Scrubber Scrubber Attenuation Controlling
Facility ID type Capture Control type additive SO, Control Hg As B Ba cd Cr Mo Se Sh T Factor COPC

Mixed Fly Ash and Scrubber Sludge (as managed)
Bituminous, Low S

FA+ScS+
Facility B DCC lime CS ESP SCR-BP Natural Ox. Mg lime None 0.012 0.21 0.12 1.1 0.017 0.14 0.69 0.33 0.29 7.8 7.8 Tl
Facility A CCC FA+ScS Fabric F. |SNCR-BP |Natural Ox. [Limestone None 0.050 1.9 0.016 0.081 0.056 2.1 3.2 0.32 1.7 2.5 2.5 Tl

FA+ScS+
Facility B BCC lime CS ESP SCR Natural Ox. (Mg lime None 0.0096 1.7 0.80 0.025 0.42 7.1 0.58 0.64 0.75 2.1 7.1 Cr
Facility A ACC FA+ScS FabricF. |SNCR Natural Ox. [Limestone None 0.038 4.1 0.46 0.065 0.13 9.6 1.2 1.7 9.4 3.6 9.6 Cr
Bituminous, Med S

FA+ScS+
Facility K KCC lime CS ESP SCR Natural Ox. Mg lime None 0.17 0.032 1.6 0.0076 0.017 0.060 0.060 0.45 0.19 1.5 1.5 Tl

FA+ScS+
Facility M MAD lime CS ESP SCR-BP Inhibited Ox. |Limestone None 0.00090 0.72 0.044 1.1 0.30 0.034 2.9 0.21 0.27 5.2 5.2 Tl

FA+ScS+
Facility M MAS lime CS ESP SCR Inhibited Ox. |Limestone None 0.0085 21 0.11 0.034 0.66 0.023 5.8 0.87 0.92 3.6 21 As

AF<1 AF = Attenuation Factor
1<AF<10
10 <AF< 100
100 < AF




Attenuation Factor needed based on own pH eluate concentration and MCL or DWEL

Wet FGD Maximum

Sample Residue PM NOx Scrubber Scrubber Attenuation Controlling
Facility ID type Capture Control type additive SO, Control Hg As B Ba cd Cr Mo Se Sh T Factor COPC
Mixed Fly Ash and Gypsum (as managed)
Bituminous, Low S
Facility U UGF  [Other  [csesp  [scr [Forced Ox.  [Limestone  [None 0.00090| 1.3 0.041 0.095 0.017 0.34 0.58 0.35 0.12 24 || 24 Tl

AF<1 AF = Attenuation Factor
1<AF<10
10 <AF <100

100 < AF
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ABSTRACT

This report presents examples of the relationships between the results of laboratory
leaching tests, as defined by the Leaching Environmental Assessment Framework (LEAF) or
analogous international test methods, and leaching of constituents from a broad range of
materials under disposal and beneficial use scenarios. A framework is defined for
interpretation of laboratory testing results, including approaches for comparison of
laboratory testing of fresh or field aged materials and leachate results from field
applications. This report also illustrates the use of chemical speciation modeling for
interpretation of leaching data and facilitated evaluation of scenarios beyond the conditions
of laboratory testing. This report then provides recommendations for selection and use of
the LEAF test methods, data interpretation, and chemical speciation-based models as tools
for environmental leaching assessment.

Ten field cases were evaluated to illustrate how LEAF results can be used to compare to field
leachate data for either the disposal or beneficial use of seven different materials. The field
data presented in this report include leachate from field lysimeters, porewater from landfill
or use applications, eluates from leaching tests conducted on sample cores taken from field
sites, and leachate collected from landfills. The LEAF laboratory leaching tests in the
comparisons are shown to be effective for estimating the field leaching behavior for a wide
range of materials under both disposal and use conditions.

Interpretation of laboratory leaching test results to the field must be conducted within the
context of the controlling physical and chemical mechanisms of the field scenario (e.g., pH,
L/S, mode of water contact). The effects of field conditions that are beyond the physical-
chemical domain of the laboratory test conditions can be evaluated through a combination
of empirical calculations to extrapolate laboratory results and chemical speciation and
reactive mass transport simulations that are calibrated based on LEAF testing results. Both
direct laboratory testing results and outcomes from chemical speciation and reactive mass
transport simulations can be used to provide a source term for subsequent fate and
transport and risk assessment evaluations.
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EXECUTIVE SUMMARY

ES-1 Objectives and Background

The primary objective of this report is to provide an evaluation of the applicability and
limitations of using laboratory leaching tests, as defined by the LEAF and LEAF-analogous
methods, for estimating leaching of constituents of potential concern (COPCs) from a broad
range of materials under field disposal and beneficial use scenarios. This evaluation
compares results from laboratory testing of “as produced” material using LEAF methods,
laboratory testing of “field aged” material, and field leaching studies of the material.
Interpretation of LEAF leaching data is conducted within the context of a defined conceptual
leaching model. Chemical speciation modeling is used as a tool to facilitate evaluation of
scenarios beyond the conditions of common laboratory testing (i.e., normalize the
laboratory data to the field conditions by estimating the impact of factors not practical to
achieve in the laboratory, but which are known to occur and affect leaching). A second
objective of this report is to provide recommendations on the selection and use of LEAF
testing for different types of materials or wastes when evaluating disposal or use scenarios.

The Leaching Environmental Assessment Framework (LEAF) is fundamentally different
than the simulation-based approach to testing, such as used for the toxicity characteristic
leaching procedure (TCLP)!, because it focuses on characterization of intrinsic material-
specific leaching behaviors controlling the release of COPCs from solid materials over a
broad range of test and environmental conditions, with application of the resulting leaching
data to specific disposal or use conditions (Kosson et al., 2002). The framework consists of
four laboratory leaching methods, data management tools, and leaching assessment
approaches developed by Vanderbilt University in conjunction with U.S. EPA and
international partners.

The four leach testing methods described in LEAF have been validated through
interlaboratory studies (Garrabrants et al.,, 2012a, 2012b) and adopted into SW-846, the
EPA compendium of laboratory tests (EPA, 2013a) as:

e Method 1313 - Liquid-Solid Partitioning as a Function of Extract pH using a Parallel
Batch Extraction Procedure

e Method 1314 - Liquid-Solid Partitioning as a Function of Liquid-Solid Ratio for
Constituents in Solid Materials using an Up-flow Percolation Column Procedure

e Method 1315 - Mass Transfer Rates in Monolithic and Compacted Granular
Materials using a Semi-Dynamic Tank Leaching Procedure

e Method 1316 - Liquid-Solid Partitioning as a Function of Liquid-Solid Ratio in Solid
Materials using a Parallel Batch Extraction Procedure

These tests may be applied to solid materials to determine fundamental leaching
parameters including liquid-solid partitioning (LSP) of constituents as a function of pH and

1 TCLP was designed to simulate a plausible mismanagement scenario of co-disposal in a municipal solid waste
landfill.
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cumulative liquid-to-solid ratio (L/S) as well as the rate of constituent mass transfer from
monolithic and compacted granular materials. Coordinated development of LEAF has
occurred between research laboratories in the United States (U.S.) and the European Union
(EU). The general approach and test methods described in this report also are applicable to
assess release of organic substances, radionuclides and nano-particles. However, additional
consideration is needed with respect to compatibility of the constituents of interest to the
container materials used.

Leaching tests are tools used for estimating the environmental impact associated with
disposal or utilization of materials and wastes on the land (e.g., soils, sediments, industrial
wastes, demolition debris, etc.). Results of leaching assessments based on testing and
interpretive models provide a source term as one part of an evaluation of environmental
safety. In addition to test results, integral factors in applicability assessment or criteria
development for use and disposal include (i) definition and application of appropriate fate
and transport models from the source to the points of compliance and (ii) establishment of
risk-informed constituent concentration thresholds at defined points of compliance.

Characterization of leaching behavior using the LEAF tests along with scenario-specific
information can be used to assemble a leaching “source term” for many environmental
scenarios or levels of environmental assessment including:

e screening level assessments at a site-specific, regional or national scale;

e detailed site-specific evaluations;

e performance comparisons between different materials or treatment processes
under specific disposal or use scenarios;

o development of chemical speciation based models to evaluate potential material
leaching behavior under field conditions that may be difficult or impossible to
reproduce in the laboratory.

Assessing the applicability and accuracy of any predictive leaching assessment approach,
however, requires evaluation through the use of pilot- and full-scale field studies in which
leaching predictions for a particular material based on laboratory testing may be compared
to measured leachate concentrations for that material collected under field conditions.
Field studies also provide information regarding the relative importance of natural
processes on leaching of COPCs including water flow patterns, extent of local chemical
equilibrium, and chemical changes due to aging or exposure to the environment.

This report facilitates understanding application and accuracy of the LEAF test methods by
addressing the following important relationships of LEAF test data:

e within datasets from the different LEAF test methods conducted on the same
material;

e compared to the results of test methods currently in more widespread use,
specifically the Toxicity Characteristic Leaching Procedure (TCLP; EPA Method
1311) and the Synthetic Precipitation Leaching Procedure (SPLP; EPA Method
1312);



e relative to field leaching and material behavior over a wider set of disposal and use
scenarios;

e in conjunction with chemical speciation modeling and other knowledge to evaluate
leaching under conditions beyond typical laboratory testing conditions.

Furthermore, this report provides recommendations for how environmental scientists,
engineers and regulators may use LEAF as part of their evaluation programs.

ES-2 Evaluation Cases

In order to illustrate the relationship between laboratory data and field measurements, ten
disposal and beneficial use cases for which both laboratory and field data exist have been
identified and are presented in this report. These ten field evaluation cases consist of
combinations of laboratory testing and field analysis for the following seven materials:

e coal fly ash (CFA; 3 cases);

o fixated scrubber sludge with lime (FSSL) produced at some coal-fired power plants by
combining coal fly ash with flue gas desulfurization (FGD) scrubber residue and lime (1
case),

e municipal solid waste incinerator bottom ash (MSWI-BA; 2 cases);

¢ a predominantly inorganic waste mixture comprised of residues from soil cleanup
residues, contaminated soil, sediments, construction and demolition (C&D) waste and
small industry waste (IND; 1 case);

¢ municipal solid waste (MSW; 1 case);

e cement-stabilized municipal solid waste incinerator fly ash (S-MSWI-FA; 1 case);

¢ portland cement mortars and concrete (1 case).

Table 1-1ES-1 provides a summary of the cases and data sets evaluated in this report. In
this table, the types of leaching test data (i.e., laboratory tests conducted on “as produced”
site materials,? analog materials or field materials), field data (i.e., leachates collected from
the field application) and case conditions are defined for each case. The symbols
representing leaching test data for the cases in Table 1-1 include “pH” for pH dependent
leaching data (e.g., from Method 1313 or equivalent), “L,/S” for L./S-dependent leaching data
(e.g., Method 1316 or equivalent), “Perc” for percolation column data (e.g., from Method
1314 or equivalent), and “MT” for mass transfer data (e.g., from Method 1315 or
equivalent). For a few of the field case studies where laboratory test results were not
available for the specific material present in the field, laboratory test results on closely
analogous materials are used for comparison with field measurements. The field data
presented in this report include (i) leachate from field lysimeters, (ii) porewater from
landfill or use applications, (iii) eluate from leaching tests on sample cores taken from field
sites, and (iv) leachate collected from landfills.

2 In this report, “as produced” materials refer to newly processed materials that are ready for disposal or
beneficial use in a field application. This distinction is made relative to aged field materials that have been
retrieved from a field application for testing in the laboratory.
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Table ES-1. Summary of Laboratory-To-Field Comparison Cases.

Report Case Name (Country) Site Analog Field Leachates Case Conditions
Section Materials Materials Materials

41 Coal Fly Ash Landfill - pH - Multiple Ox-Red,

Leachate (U.S.) L/S landfills pH 6-13
Perc

4.2 Coal Fly Ash in Large-Scale L/S - - Lysimeters Ox-Red,
Field Lysimeters (Denmark) pH 11-13

4.3 Landfill of Coal Combustion pH - pH Landfill 0x,
Fixated Scrubber Sludge L/S L/S pH 6-12
with Lime (U.S.) MT

4.4 Coal Fly Ash Used in L/S - - Roadbase, pH 8-12
Roadbase and Embankments Embankment
(The Netherlands)

4.5 Municipal Solid Waste - pH - Landfill Reducing,
(MSW) Incinerator Bottom Perc pH 7-11
Ash Landfill (Denmark)

4.6 MSW Incinerator Bottom - pH pH Roadbase test | Ox-Red,
Ash Used in Roadbase Perc L/S section pH 7-10
(Sweden) Perc

4.7 Inorganic Industrial Waste pH - pH Lysimeters, Ox-Red,
Landfill (The Netherlands) Perc L/S Landfill pH 6-9

Perc

4.8 MSW Landfill pH - pH Landfill, Strongly reducing,

(The Netherlands) Perc L/S Multiple High DOC,
Perc landfills pH 5-9

49 Stabilized MSW Incinerator pH - pH Pilot test cells, | Oxidizing,
Fly Ash Disposal (The Perc Landfill pH 8-13
Netherlands) MT

4.10 Portland Cement Mortars pH pH pH - Oxidizing,
and Concrete (Germany, (recycled Carbonation,
Norway, The Netherlands) concrete) pH 8-13
Notes:

pH = pH-dependentleaching data (e.g., EPA Method 1313, PrEN 14429, PrEN 14997).

L/S = L/S-dependent data with deionized or demineralized water (e.g., EPA Method 1316, EN 12547).

Perc = Percolation column data, up-flow or down-flow (e.g., EPA Method 1314, CEN/TS 14405).

MT = Monolith or compacted granular mass transfer data (e.g., EPA Method 1315, PrEN 15863).

Ox-Red = oxidized to reducing conditions.

1Site Materials refers to “as produced” source materials placed into the field application.

2 Analog Materials refers to comparative materials for cases where source material sample leaching
characterization information was not available.

3 Field Materials refers to materials retrieved from a field application for laboratory testing.
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The field component and laboratory testing comparison for each case is as follows:

Case 1 (§ 4.1) examined the leaching behavior of coal fly ash under landfill disposal
conditions as a class of materials by comparing the leaching concentration ranges and
pH dependent relationships for field leachates and pore water in comparison to
laboratory test results obtained from LEAF testing of a wide range of coal fly ash
samples.

Case 2 (§ 4.2) compared the field leaching from large scale lysimeters over 7 years to
results from laboratory percolation column tests.

Case 3 (§ 4.3) compared field leaching, field pore water samples, and laboratory
leaching test results on landfill core samples, laboratory leaching test results on fresh
“as disposed” material for mixed coal fly ash and FGD scrubber residues, referred to as
fixated scrubber sludge.

Case 4 (§ 4.4) compared the results of field leaching over 2 years from a road base and
embankment constructed with coal fly ash to percolation column results. Laboratory pH
dependent leaching test results from an analogous material were also used for
comparison.

Case 5 (§ 4.5) focused on landfill leaching from combined MSWI bottom ash and MSWI
fly ash that was deposited in layers and monitored for 30 years. Field leaching results
were compared to laboratory leaching of core samples obtained from the landfill and
laboratory pH dependent test and percolation column test results from analogous
materials.

Case 6 (§ 4.6) focused on MSWI bottom ash used as a subbase below an unbound base
course and surface asphalt layers that was cored and evaluated 15 years after the road
construction. Single point leaching was carried out on an extensive set of samples (n=
53) to evaluate the heterogeneity of material and exposure under field conditions.

Case 7 (§ 4.7) focused on comparison of laboratory and field lysimeter results to
leaching from a 12,000 m3 field pilot landfill for a mixture of predominantly inorganic
wastes.

Case 8 (§ 4.8) focused on a 45,000 m3 pilot-scale landfill for MSW in Landgraaf, The
Netherlands, that was filled with a mixture of sewage sludge, construction and
demolition (C&D) waste, MSW, industrial waste, car shredder waste, foundry sand, and
soil cleanup residue. The pilot study was established to evaluate the biodegradation of
organic matter-rich waste by leachate renewal and recycling.

Case 9 (§ 4.9) focused on a pilot-scale field demonstration of near surface disposal of
MSWI fly ash stabilized with a mixture of pozzolonic binders (i.e., multiple ash types).
Initial samples of the stabilized material were subjected to laboratory leaching tests.
Leachate and runoff was collected during that evaluation period of approximately 4
years, after which cores were taken of the stabilized material for laboratory leaching
testing. Comparative results were also available from a full-scale monofill receiving the
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same stabilized waste. In addition, laboratory leaching was carried on cores obtained
from field testing after 10 years from a corresponding full-scale facility.

Case 10 (§ 4.10) compared the leaching of cement and concrete samples with different
aging periods, including 28 days (standard mortar), 4 years (recycled concrete
aggregate), 40 years (field test site) and 2,000 years (Roman cement).

For each evaluation case, the following generalized approach was used to compare
laboratory test results for a material to its field leaching:

(i) LSP Leaching - laboratory leaching results provide an understanding of the LSP for
COPCs as a function of pH (e.g., from Method 1313) or L/S (e.g., from Method 1316
or Method 1314). [Field values for these parameters were also obtained]

(ii) Dynamic Leaching - percolation column leaching test results (e.g., from Method
1314) provide an understanding of percolation-controlled leaching of COPCs under
idealized conditions, and/or mass transport leaching test results (e.g., Method
1315) provide intrinsic COPC release rates.

(iii) Laboratory-to-Field Comparison - laboratory LSP or dynamic leaching results (e.g.,
percolation or mass transport data) and conditions are compared with results and
conditions measured in the field scenario to evaluate whether local equilibrium is
controlling observed leaching under field conditions. If not, this comparison is
used to determine the extent of preferential flow effects in percolation scenarios or
limited water contact in mass transport scenarios.

(iv) Chemical Speciation and Reactive Transport Modeling - a chemical speciation
fingerprint (CSF) for the material of interest and subsequent reactive transport
modeling (i.e., combination of speciation and mass transport models) are used to
explore the extent that non-ideal conditions (e.g., preferential flow) and aging
conditions (e.g. redox changes, carbonation, etc.) influence observed field leaching

behavior.

The broad range of potential uses of environmental leaching assessment implies that there
is a need for a graded or tiered approach that provides for flexible, scenario-based
assessments and allows tailoring of the needed testing and information based on the type of
intended use of the assessment and available prior or related information. Furthermore,
determination of constituent leaching estimates that are greater than or equal to the actual
expected constituent leaching is necessary to maintain environmental protection in the face
of uncertainty (often referred to as a “conservative” approach). The extent of the
assessment bias toward over-estimation of COPC leaching should depend on the nature of
the decision and the uncertainties regarding the available material and scenario
information. However, even when used as a screening test, LEAF methods provide release
estimates that are more accurate, reliable (because of test conditions defined based on
fundamental principles of environmental chemistry and mass transport) and robust (able to
consider multiple or evolving physical-chemical conditions) than are obtainable using any
single-point leaching test. Testing using LEAF is considered to be more accurate because of
the ability to consider the range of anticipated environmental conditions and intrinsic
leaching characteristics of materials.
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ES-3 Leaching Fundamentals and Use of Laboratory Leaching Data

LEAF is described in detail within the report and provides a conceptual framework for
interpreting characteristic leaching behavior and comparing LEAF laboratory test results to
field leaching. Detailed material characterization consists of laboratory measurement (i)
LSP as a function of pH (pH-dependent leaching), (ii) LSP as a function of L/S either by
percolation column or by parallel batch procedures, and (iii) rates of mass transport under
diffusion-controlled conditions.

Equilibrium-based leaching test measure LSP under specified test conditions. For example,
Methods 1313 and 1316 determine the effect of pH and L/S, respectively, on LSP under
batch test conditions which are intended to approximate chemical equilibrium between the
aqueous and solid phases (Garrabrants et al., 2010). Column percolation tests carried out at
relatively slow flow conditions (e.g., residence time ~1 day or less) approximate local
equilibrium between the pore solution and solid phase at any given point in the column.
Column percolation tests also often are considered a surrogate for field leaching conditions
for scenarios where infiltration or groundwater passes through a relatively permeable solid;
however, field conditions are much more likely subject to preferential flow, and therefore
infiltration bypassing the material in question results in lower observed concentrations in
the field than the laboratory.

The following are characteristic responses of LSP observed from equilibrium-based leaching
tests:

Response 1. Total Content vs. Availability. The fraction of the specific constituent that is
not bound in recalcitrant phases and is released over the domain of leaching conditions (i.e.,
L/S=10 mL/g dry and pH between 2 and 13) is considered the available fraction of the total
content in the material, often referred to as “availability” The sum of the constituent
incorporated into recalcitrant phases and the available content of that constituent is equal
to the total content of the constituent in the material.

Response 2. LSP less than Aqueous Solubility. A constituent, or fraction thereof, may be
present in one or more readily soluble solid phases that dissolve fully into the aqueous
phase under the leaching test conditions with the resultant constituent concentration in the
aqueous phase less than the aqueous solubility (i.e., an under-saturated solution based on
chemical thermodynamics). One example of this case is the dissolution of sodium chloride
when the total amount of dissolvable sodium and chloride results in concentrations in the
aqueous phase that are less than the respective solubility for each constituent. In this case,
the available content of a constituent could be the limiting factor in the concentration seen
in laboratory testing (referred to as “availability-limited” leaching).

Response 3. LSP at Aqueous Solubility. A constituent, or fraction thereof, may be present
in one or more solid phases that will only partially dissolve into the aqueous phase under
the leaching test conditions with the resulting constituent concentration in the aqueous
phase at the aqueous solubility (i.e., a saturated solution). This phenomenon is referred to
as “solubility-controlled” release.




Response 4. Surface Interaction. A constituent, or fraction thereof, may be present as a
readily soluble species that is not initially present in the material as a distinct, precipitated
solid phase. The constituent species may be present at a relatively low concentration and
associated with a reactive solid surface where the LSP is controlled by
adsorption/desorption or ion exchange phenomena. Such reactive surfaces include oxide
minerals (e.g, iron, manganese, or alumina (hydr)oxides), (ii) clay-like minerals, (iii)
particulate organic carbon (such as from decay of plant matter), and (iv) particulate carbon
(such as char from combustion or activated carbon).

For many constituents, the initial speciation (i.e., chemical forms) and distribution in the
solid material are often a combination of two or more of the four phenomena described as
characteristic responses above. Primary factors that can modify the LSP of a particular
constituent are pH, eluate ionic strength and aqueous phase complexation.3 For
constituents with multiple valence states under the range of oxidizing to reducing
conditions observed in the field, the oxidation-reduction potential (ORP) of the porewater
and bulk solutions in contact with solid materials can influence the resulting LSP and
precipitated solid phases. The effect of redox conditions can also extend to constituents
with only single valence state because of precipitation with reduced species (i.e., zinc
precipitation with sulfides).

Laboratory leaching test results from pH dependent leaching (e.g., Method 1313) are used in
this report in conjunction with other information known about a material (e.g., availability
data, total carbon, etc.) to develop a “chemical speciation fingerprint” (CSF). This CSF
includes the set of mineral phases, adsorbing surfaces, organic matter fractionation and the
fraction of the total content of each constituent that is available for leaching. The resulting
CSF may be used in conjunction with the results of L /S-dependence tests to assess the
impact of low L/S ratios (such as those present under field conditions) on LSP or with
results from percolation column tests (e.g., Method 1314) or results from mass transport
(e.g., Method 1315) to calibrate needed mass transport parameters for simulations of
dynamic leaching tests (i.e., mobile-immaobile fractions for percolation column tests or
tortuosity for monolith diffusion tests). The resulting combination of the CSF and mass
transport parameters may then be used in conjunction with one or more field conceptual
models (i.e., percolation with preferential flow or diffusion controlled release from a
monolith) and a variety of initial and boundary conditions (e.g., system geometry,
infiltration rate and chemistry, redox state, etc.) to estimate release under a range of field
scenarios. Characterization of uncertainty at each step is needed to understand the accuracy
and limitations of each simulation.

3 The final conditions achieved during a leaching test or field conditions define the LSP, not the initial test
conditions, because these are the conditions that define liquid-solid equilibrium. Thus, the pH of an eluate at the
conclusion of a leaching test defines LSP, not the initial pH of the eluent.
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ES-4 Case Summaries

Each of the cases included consideration of multiple constituents (from 5 up to 29 per
individual case) that illustrated each of the characteristic leaching responses indicated
above and provided the basis for understanding relationships between laboratory test
results and field data as a function of constituent, material and field management scenario.
The observed field pH domain, constituents considered and the primary conclusions for
each of the case studies are presented in Table ES-2. The observed field pH domain
indicated for a specific case may be narrower than what would be considered the applicable
pH domain for the material and field scenario when applied prospectively because (i) the
range of material characteristics may be broader than the specific materials tested in
individual cases (for example, coal fly ash may range from very alkaline to acidic, as
indicated by Case 1 but the specific coal fly ash evaluated in Case 2 was alkaline), and (ii) the
relatively short duration of field testing (i.e., typically less than 10 years) may not fully
reflect the long-term aging of the materials (for example, strongly alkaline materials are
expected to react with atmospheric or biogenic carbon dioxide to result in slightly alkaline
pH of ca. 8-9).
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Table ES-2. The observed field pH domain, constituents considered and the primary conclusions for each of the case studies.

Report Case Name (Country) pH Constituents Primary Conclusions

Section Domain Considered

4.1 Coal Fly Ash Landfill 6-13 Al, As, B, Ca, Cd, For a well-defined class of materials, the upper range of constituent
Leachate (U.S.) Co, Cr, Cu, F, Fe, K, = concentrations from pH dependent testing over the relevant pH domain can be
Li, Mg, Mo, Mn, considered a conservative estimate of the upper limit of field concentrations
Na, Ni, Pb, S, Se, constituents where solubility limits leaching. For highly soluble constituents,
Si, S, TL, V, Zn pH dependent test concentrations should be adjusted based on a correction
factor between laboratory L/S and field pore water L/S. Field leachate
DOC concentrations lower than anticipated may be a consequence of either (i)

reducing conditions (as seen for chromium and selenium) or (ii) common ion
effects (as seen for barium in the presence of sulfate).

4.2 Coal Fly Ash in Large- 11-13 Al, As, B, Ba, Br, Laboratory percolation column testing provide a good estimate of initial
Scale Field Lysimeters Ca, Cd, C], Cr, Cu, leachate concentrations under field conditions. Laboratory percolation column
(Denmark) Fe, Hg K, Li, Mg, | testing also provides a good approximation of the evolution of leaching profiles
Mn, Mo, Na, Ni, P, | asa function of L./S that would be expected under field conditions in the
Pb, S, Sb, Se, Sn, absence of preferential flow and establishment of reducing conditions.
Sr, V, Zn; DOC
4.3 Landfill of Coal 6-12 Al, As, B, Ba, Ca, Carbonation of samples during field aging had a significant impact on the pH
Combustion Fixated Cd, Cl, Co, Cr, Cu, dependent leaching behavior of periodic table Group II elements (i.e., calcium,
Scrubber Sludge with E K, Li, Mg, Mn, strontium) and some trace elements (i.e., arsenic). Higher concentrations of
Lime (U.S.) Mo, Na, S, Sb, Se, = highly soluble species (i.e., potassium, sodium, chloride) observed in porewater

Si,Sr, Tl, Ti,V,Zn | compared laboratory testing can be readily estimated based on the ratio of
laboratory L/S to field porewater L/S.

DOC
4.4 Coal Fly Ash Used in 8-12 Ca, Cr, Mo, S, Se, The combined use of pH dependent leaching, percolation column leaching and
Roadbase and chemical speciation simulations provided insights into the redox condition in
Embankments the material (establishment of reducing conditions), impacts of carbonation,
(The Netherlands) and the resultant consequences for leaching of oxyanions (e.g., chromium).

Percolation column experiments provided a realistic estimate of the upper
bound concentration for leaching of COPCs.



Report Case Name (Country) pH

Constituents
Considered

Primary Conclusions

Section Domain
4.5 Municipal Solid Waste 7-11
(MSW) Incinerator
Bottom Ash Landfill
(Denmark)

4.6 MSW Incinerator Bottom 7-10
Ash Used in Roadbase
(Sweden)

4.7 Inorganic Industrial 6-9
Waste Landfill (The
Netherlands)

Al, Cd, Ca, C], Cr,
Cu, Fe, K, Mg, Mn,
Na, Ni, Pb, P, Zn

As, Al, B, Ba, Br,
Ca, Cd, C], Cr, Co,
Cu, Fe, K, Li, Mg,
Mn, Mo, Na, Ni, P,
Pb, S, Sb, Se, Si,
Sr,V, Zn

DOC

Al, As, Ba, Ca, Cd,
Cr, Cl, Cu, Fe, Hg,

K, Mg, Mo, Na, Nj,
P, Pb, S, Se, V,Zn

DOC

Concentrations obtained from laboratory batch extractions at L/S of 2 mL/g can
be used as an estimate of peak concentrations in leachate from a heterogeneous
fill material. The L/S of 2 L/kg is greater than the expected porewater L/S of ca.
0.2 to 0.5 L/kg but reflects the impacts of preferential flow through a
heterogeneous material in a landfill. Testing at L/S of 2 mL/g in conjunction
with pH dependent testing (at L/S of 10 mL/g) provides an estimate of
increased concentrations relative to pH dependent testing that would be
expected for highly soluble constituents and resulting from dissolved organic
carbon (DOC) complexation effects at the low L/S values associated with early
leachate from MSW landfills.

Laboratory testing of composite samples from field cores using pH dependent
leaching and percolation column tests showed LSP and column elution
consistent with leaching of MSW incinerator bottom ash from other sources
with respect to both highly soluble constituents (e.g., Na, K, Cl) and constituents
where solubility limits LSP as a function of pH (e.g., Ca, Cu, Pb, Zn). Combined
leaching test results and chemical speciation modeling illustrated (i) the effects
of DOC complexation to increase aqueous concentrations of copper, lead and
zinc, and (ii) the effects of L/S on the expected concentrations of highly soluble
and solubility limited constituents as a function of pH, with lower L/S
conditions resulting in increased aqueous concentrations when the constituent
solubility is not limiting leaching.

Laboratory testing data obtained under oxidizing to mildly reducing conditions
can be used in conjunction with chemical speciation modeling to estimate field
leaching under mildly to strongly reducing conditions. The effects of reducing
conditions include (i) chemical reduction of iron resulting in loss of HFO
sorptive surfaces and increased dissolved iron, (ii) increased biogenic DOC
concentrations, and (iii) increased leaching of some species resulting from
chemical reduction to more soluble species, loss of iron oxide sorption sites,
and/or increased partitioning into the leachate by complexation with DOC. For
several constituents (i.e., arsenic, barium, chromium, copper, iron, phosphorous)
the maximum concentrations observed in the field pilot-scale landfill were
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Report
Section

Case Name (Country)

pH
Domain

Constituents
Considered

Primary Conclusions

4.8

4.9

MSW Landfill
(The Netherlands)

Stabilized MSW
Incinerator Fly Ash
Disposal (The
Netherlands)

5-9

8-13

Al, As, Ba, Ca, Cd,
Cl, Cr, Cu, Fe, Hg,
K, Mg, Mo, Na,

Ni, P, Pb, Se, V, Zn

DOC

Al, As, Ba, Ca, Cl,
Cr, Cu, Fe, Hg, K,
Mg, Mn, Mo, Na,
Ni, Pb, S, Se, Sr, V,
Zn

DOC

significantly greater than maximum concentrations indicated by the laboratory
column testing. However, leaching of many constituents was not impacted by
the reducing conditions. These differing effects point to the need of a priori
knowledge of the adsorption, solubilization and precipitation chemistry of
different elements to interpret leaching results and the benefits of using
chemical speciation modeling to facilitate interpretation.

Peak concentrations for highly soluble species from laboratory percolation
column at L/S 0.5 mL/g agreed well with peak leachate concentrations from the
landfill and were a factor of 20 times greater than observed using pH dependent
leaching testat L/S 10 mL/g. Reducing conditions in the landfill resulted in
higher concentrations in leachate than observed at corresponding pH values
during pH dependent laboratory testing. Chemical speciation modeling based
on laboratory testing under oxidized conditions facilitated understanding of
leaching under expected reducing conditions in the field.

The observed peak field leachate concentrations of anionic species such as
sulfate and oxyanions of arsenic, molybdenum, selenium, are indicative of pore-
water (L/S ~0.2-0.5 mL/g, based on porosity of ca. 0.2-0.5) and are
approximated as 20 times the concentration observed at corresponding pH in
the pH-dependence test (L/S=10 mL/g). Peak monofill leachate concentrations
of chloride and potassium were approximately a factor of 10 greater than
measured using pH dependent testing on freshly prepared material and
approximately half of peak values from percolation column tests, likely because
of diffusion controlled release and preferential flow. Carbonation at the surface
of the stabilized material from reaction with atmospheric carbon dioxide
resulted in lower pH (6-9) for runoff and leachate samples and characteristic
reductions in leaching of calcium, barium and strontium. Field leachate
concentrations indicate solubility controlled (local equilibrium with the surface)
for several constituents (e.g., copper, chromium, manganese) and were
consistent with pH dependent leaching test results.
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Report
Section

Case Name (Country)

pH

Constituents
Considered

Primary Conclusions

4.10

Portland Cement Mortars
and Concrete (Germany,
Norway, The
Netherlands)

7-13

Al, As, B, Ba, Ca,
Cd, Cr, Cu, Fe, K,
Li, Mg, Mn, Mo,
Ni, P, Pb, S, Sb, Si,
Sn, St, Zn

DOC

Carbonation results in increased leaching of Ca, Ba, Sr and sulfate, consistent
with loss of the ettringite mineral phase and pH dependent leaching test results.
Increased leaching of oxyanions (e.g., molybdate, arsenate and chromate) also
occurs with carbonation because of dissolution of the oxyanions substituted for
sulfate in ettringite. pH dependent leaching test results on uncarbonated
material can be used to estimate oxyanion leaching from carbonated materials
at pH less than 10.
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ES-5 Recommendations for Use of the LEAF Test Methods for Beneficial Use and
Disposal Decisions

LEAF test results can be used to provide a reasonably conservative (upper-bound) source-
term for a wide range of materials in use and disposal scenarios. The resulting source term
should be used in conjunction with additional assessment steps that include consideration
of dilution and attenuation from the source to receptor, and relevant receptor thresholds.
Information presented in this report supports grouping individual sources of similar
materials based on process origin and leaching behavior into material grouping or classes
(i.e., coal fly ash from combustion of bituminous coal, coal combustion flue gas
desulfurization gypsum, blast furnace slags, MSWI bottom ash, etc.). Accumulation of LEAF
testing data for a range of materials and over time can provide useful estimates of
uncertainty and variability associated with leaching from specific materials and material
classes. Creation of one or more databases containing leaching data used in regulatory
decision making and monitoring can facilitate efficient use of leaching data in future
assessments, including by reducing testing and evaluation costs for well-studied classes of
materials.

Evaluating New Management Scenarios - Material Combinations and Pilot Studies
Leaching assessment can present two forms of challenges:

1. Evaluating a new use or disposal scenario for a previously evaluated material or
material class; and,
2. Evaluating a new material class or specific material without prior characterization
of materials within the same material class.
Careful consideration should be given to the extent of prior knowledge about both the
material or class of material, and the anticipated use or disposal scenario before proceeding.
Consideration should be given to the potential range and changes that may occur with
respect to water contact, physical integrity of the material, blending or interfaces with other
materials, chemistry within the material and of contacting solutions, and evolution of pH
and redox (e.g., from atmospheric exchange, carbonation, sulfide oxidation, organic matter
degradation, etc.). Insufficient prior leaching characterization data or experience with
sufficiently similar materials under analogous management scenarios should trigger use of
a field pilot demonstration project, when warranted based on a screening assessment that
includes laboratory characterization, to insure that a priori unforeseen conditions do not
result in a significant shift in the phenomena controlling leaching for the material and
scenario under consideration.

The case studies presented in this report provide the basis for recommending specific
components and considerations for initial material characterization and field demonstration
projects.



Estimating Leaching Source Terms

In Kosson et al. (2002), leaching assessment using a performance or “impact-based
approach” was proposed, that subsequently has been referred to as LEAF. The LEAF testing
methodology allows for both empirical use of testing data for specific scenarios as part of a
screening assessment, and use of the leaching test data in conjunction with chemical
speciation and mass transport models to provide a more realistic and refined, scenario-
specific estimate of constituent leaching that can be used as a source-term for risk
assessment. While the screening assessment is a bounding estimate of leaching potential,
consideration of waste and scenario-specific information allows many conservative
assumptions to be replaced with further testing data and mass transport modeling results.
A tiered-approach was proposed for developing the leaching source term, considering the
type of evaluation being carried out, the level of information available, and the extent of
conservatism embedded in the estimate. Subsequently, the EPA published its Methodology
for Evaluating Encapsulated Beneficial Uses of Coal Combustion Residuals (2013b; also EPA,
2014) which describes a tiered approach that can be applied to a more limited set of uses of
two secondary materials (i.e., coal fly ash use as a cement replacement in concrete and FGD
gypsum use in gypsum board). The observations and information gathered in this report
provides a basis for more detailed recommendations provided on the use of LEAF test
methods, consistent with the initially proposed methodology (2002) and the EPA
methodology (2013). It must be emphasized that these recommendations for use of leach
test data only provide the approach for estimating the leaching source term (i.e.,
concentrations and amounts of a constituents leaching from the material under a specific
scenario). Additional determinations are needed to define or account for (i) the location
that serves as the basis for exposure assessment following constituent leaching release from
a source scenario (e.g., point of compliance), (ii) dilution and attenuation in the vadose zone
and groundwater or surface water from the point of release to the point of compliance, and
(iii) appropriate exposure scenarios or reference thresholds (e.g., human health or
ecological thresholds). These evaluations can be incorporated into a model of constituent
fate and transport leading to possible receptor exposure (e.g., groundwater transport to a
drinking water well, with water ingestion as the exposure pathway).

Scenario Definition

Defining the material use or disposal scenario is the first step to selecting the appropriate
leaching tests and basis for interpreting the resulting data. The extent of information
needed as part of the scenario definition increases as the evaluation seeks to achieve a more
detailed and refined estimate of constituent leaching. The initial scenario definition should
at a minimum include determination of the applicable pH domain, range of oxidation-
reduction conditions, and the primary mode and amount of water contact.
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Screening Assessment (Tier 1)

Recommendations for use of LEAF testing in screening assessment (Tier 1) and equilibrium-
based assessment (Tier 2) are provided in Table ES-3. Note that Tier 1 and Tier 2
assessments are independent of the physical form (i.e., granular or monolithic) of the
material. A leaching screening assessment is based on the estimated maximum leaching
concentration anticipated for each COPC that would leach assuming an infinite source*. At
this tier, maximum LSP is estimated based on the maximum concentration for each COPC
measured over the applicable pH domain as defined by the scenario using the pH dependent
leaching test (i.e.,, Method 1313) and then adjusted for the anticipated pore water L/S,
unless it can be demonstrated that the specific COPC is solubility controlled throughout the
applicable pH domain.

Equilibrium-based Assessment (Tier 2)

An equilibrium-based leaching evaluation would consider LSP over the applicable pH and
redox domains and the maximum amount of each COPC available for leaching. Method 1313
results in conjunction with Method 1316 at L/S of 2 mL/g would be used to assess whether
LSP for each COPC was constrained by aqueous solubility or availability. If the COPC
exhibits significantly greater concentration at L/S of 2 mL/g (Method 1316) then measured
from Method 1313 at the pH corresponding with the pH measured at L./S of 2 mL/g, then
the Method 1313 results are considered to be availability constrained and the maximum
concentration from Method 1313 over the applicable pH domain that is adjusted to the pore
water L/S is used as the peak source concentration. If the COPC at L/S 2 mL/g is the same
as (within uncertainty) the concentration measured at the corresponding pH from Method
1313, then the COPC is considered solubility constrained and the maximum concentration
over the applicable pH domain from Method 1313 is used as the peak source concentration.

The maximum amount of a COPC that is available to leach per unit mass of material (i.e.,
“finite source”) is based on the maximum constituent release (i.e., mg/kg) over the entire pH
domain of Method 1313 (typically pH 2 for cations and pH 9 for oxyanions). The amount of
each COPC that leaches should be estimated based on the amount of contacting water per
unit time (i.e., L/S per year) times the estimated peak concentration.

Initial characterization testing (Tier 2B) should include analysis of both major and trace
constituents in all leaching test eluates because knowledge of the major constituents that
control release of the trace constituents provides insights into the factors that may result in
changes in leaching and allow for calibration of chemical speciation models. However, prior
knowledge from testing of analogous materials may reduce the need for or extent of
characterization testing.

4 For regulatory frameworks based on a source term concentration (typical in the United States), the
maximum estimated leaching concentration is recommended for use in screening assessment. For
regulatory frameworks based on the total mass of constituent potentially leached (as used in some
international jurisdictions), availability is recommended for use in screening assessment.
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Assessment Type

Tier 1 -
Screening
Assessment!

Tier 2 — Equilibrium-based Assessme

Tier 2A
Compliance

Tier 2B

Characterization

Tier 2C
Quality Control

Leaching

Methods
Method 1313
(applicable pH
range only?)

Eluate Analyses

pH, Electrical
conductivity (EC),
COPCs, DOC

nt

Table ES-3. Tier 1 Screening Assessment and Tier 2 Equilibrium-Based Assessment - Summary of recommended test methods and analyses.

Assessment Basis

Maximum leachate conc.3 estimated as 20x or 10x maximum eluate conc. for
highly soluble constituents in granular materials* 5> and the measured maximum
eluate conc. for monolithic materials and solubility controlled constituents (all
materials).

Method 1313 pH, EC (natural pH Availability estimated as maximum release at measured pH intervals including

(applicable pH | only), COPCs, DOC pH=2 and 9; provides basis for finite source by assuming that availability is

range + pH=2, maximum cumulative release under field conditions. EC used to estimate ionic

7, 9ifnot strength. Acid/base neutralization capacity to pH=7. Maximum leachate conc.

included) estimated as determined from Tier 2B based on Method 1313 results over

Method 1316 applicable pH domain. Method 1316 allows identification of solubility

(L/S=2mL/g controlled vs highly soluble constituents.

or lowest L/S

eluate)

Method 1313 pH, EC & pE® (natural Availability as indicated in Tier 2A.

(full set of pH only)?, COPCs, DOC, | Liquid-solid partitioning as a function of pH used for speciation assessment.?

eluates) DIC, major and minor Provides baseline understanding of material leaching behavior. Supports

Method 1316 constituents (including | chemical speciation simulations to understand effects of changes in L/S, pH,

(full set of P andS) redox, and reactive constituents (e.g., DOC, carbon dioxide, etc.). Maximum

eluates) leaching concentration as indicated for Tier 1 or based on simulation results at
L/S of the material pore solution. Method 1316 provides basis for
determination of solubility control and verification of chemical speciation
modeling at low L/S.

Method 1313 pH, EC, relevant COPCs® | Used to verify leaching over “applicable” pH range, acid/base neutralization

at natural pH, (natural pH and for capacity to pH=7, and availability of relevant COPCs and other (if applicable)

and pH=2,7 availability) to meet constituents central to beneficial use application (e.g, Ca, sulfate, etc.). Assumes

and/or 9 environmental definition after completion of Tier 2B and/or analogous prior information.10

requirements and
additional constituents
to meet beneficial use
requirements

Chemical analysis only for determination of leaching at natural pH and
availability (2 or 3 extracts). Further simplification may be possible based on
additional available information.




Notes for Table ES-3:

1For regulatory frameworks based on a source term concentration, the maximum estimated leaching concentration is recommended for
use in screening assessment. For regulatory frameworks based on the total mass of constituent potentially leached, availability is
recommended for use in screening assessment.

2The applicable pH range is determined considering the material’s natural pH, changes in pH due to material aging processes, infiltration
conditions, and interfaces or comingling with other materials.

3”conc.” is used as an abbreviation for concentration or concentrations.

4Twenty times the maximum eluate concentration is recommended for highly soluble species when the material is homogeneous (e.g., coal
fly ash) and ten times the maximum eluate concentration is recommended for heterogeneous materials (e.g., MSW incinerator bottom
ash) where significant preferential flow is anticipated. Both multipliers are to account for the increased concentrations expected when
estimating pore water concentrations (L/S=0.2 to 0.5 L/kg) from test conditions of L/S=10 mL/g).

SHighly soluble species are Group IA elements (i.e., Na, K), anions (i.e., bromide, chloride, fluoride, nitrate), and oxyanions (i.e., As, B, Cr, Se,
Mo, V.).

6Electron potential as a measure of oxidation reduction conditions (see § 2.2.3).

’Determination of EC and pe is recommended for natural pH eluate only. The sensitivity and uncertainty of pe measurements are
recognized but pe measurement will provide a useful indication of whether or not the material is inherently reducing under abiotic and
anoxic conditions.

8Speciation assessment refers to consideration of the effects of changes in pH, redox conditions, extent of carbonation, complexation with
dissolved organic carbon, etc. which may be accomplished heuristically or in combination with geochemical speciation modeling.

9Relevant COPCs are those constituents that are present in the material and have been found through Tier 2B characterization and/or
prior information to leach at concentrations or release values that approach or challenge regulatory or quality control thresholds.

10Prior information, such as characterization information from similar materials, may reduce or supplant the need for or extent of Tier 2B
characterization.
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Results from Method 1313 also can be used to indicate where increased leachate
concentrations can be anticipated if there is a shift in field pH from the initial pH to other
conditions over the range of pH defined for the specific scenario being evaluated. Chemical
speciation modeling or other knowledge of the system should then be used to determine if
changes in redox or other conditions (i.e., carbonation, infiltration chemistry) are likely to
result in increased or decreased leaching.

For periodic demonstration of compliance with regulatory thresholds, the extent of Method
1313 testing can be reduced to the applicable pH domain and regulatory COPCs, pH and
conductivitys. For quality control purposes, the extent of Method 1313 testing can be
further reduced to only the natural pH value and along with the pH 2 and/or 9 as needed to
measure availability for the relevant COPCs (those that are present and leach at
concentrations that approach thresholds) and conductivity.

Knowledge of the chemical behavior of the COPCs and the scenario should be used to
evaluate if higher leaching concentrations are anticipated because of changes in redox
conditions. Anticipated changes in leaching because of changes in L/S, redox or chemical
conditions can also be evaluated using chemical speciation modeling as demonstrated for
the evaluation cases in this report.

Mass Transport-based Assessment (Tier 3)

Mass transport-based assessment can be divided into two distinct regimes: (i) percolation
through the material as the predominant leaching mechanism, and (ii) mass transport from
monolithic materials where diffusion to the exterior surface of the bulk material and surface
dissolution control constituent leaching. Intermediate conditions between the percolation
and monolith regimes, such as for large aggregates and cracked monolithic materials also
exist, but are beyond the scope of this discussion. Summaries of recommended LEAF testing
and evaluation are provided for percolation mass transport-based assessment and
monolithic mass transport-based assessment in Table ES-4 and Table ES-5, respectively.

Percolation based regimes can be evaluated through use of the pH dependent test (i.e.,
Method 1313) in conjunction with the percolation column test (i.e., Method 1314 or Method
1316 for initial leachate concentrations). Considering the results of Cases 2, 5 and 8
(Sections 4.2, 4.5 and 4.8) initial eluates from Method 1314 or low L/S results from Method
1316 are good indicators of the anticipated COPC concentrations in initial field leachates
and Method 1314 provides the evolution of the leachate concentrations over prolonged
periods based on the progression of the L/S based on the field material geometry and
annual infiltration rates.

5 Measurement of conductivity is recommended as an indicator of total ionic strength and therefore can also
provide an indication if there is a significant change in leaching of total salts over the monitoring interval.



Table ES-4. Tier 3 Percolation Mass Transport-Based Assessment — Summary of recommended test methods and analyses.

Leaching Eluate Analyses Assessment Basis
Methods

Assessment Type

Tier 3 - Percolation Mass Transfer Rate-based Assessment

Tier 3A Method 1313 pH, EC (natural pH Allows verification of liquid-solid partitioning at natural pH and availability
Compliance (pH=2,9, only), COPCs, DOC (from Method 1313). Maximum leachate conc. estimated as established by Tier
applicable pH 3B as greater of either i) maximum conc. from Method 1314 up to L/S =2 mL/g,
domain) or ii) maximum conc. from Method 1316, or iii) maximum conc. from Method
Method 1314 1313 over applicable pH domain.
(toL/S=2
mL/g)
Tier 3B Method 1313 pH, EC (natural pH Availability and leaching as a function of pH and evaluation of potential changes
Characterization (full set of only), COPCs, DOC, DIC, | in conditions as indicated for Tier 2B.
eluates) major and minor Method 1314 provides leachate evolution as a function of L/S for source term
Method 1314 constituents based on test elution curve. Supports reactive transport simulations to consider
(full set of sensitivity to field conditions such as infiltration chemistry, preferential flow
eluates) and material aging. Provides basis for verification of chemical speciation
Method 1316 modeling at low L/S.
(L/S=2)
Tier 3C Method 1313 pH, EC, COPCs (1313 Method 1313 extractions used to verify acid/base neutralization capacity to
Quality Control atpH=2,7 for availability and pH=7, and availability of selected COPCs and other (if applicable) constituents
and/or 9 and 1314 at L/S of peak central to beneficial use application (e.g., Ca, sulfate, etc.). Method 1314 extract
Method 1316 release) to meet at L/S of prior peak concentration to verify maximum leaching conc. Assumes
atL/S=2 environmental definition after completion of Tier 3B Characterization. Chemical analysis only
requirements, for determination of leaching at peak release conc. and availability (2 or 3
additional constituents | extracts). Further simplification may be possible based on additional available
to meet beneficial use information.
requirements




Table ES-5. Tier 3 Monolith Mass Transport-Based Assessment — Summary of recommended test methods and analyses®.

Assessment Type

Tier 3A
Compliance

Tier 3B
Characterization

Tier 3C
Quality Control

Leaching Eluate Analyses Assessment Basis
Methods

Tier 3 - Monolith Mass Transport-based Assessment

Method 1313 pH, EC (natural pH for | Allows verification of liquid-solid partitioning at natural pH and availability

(pH=2,9, Method 1313 and all (from Method 1313). Maximum leachate conc. estimated as established by Tier

applicable pH Method 1315 eluates), | 3B as greater of either i) maximum conc. from Method 1314 up to L/S =2 mL/g,

domain) COPCs, DOC or ii) maximum conc. from Method 1316, or iii) maximum conc. from Method

Method 1315 1313 over applicable pH domain.

(to 7 days)

Method 1313 pH, EC (natural pH only | Availability and leaching as a function of pH as indicated for Tier 2B.

(full set of for Method 1313 and Method 1314 (crushed material) up to L/S=2 provides estimate of initial pore

eluates) all Method 1314, and water composition.

Method 1314 1315 eluates), Method 1315 provides cumulative release as a function of leaching time for

(full set of COPCs, DOC, DIC, major | saturated and intermittent wetting conditions. Also provides basis for

eluates) and minor constituents | estimating reactive transport parameters (e.g., tortuosity) for simulation of

Method 1315 evolving conditions (e.g., low liquid to surface area, external solution chemistry,

(to 64 days) carbonation, oxidation, intermittent wetting, etc.). Provides basis for Tier 3C

quality control.

Method 1313 pH, EC, COPCs (1313 Method 1313 extractions used to verify acid/base neutralization capacity to

atpH=2,7 for availability and pH=7, and availability of selected COPCs and other (if applicable) constituents

and/or 9 and 1314 at L/S of peak central to beneficial use application (e.g., Ca, sulfate, etc.). Method 1315

Method 1315 release) to meet cumulative release to 7 days to verify consistency with characterization results

(to 7 days) environmental (Tier 2B). Assumes definition after completion of Tier 3B Characterization.
requirements, Further simplification may be possible based on additional available

additional constituents
to meet beneficial use
requirements

information.

IThe cure time prior to testing of monolithic materials is an important consideration because for many cementitious materials, hydration and
microstructure development continues for more than a one year, with initial cure times of 90 days recommended prior to Method 1315 testing.
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Initial percolation characterization testing (Tier 3B) should include analysis of both major
and trace constituents in all leaching test eluates (Methods 1313 and 1314 or 1316)
because knowledge of the major constituents (such as Ca, Fe, DOC or SO4) that control
release of the trace constituents provides insights into the factors that may result in changes
in leaching and allow for calibration of chemical speciation models. For compliance testing
(Tier 3A), Method 1313 can be used as described above (Equilibrium Based Assessment)
and Method 1314 analysis can be simplified to analysis of eluates as prescribed as Option E
in Table 1 of the method (i.e. at L/S=0.2 and along with two composite samples) for COPCs,
pH and conductivity, thus providing peak eluate concentrations and cumulative release.

Monolith regimes can be evaluated based on use of Method 1315 in conjunction with
Method 1313 (Table ES-5). A detailed example of use of this information for evaluation of
use of coal combustion fly ash as a substitute for Portland cement in concrete considering
intermittent water contact via precipitation is available (EPA, 2013a). An example approach
for use of empirical data from Method 1313 (i.e., for availability) and Method 1315 (i.e., for
estimated effective diffusivity) is provided for MSWI bottom ash scenarios in Kosson et al
(1996). These approaches can also be used in conjunction with chemical speciation based
mass transfer models (see Section 3) to provide insights into potential changes in leaching
that may occur in response to changing conditions within or on the external surface of the
material being evaluated.

Initial monolith characterization testing should include analysis of both major and trace
constituents in all leaching test eluates (Methods 1313 and 1315) because knowledge of the
major constituents that control release of the trace constituents provides insights into the
factors that may result in changes in leaching and allow for calibration of chemical
speciation models. For compliance testing, Method 1313 should be used to assess
availability and solubility at the natural pH of the material (i.e., no acid or base addition) and
Method 1315 analysis can be simplified to analysis of eluates at exchange up to 7 days for
COPCs, pH and conductivity. For quality control purposes, Method 1315 reduced to only
analysis of eluates up to 2 days for COPCs, pH and conductivity.

ES-6 Conclusions

This report evaluated the relationships between laboratory leaching tests as defined by the
Leaching Environmental Assessment Framework (LEAF) or analogous EU/international test
methods and leaching of COPCs from a broad range of materials under disposal and
beneficial use scenarios. This evaluation was achieved by defining a framework for
interpretation of laboratory testing results, comparison of laboratory testing on “as
produced” material, laboratory testing of “field aged” material, and results from field
leaching studies, and illustrating the use of chemical speciation modeling as a tool to
facilitate evaluation of scenarios beyond the conditions of laboratory testing.

As identified in table ES-1, ten field cases were evaluated using a combination of laboratory
testing and field analysis for seven different materials: (i) coal fly ash (CFA), (ii) fixated
scrubber sludge typically produced by combining coal fly ash with acid gas scrubber residue



and lime at some coal fired power plants (FSSL), (iii) municipal solid waste incinerator
bottom ash (MSWI-BA), (iv) a predominantly inorganic waste mixture comprised of
residues from soil cleanup residues, contaminated soil, sediments, C&D waste and small
industry waste(IND), (v) municipal solid waste (MSW), (vi) cement-stabilized municipal
solid waste incinerator fly ash (S-MSWI-FA), and (vii) Portland cement mortars and
concrete. The field data presented in this report include (i) leachate from field lysimeters,
(ii) porewater from landfill or use applications, (iii) eluate from leaching tests on sample
cores taken from field sites, and (iv)leachate collected from landfills. Principal uncertainties
for field data include (i) the extent of preferential flow or dilution that may have occurred
during water contact within the material and in sampling of landfill leachate, and (ii) the
exposure and aging conditions that can occur and are reflected by the field data.

Primary aging processes and reactions that can impact leaching are (i) establishment of
reducing conditions from biogenic processes (i.e., degradation of organic matter), (ii)
oxidation from atmospheric exchange, and (iii) carbonation from either atmospheric
exchange, dissolved carbon dioxide (or carbonates) in contacting water, or reaction with
biogenic carbon dioxide. Other slow mineral formation processes, such as with stabilized
waste after initial curing periods (e.g., 90 days), may result in relative small changes in
leaching relative to freshly prepared material. Constituents in infiltrating or contacting
water, either from natural processes (e.g., DOC in the form of humic substances from leaf
decay) or from anthropogenic origin (e.g., leaching from up gradient disposed materials)
may have a substantial effect on leaching.

Based on the above comparisons and observations along with results discussed in earlier
sections, the following conclusions and recommendations are drawn:

1. The combination of results from pH-dependent leaching tests (i.e., EPA Method 1313
or CEN/TS 14429 or CEN/TS 14997) and percolation column tests (i.e., EPA Method
1314 or CEN/TS 14405) can be used to provide accurate estimates within defined
uncertainty levels of maximum field leachate concentrations, extent of leaching and
expected leaching responses over time and to changes in environmental conditions
under both disposal and use scenarios. Leaching test results should be evaluated
with consideration of the potential for changes in leaching conditions that are
beyond the domain of laboratory test conditions, such as oxidation of reduced
materials, reduction of oxidized material, carbonation and introduction of DOC from
external sources. When field conditions beyond the domain of laboratory test
conditions are plausable, chemical speciation modeling can be used to consider the
magnitude of effects from the postulated changing conditions. Peak leaching
concentrations and availability of COPCs estimated from laboratory testing can be
used to provide a conservative estimate (i.e., reasonable upper bound) of anticipated
field leaching. Results from batch testing at low L/S ratios (i.e., EPA Method 1316 or
EN 12457) can also be used in place of column test results when column testing is
impractical. Thus, the LEAF laboratory leaching tests can be used effectively to
estimate the field leaching behavior of a wide range of materials under both disposal
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and use conditions. Interpretation of the leaching test results should be in the
context of the controlling physical and chemical mechanisms of the field scenario.

Field testing of new use or disposal scenarios or new classes of materials to be used
or disposed in new ways is highly beneficial to understanding the factors that
control leaching for the specific scenario. Thereafter, materials within a given class
can be anticipated to behave similarly under the established use or disposal scenario
and the LEAF testing approach can be used to distinguish “acceptable” versus
“unacceptable” materials and use conditions within the general class of materials
and scenario. The EPA guidance on beneficial use of coal fly ash in concrete (EPA,
2014) provides an example of the use of LEAF test results in such decisions.

Establishment of a national or international database of LEAF laboratory leaching
test results for materials and leaching observed under field conditions would
provide useful insights for evaluation of new cases and material use and disposal
decisions. The database would allow effective comparison of leaching (i) from
materials produced over time from the same facility, (ii) commonality from similar
materials from a diverse set of facilities, and (iii) from different types of materials
considered for similar beneficial use applications.

Field testing should include (i) sampling and leaching characterization of the initial
material, including pH-dependent, column and monolithic mass transfer rate (where
applicable) testing; (ii) field leachate collection and monitoring over extended time
frames (i.e., several years); and (iii) collection and characterization of test materials
after prolonged field exposure (i.e., core samples from field test sites). Sample
collection systems and subsequent handling need to be designed to avoid sample
changes prior to a