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Executive Summary

The following work plan details the proposed treatability testing to be performed in response to the
Tennessee Department of Environment and Conservation (TDEC) Commissioner’s Order Number
OGC19-0004 (the Order). In accordance with the Order, TVA will conduct a laboratory treatability test and
field demonstration aimed at adjusting pH to sequester metals along the Non-Registered Site (NRS)
boundary adjacent to the Cumberland River at the Gallatin Fossil Plant.

The treatability test and field demonstration will be completed over a five-year duration following TDEC
approval of this work plan. The overall objective of the project is to perform field investigation and
remedial testing and evaluation sufficient to develop a plan to meet groundwater protection standards
(GWPS) at the NRS boundary compliance points. This work builds on previous studies which showed
promise in the use of amendments to reduce metal concentrations in groundwater by adjusting pH.

Upon completion of a successful treatability test and field demonstration at the NRS, TVA will then
develop a Corrective Action/Risk Assessment (CARA) Plan presenting recommendations for the closure
method and groundwater remediation at the NRS. The following presents a general flow schematic for
completion of the project, beginning with the treatability test and concluding with the CARA Plan.
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Treatability Test Complete Interim Reporting Implement Field Annual Interim CARA Plan
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This Treatability Test Work Plan presents the first step of the project, detailing the scope of work for:

e Afocused field investigation, described in Section 3, to collect samples and data required to
complete the treatability test and properly design the field demonstration, and

e An extensive treatability test, described in Section 4, to evaluate remedial amendments that may be
used to meet GWPS at the site.

The treatability testing will include a series of progressively more complex tests, whereby a broad list of
potential remedial amendments is gradually reduced to a smaller list of reagents that show promise for
remediation under field conditions. The treatability testing will progress from:

e  Simple titration testing, which tests the remedial amendments with site groundwater; to

e  Microcosm testing, which tests the remedial amendments with site groundwater and soil; to

e Column testing, using site groundwater and soil to simulate field conditions during application of
remedial amendments.

The testing approach, presented graphically on Figure 4-1, is aimed at narrowing the potential remedial
amendments based on success in simpler tests, before performing more complex tests, which will also
utilize more rigorous analytical testing to find reagents that are most likely to meet performance standards
in the field. A successful treatability test will identify at least one reagent that:

e Is appropriate for safe handling and application at field scale at the NRS in the vicinity of the
Cumberland River,

e Reduces metals concentration to below GWPS in groundwater,
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e  Sequesters metals over a sufficient time that it allows practical maintenance of a field-scale remedy,

e Does not alter aquifer geochemistry in such a way as to mobilize non-target metals at concentrations
approaching GWPS at a point-of-compliance, and

e Has the potential to be utilized in a long-term cost-effective remedial treatment in terms of capital
cost and operations and maintenance.

In addition to describing the treatability test program, this work plan provides the concept and framework
for a successful field demonstration. The feasibility of all remedial options will be considered, including
both source control and remediation at the NRS boundary to help develop the comprehensive long-term
solution for the site. Remedial solutions being considered for the field demonstration include direct
injection of remedial amendments, a permeable reactive barrier, and in-situ stabilization.

TVA estimates the treatability test and field investigation can be completed in approximately one year.
Following completion of the work, the following interim submittals will be prepared for TDEC review and
approval before beginning the field demonstration:

1. ATreatability Test Report providing the results of the laboratory testing and recommendations for
remedial amendments,

2. AField Investigation Report presenting the findings from the investigation and updates to the
conceptual site model (CSM), as appropriate,

3. AField Demonstration Work Plan presenting the scope of work and design of the field
demonstration, and

4. A Monitoring Plan providing the proposed monitoring to be completed during performance of the field
demonstration.

Upon TDEC approval, the field demonstration will be implemented through one or more pilot-scale
remedial efforts at the NRS. During performance of the demonstration, TVA proposes annual interim
reporting on the progress toward meeting GWPS.

AECOM
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1. Introduction

AECOM has prepared the following Treatability Test Work Plan on behalf of the Tennessee Valley
Authority (TVA) to detail the treatability testing being performed in response to the Tennessee Department
of Environment and Conservation (TDEC) Commissioner’s Order Number OGC19-0004 (the Order). The
Order requires that TVA conduct a laboratory treatability test and field demonstration aimed at adjusting
pH to sequester metals along the Non-Registered Site (NRS) boundary adjacent to the Cumberland River
at TVA’s Gallatin Fossil Plant (GAF) to evaluate whether such actions can result in achievement of
groundwater protection standards (GWPS). The Order also requires development of a field demonstration
and monitoring plan and a Corrective Action/Risk Assessment (CARA) Plan for closure of the NRS and
remediation of groundwater to be completed following the field demonstration. The requirements of the
Order and the performance of the field demonstration will be fulfilled following completion of the
treatability test described herein. However, a general overview of the anticipated field demonstration
project is included here to provide context for performance of treatability testing and to support the
performance of an accompanying field investigation, which will be used to help develop the design for the
field demonstration.

The Order requires submittal of this work plan within 90 days of the effective date of the Order, which was
July 13, 2019. The Order further requires that the treatability test and field demonstration project be
completed within five years of TDEC's approval of this work plan. A schedule of activities for the overall
project is provided in Section 7.

1.1 Background

The NRS is an approximately 70-acre closed surface impoundment historically used for the disposal of an
estimated 2.3 million cubic yards of coal combustion residuals (CCR) prior to 1970. The location of GAF is
depicted on Figure 1-1, and the location of the NRS within GAF is depicted on Figure 1-2. The NRS
includes a perimeter dike and a series of interior dikes that subdivide the NRS into four sections, as
depicted on Figure 1-3. In 1995, TVA developed a Closure Plan for the NRS. The NRS Closure Plan was
approved by TDEC in 1997. During 1997 and 1998, the NRS Closure Plan was implemented, including
placing a 1-foot soil cover over areas where vegetation was not already well established, lining the coal
yard runoff ditch with concrete to minimize groundwater recharge, and plugging the remaining spillway to
the Cumberland River with concrete.

During groundwater monitoring activities for the NRS, concentrations of beryllium (Be), cadmium (Cd),
and nickel (Ni) were detected in groundwater samples collected from monitoring well 19R at
concentrations greater than TDEC GWPS. In 2015, additional investigation and monitoring activities were
initiated to determine the conditions that resulted in the observed GWPS exceedances. The findings were
compiled into two data packages in 2015 that were ultimately included as attachments to the April 2017
Draft Environmental Assessment Report (EAR; TVA 2017a).

In 2016, TVA initiated the TDEC-approved Environmental Investigation Plan (EIP), which included
additional work in the vicinity of the NRS, including assessment of CCR thickness and extent, evaluation
of dike stability, and installation and sampling of monitoring wells. The results have been provided in
several submittals to TDEC (i.e., the EAR [TVA 2017a]; EAR Interim Sections [TVA 2017b]). Additional
environmental investigation activities are ongoing, primarily in other areas of GAF, and a Final EAR will be
issued following the completion of those investigation activities. The investigation activities found that
acidic groundwater and elevated metals concentrations were limited to the alluvial aquifer and were not
found in bedrock groundwater or ash pore water, which appear to have sufficient buffering capacity to
maintain circumneutral or alkaline pH.

The 2015 data packages and Draft EAR indicated that the source of the GWPS exceedances at the NRS
did not appear to be associated with CCR, but rather with disposal of pyrite, which oxidizes to form acid in
the presence of water and oxygen. The acidic conditions have resulted in the dissolution of metals and
the transport of dissolved metals through the alluvium beneath the NRS, such that GWPS for beryllium,

AECOM
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cadmium, and nickel are exceeded in places along the downgradient boundary of the NRS. While the
NRS is not subject to the federal CCR rule, TDEC has also observed that CCR Rule GWPS have been
exceeded for cobalt and lithium at well 19R. In 2003, TDEC approved an evaluation by TVA that
concluded the cobalt in groundwater at the NRS is naturally occurring, associated with cobalt in the soils
in the area, and is not a release from the NRS. The draft EAR concluded that the use of a pH adjustment
strategy appears to be a feasible and effective groundwater corrective action technology to mitigate
potential GWPS exceedances in the alluvium at the NRS.

Preliminary treatability testing was performed in 2018 to test remedial amendments that could remove
dissolved beryllium, cadmium, and nickel from NRS groundwater samples and to obtain additional data
necessary to develop additional pre-design studies. The preliminary treatability testing assessed five
amendments: three strong bases (i.e., sodium hydroxide [NaOH], EnviroBlend® [EB], and AQUAMAG®)
and two combination reagents (i.e., zero valent iron [ZVI] and FerroBlack® [FB-H]) that alter pH and/or
oxidation-reduction potential (ORP). The preliminary treatability testing also looked at the nature of solids
that precipitated during testing and the stability of those precipitates. The results of the treatability testing
indicated that NaOH, EB, and FB-H were successful at reducing cadmium, beryllium, and nickel
concentrations in groundwater samples. At the conclusion of the preliminary treatability test, it was
recommended that additional treatability testing be performed using site soil and incorporating additional
site data to support the design and implementation of an in-situ pilot study. The results of the preliminary
treatability testing are provided in Appendix A.

On June 13, 2019, TDEC issued the Order requiring that TVA perform a treatability test and field
demonstration to effect remediation of groundwater such that GWPS are met along the NRS boundary at
compliance points adjacent to the Cumberland River. The Order also requires the submittal of a
monitoring plan prior to the implementation of the field demonstration project and that a Corrective
Action/Risk Assessment (CARA) Plan be completed following the demonstration project to develop a
comprehensive remedial approach for the NRS.

1.2  Objectives

The objective of the laboratory treatability test and subsequent field demonstration is to determine
whether pH and geochemical conditions can be adjusted in alluvial groundwater at the NRS and if such
an adjustment can be an effective method to meet GWPS at the NRS boundary compliance points.

To meet this objective, specific data quality objectives were developed for the laboratory treatability test,
field demonstration program, and field investigation, as provided in Sections 3, 4, and 5, respectively.

1.3  Work Plan Organization

This treatability work plan is organized as follows:

Section 2 presents the conceptual site model (CSM), describing the site conditions that potentially
produce the elevated metals concentrations in groundwater.

Section 3 presents the elements of a planned field investigation to provide supplemental data for the
treatability test and help develop design parameters for the field demonstration project.

Section 4 presents the details of the laboratory treatability testing proposed as part of this work plan. This
section describes the various laboratory test objectives, procedures, and remedial amendments being
evaluated as part of the planned treatability test.

Section 5 presents an overview of the anticipated field demonstration project. Because the exact nature
and design of the field demonstration project will be dependent on the results of treatability testing and
field investigation described herein, the description of the field demonstration is necessarily general in
nature at this time. This section provides a list of field demonstration technologies under consideration,
the areas where the technologies might be pilot tested, and considerations for design and evaluation of
potential remedial technologies.

AECOM
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Section 6 identifies the reports and subsequent plans to be submitted in response to the Order following
completion of the treatability testing and field investigation activities described herein.

Section 7 presents an anticipated schedule of activities for the treatability test, field demonstration project,
and development of a CARA Plan for the NRS.

AECOM
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2. Conceptual Site Model

The following section presents the current CSM for the NRS and the acidic conditions and metals
concentrations detected in groundwater in the vicinity of the NRS.

2.1  Physical Characteristics

2.1.1 Geologic Units Underlying the NRS

CCR material (ash) in the NRS is underlain by unconsolidated deposits of fine-grained alluvium, fill
material, and alluvium/fill mix; and bedrock composed of Ordovician limestone units. The juxtaposition of
the geologic units underlying the NRS area is shown conceptually in cross sectional view on Figure 2-1.
The primary component of the unconsolidated deposits is a low-permeability alluvium, comprised of clay
and silt with isolated sand stringers.

The unconsolidated deposits range in thickness from approximately 10 to 60 feet in the NRS area. These
unconsolidated deposits form the uppermost saturated unit beneath the NRS. Portions of the
unconsolidated deposits have potentially been affected by site activities and are the subject of bench-
scale and field-scale remediation testing in this Work Plan.

The Ordovician limestones subcrop beneath the unconsolidated deposits. The Lebanon Limestone is the
primary bedrock unit underlying the unconsolidated deposits in the NRS area. The younger Lower Carters
Limestone directly overlies the Lebanon Limestone in the GAF area, but it has been eroded in the NRS
area and is largely absent. The Lower Carters Limestone subcrops only along the northeast boundary of
the NRS (Figure 2-1).

The depth to saturated unconsolidated deposits underlying the NRS ranges from approximately 10 to 50
feet bgs. Groundwater occurrence in the bedrock units is limited to fracture zones. The Lower Carters
Limestone is predominately non-water bearing, based on drilling conducted to date, in the small area
where it subcrops beneath the NRS. Based on borings and wells drilled across the GAF site, there are
two fracture zones in the Lebanon Limestone, designated the L1 and L2 fracture zones, located
approximately 35 feet and 75 feet below the Carters/Lebanon contact, respectively. The L1 and L2
fracture zones have not been easily distinguished in the NRS area, and wells screened in Lebanon
fractures typically yield limited groundwater. At one location (well GAF-526L), a deeper Lebanon fracture
zone was found to be water-bearing.

2.1.2 Groundwater Flow Direction in the NRS

Within GAF, saturated unconsolidated deposits exist in an area primarily limited to the lower (southern)
portion of the peninsula, which includes the NRS area. Groundwater flows from a groundwater high in the
vicinity of the coal yard in a radial, but predominantly southwestward direction beneath the NRS, following
the ground surface topography toward the Cumberland River, the discharge channel south of the NRS,
and the coves at the northern end of the NRS. Figure 2-2 shows the groundwater potentiometric surface
contours in the unconsolidated deposits and the extent of saturation in the unconsolidated deposits. The
saturated thickness of the unconsolidated deposits ranges from approximately 10 to 40 feet beneath the
NRS footprint.

Figure 2-2 also shows the groundwater elevation in wells screened in bedrock underlying the
unconsolidated deposits for comparison. Groundwater has not been encountered during drilling in the
Carters Limestone beneath the NRS or in the coal yard area. Groundwater occurs in the Carters
Limestone just north of these areas, as shown on Figure 2-2. As noted above, wells screened in the
Lebanon Limestone in this area typically have poor yield.

The phreatic water surface elevation measurements in wells screened in ash within the NRS measured
on June 10, 2019, where available, are indicated on Figure 2-2 for comparison to groundwater elevations
in the underlying geologic units. The phreatic surface elevation in the ash typically varies more seasonally

AECOM
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and spatially than the underlying units. Depending on the location and time of year, the phreatic surface
elevation in the ash can be higher than the surrounding groundwater elevation and appears to be perched
on the low permeability unconsolidated deposits in some locations.

The highest groundwater elevations are observed in the coal yard area (Figure 2-2). For the June 10,
2019 measurement period, the highest groundwater elevations (approximately 490 feet above mean sea
level [msl]) were observed at wells GAF-440U and GAF-441U, which are screened in unconsolidated
deposits. The groundwater elevation at well GAF-441U has been as high as 494 feet msl (in March 2019).
The groundwater elevation in Lebanon Limestone well GAF-441L, located adjacent to well GAF-441U, is
approximately 1 foot lower (489 feet msl on June 10, 2019), indicating a downward hydraulic gradient. A
consistent downward hydraulic gradient has been observed at this well pair location over the past several
years.

Due to the high groundwater elevations and downward hydraulic gradient, the coal yard area appears to
be a groundwater recharge area. Continued groundwater monitoring is proposed to further assess
groundwater recharge in this area and the effect of ongoing changes to plant operations, including
stormwater management and decommissioning of the ash ponds, on site hydrogeology.

Figures 2-3 and 2-4 show NRS hydrogeologic conditions in cross sectional view along transect flow lines
A-A’ and B-B’ (shown on Figure 2-2). Hydrogeologic cross section A-A’ (Figure 2-3) illustrates
groundwater flow in the unconsolidated deposits and Lebanon Limestone between the coal yard and the
Cumberland River, which is the regional groundwater discharge zone. Hydrogeologic cross-section B-B’
(Figure 2-4) illustrates the geologic materials between the coal yard and the discharge channel.

2.1.3 Groundwater Flow Rates in Unconsolidated Material

Groundwater flow rates (average linear velocity) are estimated using representative values of hydraulic
conductivity, hydraulic gradient, and effective porosity for the saturated unconsolidated deposits. TVA and
Arcadis (2014) previously estimated a groundwater flow rate of 3.7 feet/year in the native unconsolidated
deposits (alluvium) at the NRS, based on a hydraulic conductivity of 4.1E-05 cm/s (geometric mean of
values from 15 alluvial monitoring points using various hydraulic testing methods), a hydraulic gradient of
0.0172 feet/feet, and an assumed effective porosity of 0.2.

A lower groundwater flow rate of 0.8 feet/year is estimated for the unconsolidated deposits using more
recent data including a hydraulic conductivity of 1.9E-06 cm/s (geometric mean of slug test results from
NRS wells GAF-448U, GAF-441U, and 22; all screened in the unconsolidated deposits), a hydraulic
gradient of 0.04 feet/feet (estimated along flow lines A-A’ and B-B’ on Figure 2-2), and an assumed
effective porosity of 0.1 to represent the clayey alluvium that is the predominant component of the
unconsolidated deposits.

Hydraulic conductivity profiling conducted by AECOM for TVA in 2015 in the NRS area revealed
occasional stringers of higher permeability sand in the NRS unconsolidated material. These layers appear
discontinuous between borings but may affect local groundwater flow.

2.2  Water Quality/Chemistry

Wells sampled routinely in and around the NRS include five compliance monitoring wells, which are
sampled quarterly, and nine additional wells sampled under the EIP. The five compliance wells include
well 19R (unconsolidated) paired with well 26 (Lebanon), well 20 (unconsolidated) paired with well 27
(Lebanon), and background well 22 (unconsolidated). The additional wells sampled for the EIP are wells
GAF-438L, GAF-441U, GAF-441L, GAF-444U, GAF-445L, GAF-447U, GAF-448U, GAF-448L, and
GAF-526L (Figure 2-2).

During the 2015 NRS Phase 1 and 2 investigations, 20 samples of alluvial groundwater and ash pore
water were collected during direct push drilling and analyzed in the field for pH. The samples were
collected from zones with elevated soil pH (based on field paste pH analysis) and zones with higher
hydraulic conductivity (based on the hydraulic profiling tool [HPT] results).
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Figure 2-5 provides an overview of the distribution of groundwater and ash pore water sampling locations
that have historically displayed a pH lower than 5 or at least one metal concentration result that is greater
than the GWPS. The vertical distribution of pH and metals are shown in cross sectional view on Figures
2-3 and 2-4.

Some key observations on the metals and pH distribution in water are as follows:

e The occurrence of low pH (<5) water is limited to groundwater in the unconsolidated deposits. No
occurrences of low pH water were observed in the ash pore water or the Lebanon Limestone
groundwater during the investigation of acidic groundwater around the NRS that began in 2015. Ash
and limestone can buffer acidic water and appear do so at the NRS.

e Low pH (<5) groundwater in the unconsolidated deposits has primarily been identified around the
south perimeter of the NRS.

e Low pH water (<5) is consistently associated with metal concentrations greater than the GWPS,
particularly beryllium, cadmium, and nickel. This is evident at wells GAF-441U, GAF-444U, and 19R,
and was observed at historical well 6 (now closed), all of which are located around the south and
southeastern perimeter of the NRS. As noted in Section 1.1, lithium has also been detected at
concentrations above the CCR GWPS at wells GAF-441U, GAF-444U, and 19R, where acidic
conditions exist. These wells were all screened in the alluvium. Low pH water enhances the
dissolution of the metals from solid material and is understood to be the reason for dissolved metals
at concentrations exceeding GWPS at the NRS.

e  The concentrations of beryllium, cadmium, nickel, and lithium in the low pH water are higher than
concentrations of these metals in NRS ash pore water samples.

o At well GAF-441U, which is located in the inferred source area for acidic groundwater, metals
concentrations are highest, and concentrations of several constituents are above GWPSs (see table
inset on Figure 2-4). This well is located upgradient of the NRS and is not a compliance well.

2.3  Potential Sources of Low pH and Elevated Metals in
Groundwater

Data were collected in the 2015 NRS Phase 1 and 2 investigations to identify potential sources of low pH
and elevated beryllium, cadmium, and nickel concentrations in groundwater. It has been documented that
pyrite rejects were co-disposed with the ash in the earlier period of NRS operation and that high sulfur
coal was used at GAF for many years (TVA 1967). The weathering of pyrite in the presence of oxygen
can produce low pH conditions in water, which enhances the dissolution of metals. Leaching of metals
can occur both in proximity to the pyritic source of acidic groundwater and in downgradient materials
through which acidic groundwater flows. While the acidic groundwater is understood to be caused by
pyrite rejects, the elevated metals can originate from soil minerals or coal. Beryllium, cadmium, lithium,
and nickel can be adsorbed onto soil minerals or more strongly bound into the structure of minerals
making up soil, coal, or coal ash. Under acidic pH conditions, the constituents may desorb or be released
due to destabilization of the mineral structure.

An objective of the Phase 2 investigation was to investigate the NRS for the presence of pyritic sulfur to
better characterize the nature and extent of source materials for acidic groundwater near the NRS.
Approximately 400 soil samples were collected during direct push drilling, and pH was analyzed in the
field using the paste pH method. The soil pH was found to be generally lowest (<5) in the alluvial material,
becoming more neutral near the alluvium/limestone rock interface. The ash pH was higher than the
alluvial material, and typically circumneutral or basic.

Over 100 soil samples with the lowest pH and/or orange-red staining (indicating iron) were analyzed

using acid base accounting (ABA). ABA analysis was used to identify and quantify forms of sulfur in soil
samples, including sulfate minerals, pyritic sulfur (sulfide minerals), and residual sulfur (i.e., organic
sulfur). Pyritic sulfur was detected south of the coal yard runoff ditch in ash, fill, and alluvial materials,
primarily in NRS Areas B and D and the southern end of Area C (see Figure 1-3). Most of the soil samples
contained pyritic sulfur less than 0.5 percent by weight, although up to 3.7 percent pyritic sulfur was
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detected in surface soil at boring NRS-036. The higher pyritic sulfur content infrequently coincided with
low soil pH (<5) and was not detected in the vicinity of acidic water at wells 19R or GAF-444U or boring
NRS-042 (see Figure 2-5).

Five surface water samples were collected from the coal yard runoff ditch during the 2015 Phase 1 and 2
investigations and analyzed for pH. The five samples were within a neutral pH range.

Based on the sampling and analyses of pore water, surface water, and soil during the 2015 Phase 1 and
2 investigations, the CCR within the NRS, the coal yard runoff ditch, the coal pile, and the former
Chemical Pond were not identified as potential sources of acidic conditions or elevated metals
concentrations in groundwater in wells located at the NRS boundary. The field investigation being
performed in support of the field demonstration project, as described in Section 3, will focus on a
suspected upgradient source area in the subsurface in the general area of well GAF-441U. This potential
upgradient source area is located in the vicinity of the historic ash sluice discharge to the NRS during ash
disposal at the site, where heavier pyrites may have more readily settled out of suspension upon
discharge to the area. The following observations in this vicinity support the inference of this suspected
source area:

e Elevated concentrations of metals and low pH in groundwater at GAF-441U;
e Elevated concentrations of metals at historic wells 6, 10, and 21;

e Low soil pH and pyritic sulfur observed in shallow unconsolidated soil and ash at boring NRS036 and
low soil pH in boring NRS035;

. Observations of a mix of coal, ash, and unconsolidated soil in the shallow subsurface;

e  Seep 1A, which is located on the slope adjacent to the ash silos and displays orange staining
indicative of dissolved ferrous iron that has been oxidized and precipitated as iron oxyhydroxide
upon exposure to the atmosphere, and the visual observation of soils and seepage during
construction of the Seep 1A collection system in 2013; and

e During recent construction to line the coal yard runoff ditch, dark orange-red seeps formed along an
excavated exposure on the north ditch wall just above the bottom of the ditch. This coloration
suggests that the water feeding this excavation contained dissolved ferrous iron, which was oxidized
and precipitated as orange-red iron oxyhydroxide upon exposure to the atmosphere. These seeps
were observed along the ditch generally between wells GAF-441U and GAF-440AR (Figure 2-5).
The excavation was backfilled at the completion of construction activities to upgrade the ditch.

2.4  Target Metals Characteristics

While the metals which are the target of the treatability testing have all been mobilized by low pH
groundwater, the mechanisms by which metals can be immobilized are dependent upon the specific
metal being treated and the geochemistry of the formation. The following sections describe some of the
geochemical considerations relevant to treatment of the target metals.

2.4.1 Cadmium

Cadmium (Cd) occurs naturally as CdS (greenockite or hawleyite) or CdCOz (otavite). Cd more commonly
substitutes for zinc (Zn) in minerals such as sphalerite (ZnS), smithsonite (ZnCQO3), or zincite (ZnO). Cd
concentrations are generally higher in sedimentary rocks than in igneous rocks, and its concentration
generally rises with increasing carbon, sulfur, and phosphorus concentrations in rocks (Smolders and
Mertens (2013). Naturally occurring Cd is present in soil and coal and is thus present in CCR, as well.

Cd in soils and groundwater is invariably present as Cd?*.The form of Cd encountered depends on
solution and soil chemistry, as well as treatment of wastes prior to disposal. Cd hydroxide (Cd(OH).) and
carbonate (CdCO3) solids dominate at high pH, whereas Cd?* and aqueous sulfate species are dominant
at lower pH (<8). Under reducing conditions when sulfur is present, the stable solid Cd sulfide (CdS) is
formed, and precipitation as CdS controls the mobility of cadmium (Smith et al., 1995). Cd will precipitate
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in the presence of phosphate, arsenate, chromate, and other anions, although solubility will vary with pH
and other chemical factors.

Cd is more mobile in aquatic environments than most other heavy metals. Cd is largely present as Cd?*
up to pH 10 where aqueous Cd(OH):z ions predominate. In most natural waters, the affinity of Cd for
complexing ligands follows the order humic acids > COs?> > OH" 2 Cl- 2 SO4% (EPA 1979). Adsorption of
Cd by humic substances plays a dominant role in the transport, partitioning, and remobilization of Cd
(EPA 1979). Cd concentrations in water are inversely related to pH and the concentration of organics.

Cd is removed from natural waters by precipitation and sorption processes. Soil organic matter, iron (Fe),
aluminum (Al), and manganese (Mn) oxyhydroxides, and, to a lesser extent, clay minerals are the three
main Cd adsorbents in soil. Cd?* binds to surface oxygen atoms of carboxylic or phenolic groups of humic
substances or to surface hydroxyl groups on oxyhydroxides. Cd is bound to organic matter in soils with
pH less than 6.5 whereas Fe-Mn-Al oxyhydroxides become more important at pH greater than 6.5
(Smolders and Mertens 2013). Christensen (1984a and 1984b) suggested that sorption, not precipitation,
controls Cd at environmentally relevant concentrations. Precipitation is unlikely to control Cd solubility in
soil solutions unless at excessive Cd concentrations or at pH values greater than 7. Rao et al. (2010)
report that adsorption is commonly used to remove Cd from solution. Adsorbents include Fe-Mn-Al oxides
and oxyhydroxides plant waste biosorbents, and phosphate minerals (e.g., apatite).

Cd?* can be precipitated from waters as relatively insoluble carbonate and hydroxide phases at pH values
greater than 8 under oxidizing conditions and as an insoluble sulfide under reducing conditions. However,
Cd carbonate is relatively soluble below pH 8. Heavy metals are most commonly treated using hydroxide
(lime or caustic soda) precipitation because of its low cost and simplicity (Rao et al. 2010). Smolders and
Mertens (2013) report that CdS precipitation under sulfate-reducing conditions can render Cd solubility
well below 0.1 micrograms per liter (ug/L). Although Cd sulfides (greenockite and hawleyite) exist in
nature, it is more likely that mixed Zn-Cd sulfides are formed. Based on Cd hydroxide solubilities,
hydroxide precipitation may not successfully reduce Cd concentrations below its GWPS of 0.005
milligrams per liter (mg/L), however, sulfide precipitation is capable of reducing Cd concentrations below
its GWPS.

2.4.2 Beryllium

Beryllium (Be) is naturally present in the soil and can also be found in coal and CCR. Be typically exists in
groundwater as Be?* (Baes and Mesmer 1976). Be displays similar chemical characteristics to Al due to
its similar ratio of charge to ionic radius and is often substituted for Al in natural mineral lattices (e.qg.,
clays). Like Al, Be is least soluble at neutral pH (pH 7.5) and is mobile under acidic conditions. Beryllium
salts of chloride (BeCl.), fluoride (BeF>), nitrate (Be(NOs)2), phosphate (Be3(POa4)2), and sulfate
tetrahydrate (BeSO4e4H:0) are all water soluble. However, beryllium oxide (BeO), hydroxide (Be(OH)z2),
carbonate (Be2CO3(OH)2), and sulfate (BeSOa4) are either insoluble or sparingly soluble.

Important controls on Be in soils include pH, the amount of organic matter, and the availability of Al, Fe,
and Mn hydrous oxides. Be is known to co-precipitate with Fe(OH)s under alkaline conditions. Taylor et al.
(2012) found that Be readily sorbed to various soils and was associated with the exchangeable (27%-
37%) and reducible Fe-Mn oxide (42%-62%) soil fractions. Less than 21% of the Be was found
associated with the organic and sulfide soil fraction. Be is typically strongly adsorbed in soils to the
hydrous oxides, however, soil acidification results in Be release from mineral surfaces or dissolution of
metal hydroxides. The lower abundance of Be at high pH is likely due to its removal by co-precipitation
with hydrous ferric oxide (Fe(OOH)x, or HFO) or by adsorption on HFO surfaces (Edmunds and Trafford
1992). Where colloidal HFO is low, then significant amounts of Be may be mobile.

In natural waters, Be typically occurs as Be?* and owing to its high charge/ionic radius ratio shows a
strong tendency to hydrolyze (EPA 1998). Robertson et al. (2003) report that Be?* is present in
groundwaters at pH < 8; whereas at higher pH, the species Be(OH)s* dominates. Additionally, other
hydroxide species may form, with Be(OH)", Be(OH)2°, and Be(OH)s~ becoming successively dominant
from pH 5.5 to 9.6 (Robertson et al 2003). Under alkaline conditions, it may also be stabilized by
hydroxycarbonate complexes if pCO: is sufficiently high. The presence of F-is important, as an influence
on the mobility of Be in acid waters by the formation of the BeF* complex. However, the presence of Al
greatly suppresses the formation of Be complexes because Al®*, with its higher valency, complexes with
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F- more readily than Be?* (Edmunds 2011). The most relevant Be species or complexes in NRS
groundwater are likely to be Be?* and BeCOz. Be mobility in groundwater is supported by the formation of
the BeF* or BeF2 complexes as well as by complexation with humic acids (hotably soil fulvic acids above
pH 6), but may be suppressed by adsorption, coprecipitation, or ion exchange on natural solids and by
the absence of free F-ions (Edmunds 2011).

Edmunds (2011) reports that soluble beryllium salts present in acidic waters will react to form insoluble
hydroxides or hydrated complexes at pH values between 5 and 8 (Edmunds 2011). The solubility of
Be(OH)2 decreases from about 7.8 mg/L Be at pH 5 to 0.001 mg/L at pH 9, which suggests that hydroxide
precipitation may be an effective mechanism for reducing Be concentrations below its 0.004 mg/L GWPS.
Solubility experiments show that amorphous Be(OH)2z can be precipitated from low temperature agueous
solutions and is subsequently transformed to metastable a-Be(OH)z and then to stable B-Be(OH): as the
precipitate ages (Lambert and Clever 1992). Bromellite, a BeO mineral, is not known to form at low
temperature, although it is shown as stable solid phase over a pH range of approximately 5.5 to 10.5 in
The Geochemist’'s Workbench® modeling package. In groundwater, Be(OH): is the most likely stable
solid phase.

2.4.3 Nickel

Nickel (Ni) is a natural constituent of soil, with clay soils having higher Ni concentrations than sandy soils.
Ni concentrations vary widely depending on local geology and anthropogenic input. Ni also occurs in coal
and CCR. Nickel is typically associated with other siderophilic elements, Fe and cobalt (Co), and has a
great affinity for sulfur (S). It primarily occurs in nature as Ni sulfide minerals, millerite (NiS), vaesite
(NiSz2), and heazlewoodite (NisSz) or in association with Fe and Co as greigite (FesNiSs), pentlandite
((FeNi)eSs, or siegenite (CoNizS). Although less common, Ni hydroxide, carbonate, sulfate, and
phosphate minerals also exist. Intense weathering of ultramafic rocks results in laterites with minable
nickeliferous limonite [(Fe,Ni)O(OH)] and garnerite [(Mg,Ni)3z(OH)4(Si2Os)].

Like cadmium, the speciation and physicochemical state of nickel is important in considering its behavior
in the environment. Nickel has a relatively high affinity for soil organic matter where it complexes with
oxygen, nitrogen, and sulfur. Due to its high affinity for organic and inorganic ligands, Ni concentrations in
soil solutions are relatively low. Nickel is strongly adsorbed at mineral surfaces such as oxides and
hydrous oxides of Fe, Mn, and Al (Evans 1989; Rai et al. 1984). Such adsorption plays an important role
in controlling the concentration of nickel in natural waters. Adsorption of nickel onto suspended particles
in water is one of the main removal mechanisms of nickel from the water column. The adsorption of nickel
on water-borne particulate matter competes with adsorption onto dissolved organic matter, which limits
the amount of nickel that can be removed from the water column through the settling of suspended
particles (Martino et al. 2003). Much of the nickel released into waterways as runoff is associated with
particulate matter; it is transported and settles out in areas of active sedimentation such as the mouth of a
river (Bowlby et al. 1988).

The dominant species of nickel found over the pH and Eh ranges of most natural waters is Ni%*. Ni
solubility strongly depends on pH, with increased solubility at pH values less than 6, whereas at alkaline
pH, Ni may precipitate as carbonates or hydroxides with limited solubility. Under oxidizing conditions, Ni
carbonates, hydroxides, and phosphates predominate, whereas sulfate-reducing conditions favor Ni
sulfide precipitation. Both hydroxide and sulfide precipitation have the potential to reduce Ni
concentrations in groundwater below its 0.1 mg/L GWPS. Solubility data (Lewis 2010; Wilkins and Rogers
2010) indicates that a pH >9 and <13 would be needed to precipitate Ni(OH)2 to reduce Ni concentrations
below 0.1 mg/L, whereas NiS could be precipitated across a range of lower pH values typical of
groundwater systems. Wilkins and Rogers (2010) found that a-NiS precipitated from sulfidic solutions
containing dissolved nickel from 25 to 60°C. Ni can also be coprecipitated with iron (Fe) sulfides. Studies
discussed above suggest that adsorption on HFO, in-situ chemical reduction, or in-situ biogeochemical
reduction may be the most reasonable remediation approaches for Ni.
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3. Field Investigation

Afield investigation will be performed to further develop the CSM with a focus on potential groundwater
corrective action, including aspects of the CSM related to the areas where the field demonstration may be
performed; to develop data for use in design of the field demonstration; and to obtain samples for use in
the treatability testing.

3.1 Field Investigation Objectives

The field investigation has the following objectives:

e To obtain additional information to incorporate into the CSM, including:
0 Locating the source material producing low pH conditions,

0 Assessing the primary groundwater transport pathways between the source area and the
downgradient NRS boundary,

o Estimating groundwater velocity and solute transport time through unconsolidated deposits
beneath and around the NRS,

0 Calculating solute flux in field demonstration areas,

0 Assessing the feasibility of various remedial amendment delivery mechanisms (i.e., direct
injection, soil mixing, etc.), and

0 Assessing the extent of impacts requiring treatment near the NRS by performing comprehensive
sampling of existing wells and focused soil testing;

e To obtain material for the bench-scale treatability study including:
o Groundwater and native soil representative of the low pH conditions in the alluvium, and
0 Source material potentially responsible for generating the low pH conditions; and

e To provide preliminary design data for the pilot field demonstration, including:
o Identifying the location and extent of source materials in an area suitable for pilot testing,
o0 Characterizing the hydrogeology of potential treatment zones,
o Delineating the extent of metals impacts within potential field demonstration areas, and
o]

Profiling of geochemical characteristics in the potential field demonstration areas.

3.2 Proposed Field Investigation Activities

The following activities are proposed to better develop the CSM for the NRS and to obtain data to be
utilized in the field demonstration design.

3.2.1 Groundwater Sampling

Comprehensive groundwater sampling in and around the NRS will be conducted as one of the first tasks
in the field investigation. This task will coincide with EIP and/or compliance sampling and is intended to
provide a comprehensive dataset describing the distribution of dissolved metals in the unconsolidated
deposits. Samples will be collected from 12 existing wells that are screened in alluvium. This sampling
event will also include a comprehensive round of groundwater potentiometric surface measurement. After
the initial event, up to four additional sampling events may be implemented, based on data from the initial
event. The wells to be sampled during this field investigation are identified on Figure 3-1. The list of wells
to be sampled may be modified depending on the findings of the ongoing field investigation. Groundwater
elevation and ash phreatic surface data will be collected from all wells shown within the NRS footprint,
including wells screened in the Lebanon Limestone, and select wells around the perimeter of the NRS.
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Figure 3-1 presents the proposed locations of groundwater sampling. Samples will be collected using the
methods described in the TDEC-approved sampling and analysis plans (SAPs) associated with the EIP. ,
Samples for metals analysis will be both field filtered using procedures specified in the relevant SAP and
collected as unfiltered samples.

Samples will be analyzed for the parameters listed in Table 3-1. These analytes represent CCR Rule
Appendix I, Appendix IV, and Tennessee Rule 040-11-01.04 Appendix 1 Inorganic Constituents. If
insufficient sample volume is obtained, the priority will be to analyze for pH, the target compliance metals,
sulfate, sulfide and ferrous iron.

Groundwater analysis will be performed in accordance with sampling requirements included in the TDEC-
approved Quality Assurance Framework (QAF; Environmental Standards, Inc. [ESI] 2016) and
groundwater sampling SAP (AECOM 2016c) associated with the EIP.

Table 3-1 Groundwater Sampling Analytical Summary

Target Metals Analytical Method*
Beryllium Analytical lab
Cadmium Analytical lab
Lithium Analytical lab
Nickel Analytical lab
Appendix lll Parameters

Calcium Analytical lab
Boron Analytical lab
Chloride Analytical lab
Fluoride Analytical lab

pH Field/Lab instrument
Sulfate Analytical lab
Total Dissolved Solids Analytical lab

Appendix IV Parameters —
Antimony Analytical lab
Arsenic Analytical lab
Barium Analytical lab
Chromium Analytical lab
Cobalt Analytical lab
Lead Analytical lab
Mercury Analytical lab
Molybdenum Analytical lab
Selenium Analytical lab
Thallium Analytical lab
Radium 226 and 228 Analytical Lab
Tennessee-Specific Parameters _

Copper Analytical lab
Silver Analytical lab
Vanadium Analytical lab
Zinc Analytical lab
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Table 3-1 Groundwater Sampling Analytical Summary (cont.)

Other Parameters

Analytical Method*

Dissolved Oxygen

Field instrument

Temperature

Field instrument

Turbidity

Field instrument

Oxidation Reduction Potential

Field instrument

Specific Conductance

Field instrument

Aerated pH Field instrument**
Acidity, Total Analytical lab
Alkalinity, Total as CaCOs Analytical lab
Alkalinity, Hydroxide as CaCOs3 Analytical lab
Alkalinity, Bicarbonate as CaCOs Analytical lab
Alkalinity, Carbonate as CaCOg3 Analytical lab

Dissolved Carbon Dioxide Colorimetric field test kit**
Aluminum Analytical lab
Iron Analytical lab
Manganese Analytical lab
Nitrate-Nitrite Analytical lab
Total Kjeldahl Nitrogen Analytical lab
Ferrous Iron [Fe(l1)] Colorimetric field test kit**
Magnesium Analytical lab
Phosphate Analytical lab
Potassium Analytical lab
Sodium Analytical lab
, Colorimetric field test kit** /

Sulfide Analytical lab
Total Organic Carbon Analytical lab
Total Suspended Solids Analytical lab

*  Specific analytical methods are identified in the QAF and SAPs.

**  Specified analytical methods are discussed in the SAP provided in Appendix B.

3.2.2 Soil Borings

Revision 0
September 27, 2019

Limited subsurface investigation will be conducted in the suspected source area for the low pH and
elevated metals in groundwater. The area of interest is in the general vicinity of well GAF-441U, boring
NRS-035, the ash silos, and the coal pile. Initially, seven soil borings will be advanced to bedrock to
identify indications of potential source material in the suspected source area at the approximate locations
depicted on Figure 3-1. Up to five additional boring locations will be completed in this area, at locations to
be determined based on the results obtained from the initial borings. The final locations of the soil borings
in the suspected source area will be determined based on accessibility considerations and observations

from prior borings.

Soil samples from these borings will be observed for the presence of pyrite source material. At each soil
boring, up to six (6) soil samples will be collected for ABA testing, using the methods employed during the
Phase Il investigation of the NRS (AECOM 2016a). Details of the ABA testing are provided in the SAP

provided in Appendix B.

When shallow groundwater is encountered in soil borings, pH, DO and, if practical, ORP will be measured
in the field, and, where the boring produces sufficient yield, a groundwater sample will be collected for
analysis of the dissolved target metals identified in Table 3-1. Because the purpose is to understand the
geochemical conditions of the groundwater, samples will be field filtered to remove suspended particles
that are expected to be present in an open boring.
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The three soil borings proposed near wells GAF-444U and 19R (Figure 3-1) will be drilled primarily to
collect soil material for the bench-scale treatability test, as discussed in Section 3.3.2.

The investigation tools for these areas may include direct-push technology, hollow-stem auger, or sonic
drilling. Rigs capable of performing direct-push or hollow-stem auger drilling will be used for the initial
mobilization. If difficult drilling conditions are encountered, a sonic drill rig may be mobilized to complete
the investigation. Sonic drilling methods were detailed in the hydrogeologic characterization SAP
(AECOM 2016b) previously approved by TDEC.

3.2.3 Hydraulic Conductivity Testing

In-situ hydraulic conductivity (slug) testing will be performed at four wells not previously tested at the NRS
(i.e., wells GAF-440U, GAF-442U, GAF-444U, and GAF-489U), which are screened in the alluvium to
update the conceptual model and develop the field demonstration design. The wells to be slug tested are
shown on Figure 3-1. Testing will be performed using rising or falling-head (slug) tests. It is anticipated
that slug test data will be analyzed using the Bouwer and Rice (1976) method, and the results will be
analyzed to derive hydraulic conductivity values for alluvial materials. If sufficient permeability is identified
in any wells, a short-term aquifer pumping test may be conducted to further assess hydraulic conductivity.
Where testing indicates lower permeability, drawdown monitoring data from low-flow groundwater
sampling will be used to provide an independent check of hydraulic conductivity testing results. Data from
low-flow sampling will be analyzed using the method of Robbins et al. (2008). Procedures for slug testing
were detailed in the TDEC-approved hydrogeologic characterization SAP associated with the EIP
(AECOM 2016b).

3.2.4 Groundwater Profiling

Up to six borings will be advanced to the top of bedrock along the perimeter dike near well GAF-444U for
the purpose of groundwater sample collection. This area, along with the well 19R area, are currently
considered the most promising areas for performing the field demonstration, and groundwater profiling
has already been performed in the 19R area. The locations where the groundwater profiling will be
performed are depicted on Figure 3-1. The specific locations may be adjusted based on accessibility
considerations, a review of bedrock surface elevation contours, and observations from prior borings.

Groundwater profile sampling involves the advancement of drilling rods and the periodic collection of
groundwater samples through a retractable sampler. The sampler screen interval is typically much shorter
(e.g., 12 to 24-inches) than a well screen and can provide data representative of discrete layers in the
subsurface. Groundwater profiling will be performed in conjunction with the use of a Hydraulic Profiling
Tool (HPT) to characterize the relative permeability of subsurface deposits. These data will be used to
select screen intervals for monitoring well installation.

Where the boring produces sufficient yield, pH, DO, and ORP will be measured in the field, and up to
three groundwater samples per boring will be collected for analysis of the dissolved target metals
identified in Table 3-1. Because the purpose is to understand the geochemical conditions of the
groundwater, samples will be field filtered to remove suspended particles that are expected to be present
in the active boring. Groundwater sampling from active soil borings is detailed in the SAP provided in
Appendix B.

3.2.5 Monitoring Well Installation

Based on the results of soil and groundwater sampling described in Section 3.2.2 and groundwater
profiling described in Section 3.2.4, up to six monitoring wells may be installed in the suspected source
area or in the vicinity of well GAF-444U. The locations of the wells and depths of the well screens will be
selected to be representative of the subsurface areas where low pH is present. These wells will be
developed, and groundwater samples will be collected from them for analysis of the parameters identified
in Table 3-1. The wells may also be used for collection of groundwater for treatability testing.
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3.3 Treatability Test Sample Collection

The interaction of remedial amendment, groundwater, and soil matrix is an important component of the
treatability testing. The alluvial material in the vicinity of well 19R and GAF-444U will be targeted for
collection, as will source area subsurface materials (in vicinity of well 441U) identified during the soll
boring investigation described in Section 3.2.2.

3.3.1 Groundwater Collection

Groundwater samples for treatability testing will be collected at wells displaying acidic groundwater in the
vicinity of wells 19R, GAF-441U, and GAF-444U. Treatability testing is anticipated to require
approximately 20 gallons of water from each well over the course of the program. Groundwater will be
periodically collected for treatability testing as the testing program proceeds to reduce the amount of time
each batch of groundwater is stored in the laboratory.

Groundwater will be purged from wells using the sampling techniques referenced in Section 3.2.1.
Following purging, unfiltered groundwater will be placed in suitable containers. The containers will be
filled with minimal headspace to help preserve the reduction/oxidation (redox) state of the groundwater
and will be stored on ice for transport to the treatability laboratory.

3.3.2 Soil Sampling

Soil samples from the presumed source areas around GAF-441U and from the downgradient areas
around wells GAF-444U and 19R will be collected from a series of co-located borings. Locations of the
borings are depicted in Figure 3-1. Borings will be advanced using direct push, sonic drilling, or hollow
stem auger techniques. A subset of samples will be collected by Shelby tube, where appropriate, to
reduce disturbance of samples, compared to other methods of soil sample collection, and thereby obtain
samples that better approximate the structure and redox conditions in the source material and likely
treatment areas. The Shelby tubes will be sealed to better maintain the natural soil redox state. Methods
for Shelby tube sampling were provided in the TDEC-approved SAP [for] Overburden Soil Borings, Native
Soil Characterization, and Seep Sampling associated with the EIP (AECOM 2016d).

Collection of approximately 10 gallons of saturated soil from each area is anticipated. Samples will be
collected from intervals known to exhibit source material or low pH groundwater in the presence of alluvial
material (e.g., the screen interval of well 19R), and therefore, multiple co-located borings may be required
to complete sample collection. The soil samples will be stored on ice for transport to the treatability
laboratory.

Representative soil samples from each type of sampling location (e.g., alluvial clay, source area
materials) will be collected for analysis of the parameters listed in Table 3-2. These data will be obtained
to better understand the minerology of the soil being used in the treatability test.

3.3.1 Quality Control

Soil samples for the treatability test will be collected using techniques that limit disturbance of the sample
and contact with air. Direct push sample cores will be retrieved in plastic liners and will be immediately
capped and taped. Sonic cores will be extruded into plastic bags, sealed, and packed to minimize
potential disturbance. Shelby tubes will be sealed within the sampler with wax upon collection.
Groundwater samples will likewise be collected and stored using methods that minimize headspace in the
container and the introduction of air into the sample, so as to minimize disturbance of the redox state of
the sample.

The analyses performed in support of the field investigation will be conducted using a combination of
direct-read instrumentation, colorimetric test kits, and laboratory analyses. Samples for which the primary
source of potential error is related to geochemical changes in samples due to holding times (e.g., pH,
ORP, ferrous iron, sulfide) will be performed in the field, and analyses requiring specialized analytical
instrumentation will be performed by Eurofins Test America, using the procedures described in the TDEC-
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approved GAF SAPs and QAF documents. A SAP is provided in Appendix B to detail methods not
documented in a previously approved SAP.

Table 3-2 Treatability Test Soil Sampling Analytical Summary

Target Metals Analytical Method*
Beryllium Analytical lab
Cadmium Analytical lab

Lithium Analytical lab
Nickel Analytical lab
Other Metals and Metalloids _
Aluminum Analytical lab
Antimony Analytical lab
Arsenic Analytical lab
Barium Analytical lab
Boron Analytical lab
Calcium Analytical lab
Chromium Analytical lab
Cobalt Analytical lab
Copper Analytical lab
Iron Analytical lab
Lead Analytical lab
Magnesium Analytical lab
Manganese Analytical lab
Mercury Analytical lab
Molybdenum Analytical lab

Phosphorous Analytical lab
Potassium Analytical lab
Selenium Analytical lab

Silver Analytical lab
Sodium Analytical lab
Sulfur Analytical lab
Thallium Analytical lab
Vanadium Analytical lab
Zinc Analytical lab
Other Parameters 1
pH Field/lab instrument**
Total Inorganic Carbon Analytical lab**
Total Organic Carbon Analytical lab
Other Analyses
Acid-Base Accounting*** Analytical lab**
Sequential Extraction**** Analytical lab**
X-Ray Diffraction Analytical lab**

*  Specific analytical methods are identified in the QAF and SAPs.

**  Specified analytical methods are discussed in the SAP provided in Appendix B.

*** |ncludes total sulfur, sulfate, pyritic sulfur, residual sulfur, acid neutralization potential, and net acid

neutralization potential.

**rx - Sequential extraction will analyze for beryllium, cadmium, lithium, nickel, and iron.
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3.4 Ash Management Plan

Ash is not expected to be encountered for drilling activities proposed in the vicinity of 19R or GAF-444U.
However, based on previous drilling observations, a mix of coal, ash, and soil may be encountered in the
vicinity of GAF-441U. Up to 12 borings are planned in the potential source area near well GAF-441U, the
coal yard, and the coal yard runoff ditch. Initially seven borings will be drilled in this area, as shown in
Figure 3-1. Based on the results of the initial seven borings, up to five additional borings will be drilled in
the same area (exact locations to be determined during the investigation).

Sonic, hollow-stem auger, or direct push drilling methods are planned to advance the borings and collect
samples. The borings will be advanced through fill, ash, and native soil, and terminated at the top of
bedrock. The proposed borings are summarized below:

e Upto 12 boring locations ranging from 25 to 75 feet in depth, with an average depth of 45 feet;
o  Total estimated footage 540 feet;

e Assuming that the borings are drilled with a sonic drilling rig with 6-inch outer casing, approximately 9
cubic feet of material will be collected at each boring. The total volume is estimated to be 108 cubic
feet (4 cubic yards).

The total quantity of CCR to be encountered is unknown at this time but is anticipated to be less than 1
cubic yard. A portion of this material will be placed in sealed containers and transported for laboratory
testing as part of the treatability testing. Any excess ash or soil remaining that is not containerized and
transported for laboratory testing will be placed back into the open boring as part of their abandonment.
Excess soil may also be spread at the ground surface.

If any additional activities are identified in the field, TDEC will be notified prior to those activities.
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4, Treatability Testing

The following sections describe the laboratory treatability testing activities that will be performed to
evaluate potentially applicable remedial amendments and develop design criteria for their use in the field
demonstration.

4.1  Objectives of Treatability Testing

The primary objective of the treatability testing is to identify at least one reagent that has the potential to
do the following:

e Be delivered in situ,

e Alter local geochemistry such that dissolved metals are sequestered by precipitation or sorption,
e Provide sustained treatment capacity in the native formation,

e Achieve GWPS for metals in groundwater, and

e  Minimize mobilization of non-target metals.

Secondary objectives of the treatability testing are, in conjunction with the field investigation, to develop
design parameters (e.g., dosing rates, barrier composition and thickness) necessary to design the field
demonstration and, in conjunction with the field demonstration, to develop information necessary to
perform a feasibility evaluation for the NRS CARA Plan (e.g., estimates of treatment longevity and
operations and maintenance requirements).

4.1.1 Treatability Test Performance Standards

The specific performance standards for the treatability test include identifying a reagent that:

e Is appropriate for safe handling and application at field scale at the NRS in the vicinity of the
Cumberland River,

e Reduces metals concentration to below GWPS in groundwater,
e  Sequesters metals such that they are not remobilized at concentrations above GWPS,

e Does not alter geochemistry in such a way as to mobilize non-target metals at concentrations above
the GWPS, and

e Has the potential to be utilized in a long-term cost-effective remedial treatment in terms of capital
cost and operations and maintenance.

4.1.2 Treatability Test Interim Benchmarks

The treatability test is the first step in the larger field demonstration project, and the interim benchmark
associated with the treatability test phase of the Order implementation is the submittal of the treatability
testing report, which is described in Section 6. The schedule for this interim benchmark and subsequent
activities associated with the field demonstration project are provided in Section 7.

4.2  Conceptual Description of Treatment of Metals

The fate and transport of a metal in soil and groundwater depends significantly on the chemical form and
speciation of the metal (Allen et al., 1991). The physical and chemical form of the metal in soil or water
strongly influences the selection of the appropriate remediation treatment approach. Information about the
physical characteristics of the site and the type and concentrations of metals at the site must be obtained
to enable accurate assessment of site conditions and remedial alternatives. The mobility of metals in
groundwater systems is hindered by reactions that cause metals to adsorb or precipitate, or chemistry
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that tends to keep most metals associated with the solid phase and prevent them from dissolving. These
mechanisms can inhibit the movement of metals (NRC 1994).

A variety of methods are available for immobilization of metals, including those that use chemical
reagents to physically bind the source materials in soil. Immobilization technologies are designed to
reduce the mobility of metals by changing the physical or leaching characteristics of the contaminated
matrix. Mobility can be decreased by physically restricting contact between the metals and the
surrounding groundwater, or by chemically altering the metals to make it more stable with respect to
dissolution in groundwater. Some of the potential mechanisms for treatment of target methods were
described in Section 2.4.

4.3  Selection of Reagents for Testing

A bench study was completed between 2017 and 2019 as a preliminary test to demonstrate removal of
Be, Cd, and Ni from groundwater samples to meet applicable standards and to provide a decision-basis
for the development of additional pre-design studies. The amendments used in the bench study test
included sodium hydroxide (NaOH), EnviroBlend (EB), AQUAMAG, , which promote precipitation of
hydroxides and oxy-hydroxides of iron, aluminum, and manganese, to which beryllium, cadmium, and
nickel may sorb, and zero-valent iron (ZVI1) and FerroBlack-H (FB-H) that alter pH and/or oxidation-
reduction potential (ORP) and promote metal sulfide precipitation. The results of the study indicated that
successful treatment of the target metals was achieved in the NaOH and EB treatments, and partial
success of one or more metals was achieved with ZVI and FB-H. Successful treatment was not achieved
with the AQUAMAG sample.

Removal or precipitation of metals in a laboratory setting is straightforward and many different reagents
could be effective. However, in a remediation site setting, it is important to identify and consider site-
specific factors. Evaluation criteria specific to the NRS are shown in Table 4-1.

Table 4-1 Reagent Evaluation Considerations

Criteria Evaluation Considerations

Safety The material must be safe to handle by remediation workers, must not generate toxic
or explosive gases, and must be compatible with pH of groundwater at the site.

Effectiveness Precipitate and immobilize soluble metals in groundwater and soil. Ability to provide
long-term treatment is also required.

Avoiding Adverse Impacts | The reagent must not cause other metals or contaminants to be mobilized in
to Surface Water and groundwater or to impact surface water. The reagent must not result in parameters
Downgradient Areas exceeding surface water criteria and must not cause visible discoloration.

Ease of in situ injection At this time the method of applying the reagent has not been determined. Some
reagents are more soluble or have other properties that would make injection easier.

Proven Technology Reagents that have been used successfully on other similar projects are preferred over
reagents that have not previously been used for metals treatment.

Safety data sheets for reagents under consideration for bench scale testing are provided in Appendix C.
Table 4-2 provides the results of screening a variety of reagents, based on the above criteria and
consideration of the prior bench-scale testing results.
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Adverse
Impacts to Proven Ease of In
Reagent Safety Effectiveness Streams or Technolo Situ Retain?
Downgradient 9y Injection
Areas
Worked well
i.n prgvious Yes, has been
Corrosive titration test. None useéj for pH Easy to
NaOH (lye) ' Limited long- . e ; P =asy Yes
strong base term identified adjustment for | inject
effectiveness In-situ use.
is a concern.
Expected to Yes, has been
Potassium hydroxide | Corrosive, be effective None used for pH Easy to Yes
(KOH) strong base | for pH identified adjustment for | inject
adjustment in-situ use.
Mobile fraction Suspension
H,S (NaHS) could of iron
éneration at impact surface | Very effective | particles, Maybe — will
I%w Ha Previous water. pH may | for As, Ni, Cd, | difficult to discuss
FerroBlack®-H concpern titration test be elevated. Be, Pb and uniformly customizing
FeS/NaHS : - Evaluate other distribution. | blend for this
Evaluate results mixed
durina bench " | during bench multivalent Has been site with
test 9 test. Possible metals successfully | supplier
) other metals in injected at
FB-H. some sites.
Worked well L Powder or
. in previous Yes, p“m‘?‘“'y pellet form
EnviroBlend® L used ex situ
; . . titration test. ) can be
(Magnesium oxide No major Alkaline None for soil mixed with | Yes
[MgOJ/hydroxide issues reacent with identified treatment but water for
[MgOH] product) ~ag . has also been !
high buffering S simple
: used in situ. L
capacity injection.
Micro-scale tZrCC)rYr?QIo for Moderately
ZVI tested ey difficult, but
previously in Mobility in the chromium (Cr easier to
No major titration test. environment VI) treatment inject than
Nano-scale ZVI issues, must | Effective for and toxicity is Lowers ORP. micro-scale | No
control dust Cd & Be, but a controversial ZVI due to
o ; to promote
limited issue. L smaller
effectiveness precipitation particle
. of some )
for Ni. size.
metals.
Proven -
. . High mobility technology for Difficult to
No major Mixed results otential to soil mixing in get good
Micro-scale ZVI issues, must | in previous ﬁn act the reactive 9 distribution Maybe
control dust | titration test. mp ! with slurry
river. barriers and S
injection.
source areas.
Effectiveness
unknown.
Could provide Ma Moderately
Metals Remediation short-term ot>elntiall difficult to
Compound (MRC) - | No major treatment and Enhancey Yes inject and Mavbe
organosulfur issues long-term bio mobilit of obtain Y
ester/polylactate treatment by Y uniform
. other metals C
changing distribution.
redox
conditions.
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Adverse
Impacts to Proven Ease of In
Reagent Safety Effectiveness Streams or Technolo Situ Retain?
Downgradient 9y Injection
Areas
High pH, Unknown; 2‘3&%
potential to treatment Highly mobile eas tc;
Calcium Polvsulfide generate relies on and deep red Proven in'egt
(CaSy) Y H.S in native iron; color, may technology for PIJu .in of No
X contact with | may not be as | impact surface | Cr VL. WeI?sgwi?h
acids. effective as water. CaSO
Combustible. | FerroBlack. 4
possible.
Uncertain, Limestone Not
Crushed limestone/ weak alkaline possible to
. No safety . None commonly .
dolomite — . reagent with - inject, but Yes
issues . anticipated used for pH
CaMg(COs3) good buffering . could be
; adjustment o
capacity soil mixed
Proven for
AQUAMAG (blended | No safety Not eﬁgctlve None lead and Easy to
hosphates) issues In titration anticipated COppEr. inject No
P test. Limited data ’
for Cd.
Uncertain, Eaesgt to
f weak alkaline f ject
Ca0/CaCO; (lime) No safety reagent with None Proven for pH CaSQ4 Yes
issues good buffering anticipated adjustment. plugging of
: wells
capacity possible.
Used widely
: Uncertain, for various .
Sodium carbonate/ weak alkaline purposes but | Highly
bicarbonate No safety reacent with None use for mobile, Yes
(Na,COs/NaHCO3) - issues 00% bufferin anticipated treatment of easy to
baking soda ga acit g metals in inject.
pacily groundwater
limited.
Highly
Uncertain, Use for mobile, Yes
Potassium N f weak alkaline N treatment of easy to ick eith
bicarbonate No safety reagent with one metals in inject (or pick either
issues - anticipated ; NaHCO3 or
(KHCO3) good buffering groundwater Plugging of KHCO3)
capacity limited. wells 8
possible
Granular,
Uncertain Excellent powder, or
Apatite No safety effectiveness None 22&?;{;% Elgm./égtgg_ Yes
(CasP0,)3(F,CL,0H)) | issues depends on anticipated idi 9 I'f( | ’
site conditions acidity not likely to
through PO,™3 | be highly
mobile.
Moderately
Zeolite Uncertain, Could High difficult to
(aluminosilicates of No safety effectiveness . an inject and
Na, Ca, K, Mg, or issues depends on introduce selectivity for obtain Maybe
a1 MG, ep o other metals many metals ;
Ba) site conditions uniform
distribution.
As biological
e, amencnent | E#5310,
Emulsified vegetable | No safety soluble None for treatment Wiells can No
oil (EVO) issues anticipated of Cr IV.
organo-metals ; become
complexes Otherwise not fouled
demonstrated. )
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Adverse
Impacts to Proven Ease of In
Reagent Safety Effectiveness Streams or Technolo Situ Retain?
Downgradient 9y Injection
Areas
. Moderately Yes, will
Uncertain, difficult to .
Provect-IRM ) . o discuss
; contains a Commercial inject. o
(micro-scale ZVI, - customizing
. No safety combination None product, not Powder or ;
activated carbon, . . . formulation
issues of reagents anticipated proven for this | granular. .
KaMgSO4, guar, . . with vendor,
and treatment mix of metals. | Possible to
yeast extract) . - maybe
mechanisms inject as
remove guar
slurry.
Should be
Organic relatively No, similar to
PeroxyChem . easy to
carbon could Commercial . Ferroblack-H
GeoForm Soluble inject.
No safety lead to product, not and Provect-
(sulfate,ferreous . Unknown . . Soluble
) i issues formation of proven for this - IRM, but more
iron.emulsified . solution ,
. organometal mix of metals . likely to create
organic carbon) designed
complexes for organometals
injection.
Not
PeroxyChem Organometal desianed Yes, may
GeoForm Extended complex Commercial for 9 adjust
Release No safety formation a product, not T formulation
' . Unknown . . injection,
(organic carbon, issues slight concern, | proven for this desianed after
sulfate, ferrous iron, mobility of mix of metals 9 discussion
. . for PRB .
micro-scale ZVI) product is low wall with vendor

4.4  Treatability Testing Approach

This section describes the specifics of obtaining test samples, test set-up and equipment, and testing
procedures. Testing will consist of titration testing using remedial amendments with just groundwater and
microcosm (bucket) testing with both soil and groundwater, followed by column testing. An idealized flow
chart for the process of treatability testing is provided as Figure 4-1. The testing steps depicted in this
schematic are intended to be progressively more rigorous with the list of reagents reduced during each
subsequent step in the process, such that the most complicated and rigorous testing is done on the
reagents that show the most promise for field application, based on the prior simpler steps. The screening
step presented on this graphic is summarized in Table 4-3.

Simple titration testing with site groundwater will be conducted first to confirm that adjustment of pH and
precipitation of metals can be performed and to provide an initial estimate of appropriate dosing.
Following the titration testing, microcosm testing that utilizes both groundwater and soil from the site will
be conducted to observe the interaction between the reagent in the presence of a soil matrix. Lastly,
several forms of column testing will then be performed to simulate the flow of site groundwater through
soil where a remedial amendment has been applied.

44.1

While the nature and duration of the treatability bench tests performed become more complex as the
reagent list is reduced, the analytical component of the testing likewise becomes more complex. The
analytical strategy is to limit testing to the basic performance criteria (i.e., pH, redox indicator parameters,
and target metals) in the initial, simpler bench-scale tests. The analytical tests and approximate numbers
of samples for each step of testing are summarized in Table 4-3.

Analytical Approach for Treatability Testing

The analyses presented in Table 4-3 are a guideline. Flexibility will be retained in the analytical program,
such that as data is obtained from the treatability testing, elements of the analytical suite may be added,
omitted, or increased or decreased in frequency. For example, additional analyses may be introduced to
target key components or potential impurities in specific treatment reagents. The need for modifying the
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testing program is likely to increase as the treatability testing progresses to evaluating a smaller list of
promising reagents.

4.4.2 Facilities and Equipment for Treatability Testing

The bulk of the treatability testing will primarily be performed at a treatability testing laboratory unaffiliated
with potential remedial amendment vendors. However, limited testing may initially be done by the reagent
vendors. Any testing by vendors will later be verified by testing at an independent laboratory.

For testing, the following facilities are required:

e A secure laboratory space where chemicals can be stored and glassware cleaned;

. Laboratory bench space, glassware, magnetic stirring plates, and a fume hood;

e Atemperature-controlled laboratory space that can maintain temperatures of 50 to 75°F;
o A spill kit, readily available;

. Chemical storage cabinets (for raw chemicals, samples, and investigation-derived waste) that allow
separate storage of incompatible chemicals (e.g., strong acids and bases);

e Arefrigerator for storage of test samples;
. Test buckets that can be vented to the outside, and.

. Storage space for up to two 55-gallon drums of investigation derived waste.

4.4.3 Titration Testing

Titration testing involves the addition of measured amounts of a remedial amendment to a container of
groundwater to determine the amount of the amendment necessary to sequester metals from solution in
the groundwater. Titration testing will be used to provide some early indication of the effects of treatment
on pH, ORP, and target metals concentrations; the potential for H2S generation; and the dose required to
amend pH. The titration testing would only require one or two days to complete per test. Depending on
laboratory results, a second round of titration tests may be conducted (e.g., using a different amendment
dose or groundwater from another part of the site). In these tests, reduction in metals concentrations
should be apparent if the reagent is going to be effective.

Several trials may be conducted, depending upon observations during the initial testing. The previous
bench tests used doses of 10 g/L for solid amendments and 2.6 mL/L for 25% weight for the aqueous
solutions. This will serve as the baseline for this treatability test, but varying amendment doses may be
tested.

4.4.4 Microcosm Testing — Groundwater and Saturated Soil

In the microcosm (bucket) tests, soil will be blended with test reagents and then dosed with impacted site
groundwater. The reagents for microcosm testing will be selected based on the results of the titration
tests. The microcosm tests are designed to simulate the interactions of site groundwater, test reagents,
and soils. Testing will be performed using both site soils and clean sand. The clean sand will be used to
evaluate the chemistry effects within a hypothetical permeable reactive barrier (PRB). The site soil used
for testing will be collected from impacted portions of the site, as described in Section 3.3. The sand used
to simulate chemistry within a PRB will be a poorly-sorted medium sand with low organic content (i.e.,
concrete sand).

The equipment for each of the microcosm tests includes a plastic bucket with an air-tight lid, a tap-style
spigot and gasket, and a vent line with an activated carbon filter. The microcosm testing typically requires
one or two days to prepare the test vessels. Then, the test vessels are left to react for two weeks. For
biological reagents, the reaction time may be extended to several weeks. During the reaction period, the
test vessel must be vented to the outside and maintained within the temperature range of the site
subsurface. During the reaction period, minimal attention to the vessels is required; periodic inspections
(every other day) to confirm the vessels are undisturbed is desirable.
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In the first series of tests, the treatment reagent is blended with site soil from the anticipated treatment
interval and placed in the test vessel. During each series of tests, a control bucket will be prepared,
consisting of site soil and groundwater but no reagent. Site groundwater is then added to the test vessel.
The first of three rounds of sampling is performed after allowing one week for the reagent to react with
site groundwater and soil. If metals concentrations are reduced to below treatment goals in a test bucket,
the water will be drained from the bucket using the spigot and the bucket will be re-filled with impacted
groundwater. The reaction will be allowed to proceed for another week, and the water will be re-tested in
the same manner as before. If metals concentrations are not reduced to below treatment goals, the water
will be left in the bucket, and re-sampling will be performed after another week with the same water in
place. If concentrations are not showing signs of reduction following the second week, the test may be
discontinued, except for amendments which rely on biogeochemical processes to effect treatment, which
are typically continued for longer durations and tested less frequently.

The testing may be extended or modified as results are obtained. The reagents with the best performance
will be subjected to further testing. Further testing typically includes draining the test vessel and applying
more doses of impacted groundwater until breakthrough occurs (i.e., target metals exceed or approach
treatment goals).

During microcosm water sampling, water is drawn out of the bottom of the test vessel through a dedicated
spigot. Approximately four ounces of water will be drained from the spigot prior to sampling. Sampling
parameters are indicated in Table 4-3. Color and presence of solids in the water will be noted, and the
water will be tested for pH, dissolved oxygen, and ORP. Samples will be submitted to Eurofins Test
America for expedited analysis.

Following completion of the final round of water testing, soil sampling will be performed on the buckets
showing the best results and the control bucket. The bucket will be drained of water and the top removed.
Soil will be collected from the bottom third of the bucket. Laboratory analysis for soil will include total
metals and pH. Soil will be mixed 50% with deionized water to measure pH.) Table 4-3 specifies sample
numbers and analyses during microcosm testing but is subject to change based on reagents selected for
the microcosm tests based on the results of titration testing.

4.45 Column Testing

To test the proof-of-concept of the in-situ remediation process, flow-through column tests are performed.
The tests are designed to evaluate how long the reagents are likely to last in the subsurface and how site-
specific conditions, including groundwater flowing through amended soil would affect metals removal by a
remedial amendment. For example, precipitation of metals might clog the system and cause a preferential
flow path to develop that reduces treatment efficiency. Column tests also allow simulation of processes
that occur over time in groundwater systems, such as desorption of immobilized metals as groundwater
flows through a treatment media that has been removing dissolved metals from groundwater.

Two types of column tests will be conducted:

e  Columns filled with site soil blended with test reagents; and

e  Columns filled with permeable media (e.g., medium sand with minimal organic carbon) test blended
with reagents.

For each of the above types of test, a control column (i.e., site soil with no reagent and clean sand with no
reagent) will be tested.

The columns will be constructed of an acrylic, polypropylene, or PVC tube and will be used to simulate
one-dimensional flow through in-situ treatment zones by passing groundwater through columns
containing soil. The column dimensions will be determined based on the hydrogeological conditions at the
site, the target flowrate, and the sample volumes to be collected. These test design parameters will be
determined based on data from the field investigation described in Section 3.0. Samples will be collected
with ports at the column influent, effluent, and in some cases, one or more sampling points along the
columns. Site groundwater is pumped through the columns from the bottom using a peristaltic pump to
perform an up-flow column test, which will limit the potential for geochemical changes that can occur in
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down-flow tests. Control experiments without remedial amendments will be conducted using the same
groundwater and solid media to evaluate target metal behavior if no reagents added. The experimental
design is presented in Table 4-4.

Table 4-4 Column Test Design

Column Type Test Description Soil Amendments

Control Soil only
Test 1 Soil with amendment 1 X
Test 1 Soil with amendment 2 X
Test 1 Soil with amendment 3 X

Control PRB Clean Sand Only

Test 2 PRB Sand with amendment 1

Test 2 PRB Sand with amendment 2

Test 2 PRB Sand with amendment 3

Samples will be taken from the column influent, one or more sampling points along the columns, and the
effluent of the column. Between 8 and 10 samples for the mid-point and effluent are recommended in
order to increase the probability of characterizing breakthrough for the three target metals. The metals
analyses will be performed by Eurofins Test America, in accordance with the QAF (ESI 2016) and
approved SAP for groundwater sampling (AECOM 2016c), while parameters such as pH, ORP, DO,
specific conductivity, sulfide, and ferrous/ferric iron will be monitored by the treatability testing laboratory.

To test the reagents within a simulated PRB, the reagents are blended with a relatively permeable and
inert material (e.g., concrete sand, which is poorly sorted medium sand with low organic carbon content)
and placed in a flow-through column as described above. A similar experimental design and sampling
schedule described for the native soil columns are used for the amended sand columns. Column testing
of the simulated PRB includes observing the reagent/sand mixture for signs of plugging. Additional testing
to evaluate changes in pressure required to push water through the reagent/sand mixture may be
conducted if there is evidence of plugging.

The breakthrough curves among the amended columns will be compared to determine which media
recipe is likely to have the highest longevity. Following completion of the column tests, the soil from the
columns with the remedial amendments showing the most promise for field application will be sampled for
laboratory analysis. The soil will be shipped to Eurofins Test America for testing of target metals and
other species identified in Table 4-3 and 3-1. The soil will also be subjected to a sequential extraction
analytical process, whereby the nature of the metals immobilized within the column can be determine via
a series of progressively more aggressive extractions.

The sequential extraction process is used to quantify the fractions of metals that exist in various forms
within column soils. The forms that are sequentially extracted by this analytical procedure (in general
order of increasing durability and anticipated stability in the environment), are as follows:

e The exchangeable phase, which are metals sorbed by electrostatic forces;
e The carbonate phase, which are metals bound or sorbed to carbonate minerals;
e The non-crystalline materials phase, which are metals complexed by amorphous solids;

e The metal hydroxide phase, which are metals bound to oxides and hydroxides of iron, manganese,
or aluminum;

e The organic phase, which are metals bound by chemisorption to organic material,
e  The acid/sulfide fraction, which are metals associated with sulfide minerals; and

e The residual fraction, which include metals incorporated into the mineral structure of the soil.
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This analysis will help identify the mechanism of removal of metals from solution, which will help assess
the likely longevity of a given treatment and provide information that can be used in the design of the field
demonstration or additional treatability tests, as necessary.

Additional mineral analysis by x-ray diffraction and x-ray fluorescence may also be performed, depending
on the results of the treatability testing.

Depending on the results of the column testing (e.g., if flow rates through native soil mixtures are too
slow), additional column tests (e.g., triaxial tests) utilizing pressurized systems may be performed to
produce higher flow rates and thereby evaluate the potential long-term behavior of remedial amendments.
Such tests would be run to determine breakthrough, following exhausting the treatment capacity of an
amended column, and thereby estimate longevity of treatment in the field.

4.5 Evaluation and Use of Data

Bucket testing results will be compared to the control sample (backfill with no amendments). If
concentrations of total and dissolved metals in pore water are significantly reduced (e.g., by 90% or such
that treatment goals are achieved), then the treatment will be considered viable. Increases in solubility of
other metals compared to the control will also be considered in evaluating the viability of each remedial
amendment. Each amendment type will be evaluated against the five criteria listed in Section 4.1. Based
on the results, a specific optimal formulation may be apparent or appropriate adjustments in the
formulation obvious. Based on results from these bucket tests it may be recommended to perform
additional tests to further refine the formulation.

Maintaining flexibility and adapting during the treatability testing process is critical to success. As testing
proceeds, changes in test set-up and analytical testing are likely, as the behavior of individual
amendments during the tests is assessed.

Data will be evaluated and prioritized as follows:

1. The amendment must show the ability to meet the treatment goals for the target metals (Be, Cd, and
Ni). Amendments failing this criterion will be dropped from further consideration. Testing for Cd, Be,
and Ni are the key parameters in the early testing.

2. The amendment must not create adverse effects (e.g., mobilizing other metals at concentrations
exceeding GWPS). In this case, modifications will be considered to counteract the adverse effects.
Later tests include a broad list of metals.

3. The required dose of the amendment determined by treatability testing must be one that can be
effectively delivered at a field scale.

4. The amendment must be durable when applied to site conditions or be readily replenished. A series
of tests are planned to understand the composition of the precipitates and effects on overall water
chemistry. An understanding of the resulting soil and water chemistry is key to evaluating durability
of the treatment. This series of tests is the most expensive and will be conducted only on the most
successful reagents.

The above data will be integrated with the expanded understanding of potential treatment area
hydrogeology and geochemistry obtained during the field investigation to develop recommendations and
design parameters for the field demonstration.

4.6 In Situ Stabilization Testing

In-situ stabilization (ISS) is designed to both fix the metals within a matrix and to create a low permeability
zone that minimizes groundwater flow through the treated area and reduce the mass flux of metals from
the stabilized soil. ISS could be applied to the source area or groundwater plume area. The base or
primary reagent for ISS is typically Portland cement. Other reagent such as blast furnace slag or
bentonite are sometimes added to improve specific properties (strength or permeability). In this case,
Portland cement alone will be used for the treatability testing. Portland cement is expected to increase
pH to reduce solubility of the metals while also creating a low permeability matrix. ISS would be used and
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will only be tested on source material, and the testing will be performed in parallel with the other
treatability testing activities.

For this project a low dose and high dose will be tested. Each dose has a slightly different objective. The
low dose would be designed to immobilize the metals, reduce permeability of the soils but not create a
solid monolith. The higher dose is designed to achieve the same objectives and to create a solid monolith.
By testing both doses, more options are available for the pilot and full-scale applications. Proposed doses
and preliminary testing are provided in Table 4-5.

Table 4-5 Doses and Preliminary Testing for ISS Testing

Portland Unconfined
ISS Cement Leachability Permeability Compressive
Type Dose Goal Goal Strength Goal
Low Dose 0.5t0 1% Cd, Be, and Ni <1.0x10-5 cm/sec |None, but data will
below goals be collected for
information
High Dose 3t0 6% Cd, Be, and Ni <1.0x10-6 cm/sec |> 50 psi
below goals

Blending will be conducted using saturated soil from the site. Testing will start with the lowest dose in
each range shown in the table. Depending on initial results, additional higher or lower doses will be
prepared.

Samples from each test will first be homogenized using a large spoon. The necessary soil and Portland
cement weights will be measured with a scale. Portland cement will be pre-blended with a measured
volume of potable water to create a thick slurry (approximately a one to one ratio is anticipated). The
Portland cement and soil will be thoroughly blended by hand. Blending will continue until the material is
uniform in color and no clumps of unblended material are apparent. The approximate volume change
between just soil and blended soil and Portland cement will be noted.

Once blending is complete, the material will immediately be placed in 3-inch by 6-inch forms. The forms
will be carefully filled to minimize void spaces. Each test run will require filling of five forms (three
unconfined compressive strength [UCS] tests [at 7, 14, and 28-day intervals], one permeability test, and
one leachability test). Upon filling, the forms will be capped and placed in a cooler. Samples will be sent to
a geotechnical laboratory for UCS and permeability testing. The geotechnical laboratory will store the
samples in a cooler and run the UCS testing at the 7, 14, and 28-day intervals. Once the UCS lower goal
of 50 psi is achieved, the extra form will be tested for permeability. The testing regimen is provided in
Table 4-6.

Table 4-6 ISS Laboratory Testing Schedule

Trial 7-day UCS 14-day UCS 28-day UCS Permeability Leachability
after 28 days after 28 days

Low dose 1 1 1 1 1

High dose 1 1 1 1 1

Based on the first set of results (low dose 0.5% and high dose 3% additional trials may be conducted to
better refine the minimum dose to meet the objective. Additional testing of the best ISS blends is also
proposed, based on recommendations from ITRC guidance for ISS (2011). The specific tests proposed
are summarized in Table 4-7.
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Table 4-7 Laboratory Testing for ISS Trials

Test

Desired Result

Recommendation

Hydraulic Conductivity-
ASTM 5084-90

Low dose <1.0x10-5

High dose <1.0 x10-6
cm/sec

Part of initial trials

Unconfined Compressive
Strength- ASTM D1633

Low dose no criteria
High dose >50 psi to
<200 psi

Part of initial trials

Paint Filter Test, EPA
Method 9095A

No free liquid

None. Not applicable to
this situation

Wet/Dry Cycle, ASTM
D4843

Not applicable to low
dose

No more than 10% loss

Only on best blend

Untreated Soll
Whole Sample Leaching
Test (modified pre-

Not applicable to low
dose

No more than 10% loss

Only on best blend

treatment EPA Method
1315m) see discussion
below

for high dose

To determine mass
flux/rate of release of
metals (see discussion
below)

Treated Soil

Whole Sample Leaching
Test (modified EPA
Method 1315m)

Only on best blend

The whole sample leaching (Leaching Environmental Assessment Framework [LEAF]) test provides mass
transfer release rates of constituents through low permeability material under diffusion-controlled release
conditions. The method involves submerging the test sample in water, letting it sit, and periodically
renewing the water. Samples are transferred to fresh reagent water at nine pre-determined intervals and
eluate concentrations are plotted as a function of time. A control sample consisting of untreated soil is
also tested. The untreated soil is compacted into a permeable form. The whole sample leaching test is
later used in conjunction with site groundwater flow information to calculate the mass flux of metals
leaving the stabilized area. The eluate from the leaching test will also be analyzed for physical chemistry
parameters, such as pH and ORP. This information is used to assess whether GWPS are likely to be met
in downgradient groundwater of a treated soil.

4.7  Quality Assurance/Quality Control

The laboratory analyses performed in support of the treatability test will be conducted using a
combination of direct-read instrumentation, colorimetric test kits, and laboratory analyses. Samples for
which the primary source of potential error is related to changes in sample conditions due to holding times
will be performed by the treatability testing laboratory, and analyses requiring specialized analytical
instrumentation will be performed by Eurofins Test America, using the procedures described in the GAF
QAF and SAPs associated with the EIP and the SAP provided in Appendix B.

Treatability testing lab procedures are provided in Appendix D.
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5. Field Demonstration Concept

The design of the field demonstration is dependent on the results of the Treatability Test and the Field
Investigation results. Therefore, following completion of the Treatability Test and Field Investigation, a
Field Demonstration Work Plan will be developed for TDEC's review and approval. The Field
Demonstration Work Plan will present a detailed plan for implementing the field demonstration. There are
several general approaches that are being considered for the field demonstration and eventual remedial
implementation. These general approaches, their design considerations, and the data gaps that need to
be addressed by the treatability test and field investigation area discussed herein.

5.1 Objectives of the Field Demonstration

The objectives of the field demonstration are to design and implement a groundwater remediation
approach that will reduce groundwater concentrations to below GWPS in a pilot test treatment area. As
indicated in Section 1.0, the Order specifies that the field demonstration be designed to adjust pH and
meet GWPS along the NRS boundary compliance points adjacent to the Cumberland River, and
therefore, much of the field demonstration will be focused at a location in that area. However, the field
demonstration may include pilot testing activities in other locations (e.g., source treatment).

5.1.1 Field Demonstration Performance Standards

Specific performance standards for the field demonstration will depend on the location and nature of the
demonstration element. Performance standards for source treatment will differ from those for plume
treatment. Final performance standards will be established in the Field Demonstration Work Plan.
However, preliminary performance standards for potential elements of the field demonstration are
presented below.

One or more pilot remedies will be tested that target a reduction in metals concentrations along a
downgradient edge of the NRS. The performance standards for this will likely include the following:

. Successful emplacement of permeable reactive barrier (PRB), possibly incorporating a partial
hydraulic barrier, that intercepts contaminated groundwater flow through the unconsolidated deposits
between the water table and bedrock;

e  Attainment of GWPS for metals at compliance wells screened within the alluvium at the NRS
boundary,

. Maintenance of groundwater potentiometric surface conditions over the period of demonstration
such that bypass flow around the remedy is not apparent; and

. Sustained effectiveness for reduction in target metals concentrations over the period of the
demonstration.

One or more source area remedies may be tested that target a reduction in flux of acidified groundwater
and metals into the alluvial aquifer. The performance standards for this might include any of the following,
depending on the nature of treatment:

. Successful implementation of soil mixing to increase pH or ISS of source material sufficient to
achieve GWPS for metals immediately downgradient (or beneath) the source treatment; and

. Sustained effectiveness for reduction in concentrations over the period of the demonstration.

More specific performance standards will be developed for each element of the field demonstration as
part of the Field Demonstration Work Plan, which will be submitted following the conclusion of treatability
testing.

AECOM



NRS Remediation Treatability Test Work Plan Revision 0
TVA Gallatin Fossil Plant September 27, 2019

5.1.2 Field Demonstration Interim Benchmarks

It is anticipated that interim benchmarks will be specific dates for attainment of the following milestones:

e Commencement of field demonstration construction,
e  Completion of field demonstration construction,
e Reduction in target metals concentrations downgradient of the field demonstration pilot areas,

e Attainment and maintenance of treatment objectives downgradient of the field demonstration pilot
areas, and

e  Submittal of annual progress reports and the field demonstration completion report.

A conceptual schedule for several of the above benchmarks is provided in Section 7. Dates will be
updated in the Field Demonstration Work Plan.

5.1.3 Additional Field Demonstration Evaluation Criteria

While the purpose of the field demonstration is to identify a remedial measure that will adjust pH sufficient
to attain GWPS along the NRS boundary, the results of the field demonstration will be incorporated into a
comprehensive CARA Plan for closure of the NRS and remediation of groundwater. The CARA Plan will
include evaluation of NRS closure elements that are not the subject of the field demonstration and may
include alternative means of performing groundwater remediation, depending on the results of the field
demonstration. Additional criteria to be considered in evaluating the effectiveness of the field
demonstration, in this context, include the following:

e Time to achieve and maintain pH conditions sufficiently close to neutral to achieve treatment goals
for metals,

e Time to achieve and maintain GWPS of target metals,

e Changes in non-target metals concentrations,

e  Duration of effectiveness,

e Long-term stability of groundwater flow relative to the in-situ treatment area,
o  Efficacy of delivery method (installation challenges, O&M requirements),

e Need and timing for reinjection or regeneration of in-situ treatment, and

. Cost.

5.2 Remedial Application Options for pH Adjustment

A number of remedial application approaches are under consideration for the field demonstration. The
nature of the applications will be dependent upon the specific remedial amendment and the purpose of
treatment in a given area (i.e., source treatment or plume treatment). Some remedial amendments are
best applied as solids, whereas others can be introduced as liquids or slurries. The selection of remedial
amendment and design considerations for the field demonstration (e.g., how much of the remedial
amendment must be introduced to the subsurface to be effective) will be determined based on the
treatability testing. The following describes some of the potential approaches to conducting a field
demonstration to achieve source area or plume treatment.

5.2.1 Direct Injection of Remedial Amendments

Remedial amendments might be directly injected to effect source treatment (i.e., pH neutralization) or to
generate a reactive zone for plume treatment. The feasibility of this approach is dependent on the
physical characteristics of the remedial amendment and the hydrogeology of the aquifer materials into
which direct injection is being performed. Because the alluvium that comprises the bulk of the
unconsolidated deposits is a low-permeability formation, the prospects for direct injection of sufficient
remedial amendment to perform an effective direct injection for plume treatment are limited. However, in
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the source area, where fill material is expected to have higher permeability than the alluvium, this may
prove an appropriate means of introducing a remedial amendment to adjust pH.

Data requirements necessary to evaluate the feasibility and to design a direct injection remedy include
determining the necessary remedial amendment dosage and its longevity in situ, determining the extent
of influence of injected materials and injection spacing, and understanding the extent of area over which
treatment will be required to be effective. This requires characterization of subsurface hydrogeology and
the nature and extent of contamination in the treatment zone, in addition to the data being obtained from
the laboratory treatability testing. The field investigation activities described in Section 3.0, and treatability
testing activities described in Section 4.0 are intended to supplement existing data to meet these needs.

5.2.2 Permeable Reactive Barrier

PRBs are engineered subsurface installations constructed in such a way as to intercept a groundwater
plume and treat groundwater as it flows through the barrier. PRBs can be constructed by physical mixing
of remedial amendments with solil, by injection of remedial amendments from a series of soil borings, or
by excavation of soil and emplacement of remedial amendments mixed with native soil or sand. PRBs are
often installed in conjunction with hydraulic barriers to redirect groundwater flow through the reactive
barrier (i.e., funnel and gate technology).

Data requirements for PRB installation for pH adjustment include those necessary to understand the
following:

e The remedial amendment dosage necessary to overcome the acidity of the groundwater flowing
through the barrier,

e The thickness of the barrier necessary to provide adequate and lasting groundwater treatment, given
the groundwater flow velocity and acidity of groundwater; and

e The vertical and horizontal extent of the groundwater plume requiring treatment.

The installation of a PRB downgradient of the NRS may involve changing the geology of the perimeter
dike of the NRS (e.qg., replacing a portion of the clay alluvium with concrete sand). In such a case, the
design of the PRB will need to include geotechnical considerations to maintain dike stability.

AECOM experience with PRBs is that those installed by injection are subject to greater limitations than
those that involve direct mixing of soil or excavation and emplacement. Injected barriers are thinner
barriers and sometimes turn out to be discontinuous. Because pH adjustment is a bulk process affected
by the geochemistry of groundwater as a whole, it is likely to require a thicker barrier than a PRB
designed to treat a relatively minor constituent of groundwater as is the case in many groundwater
contaminant plumes.

Installation of a PRB by soil mixing or excavation has several advantages compared to injections. The
primary advantages are more accurate delivery of reagents, better control of hydraulics (limiting the
potential for groundwater to flow around the treatment chemicals), and ability to deliver a greater amount
of reagent. PRB installation by soil mixing or excavation and emplacement has depth limitations. For
example, a one-pass trench, wherein soil is removed and a PRB mixture emplaced simultaneously, the
effective depth of treatment is limited to 30 to 50 feet, depending on the size of the one-pass trenching
machine. The effective depth of direct soil mixing is generally less than 30 feet. While these depths can
be increased by benched soil excavations, that is unlikely to be employed along the perimeter dike of the
NRS. Because the groundwater plume extends to a depth of 60 feet or more in some areas, the
installation of a PRB by one-pass trenching may need to be supplemented with a hydraulic barrier, like an
injected grout curtain, which would extend from bedrock to the bottom of the PRB.

5.2.3 In-Situ Stabilization

ISS involves the direct-mixing or injection of solidifying agents into the subsurface. ISS has applications to
both source treatment and plume containment. ISS can be an effective remedial measure in three primary
ways. It reduces the leachability of solids that are incorporated into the solidified matrix; it reduces the
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permeability of the treated area, limiting the ability for groundwater to pass through and form a plume; and
it raises the pH of the groundwater in the treatment area due to the chemistry of the ISS amendments
(e.g., Portland cement, fly ash).

ISS could be applied in any of the following ways:

e As a means of stabilizing the source material itself and prevention of the generation of acidic
groundwater;

e As a barrier beneath, around or downgradient of the source material to prevent migration of acidic
groundwater;

e As an element of another remedial approach to help direct groundwater toward a treatment area or
extraction point.

Data appropriate to support design of an ISS remedy or pilot test include those that can be obtained by
bench testing of ISS reagents with site soil to determine optimal ISS amendment mixtures and specific
dosing requirements. In addition, to implement ISS in the field, characterization of the treatment zone is
necessary to identify the depth and extent of materials to be treated by ISS, whether that be in the source
area or groundwater plume. The field investigation activities described in Section 3.0, and treatability
testing activities described in Section 4.0 are intended to supplement existing data to meet these needs.

5.2.4 Groundwater Treatment-Based Remedies

Remedies that incorporate groundwater extraction and ex-situ treatment might also be considered for
treatment of acidic groundwater and elevated metals concentrations, although a field demonstration may
not be practical. This could be implemented as a simple groundwater extraction and treatment system or
could be performed as a recirculation cell, wherein groundwater is extracted, amended to address the low
pH and elevated metals issues and then reinjected with surplus treatment capacity to treat acidic
groundwater in-situ and thereby speed the cleanup of the aquifer.

In addition to some of the data being developed by the planned treatability test, data necessary to
implement a groundwater treatment-based remedy include a detailed understanding of NRS
hydrogeology, including groundwater gradients and flow paths, aquifer transmissivity, and interconnection
between the alluvial aquifer, the bedrock aquifer, and the Cumberland River, particularly in the areas
where groundwater is being extracted or reinjected. Additional field investigation activities, beyond those
proposed in Section 3.0, may be performed to develop the data necessary to design a groundwater
treatment-based remedy, should such an approach be considered followed completion of the treatability
test.

5.2.5 Other Remedial Considerations

The above remedies might be combined to develop an integrated remedy that combines elements of
source treatment or containment and elements of plume treatment or containment. In addition, any of the
above remedies might be combined with capping of the NRS to prevent infiltration of rainwater through
the ash and management of stormwater to limit the infiltration of water through pyrite-rich source
materials.

While such considerations are not directly applicable to the performance of the field demonstration,
consideration of potential site-wide remedies will inform the planning and design for the field
demonstration project, as well as ongoing investigation activities designed to better characterize the NRS.
5.3 Potential Field Demonstration Target Areas

There are several areas that appear suitable to perform the field demonstration. These locations and
some of the considerations applicable to performing a pilot test in those areas are discussed below.
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5.3.1 Upgradient Source Area

While discrete source material for the acidic conditions that promote elevated metals concentration has
not been delineated, the general area around well GAF-441U has been identified as a potential source
area upgradient of the NRS (Section 2.3, Figure 2-5). Depending on the results of additional
characterization (see Section 3.0), a field demonstration to help assess the feasibility of source-area
treatment could be performed. This potential source area is located near the eastern corner of the NRS in
the vicinity of boring NRS035 where soil pH <5 was observed at several depth intervals, boring NRS036
where soil pH <5 was observed at several depth intervals and pyritic sulfur was detected in shallow soil,
and well 441U where acidic groundwater has been observed and metals concentrations are the highest of
the NRS wells (Figure 2-5).

5.3.2 Well 19R Area

Well 19R is a groundwater compliance well for the NRS and samples display both low pH and elevated
metals concentrations in groundwater. Well 19R is screened in the alluvium downgradient of the ash
disposed in the NRS. Low pH and elevated metals have also been observed in alluvial groundwater at
adjacent well S3 and boring NRS007 (Figure 2-5). Soil pH <5 has also been observed in this general
area. This area is generally downgradient of the potential source area. It is anticipated that a field
demonstration effort will be performed in the well 19R area.

5.3.3 GAF-444U Area

Well GAF-444U is located at the southeastern end of the NRS, upgradient of the discharge channel and
downgradient of the potential source area. Elevated metals concentrations and low pH have been
detected in groundwater samples from well GAF-444U. This area is a potential field demonstration area.
Additional investigation is proposed in Section 3.0 to evaluate the suitability of this area for a field
demonstration pilot test.
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6. Reporting

The following reports will be prepared in relation to the field demonstration project.

6.1  Treatability Test Report

A treatability test report will be prepared and submitted to TDEC at completion of the laboratory-based
treatability study. The treatability test data will be compiled, evaluated, and the results discussed in the
context of application of the remedial amendments at the NRS. The report will assess treatability test
execution with respect to the objectives and performance standards identified in Section 4.1. The
treatability report will identify chemical design parameters (e.g., one or more reagents, dosing rates, etc.)
for the field demonstration.

6.2 Field Investigation Report

The field investigation report will be prepared and submitted to TDEC to document the results of the field
investigation and provide the basis for the physical design parameters for the field demonstration. The
field investigation data will be integrated with existing NRS data and evaluated in this report to
recommend final locations for field demonstration, reagent delivery method(s), target zones within the
saturated matrix, and supporting information for evaluation of the field demonstration. The field
investigation report may also make recommendations for additional data gathering to further develop the
CSM regarding the NRS in support of the CARA Plan. If additional investigation activities are
recommended, those will be provided in a supplemental field investigation work plan. The field
investigation report may be included with the treatability test report.

6.3 Field Demonstration Work Plan

Following completion of the treatability test and field investigation described herein, a Field Demonstration
Work Plan will be prepared that incorporates the findings of the proposed treatability study and field
investigation and details the following:

e The remedial amendments to be applied in the field demonstration,

o Field demonstration pilot areas and the nature of the pilot testing activities in each area,
e Health and safety concerns that may be unique to the demonstration,

e Access and site preparation,

e Construction activities, including any specialty subcontracted services,

o Performance monitoring well network locations and design,

e Initial start-up tasks and system operation tasks,

e  System performance monitoring tasks, and

e A monitoring plan, as described in the following subsection.

The field demonstration work plan will include submittal of appropriate permit applications necessary to
perform the work (e.g., Underground Injection Control Permit),

6.4  Monitoring Plan

The Order requires TDEC approval of a monitoring plan prior to commencement of the field
demonstration project. It is anticipated that the monitoring plan will be incorporated into the field
demonstration project. The plan must specifically include continued monitoring of groundwater and
discharge locations in the Cumberland River identified in the EAR. Samples are required to be analyzed
for CCR parameters (listed in 40 CFR Part 257, Appendices Ill and V), and the parameters copper,
nickel, silver, vanadium, and zinc (required by the state groundwater monitoring program).
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Additional monitoring will be conducted in a well network designed specifically for the field demonstration
project. The monitoring plan will identify a schedule for baseline and routine performance monitoring for
each aspect of the field demonstration project. Parameters including pH and other water quality indicators
will be measured, as well as any non-target inorganic analytes and/or byproducts of the selected
treatment processes. It is anticipated that many of the analyses identified in Table 3-1 will be included.

Both the regulatory compliance and field demonstration performance monitoring network and analytical
parameters will be identified in this Monitoring Plan.

6.5 Interim Annual Reporting

Subsequent to the approval of the Field Demonstration Work Plan, an annual report will be provided to
TDEC describing progress of the field demonstration and presenting monitoring data obtained within the
prior year. The interim annual reports will also identify field investigation activities that are being
performed in the NRS in parallel with the field demonstration, but those results will be presented
separately. Additional details on the interim annual reports will be provided in the Monitoring Plan (see
Section 6.4)

6.6 Corrective Action/Risk Assessment Plan

In accordance with the Order, the Field Demonstration and the final EAR will provide the foundation for
the CARA Plan for NRS closure and groundwater remediation. As appropriate, the CARA Plan is
expected to include:

e  Method(s) to remove and/or close-in-place CCR material at the NRS;
e  Method(s) to remediate CCR-contaminated soil, surface water, and groundwater at the NRS;

e Methods to restore any natural resources damaged as a result of the CCR wastewater treatment and
on-site CCR disposal,

e Aplan for monitoring the air and water in the area during the cleanup process;

e Aplan to ensure that public and private water supplies are protected from CCR contamination and
that alternative water supplies are provided to local citizens if CCR contamination above GWPS is
detected at drinking water sources;

e Aplan addressing both the short-term and long-term management of CCR at the NRS, including
remediation and stabilization of the NRS with design drawings and appropriate supporting
engineering calculations; and

e  Aschedule of activities to be completed by TVA.

The CARA Plan will be developed upon completion of the Field Demonstration and will include a
comprehensive evaluation of remedial alternatives beyond those considered in the field demonstration
project. The evaluation and planning of the final remedial approach presented in the CARA Plan will
consider technical feasibility and risk related to conditions that are expected to be present following the
closure of the NRS, and the closure plan will present a solution that is protective of human health and the
environment.
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7. Schedule

The estimated duration of tasks for the treatability test and field demonstration is presented below and
summarized in Figure 7-1. Time periods are referenced from the receipt of TDEC approval of the
treatability test workplan.

. Kickoff, mobilization: weeks 1-3.

e Collection of groundwater and potential treatment zone soil samples for use in treatability testing:
weeks 4-8.

o Performance of field investigation activities and additional treatability study sample collection: weeks
5-16.

o Performance of batch testing of selected reagents and selection of amendments for microcosm
testing: weeks 6-10.

e  Completion of microcosm testing of reduced set of reagents and selection of amendments for
column testing weeks 10-20.

e Finalization of design parameters for column testing, based on the preliminary results of the field
investigation: weeks 20-22.

e  Completion of column testing and selection of reagents and delivery methods for field demonstration:
weeks 20-40.

e  Submittal of treatability test report and field investigation report: weeks 32-52
o  Preparation of field demonstration workplan and monitoring plan: weeks 32-56.

e TDEC review and approval of Field Demonstration Work Plan and monitoring plan and permit
issuance: weeks 56-68.

. Field demonstration construction: weeks 68-100.

e Field demonstration monitoring: weeks 100-260.

The above durations are estimates. The interim benchmark for completion of the treatability testing is the
submittal of the treatability test report, which is anticipated by one year after approval of this workplan is
received from TDEC. The schedule of events beyond the submittal of the Field Demonstration Work Plan
will be dependent on TDEC review of any permits required for performance of the field demonstration.
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Table 4-3: Analytical Strategy

Field tests (DO,
ORP, pCO2, Fe Water: Precipitate:
species) lab Water: Water: Other| Water: Secondary Parameters Target Soil: Soil or Precipitate:
tests (TKN, S Target field Target Inorganic/Physical Metals and Applicable Sequential
Testing species, Metals (Cd, | Water: | parameters | Metals and | Parameters & As species Other Parameters Extraction (Cd, Be, | Soil or precipitate:
Stage alkalinity) Be, and Ni) pH (DO, ORP) [Other Metals (if As present) Metals from Table 3-1 Li, Ni, & Iron)* Mineral Analysis**
Raw
Groundwater/ 3 1
Soil
Tltrathn 10 10 10
screening
Best reagents . . - . . -
o Optional if sufficient | Optional if sufficient
from titration 5 5 5 . . . .
test precipitate is present| precipitate is present
Mlcrogosm 5 5 5
screening
Best reagents
from 3 3 3 Optional Optional
microcosm
Column testing 8 - one from each
Site soil and 72 72 72 column at the end
sand trials" of test
Best reagents 2 or 3 most 2 or 3 most
from column 3 24 24 2 2
test successful columns® | successful columns
Triaxial column TBD TBD TBD TBD TBD TBD TBD TBD TBD
testing
Notes:

Table depicts estimated minimum number of samples of each type. Additional tests with a reagent may be performed.

Specific analyte list may be modified, based on individual reagent (e.g., phosphate will not be analyzed if it is not added as part of a reagent).

Detailed analyte lists for listed analyses are provided in Table 3-1.

1 Column testing; assuming 3 reagents per trial plus one control per trial, three ports, 4-time intervals.

2 Site soil and sand and controls at the end of test.

Colorimetric test kits will be used when possible to test for redox sensitive species.

* Sequential extraction is designed to provide information on mobility of metals after treatment and insights into which minerals may be forming.

** The value of conducting this category of testing will be evaluated as initial test data becomes available. These are designed to determine which
minerals are present in the treated samples in comparison to untreated samples. This would provide data on the anticipated longevity of the minerals.
These methods may include x-ray diffraction, x-ray fluorescence, scanning electron microscopy, and x-ray photoelectron spectroscopy.
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Figure 7-1

Anticipated Schedule

NRS Treatability Test and Field Demonstration
TVA Gallatin Fossil Plant

Note 1: These tasks are alternate scope items.
Note 2: The ROR/RAP dates are reflective of an approved alternate scope addition and can potentially occur sooner if not approved/implemented.
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EXECUTIVE SUMMARY

The Tennessee Valley Authority (TVA) is conducting an environmental investigation at the Gallatin
Fossil Plant (GAF) facility, and provided an interim Environmental Assessment Report (EAR) to the
State of Tennessee in April 2017 (TVA, April 2017). The interim EAR concluded that, while further
study is needed to determine the appropriate groundwater corrective action at the Non-Registered
Site (NRS), the use of a pH adjustment strategy appears to be a feasible and effective groundwater
corrective action technology to mitigate potential maximum contaminant level (MCL) exceedances
in the alluvium at the NRS. This technical memorandum presents the results of the initial screening
test and identifies data needs for further evaluation of potential corrective action options for water in
the alluvium underlying the NRS.

Concentrations of beryllium (Be), cadmium (Cd), and nickel (Ni) are above Tennessee MCLs in Well
19R. In localized areas, groundwater in overburden has also been affected by low pH. Wells 19R
and GAF-441U, screened within overburden materials, have acidic groundwater (median pH of 3.79)
compared to the median groundwater pH of 6.27 for the other two overburden wells. In general,
acidic water more readily dissolves and mobilizes metals than neutral water. Acidic conditions
promote transformation of metals from solid (adsorbed, precipitated, or co-precipitated) forms to
dissolved forms that are transportable in water. Therefore, pH adjustment is a potentially feasible
groundwater corrective action to mitigate MCL exceedances in the NRS alluvium.

The objectives of the screening test were to: (1) demonstrate removal of Be, Cd, and Ni from NRS
water samples to meet applicable standards, and (2) to provide a decision-basis for the development
of additional pre-design studies. The amendments tested included:

e Three strong bases (sodium hydroxide [NaOH], EnviroBlend® [EB], and AQUAMAG® [AM])
intended to promote precipitation of (oxy)hydroxides of iron (Fe), aluminum (Al), and manganese
(Mn), which are potentially effective matrices for adsorption of Be, Cd, and Ni.

e Zero valent iron (ZVI), a “combination reagent” that moderately raises solution pH (mineral
precipitation/adsorption strategy), weathers to form Fe (oxy)hydroxides (adsorption strategy),
and lowers oxidation-reduction potential (ORP) (potential sulfide precipitation strategy).

o FerroBlack®-H (FB), a “combination reagent” that provides a source of free sulfides while
strongly lowering ORP (Ni/Cd-sulfide precipitation strategy), and has the potential to create a
modest increase in pH to favor Be adsorption.

Approximately 25 gallons of water were collected from Well 19R and shipped to the REDOX TECH,
LLC, laboratory in Cary, North Carolina. REDOX TECH subcontracted Pace Analytical Laboratories
for analytical services. Metals and other inorganic chemical and physical parameters, which are
routinely analyzed in the NRS assessment program, were analyzed in samples of unfiltered and
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filtered water in the control (untreated) sample and in aliquots of filtered and unfiltered water obtained
after reactions with the amendments. Precipitation was expected as an outcome of these tests, and
adequate volumes of precipitate (solids) were retrievable following filtration. The solids samples were
analyzed for the same metals analyzed in aqueous samples.

Solution pH manipulation was the common strategy among the tested treatments, and the magnitude
of the pH-related results was: NaOH (8.5 standard units [SU]) > EB (7.3 SU) > FB (5.8 SU) > ZVI
(4.8 SU) > AM (3.5 SU) > control (3.1 SU). Most of the reactions occurred within several hours of
adding the treatment amendments, and pH was not affected by filtration of the sample.

Increasing pH had a beneficial effect on metals removal, particularly at pH values above neutral (pH
7), which was readily achieved in the NaOH and EB treatments. The aqueous sample data indicated
that successful treatment (i.e., reduction to concentrations below Tennessee MCLSs) of Be, Cd, and
Ni (target metals/constituents) was achieved in the NaOH and EB treatments, and partial success of
one or more of these constituents was achieved with ZVI and FB. Successful treatment was not
achieved in the AM treatment or the control. Be and Cd were treated to or below applicable standards
in both filtered and unfiltered samples collected from EB, FB, NaOH, and ZVI reactors. Ni was treated
to below standards in both the filtered and unfiltered samples collected from the EB, FB, and NaOH
amended reactors. The Ni concentration was below the applicable standard in the filtered sample
from the ZVI reactor, but not in the unfiltered sample.

In addition to target metal removal, the mobilization of non-target metals is an important side effect
that should be considered in future testing and remedy selection. Metals addition in one form or
another related to each reagent is expected, such as Fe for ZVI and FB and phosphorous (P) addition
for AM. However, AM treatment also resulted in increased concentrations of Mo and vanadium (V),
which were not detected in the Well 19R samples. An increase of V was also observed in filtered
and unfiltered samples of FB and the unfiltered sample of ZVI. Unfiltered water from FB and ZVI
treatment had increased chromium (Cr) and V; FB (unfiltered) water also had increased Mn,
molybdenum (Mo), and zinc (Zn). None of the increases of mobilized metals in the filtered or
unfiltered samples resulted in concentrations that exceeded the relevant regulatory standard.

The NaOH and EB treatments were effective at removing significant mass of Be, Cd, and Ni from
the aqueous (filtered) and suspended (unfiltered) phases of the reacted samples. ZVI and EB
generated the highest amount of solids followed by NaOH, FB, and AM. The amount of solids that
are added or that precipitate as a result of the reagent treatments is an important consideration since
solid placement and mineral precipitation may reduce hydraulic conductivity within the aquifer and
negatively impact in-situ treatment performance.

The screening study met the treatment objectives of proving that pH adjustment can change the

dissolved state of target metals. However, treatments that provide successful short-term results in
jar tests may only have a temporary effect in-situ, where acids can leach back in from the soil matrix.
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Additional studies using NRS alluvium soil as well as groundwater, and the two to three most
promising amendments selected from the screening study, are recommended to continue assessing
the performance and dosage requirements. Data from laboratory tests should then be evaluated
along with site-specific information on water flow through the alluvium and location-specific low pH
conditions within the NRS to determine the potential benefits of implementing an in-situ pilot study.
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1 INTRODUCTION

The Tennessee Valley Authority (TVA) is conducting an environmental investigation at the Gallatin
Fossil Plant (GAF) facility. TVA provided an interim Environmental Assessment Report (EAR) to the
State of Tennessee in April 2017 (TVA, April 2017). The EAR will be utilized to support the
development of an appropriate corrective action plan, if necessary, for GAF. The interim EAR
concluded that, while further study is needed to determine the appropriate groundwater corrective
action at the Non-Registered Site (NRS), the use of a pH adjustment strategy appears to be a
feasible and effective groundwater corrective action technology to mitigate potential maximum
contaminant level (MCL) exceedances in the alluvium at the NRS.

TVA authorized AECOM Technical Services, Inc. (AECOM) to conduct an initial screening to test the
pH adjustment concept using water collected from a NRS compliance monitor well using several
amendments. The tests represent a proof of the treatment concept, under conditions simplified to
assess only groundwater and potential beneficial or detrimental changes in chemistry due to
additives and/or processes (e.g., a “jar” test). Additives and/or processes that indicate potential to
reduce target metal concentrations, and not create adverse groundwater chemical reactions, may
be carried forward for further testing.

AECOM evaluated and selected five amendments with potential to successfully reduce target metals
in GAF NRS groundwater. AECOM contracted REDOX TECH, LLC (REDOX TECH) of Cary, North
Carolina, to perform the screening test. REDOX TECH obtained the selected amendments,
performed the tests in their laboratory using GAF NRS water provided by AECOM, and
subcontracted an analytical laboratory to perform the inorganic analyses selected by AECOM.

This technical memorandum presents the results of the initial screening test and identifies data needs
for further evaluating potential corrective action options for water in the alluvium underlying the NRS.
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2 BACKGROUND

The NRS served as the initial GAF coal ash disposal unit until 1970. Available data indicate that
groundwater does not generally appear to be flowing into the NRS from upgradient areas. There is
little groundwater present in overburden upgradient of the NRS, and it is largely limited to an area
off the southeast corner of the NRS. Although these conditions may change during wet periods or
locally beneath the deeper portions of the NRS, based on the limited extent of overburden
groundwater upgradient from the NRS and the very low permeability of the overburden, potential
seasonal inflow from the groundwater, if any, is likely to be insignificant (TVA, April 2017).

TVA has been conducting post-closure groundwater monitoring at the NRS since about 2000. In
2009, monitoring entered the Assessment phase, due to concentrations of beryllium (Be), cadmium
(Cd), and nickel (Ni) in Well 19R above Tennessee MCLs. There are two primary findings related to
groundwater chemistry in the vicinity of the NRS:

e Groundwater beneath the NRS has been impacted by coal combustion residuals (CCR)
constituents, which have migrated from the NRS into the underlying groundwater in both the
overburden and limestone bedrock.

e In more localized areas, groundwater in overburden has also been affected by low pH and
elevated metals.

Wells 19R and GAF-441U, screened within overburden materials, have acidic groundwater (median
pH of 3.79) compared to the median groundwater pH of 6.27 for the other two overburden wells, and
compared to the NRS ash pore water. The highest sulfate concentrations also occur at these two
wells. Therefore, factors specific to these locations (and not extending to other areas) appear to be
responsible for the low pH, elevated sulfate, and concurrent metals concentrations. One potential
source of both acidity and sulfate is oxidation of pyrite (FeS;) or pyritic minerals, which may be
present in the NRS as a result of lllinois Basin coal use. It is also possible that the runoff in the coal
yard runoff ditch had a low pH in the past due to pyrite weathering from the coal pile (which was lined
to minimize leakage during NRS closure activities). The interim EAR provides additional historical
operational information and data evaluation of potential sources causing acidic conditions.
Attachment A presents recent assessment data from Well 19R.

In general, acidic water more readily dissolves and mobilizes metals than neutral water. Acidic
conditions can increase the mobility of metals, promoting transformation from solid (adsorbed,
precipitated, or co-precipitated) forms to dissolved forms that are transportable by acidic water.
Therefore, pH adjustment is a potentially feasible groundwater corrective action to mitigate MCL
exceedances in the NRS alluvium.
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3 SCREENING TEST OBJECTIVES

The objectives of the screening test were to: (1) demonstrate removal of Be, Cd, and Ni from NRS
water samples, and (2) to provide a decision basis for the development of additional pre-design
studies. The target metals for the tests have exceeded applicable or relevant groundwater protection
standards in groundwater from Monitoring Well 19R (Attachment A). The tested amendments were
selected based on their potential to remove the targeted metals from groundwater by adsorption,
(co)precipitation, or a combination of these processes. The amendments tested are identified in
Table 1, and included:

e Three strong bases that were intended to promote precipitation of (oxy)hydroxides of iron (Fe),
aluminum (Al), and manganese (Mn), which are potentially effective matrices for adsorption of
Be, Cd, and Ni. These reagents were aqueous sodium hydroxide (NaOH), EnviroBlend® (EB),
and AQUAMAG® (AM);

e Zero valent iron (ZVI), a “combination reagent” that moderately raises solution pH (mineral
precipitation/adsorption strategy), weathers to form iron (oxy)hydroxides (adsorption strategy),
and lowers oxidation-reduction potential (ORP) (sulfide precipitation strategy).

o FerroBlack®-H (FB), a “combination reagent” that provides a source of free sulfides while
strongly lowering ORP (Ni/Cd-sulfide precipitation strategy), and has the potential to create a
modest increase in pH to favor Be adsorption.

Information on the providers of these amendments is included in Attachment B. In addition, only
products with an “off-the-shelf” level of availability were tested; products that are currently in
development or that could be customized for application at the Site were not evaluated.

The fraction of target metals that remain in solution (in filtered samples) and suspension (unfiltered)
samples was analyzed at the completion of each test. The quantity and the composition of solid
precipitate after the reaction with the added reagents were also analyzed. These analyses are
intended to facilitate a preliminary interpretation of the processes that are important for the removal
of Be, Cd, and Ni from aqueous solution and elucidate some of the “side effects” associated with the
tested geochemical strategies.
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4 FIELD SAMPLE COLLECTION

Water was collected from NRS Monitoring Well 19R on Tuesday July 11, 2017. Approximately 25
gallons of water were collected and placed in five 5-gallon plastic carboys that previously contained
de-ionized water. No preservation, specific shipping or handling, or chain-of-custody procedures
were required except for keeping the water cool during shipment. The carboys were placed in coolers
and chilled, and shipped to the REDOX TECH laboratory in Cary, North Carolina, for receipt on July
12, 2017. The containerized water was received intact.

The field parameters of temperature, pH, conductivity, dissolved oxygen (DO), ORP, and turbidity
were measured during collection. The final measured water quality parameters for the water
collected from Well 19R are noted below.

Temperature: 16.6 degrees Celsius (C)

e pH: 3.88 Standard Units (SU)

e Conductivity: 2632 MicroSiemens per Centimeter (uS/cm)

e DO: 2.86 milligrams per liter (mg/L)

e ORP: 161.7 milliVolts (mV)

e Turbidity: 115 Nephelometric Turbidity Units (NTU; ranged from 45 to 130 during collection)

These data were provided to REDOX TECH as information prior to test initiation.
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5 ANALYTICAL PLAN

REDOX TECH subcontracted Pace Analytical Laboratories (Pace) for analytical services. Table 2
presents the analytical plan. All parameters identified in Table 2 were analyzed in samples of
unfiltered and filtered water in the control (untreated) sample and in aliquots of filtered and unfiltered
water obtained after reactions with the amendments identified in Tables 1 and 2.

Precipitation was expected as an outcome of many of these tests. Adequate volumes of precipitate
were retrievable following filtration, and a solids sample was obtained and analyzed for the physical
parameters identified on Table 2.
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6 TEST PROCEDURES

As stated in Section 3, the objectives of the tests were to evaluate if the addition of any of the
amendments removed Be, Cd, and Ni from aqueous solution, and to evaluate changes in
groundwater chemistry as they may affect further testing and, potentially, the design of a remedy.
This test was not designed to understand the correct amendment dosing requirements for a specific
amendment and target analyte concentration in groundwater. Test procedures used by REDOX
TECH are in their report included as Attachment B.

Upon receipt of the samples, water in the field containers was homogenized at the REDOX TECH
facility to facilitate setup of the screening tests. The homogenized groundwater was used to set up
one control reactor (i.e., with no amendments) and five batch reactors with the five amendments
identified in Section 3.

Treatment doses of 10 grams per liter (g/L) for AM, EB, FB, and ZVI treatments and 2.6 ml/L (3.3
g/L) for the 25 percent weight (% wt) NaOH aqueous solution were added to Well 19R water in one-
gallon commercial, distilled water containers (jugs). The groundwater and reagents were mixed by
vigorously inverting the one-gallon jugs for approximately 30 seconds twice per day. Reactions were
allowed to occur for at least 48 hours, after which filtered and unfiltered samples were extracted from
the containers and sent to a subcontracted laboratory (Pace) for analysis using Method 6010. Solid
residues in the reaction jugs and sample filters were combined for each treatment and air-dried
before also sending to a subcontracted laboratory for preparation and total elemental analysis using
Methods 3050 and 6010, respectively.
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7 RESULTS AND DISCUSSION

7.1 RESULTS AND DISCUSSION

Appendix C of the REDOX TECH report (Attachment B) includes the laboratory reports of water
and solid samples analyzed for these tests.

Results on Figure 1 show the following observations:

e The evaluated treatments resulted in a variety of 48-hour solution pH values between 3 and 8
SuU

e Most of the reactions occurred within several hours of adding the treatment amendments
e pH was not affected by filtration of the sample

e Atthe tested doses, the NaOH and EB treatments achieved a solution pH greater than 7 SU after
24 hours

The data presentation on Table 3 indicate that successful treatment of Be, Cd, and Ni was achieved
in the NaOH and EB treatments, and partial success of one or more of the target constituents was
achieved with ZVI and FB. Successful treatment was not achieved in the AM treatment or the control.
Be and Cd were treated to or below applicable standards in both filtered and unfiltered samples
collected from EB, FB, NaOH, and ZVI reactors. Ni was treated to below standards in both the filtered
and unfiltered samples collected from the EB, FB, and NaOH amended reactors. Ni concentration
was below the applicable standard in the filtered sample from the ZVI reactor, but not in the unfiltered
sample.

Table 3 is color-coded to show concentration reductions (green, yellow, red) or increases (blue)
relative to the control sample. Parameters are arranged by category, and metals with initial
concentrations of 1 micrograms per liter (ug/L) or more are arranged in order of precipitation or
adsorption that typically occurs with increasing pH (Smith, 1999). The color coding on Table 3
visually indicates that geochemical changes induced by the added reagents varied among
treatments and among constituents.

The data presented on Table 3 are reduced in Table 4 to represent the percentage of concentration
reduction that was achieved by treatment relative to the observed concentration reductions in the
control. The relative magnitude of the starting concentration is also indicated to help gauge the
relative significance of the observed reductions. As shown in Table 4, concentrations of metals in
the samples from NaOH and EB treatments had more than 90 percent reduction of Be, Cd, and Ni
compared to the control sample. Large increases in aqueous concentrations of magnesium (Mg) in
EB treatment and sodium (Na) in NaOH and AM treatments were also observed. Complete or nearly
complete reductions of Fe, Mn, and Al were observed in the strong base treatments using NaOH
and EB.
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A mass balance was performed by comparing the mass removed from aqueous samples (initial
concentrations minus final concentrations) to the total elemental analysis data obtained on solid-
phase precipitates from each treatment. Details of the mass balance are included as Table 5, and
are summarized by the graphs included on Figure 2 and Figure 3. As shown on Figure 2, the NaOH
and EB treatments were effective at removing significant mass of Be, Cd, and Ni from the aqueous
(filtered) and suspended (unfiltered) phases of the reacted samples.

7.2 DISCUSSION

The manipulation of solution pH was the common strategy among the tested treatments, and the
pH-related results shown on Figure 1 indicate that the magnitude of the 48-hour solution pH was:
NaOH (8.5 SU) > EB (7.3 SU) > FB (5.8 SU) > zVI (4.8 SU) > AM (3.5 SU) > control (3.1 SU).
Increases in pH in the strong base treatments NaOH and EB were consistent with the anticipated
chemistries, while the pH after 48 hours for the AM treatment was much lower than expected, and
may have been a result of low dosing or slow dissolution of the strong-based components. Increasing
pH had a beneficial effect on metals removal, particularly at pH values above neutral (pH 7 SU),
which was readily achieved in the NaOH and EB treatments. The unfiltered control sample contained
363 mg/L of Fe, 61.7 mg/L of Al, and 27.3 mg/L of Mn, almost all of which were removed from solution
by the addition of strong base. These three metals precipitate and form adsorptive surfaces as pH
increases to approximately 3.5 SU, 5.5 SU, and 8.5 SU, respectively. Lead (Pb) also readily adsorbs
to iron oxyhydroxide at about pH 3.5 SU, while Be adsorbs to mineral surfaces at pH 6 SU, and Cd
and Ni adsorb at pH of about 6.5 SU. Since nearly complete removal of Fe and Al from the aqueous
phase was achieved in the higher pH treatments (as shown on Table 4), and was coupled with large
increases in Fe and Al in the solid precipitates of these treatments (as shown on Table 5), it is likely
that precipitates of these metals provided substrates for adsorption or co-precipitation of other
metals. Mn precipitation may have been initiated and also served as a substrate for adsorption.

The manipulation of solution ORP and solution pH was a strategy used in the ZVI and FB treatments.
As shown on Figure 2, significant reductions in Be, Cd, and Ni mass in the filtered and unfiltered
samples was achieved. Reductive conditions promote precipitation of sulfide minerals; the target
metals and lead are known to form sulfide minerals under appropriate redox (oxidation-reduction)
and pH conditions. Reductive treatment is indicated by increased sulfide for FB batch tests and ZVI1.
Non-detected sulfide for ZVIF2 may indicate that all sulfide was consumed by reactions, or was
oxidized during filtration to obtain the sample for analysis. The filtered sample from FB treatment
(FBF2) removed the targeted metals, probably due to their removal during filtration, and did not add
other metals. This beneficial effect was achieved at a relatively low pH of 4.3 and apparently reducing
conditions. In comparison with the unfiltered FB sample, the filtered sample filtration apparently
removed much of the Fe from FBF2; the FBS (FerroBlack-Solids) precipitate consisted of 1.7
percent Fe, second in Fe content to ZVI precipitate (4.3 percent).

In addition to removal of target metals, the mobilization of non-target metals is an important “side

effect” that should be considered in future testing and remedy selection. Metals addition in one form
or another related to each reagent is expected, such as Fe for ZVI and FB and phosphorous (P)

7-2
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addition for AM. However, AM treatment also resulted in increased concentrations of molybdenum
(Mo) and vanadium (V), which were not detected in Well 19R samples. Increase of V was also
observed in filtered and unfiltered samples of FB and unfiltered sample of ZVI. Unfiltered water from
FB and ZVI treatment had increased chromium (Cr) and V; FB1 (unfiltered) water also had increased
Mn, Mo, and zinc (Zn). None of the increases of mobilized metals in the filtered or unfiltered samples
resulted in concentrations that exceeded the relevant regulatory standard.

Other important “side effects” that should be considered in future testing and remedy selection
include the amount of solids that are added or that precipitate as a result of the reagent treatments.
The total mass of solids (undissolved reagent plus formed precipitate) recovered from each test was
ZV1(34.4 g) > EB (29.4 g) > NaOH (10.4 g) > FB (5.8 g) > AM (3.4 g). This is important to consider
since solid placement and mineral precipitation may affect (reduce) hydraulic conductivity within the
aquifer and negatively impact treatment performance of an emplaced reagent.
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8 SUMMARY AND RECOMMENDATIONS

In summary, three pH-based amendments (AM, EM, and NaOH) and two combination pH-ORP
based amendments (FB and ZVI) were tested to evaluate their effectiveness in removing target
metals in the site groundwater sample. The results indicate that EB, NaOH, and FB were able to
reduce target metals to below applicable standards (both filtered and unfiltered samples). ZVI
performed well in reducing Be and Cd in both filtered and unfiltered samples, and Ni in the filtered
sample, but did not reduce Ni to below standard in the unfiltered sample. It is not clear if the dosage
was sufficient for AM and ZVI, and if a different dosage may have resulted in better performance.
ZV1 and EB generated the highest amount of solids followed by NaOH, FB, and AM.

The screening study met the treatment objectives of proving that pH adjustment can change the
dissolved state of target metals. However, treatments that provide successful short-term results in
jar tests may only have a temporary effect in-situ, where slow-release formulations that can deliver
amendment gradually would potentially have a more sustained positive effect. Additionally, acids
could leach back in from the soil matrix.

For these reasons, a jar test that includes NRS alluvium soil as well as groundwater, and the two to
three most promising amendments selected from the screening study, are recommended to continue
assessing the performance, dosage requirements, and stability of precipitates if acidic groundwater
re-enters the area. Data from laboratory tests should then be evaluated along with site-specific
information on water flow through the alluvium and location-specific low pH conditions within the
NRS. These additional evaluations would support the decision to implement a pilot study to evaluate
in-situ feasibility (implementability, short and long-term performance).
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Table 1

Amendments Tested

pH Bench Study

TVA Gallatin Fossil Plant, Gallatin, Tennessee

Targeted Process |Product Category

|Trade Name/Company Name

|Chemical Composition

|Basis of Selection

pH Control Caustic Slurry Enviroblend® Variable - Metals (e.g., Fe, Mn, Al) hydroxide precipitation with pH
"AQ" - Mg(OH), with impurities (Brucite ore) change, Cd and Ni adsorb to iron hydroxides/(oxy)hydroxides
"CS" - MgO, CaO and sesquioxides
pH Control Caustic Solution Not Applicable NaOH 5 Metal (e.g., Fe) hydroxide precipitation with pH change, Cd
and Ni adsorb to iron hydroxides/(oxy)hydroxides
pH Control Caustic Solution AquaMag Mg(OH),, PO, Metals hydroxide precipitation with pH change
Redox Control Chemical Reductant FerroBlack® Iron sulfide compound

Sulfate reduction, Cd and Ni reduction and precipitation as
metal sulfides.

Redox Control

Chemical Reductant

Zero-valent iron - varies

Fe(0)

Sulfate reduction, Cd and Ni reduction and precipitation as
metal sulfides or co-precipitation and/or adsorption onto iron
corrosion products.

AECOM




Table 2
Analytical Plan
pH Bench Study

TVA Gallatin Fossil Plant, Gallatin, Tennessee

Sample Identification

Target Compliance Metals

Analytical Method

Unfiltered | Filtered *| Unfiltered

Untreated/Control? Sodium Hydroxide (NaOH)

Solid
Precipitate

Aqueous -| Aqueous -
Filtered

AquaMag

Aqueous -| Aqueous -
Unfiltered | Filtered

Process Sample Source!

Zero Valent Iron (ZVI) Ferro Black EnviroBlend

Solid
Precipitate | Unfiltered

Aqueous -| Aqueous -
Filtered

Solid
Precipitate | Unfiltered

Agueous -| Aqueous -
Filtered

Solid

Precipitate | Unfiltered

CONT 1 [CONTF2| NaOH1 | NaOH F2 [NAOHS 10.41(3 AMF2 |[AMS3.40G| 2zvi1 ZVIF2 | zv134.37G FBF2 | FBS5.79G EBF2 | EB 29.38G

Solid
Precipitate

Aqueous -| Aqueous -
Filtered

Oxidation Reduction Potential

Field/Lab Instrument Measured

Specific Conductivity

Field/Lab Instrument Measured

Total Volatile Solids

EPA 160.4

X

X

X

X

X

X
Alkalinity, Total as CaCO3 SM 2320B X X X
Alkalinity,Bicarbonate (CaCO3) |SM 2320B X X X
Alkalinity, Carbonate (CaCO3) SM 2320B X X X
Calcium SW846 6020B/Prep 3010A X X X
Iron (Dissolved) SW846 6020B/Prep 3010A X X X
Magnesium SW846 6020B/Prep 3010A X X X
Sodium SW846 6020B/Prep 3010A X X X
Sulfide SM4500 S2D X X X
Phosphorus EPA 365.1 X X X
Potassium SW846 6020B/Prep 3010A X X X
Total Solids SM 2540B X X X
X X X

Notes:
1. All samples to be filtered in the laboratory

2. To be collected in laboratory upon shipment receipt and filtration

AECOM
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Beryllium SW846 6020B/Prep 3010A X X X X X X X X X X X X X X X X X
Cadmium SW846 6020B/Prep 3010A X X X X X X X X X X X X X X X X X
Nickel SW846 6020B/Prep 3010A X X X X X X X X X X X X X X X X X
Metals of Interest
Antimony SW846 6020B/Prep 3010A X X X X X X X X X X X X X X X X X
Arsenic SW846 6020B/Prep 3010A X X X X X X X X X X X X X X X X X
Barium SW846 6020B/Prep 3010A X X X X X X X X X X X X X X X X X
Chromium SW846 6020B/Prep 3010A X X X X X X X X X X X X X X X X X
Cobalt SW846 6020B/Prep 3010A X X X X X X X X X X X X X X X X X
Copper SW846 6020B/Prep 3010A X X X X X X X X X X X X X X X X X
Fluoride SW9056A X X X X X X X X X X X X
Lead SW846 6020B/Prep 3010A X X X X X X X X X X X X
Lithium SW846 6020B/Prep 3010A X X X X X X X X X X X X
Molybdenum SW846 6020B/Prep 3010A X X X X X X X X X X X X X X X X X
Selenium SW846 6020B/Prep 3010A X X X X X X X X X X X X X X X X X
Silver SW846 6020B/Prep 3010A X X X X X X X X X X X X X X X X X
Thallium SW846 6020B/Prep 3010A X X X X X X X X X X X X X X X X X
Vanadium SW846 6020B/Prep 3010A X X X X X X X X X X X X X X X X X
Secondary Compliance
Aluminum SW846 6020B/Prep 3010A X X X X X X X X X X X X
Chloride SW9056A X X X X X X X X X X X X
Iron (total) SW846 6020B/Prep 3010A X X X X X X X X X X X X
Manganese SW846 6020B/Prep 3010A X X X X X X X X X X X X
pH SM4500-H+B X X X X X X X X X X X X
Sulfate EPA 300.0 X X X X X X X X X X X X
TDS SM 2540C X X X X X X X X X X X X
Zinc SW846 6020B/Prep 3010A X X X X X X X X X X X X
Physical/lnorganic
pH Field/Lab Instrument Measured
Dissolved Oxygen Field/Lab Instrument Measured
Temperature Field/Lab Instrument Measured
Turbidity Field/Lab Instrument Measured

H H

NXUAX XXX XX X|X|X]|>X]|X

H H

KX XXX XX XXX ||




Table 3

Treatment Results

pH Bench Study

TVA Gallatin Fossil Plant, Gallatin, Tennessee

TN Solid Waste| NPDWR
CCR GWPS | Management MCL ContF2 AMF2 ZVIF2 FBF2 NaOHF2 EBF2

Parameter units (ug/L) GWPS (ug/L) (ug/L) (filtered) AM1 (filtered) (filtered) (filtered) ZVI1 FB1 (filtered) (filtered)
pH S.u. NA NA 6.5-8.5 3.0 3.0 3.1 . . [ 43 | 55 | 60 | . .
sulfide mg/L NA NA NA <0.10 <0.10 <0.10 <0.10
sulfate mg/L NA NA 250 2230 2400 2200 2070
Iron ug/L NA NA 300 363,000 343,000 328,000 311,000
Dissolved Iron ug/L NA NA NA 370,000 347,000 233,000 231,000
Lead ug/L 15 15 15 29.2 28 11.2 35
Copper ug/L NA NA 1300 70.6 66.6 84.4 58.1
Aluminum ug/L NA NA 50 -200 61,700 59,900 39,900 34,800
Zinc ug/L NA NA 5000 1,180 1,130 1,310 1,160
Beryllium ug/L 4 4 4 11.8 11.5 9.4 9.1 3
Nickel ug/L NA 100 NA 172 171 164 164 116
Cobalt ug/L Background NA NA 321 312 295 295
Cadmium ug/L 5 5 5 6.6 6.4 5.7 5.9
Manganese ug/L NA NA 50 27,300 27,600 25,500 22,700
Antimony ug/L 6 6 6 <1.0 <1.0 1.0J <1.0
Silver ug/L NA 100 NA <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80
Thallium ug/L 2 2 2 1.1 0.96J 0.50J 0.45J <0.20 <0.20 <0.20 0.27J 0.74J 0.72J 0.75J 0.87J
Arsenic ug/L 10 10 10 2.3 2.1 3.4 3 0.779 <0.50 1.3 1.8 <0.50 <0.50 <0.50 <0.50
Chromium ug/L 100 100 100 <1.0 <1.0 2.1J 2.2J <1.0 1.3 <1.0 1.2J 1.2J <1.0
Molybdenum ug/L Background NA NA <1.1 <1.1 <1.1 <1.1 <1.1 <1.1 <1.1 <1.1 <1.1
Selenium ug/L 50 50 50 26.5 25.9 21.1 19 10.2 13.8 12.8
Vanadium ug/L NA NA NA <0.70 <0.70 <0.70 3.5J <0.70 <0.70 <0.70 <0.70
§arium ug/L 2000 2000 2000 19 18.9 6.7 4.2 20.? 5-7.2 17.2 22.1 12.2 9.9 20.8 23.1
Calcium ug/L NA NA NA 499,000 491,000 454,000 448,000 496,000 480,000 540,000 464,000 486,000 475,000 493,000
Lithium ug/L Background NA NA 117 113 113 113 107 108 61.2 109 99 117 118
Magnesium ug/L NA NA NA 28,200 27,900
Potassium ug/L NA NA NA 15,700 15,100
Sodium ug/L NA NA NA 10,400 10,400
alkalinity bicarb mg/L NA NA NA <1.0 <1.0
alkalinity carb mg/L NA NA NA <1.0 <1.0
alkalinity total mg/L NA NA NA <1.0 <1.0
phosphorous mg/L NA NA NA .032J .031J
chloride mg/L NA NA 250 2.9 2.9
fluoride mg/L 4 4 4 0.4 0.37
Total Sonds mgIL NA NA NA 3,760 3,020
Total Volatile Solids mg/L NA NA NA 700 630
Total Dissolved Solids mg/L NA NA 500 3,390 3,200

Notes:
bold parameters exceeded GWPS in control samples.
Concentration decrease:

Concentration increase:

GWPS - Groundwater Protection Standard
MCL - Maximum Contamination Level
mg/L - milligram per liter

NA - Not Applicable/No MCL established
NPDWR - National Primary Drinking Water
Regulations

-- not analized
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Table 4

Percent Mass Removed by Treatment

pH Bench Study

TVA Gallatin Fossil Plant, Gallatin, Tennessee

Starting Mass Order of

Magnitude Ferro Black Enviroblend AquaMag

Aluminum 100 99.9% 99.9% 99.9% 99.3% 42.8%
Arsenic 0.001 77.2% 77.2% 77.2% 65.2% -36.4%
Barium 0.01 -201.8% 47.8% -9.8% -9.2% 77.8%
Beryllium 0.01 98.1% 98.2% 98.2% 91.4% 21.9%
Cadmium 0.01 90.7% 90.7% 90.7% 73.8% 9.2%
Calcium 1000 98.9% 1.8% 4.0% -0.2% 9.5%
Cobalt 1 99.9% 98.0% 98.6% 36.8% 6.8%
Copper 0.1 98.3% 98.3% 98.3% 98.3% 15.3%
Iron 1000 100.0% 100.0% 99.6% -64.0% 34.6%
Iron, Dissolved 1000 -7.9% 99.8% 100.0% -73.5% 13.2%
Lead 0.1 97.2% 97.2% 97.2% 97.2% 87.8%
Magnesium 100 86.5% 17.3% -869.7% -0.5% 6.2%
Manganese 100 100.0% 69.1% 68.8% -3.1% 17.3%
Nickel 0.1 97.4% 97.4% 97.4% 62.0% 4.4%
Potassium 10 82.9% 1.9% 3.2% -9.7% 7.8%
Sodium 10 27.5% -5400.0% -8.7% -21.2% -9063.5%
Zinc 1 97.9% 97.9% 97.9% 35.5% -0.4%
Notes:

The order of magnitude is presented to give a frame of reference for the magnitude of a percentage change.
Changes shown are for filtered (dissolved) phases of treated samples rather than unfiltered (suspended) phases of treated samples, and are relative to the Control.
Negative percentages indicate that a greater concentration of the parameter was present in the post-treatment aqueous sample than pre-treatment aqueous sample.
Orange highlights indicate significantly negative percentages (any exceptions are noted below).
Italics indicate the parameter was not detectable in the post-treatment aqueous sample, The value provided was calculated using the detection limit, therefore the values should be considered a minimum percent
removed.
While barium had a -200% change for Ferro Black, the unfiltered sample was very close to the starting value, and so the increase in the filtered value is likely just variation considering the small amount of mass
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Table 5

Percent of Mass Removed Present in Precipitate

pH Bench Study

TVA Gallatin Fossil Plant, Gallatin, Tennessee

Starting Mass Order of

Magnitude Ferro Black Enviroblend AquaMag

Aluminum 125.9% 47.6% 70.8% 19.1% 61.1%
Arsenic 0.001 801.7% 1247.0% 2422.5% 6268.8% -976.8%
Barium 0.01 -13.196% 82.0% -671.3% -67.4% 82.2%
Beryllium 0.01 33.5% 45.7% 48.2% 2.3% 66.9%
Cadmium 0.01 17.4% 25.7% 38.2% 5.1% 67.4%
Calcium 1000 0.5% 51.3% 551.1% -105.3% 58.5%
Cobalt 1 47.6% 54.7% 51.2% 1550.9% 41.4%
Copper 0.1 478.8% 37.9% 2.5% 1535.5% 47.9%
Iron 1000 75.0% 54.5% 92.3% -1743.6% 60.6%
Iron, Dissolved 1000 -928.5% 53.7% 90.5% -1495.5% 155.6%
Lead 0.1 99.0% 99.9% 159.1% 711.8% 100.9%
Magnesium 100 1.2% 30.3% -964.0% -0.8% 44.0%
Manganese 100 2.8% 45.5% 82.2% -40.0% 52.6%
Nickel 0.1 92.5% 54.8% 56.2% 2989.5% 76.6%
Potassium 10 80.0% 5032.6% 669.0% -161.0% 340.6%
Sodium 10 178.1% -1.3% -186.3% -54.9% -0.7%
Zinc 1 430.1% 70.0% 83.0% 2.4% -1789.2%
Notes:

Percentages greater than 100% indicate that there was more mass of a given parameter present in the precipitate than removed from the starting sample
Significantly higher percentages are highlighted blue. (any exceptions are noted below)

Higher negative percentages indicate that there is additional constituent present in the precipitate in addition to what appeared in the post-treatment
aquesous sample, significantly more negative values are highlighted orange (any exceptions are noted below)

|Italics indicate that the parameter was not detectable in the post-treatment aqueous sample, The value presented was calculated with the detection limit, therefore the values should be considered a maxium percent accumulation

Underlines indicate that the parameter was not detectable in the precipitate, so these values could be as low as 0%

High percentages based on the detection limit in the precipitate were not considered, as these could be as low as 0%

An increase in arsenic was shown in all post treatment samples. However, considering the low concentration of arsenic in the dissolved phase
the percentages are likely inflated due to the difference in testing methods and not an actual accumulation of arsenic.

The increase of zinc using AquaMag was less than 1 percent, so the precipitate ratio is biased and therefore not highlighted

The accumulation of barium using Enviroblend is exaggerated based on the small volume of mass present, and was therefore was not highlighted

AECOM
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Attachment A
Well 19R Recent Data and MCL Comparison

TN Solid
February February March April April VY June June
Parameter 2.017 .2017 2.017 M?Friclztr:erzg)l? 2.017 .2017 szfiltefgj7 .2017 2.017 .2017
GWPS? Unfiltered (Filtered) Unfiltered (mg/L) Unfiltered (Filtered) (mg/L) (Filtered) | Unfiltered (Filtered)
(ma/L) (mg/L) (mg/L) (mg/L) (mglL) (mgl/L) (mg/L) (mgl/L) (mg/L)
Antimony 0.006 0.006 0.006 <0.00131 | <0.000549 | <0.000631 [ <0.000539| <0.00443 <0.00443 | <0.000443|<0.000443| <0.00178 | <0.00105
Arsenic 0.01 0.01 0.010 0.00330 0.00279 0.00221 0.00203 <0.00220 0.00244 0.0005 0.000434 0.0013 0.00105
Barium 2.0 2.0 2 0.0125 0.00974 <0.0113 0.0106 <0.0140 0.0185 0.0118 0.0114 0.0126 0.0123
Beryllium 0.004 0.004 0.004 0.0102 0.00979 | 0.00838 | 0.00889 0.0113 0.0121 0.0116 0.0118 0.0116 0.0112
Cadmium 0.005 0.005 0.005 0.00476 0.00519 | 0.00703 | 0.00703 0.00654 0.00607 0.00827 | 0.00735 | 0.00656 | 0.00737
Chromium 0.1b 0.1° 0.1° 0.000882 | 0.000577 | 0.000791 | 0.000568 <0.00378 <0.00378 |<0.000378 | 0.000389 | 0.000621 | 0.000603
Cobalt Background NA NA 0.232 0.260 0.372 0.379 0.337 0.305 0.281 0.268 0.308 0.365
Copper NA NA 1.3 0.00966 0.0100 0.0144 0.0136 0.0147 0.0140 <0.0095 0.00908 0.0152 0.0193
Fluoride 4.0 4.0 4.0 0.199 --- 0.244 --- 0.274 --- 0.227 --- 0.289 ---
Lead 0.015 0.015 0.015 0.00167 0.00151 0.00205 0.00188 <0.00318 <0.00318 0.00174 0.00167 0.00167 0.00812
Lithium Background NA NA 0.110 0.104 0.0826 0.0867 <0.113 0.122 0.0952 0.0977 0.105 0.0996
Mercury 0.002 0.002 0.002 <0.0000521|<0.0000521| <0.000653 [<0.0000653| <0.0000653 | <0.0000653 [<0.0000653|<0.0000653<0.0000653(<0.0000653
Molybdenum Background NA NA 0.00134 | <0.000593 | <0.000593 | <0.000593| <0.00593 <0.00593 | <0.000593 | <0.000593| 0.00116 | <0.000593
Nickel NA 0.1 NA 0.135 0.144 0.189 0.194 0.178 0.165 0.128 0.125 0.162 0.182
Selenium 0.05 0.05 0.05 0.0188 0.0202 0.0175 0.0179 0.0219 0.0135 0.00293 0.00232 0.00573 0.00724
Silver NA 0.1 NA <0.000200 | <0.000200 | <0.000200 | <0.000200| <0.00200 <0.00200 <0.0002 <0.0002 <0.0002 <0.0002
Thallium 0.002 0.002 0.002 0.000920 | 0.000873 | 0.000950 0.00103 <0.000531 | <0.000531 | 0.000978 0.00094 0.00115 0.00107
Vanadium NA NA NA 0.0166 0.0145 0.0146 0.0146 <0.0162 0.0150 0.00989 0.0107 0.0138 0.0123
Zinc NA NA NA 0.452 0.443 0.569 0.552 0.562 0.557 0.304 0.32 0.523 0.617
Radium 226+228 5 pCi/L NA 5 pCi/L 2.00 2.02 2.07 2.35 2.21 2.37 Not Reported 2.11 Not Reported | Not Reported
Secondary Standards
Aluminum NA NA 0.05 -0.2 54.20 50.8 49.1 48.2 56.8 55.8 62.3 63.2 57.3 57
Chloride NA NA 250 2.58 --- 2.23 --- 3.02 --- 2.43 - 3.21 ---
Iron NA NA 0.3 417 384 390 388 395 402 279 304 396 367
Manganese NA NA 0.05 18.90 20.8 32.6 33.1 27.3 24.6 37.8 34.4 26.7 35.4
pH NA NA 6.5-8.5 3.81 3.75 --- 3.72 --- 3.68 --- 3.47 ---
Sulfate NA NA 250 2190 2180 --- 2480 --- 2250 --- 2880 ---
TDS NA NA 500 3500 3730 --- 3630 --- 3670 --- 3720 ---
Zinc NA NA 5 0.452 0.443 0.569 0.552 0.562 0.557 0.304 0.32 0.523 0.617

Notes:
1

2
3
a

® - MCL for total chromium

- MCL for hexavalent chromium

- MCLs from Nation Primary Drinking Water Regulations

- MCLs from CCR Regulations - Appendix | of Part 257 - Maximum Contaminant Levels

- MCLs from Rules of Tennessee Department of Environmental and Conservation Solid Waste Management

Background - No MCL established, background concentration to be defined and used as groundwater protection standard

CCR - Coal Combustion Residuals

GWPS - Groundwater Protection Standard

MCL - Maximum Contamination Level

mg/L - milligram per liter

NA - Not Applicable/No MCL established

NPDWR - National Primary Drinking Water Reg

< - less than the indicated laboratory reporting limit

pCi/L - picocuries per liter

Dashes (---) - not result collected
Bold - exceedance of MCL or GWPS

Red shading - MCL or GWPS that is being exceeded

Not reported - Radium results from the April 2017 sampling event have not yet been reported




Attachment A
Well 19R Recent Data

Units|18 Nov 2016|12 Dec 2016|13 Jan 2017|114 Feb 2017|15 Mar 2017 |20 Apr 2017 |17-May-17| 13-Jun-17

Nitrogen, Kjeldahl, Total MG/L 0.769 0.881 1.01 0.986 < 0.873 1.04 1.01 0.745
Nitrate-nitrite nitrogen MG/L < 0.0316 < 0.186 < 0.0316 < 0.0316 0.165 < 0.0316 < 0.0316 < 0.0316
Phosphorus MG/L < 0.0500 0.0510 < 0.0500 0.126 < 0.0500 0.0740 <0.05 <0.0677
Dissolved Oxygen MG/L 0.11 0.38 0.3 0.55 0.36 0.28 0.78 0.29
ORP MV 257.2 245.4 252.4 -16.5 260.8 258.1 266.8 265.7
pH, Field pH SU 3.58 3.76 3.51 3.81 3.75 3.72 3.68 3.47
Temperature deg c 17.28 15.67 15.51 15.21 15.3 16.8 17.4 17.5
Turbidity, field NTU 15.1 14.9 13.4 11.2 13.8 10.2 12.8 15.2
Alkalinity, Total as CaCO3 MG/L < 5.00 < 5.00 < 5.00 < 5.00 < 5.00 < 5.00 < 5.00 < 5.00
Alkalinity,Bicarbonate (CaCO3) |[MG/L < 5.00 < 5.00 < 5.00 < 5.00 < 5.00 < 5.00 < 5.00 < 5.00
Alkalinity, Carbonate (CaCO3) |MG/L < 5.00 < 5.00 < 5.00 < 5.00 < 5.00 < 5.00 < 5.00 < 5.00
Total Dissolved Solids MG/L 3760 3760 3800 3500 3730 3630 3670 3720
Total Suspended Solids MG/L 11.7 11.4 6.80 7.80 6.00 6.00 7.6 8.5
Total Organic Carbon MG/L < 0.604 < 0.495 < 0.967 0.896 < 0.673 < 0.508 0.566 <0.508
Sulfate MG/L 2210 2180 2390 2190 2180 2480 2250 2880
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REDOX TECH, LLC

"Providing Innovative In Situ Soil and Groundwater Treatment"

August 11, 2017

Via emalil

Barbara Oslund

AECOM

1600 Perimeter Park Drive
Suite 400

Morrisville, NC 27560

PH: (919) 461-1470
Barbara.oslund@aecom.com

RE: Bench Scale Testing Coal Ash Groundwater Samples Letter Report

Dear Ms. Oslund,

The following report presents the findings and recommendations from the Bench
Screening Tests that were conducted on groundwater samples associated with coal ash
delivered to our office in Cary, NC on July 12, 2017.

EXECUTIVE SUMMARY

On July 12, 2017 Redox Tech received groundwater samples collected by AECOM from
an acidic groundwater source, presumably impacted by coal ash. The principal analytes of
concern were beryllium (Be), cadmium (Cd), and nickel (Ni) although a much larger suite
of chemicals were tested. The samples were homogenized and treated in batch studies with
5 different amendments over a period of approximately 2 days. The treated samples and
controls were sent to Pace Analytical for analyses based on the requirements provided by
AECOM. Filtered and unfiltered groundwater, and solid precipitates (as appropriate) were
analyzed. The goal of this project was to determine if the application of any of the
amendments caused a change in the groundwater chemistry. This test was not designed to
quantify the amendment dosing requirements for a specific analyte or resulting
concentration target in groundwater.

The five amendments used in the treatability/screening test were AQUAMAG® (Carus
Corp.); EnviroBlend® (Premier Magnesia, LLC.); FerroBlack® (RedoxSolutions also called
Redox Technology Group, LLC was formed several years after and should not be confused
with Redox Tech, LLC); zero valent iron (Redox Tech, LLC); and sodium hydroxide (25
wit% solution received from Brenntag Southeast, Inc.). The statement of work for this
project required testing both filtered and unfiltered samples so two 1-gallon reactor vessels
were needed for each amendment. A control consisting of groundwater with no
amendments added was also dispensed into two separate treatment reactor vessels.

200 QUADE DRIVE, CARY, NORTH CAROLINA TEL 919.678.0140 FAX 919.678.0150
WWW.REDOX-TECH.COM E-MAIL: ROSSABI@REDOX-TECH.COM
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Results from these tests indicate that all of the tested amendments produced some
measureable effect on the contaminants of concern. At the specific dosing for this
screening test, three of the amendments were able to reduce concentrations of the targeted
constituents (Be, Cd, and Ni) more than the others. However, an optimized dosing scheme
for each of the amendments may potentially enable each of the amendments to
satisfactorily reduce the target constituents. Depending on additional considerations (e.g.,
cost, amount of precipitate produced, ease of use, etc.), a particular amendment may
emerge as a better choice for application in the field than the others. We recommend more
focused treatability testing to achieve the specific goals for the site.

SAMPLE COLLECTION

On July 12, 2017, groundwater samples were received by Redox Tech, LLC in Cary, NC.
These samples were collected by AECOM personnel and shipped overnight to Redox
Tech. The samples consisted of five 5-gallon plastic containers (total of approximately 25
gallons of groundwater) that were previously used to hold distilled water. The containers
were kept in coolers until testing began on July 18, 2017. The groundwater as received in
each of the containers had slightly different colors (Fig. 1) so the samples were
homogenized in a clean (pressure-washed) 30-gallon plastic container and re-circulated
using a pump. The homogenized groundwater was then dispensed to fourteen clean, 1-
gallon plastic containers (formerly containing distilled water) for treatability/screening
testing. Five amendments were tested: AQUAMAG®; EnviroBlend®; FerroBlack®, Sodium
hydroxide (NaOH); and Zero Valent Iron (zvi).

Figure 1. Groundwater as received.

AMENDMENT DESCRIPTION

AQUAMAG is a blended phosphate product designed to prohibit corrosion of metals (see
attached data sheet, http://www.caruscorporation.com/page/water/products/aguamag ).
EnviroBlend is a custom-made magnesium based slurry designed to regulate pH and
precipitate metals (https://www.enviroblend.com) . FerroBlack is a custom-made sulfide
based amendment designed for treatment of heavy metal impacted groundwater
(http://www.redoxsolutions.com/Home_Page.html) . The zero valent iron used in these
experiments for pH adjustment, co-precipitation and sorption is produced under hydrogen

Redox Tech, LLC 2
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reducing conditions and ranges in size from approximately 40 to 180 micometers
(https://www.redox-tech.com/zvi/) . The sodium hydroxide solution used in these
experiments is technical grade caustic soda at a concentration of 25 wt% in water (density
= 1.27 g/mL) and is used to raise the pH of the acidic groundwater. All of the amendments
except for sodium hydroxide were dosed in groundwater at approximately 10 g amendment
per liter of groundwater. The 25 wt% sodium hydroxide solution was added at
approximately 3.3 g amendment per liter of groundwater.

TEST PROCEDURES

Batch Reactor Preparation

Each 1-gallon reactor vessel received groundwater from the 30-gallon tank containing the
homogenized groundwater. Two 1-gallon reactor vessels were required for each
amendment as well as the control due to the requirement of a filtered and unfiltered
sample, and the analytical requirements for mass and volume of sample. To complete the
required analyses, each sample was split into 7 sample containers (Table 1).

Table 1. Analytical requirements per sample

Analytical Requirements

Method Size | No. of | Analysis

(mL) | Bottles
160.4, 2320B, | 1000 |2 Alkalinity, TDS, TS
2540C, 4500H+B
300.0, 9056 250 |1 Chloride, fluoride
6020 250 |1 Total Metals
160.4 125 |1 ignitability
4500S2D 125 |1 sulfide
365.1 125 |1 Total Phosphorous

Treatability Testing

A total of twelve 1-gallon reactors were used to conduct the bench treatability/screening
test. The treatability/screening test was performed with site groundwater samples dosed
according to Table 2. The samples were mixed by vigorously inverting the reactor vessel
for approximately 30 seconds, twice per day. It is likely that a significant portion of the
reactions for each amendment occurred in the first few hours but we let the reactions
proceed for at least 48 hours to allow contact by both advection and diffusion. The samples
were then transferred to the appropriate analytical bottles and delivered to Pace Analytical
in Raleigh, NC. All samples with an F suffix (e.g., CONTF2) indicate that the sample was
filtered before being transferred to the analytical bottles. Filtering was performed using a
vacuum filtration system and 0.45 micron filter. Depending on the apparent particle size
and amount of precipitate and other suspended solids in the reactor vessel, filtering took up
to 3 hours.

Redox Tech, LLC 3
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All filtered solids were collected in 4-0z amber glass jars and delivered to Pace Analytical
for analysis if appropriate. The mass of solids collected varied from 3.4 g from the
AQUAMAG treatment vessel to 34.4 g from the ZVI treatment vessel and are listed in
Table 3. The solids were collected from the filters after being allowed to dry in a fume

hood for up to 5 days.

Table 2. List of treatments and doses

Amendment | pH (pre- | Dose(g) |pH (post- | pH1Day | pH 2 Day | Reactor

dose) dose) Time
(hrs)

Control 3.75 0 341 3.14 66

(CONT1)

AQUAMAG | 3.8 40.9 3.85 3.65 3.55 67

(AM1)

AQUAMAG | 3.85 38.9 3.85 3.64 3.52 70

(AMF2)

EnviroBlend | 3.75 39.8 5.8 7 7.23 67

(EB1)

EnviroBlend | 3.74 39.8 6 7.2 7.37 70

(EBF2)

FerroBlack | 3.75 38.6 5.2 5.69 5.81 67

(FB1)

FerroBlack | 3.75 38.9 4.9 5.4 5.76 138

(FBF2)

Zvi (ZVI1) | 3.73 38.0 4.17 4.6 4.84 67

Zvi (ZVIF2) | 3.74 38.5 3.88 4.64 4.88 143

NaOH 3.58 12.7 8.5 8.37 7.85 67

(NaOH1)

NaOH 3.58 12.7 8.34 8.25 7.68 140

(NaOHF2)

Control 3.63 0 341 3.15 69

(CONTF2)

Table 3. Solids collected from filters

Treatment Mass Collected ()
FerroBlack (FBS) 5.8

NaOH (NaOHS) 10.4

Enviro Blend (EBS) 29.4

ZVI (ZV1S) 34.4

AQUAMAG (AMS) 3.4

Redox Tech, LLC
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TEST RESULTS

Treatability testing indicates that all of the amendments were successful in reducing
concentrations of some of the analytes, particularly after the treated groundwater was
filtered. The greatest reduction in concentrations of analytes was achieved by treatment
with Enviroblend (both filtered and unfiltered), FerroBlack (filtered), and simple sodium
hydroxide addition (both filtered and unfiltered). These treatment regimes reduced the
concentrations of the following analytes by more than an order of magnitude: Aluminum,
Arsenic, Beryllium, Cadmium, Cobalt, Copper, Iron, Lead, Nickel, Selenium, and Zinc. In
addition, the FerroBlack filtered treatment removed lithium and manganese. The filtered
zvi treatment was effective at significantly reducing concentrations of Aluminum,
Beryllium, Cadmium, Copper, Lead, Nickel, and Selenium. The AquaMag treatment
showed some reduction in several of the analytes (Aluminum, Barium, Beryllium, Iron,
Manganese, Nickel, and Selenium) but may have been underdosed for treating this
groundwater. Several of the treatments resulted in increases in concentration of some of the
analytes for example, the magnesium-based EnviroBlend resulted in an order of magnitude
increase in magnesium, while the FerroBlack and zvi treatments resulted in increases of
dissolved iron concentrations. In addition, increases in sodium concentration were
observed in the sodium hydroxide treatment.

Although varying amounts of solids were recovered from filtration, even the largest
amounts recovered (EnviroBlend and zvi treatments) were small (less than 1 wt%) relative
to the amount of groundwater treated. If these amendments are used in a groundwater soil
matrix they are unlikely to create pore-clogging issues, however we strongly recommend
pilot scale testing to confirm.

A matrix of the analytical results is provided as Appendix A in an attached spreadsheet file
entitled AECOM Coal Ash Results.xlsx. Photos of the reactor vessels in comparison with
the control reactors post treatment is provided in Appendix B and the full laboratory
reports are provided in three attached files as Appendix C.

CONCLUSIONS /RECOMMENDATIONS

The treatability testing indicates that the principal target compounds (Be, Cd, Ni) in the
groundwater samples were effectively treated by three of the testing regimes at the pre-
selected dose but were also positively affected by the other two regimes. It is possible that
the other two treatment regimes may perform better at a different dose. The simplest and
likely least costly treatment, adjusting the pH using sodium hydroxide, performed very
well on the target compounds as well as several others. If the groundwater will be treated
independently of the soil matrix there appear to be several possibilities for effective
treatment but to select the best method it will be necessary to understand the engineering
constraints and goals before starting additional tests to determine amendment, method, and
dose.
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Finally, this initial screening test is not sufficient to determine an amendment’s
effectiveness at treating the targeted groundwater analytes in a soil matrix (in situ). We
strongly recommend tests using both soil and groundwater to determine prior to decisions
about field application of these or other amendments.

Please don’t hesitate to contact me if you have any questions about this letter report.
Sincerely,

Joe Rossabi, Ph.D., P.E.
Redox Tech, LLC

Redox Tech, LLC 6
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Appendix A
Summary of Analytical Results File.

1. AECOM Coal Ash Results.xlsx  Groundwater and solids analytical results.

Redox Tech, LLC



AECOM Coal Ash Treatability Results Effect Reduction in concentration

_strong >10X _Increase in concentration

medium >2X
some
Groundwater
AQUAMAG EnviroBlend FerroBlack Base Zero Valent Iron
Contl ContF2 AM1 AMF2 EB1 EBF2 FB1 FBF2 NaOH1 NaOHF2 Vil 2VIF2
Conc (ug/L)  Conc (ug/L) |Conc (ug/L) Conc (ug/L)  Conc (ug/L)  Conc (ug/L) Conc (ug/L) Conc (ug/L) Conc (ug/L) Conc (ug/L) Conc (ug/L) Conc (ug/L)

Aluminum 61,700 59,900 39,900 34,800
Antimony ND ND 1.0 ND
Arsenic 23 2.1 3.4
Barium 19 18.9 6.7 17.2 20.7
Beryllium 11.8 11.5) 9.4 3
Cadmium 6.6 6.4 5.7 H 2.8 17
Calcium 499,000 491,000 454,000 448,000 464,000 486,000 480,000 496,000
Chromium ND ND 2.1) 2.2)
Cobalt 321 312 295
Copper 70.6 66.6| 84.4 .
Iron 363,000 343,000 328,000 311,000
Lead 29.2 28| 11.2
Lithium 117 113 113
Magnesium 28,200 27,900 26,100 26,300 27,000 28,200
Manganese 27,300 27,600 25,500 15,500 28,300 28,300
Molybdenum ND ND ND ND ND
Nickel 172 171 116 65.2
Potassium 15,700 15,100 14,700 14,200 14,600
Selenium 26.5 25.9 211 13.8 10.2
Silver ND ND ND
Sodium 10,400 10,400 10,700 12,600
Thallium 1.1 0.96J
Vanadium ND ND
Zinc 1180 1130 1310 1160
Dissolved Iron 370,000 347,000 233,000 231,000
sulfide (mg/L) ND ND ND ND
sulfate (mg/L) 2230 2400 2200 2140 2270 2740 2350
phosphorous (mg/L) .032) .031) 0.065 .031J X .044)
chloride (mg/L) 29 2.9 5.3 29 4.2
fluoride (mg/L) 0.4 0.11 .099) 0.18 0.18
Total Solids (mg/L) 3760 3980 1920
Total Volatile Solids (mg/L) 700 795 250
Total Dissolved Solids (mg/L) 3390 3680 3690
pH 3 5.5 3.7
alkalinity bicarb (mg/L) ND ND ND
alkalinity carb (mg/L) ND ND ND
alkalinity total (mg/L) ND ND ND
Amount of solids collected (g): 34.4
Solid Precipitate AQUAMAG EnviroBlend FerroBlack NaOH yAYl
Amt of precipitate collected: 3.40g 29.38g 579g 1041g 34.37g

Conc (mg/kg) Conc (mg/kg) Conc (mg/kg) Conc (mg/kg) Conc (mg/kg)
Aluminum 17,700 5,540 50,000 10,500 1,270
Antimony ND ND ND ND 10.6
Arsenic 8.7 5.3 8.9J 7.7) 9.9
Barium 135 16 ND ND ND
Beryllium 1.9 0.71 2.5 19 ND
Cadmium ND 0.29 ND ND ND
Calcium 30,600 14,200 1,510 1,680 116
Chromium 3.7 3.2 97.1 ND 438
Cobalt 9.9 20.6 98.5 61.7 199
Copper 5.6 ND 211 9.3 114
Iron 82,300 41,800 173,000 69,900 434,000
Lead 28.2 5.7 18 10.1 21.8
Magnesium 857 303,000 186 534 ND
Manganese 2,780 2,000 499 3,140 374
Molybdenum 2.9 2.3 212 ND 8.9
Nickel 6.4 121 101 33 350
Potassium ND ND ND ND ND
Selenium ND ND ND ND ND
Silver ND 0.24) ND ND 2.7
Sodium 7,170 ND ND ND ND
Thallium ND ND ND ND 1.2
Vanadium 6.3 5.8 18.3 3.5) 61.0
Zinc 99.6 121.0 3,180 288 11
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Appendix B

Photos of reactor vessels post treatment.
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Figure A-2. Control and EnviroBlend post treatment
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Figure A-3. Control and FerroBlack post treatment

He OF =2
1/’1&1 L BTN

Aelir Vo

Figure A-4. Control and NaOH post treatment.
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Figure A-5. Control and zvi post treatment.
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Appendix C

Laboratory Report Files

1. Coal Ash 92348734 frc.pdf Groundwater: Unfiltered and Filtered
2. Coal Ash 92348882 _frc.pdf Groundwater: Filtered
3. Coal Ash 92349301 _frc.pdf Precipitates and solids

Redox Tech, LLC
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aceAnalytical

www.pacelabs.com

August 02, 2017

Joe Rassabi

200 Quade Drive
Cary, NC 27513

RE: Project: COAL ASH

Pace Project No.: 92348734

Dear Joe Rassabi:

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

Enclosed are the analytical results for sample(s) received by the laboratory on July 24, 2017. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

A G2

Taylor Ezell
taylor.ezell@pacelabs.com

(704)875-9092
Project Manager

Enclosures

cc: John Haselow, Redox Tech, LLC

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Page 1 of 44



Pace Analytical Services, LLC
. @ 9800 Kincey Ave. Suite 100
ace Analytical Huntersville, NC 28078

www.pacelabs.com (704)875-9092

CERTIFICATIONS

Project: COAL ASH
Pace Project No.: 92348734

Asheville Certification IDs

2225 Riverside Drive, Asheville, NC 28804 North Carolina Wastewater Certification #: 40
Florida/NELAP Certification #: E87648 South Carolina Certification #: 99030001
Massachusetts Certification #: M-NC030 Virginia/VELAP Certification #: 460222

North Carolina Drinking Water Certification #: 37712

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC. Page 2 of 44



aceAnalytical

www.pacelabs.com

SAMPLE SUMMARY

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078

(704)875-9092

Project: COAL ASH

Pace Project No.: 92348734

Lab ID Sample ID Matrix Date Collected Date Received
92348734001 CONT 1 Water 07/21/17 09:39 07/24/17 12:11
92348734002 AM 1 Water 07/21/17 10:09 07/24/17 12:11
92348734003 EB 1 Water 07/21/17 10:17 07/24/17 12:11
92348734004 FB 1 Water 07/21/17 10:33 07/24/17 12:11
92348734005 NAOH 1 Water 07/21/17 10:42 07/24/17 12:11
92348734006 ZV11 Water 07/21/17 10:39 07/24/17 12:11
92348734007 CONT F2 Water 07/21/17 11:55 07/24/17 12:11
92348734008 AMF 2 Water 07/21/17 13:13 07/24/17 12:11
92348734009 EBF 2 Water 07/21/17 14:39 07/24/17 12:11

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Page 3 of 44



Pace Analytical Services, LLC

. @ 9800 Kincey Ave. Suite 100
ace Analytical Huntersville, NC 28078
www.pacelabs.com (704)875-9092

SAMPLE ANALYTE COUNT

Project: COAL ASH
Pace Project No.: 92348734

Analytes
Lab ID Sample ID Method Analysts Reported Laboratory
92348734001 CONT 1 EPA 6020B CDF 24 PASI-A
EPA 6020B CDF 1 PASI-A
EPA 160.4 SLB 2 PASI-A
SM 2320B KDF1 3 PASI-A
SM 2540C SLB 1 PASI-A
SM 4500-H+B ECH 1 PASI-A
SM 4500-S2D MVC 1 PASI-A
EPA 300.0 CDC 1 PASI-A
EPA 365.1 AES2 1 PASI-A
EPA 9056A CDC 2 PASI-A
92348734002 AM 1 EPA 6020B CDF 24 PASI-A
EPA 6020B CDF 1 PASI-A
EPA 160.4 SLB 2 PASI-A
SM 2320B KDF1 3 PASI-A
SM 2540C SLB 1 PASI-A
SM 4500-H+B ECH 1 PASI-A
SM 4500-S2D MVC 1 PASI-A
EPA 300.0 CDC 1 PASI-A
EPA 365.1 AES2 1 PASI-A
EPA 9056A CDC 2 PASI-A
92348734003 EB 1 EPA 6020B CDF 24 PASI-A
EPA 6020B CDF 1 PASI-A
EPA 160.4 SLB 2 PASI-A
SM 2320B KDF1 3 PASI-A
SM 2540C SLB 1 PASI-A
SM 4500-H+B ECH 1 PASI-A
SM 4500-S2D MVC 1 PASI-A
EPA 300.0 CDC 1 PASI-A
EPA 365.1 AES2 1 PASI-A
EPA 9056A CDC 2 PASI-A
92348734004 FB 1 EPA 6020B CDF 24 PASI-A
EPA 6020B CDF 1 PASI-A
EPA 160.4 SLB 2 PASI-A
SM 2320B KDF1 3 PASI-A
SM 2540C SLB 1 PASI-A
SM 4500-H+B ECH 1 PASI-A
SM 4500-S2D MVC 1 PASI-A

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC. Page 4 of 44



Pace Analytical Services, LLC

. @ 9800 Kincey Ave. Suite 100
ace Analytical Huntersville, NC 28078
www.pacelabs.com (704)875-9092

SAMPLE ANALYTE COUNT

Project: COAL ASH
Pace Project No.: 92348734

Analytes
Lab ID Sample ID Method Analysts Reported Laboratory
EPA 300.0 CDC 1 PASI-A
EPA 365.1 AES2 1 PASI-A
EPA 9056A CDC 2 PASI-A
92348734005 NAOH 1 EPA 6020B CDF 24 PASI-A
EPA 6020B CDF 1 PASI-A
EPA 160.4 SLB 2 PASI-A
SM 2320B KDF1 3 PASI-A
SM 2540C NAL 1 PASI-A
SM 4500-H+B ECH 1 PASI-A
SM 4500-S2D MVC 1 PASI-A
EPA 300.0 CDC 1 PASI-A
EPA 365.1 AES2 1 PASI-A
EPA 9056A CDC 2 PASI-A
92348734006 ZV11 EPA 6020B CDF 24 PASI-A
EPA 6020B CDF 1 PASI-A
EPA 160.4 SLB 2 PASI-A
SM 2320B KDF1 3 PASI-A
SM 2540C SLB 1 PASI-A
SM 4500-H+B ECH 1 PASI-A
SM 4500-S2D MVC 1 PASI-A
EPA 300.0 CDC 1 PASI-A
EPA 365.1 AES2 1 PASI-A
EPA 9056A CDC 2 PASI-A
92348734007 CONT F2 EPA 6020B CDF 24 PASI-A
EPA 6020B CDF 1 PASI-A
EPA 160.4 SLB 2 PASI-A
SM 2320B KDF1 3 PASI-A
SM 2540C SLB 1 PASI-A
SM 4500-H+B ECH 1 PASI-A
SM 4500-S2D MVC 1 PASI-A
EPA 300.0 CDC 1 PASI-A
EPA 365.1 AES2 1 PASI-A
EPA 9056A CDC 2 PASI-A
92348734008 AMF 2 EPA 6020B CDF 24 PASI-A
EPA 6020B CDF 1 PASI-A
EPA 160.4 SLB 2 PASI-A
SM 2320B KDF1 3 PASI-A

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC. Page 5 of 44



Pace Analytical Services, LLC

. @ 9800 Kincey Ave. Suite 100
ace Analytical Huntersville, NC 28078
www.pacelabs.com (704)875-9092

SAMPLE ANALYTE COUNT

Project: COAL ASH
Pace Project No.: 92348734

Analytes
Lab ID Sample ID Method Analysts Reported Laboratory
SM 2540C SLB 1 PASI-A
SM 4500-H+B ECH 1 PASI-A
SM 4500-S2D MVC 1 PASI-A
EPA 300.0 CDC 1 PASI-A
EPA 365.1 AES2 1 PASI-A
EPA 9056A CDC 2 PASI-A
92348734009 EBF 2 EPA 6020B CDF 24 PASI-A
EPA 6020B CDF 1 PASI-A
EPA 160.4 SLB 2 PASI-A
SM 2320B KDF1 3 PASI-A
SM 2540C SLB 1 PASI-A
SM 4500-H+B ECH 1 PASI-A
SM 4500-S2D MVC 1 PASI-A
EPA 300.0 CDC 1 PASI-A
EPA 365.1 AES2 1 PASI-A
EPA 9056A CDC 2 PASI-A

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC. Page 6 of 44



aceAnalytical

www.pacelabs.com

ANALYTICAL RESULTS

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

Project: COAL ASH
Pace Project No.: 92348734
Sample: CONT 1 Lab ID: 92348734001 Collected: 07/21/17 09:39 Received: 07/24/17 12:11 Matrix: Water
Report
Parameters Results Units Limit MDL DF Prepared Analyzed CAS No. Qual

6020 MET ICPMS

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron

Lead
Lithium
Magnesium
Manganese
Molybdenum
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

6020 MET ICPMS, Dissolved
Iron, Dissolved
160.4 TVS and 2540B TS

Total Solids (SM 2540B)
Total Volatile Solids

2320B Alkalinity

Alkalinity,Bicarbonate (CaCO3)
Alkalinity, Carbonate (CaCO3)
Alkalinity, Total as CaCO3

2540C Total Dissolved Solids
Total Dissolved Solids

4500H+ pH, Electrometric

pH at 25 Degrees C

4500S2D Sulfide Water
Sulfide

Date: 08/02/2017 05:34 PM

Analytical Method: EPA 6020B Preparation Method: EPA 3010A

61700 ug/L 100
ND ug/L 5.0
2.3 ug/L 1.0

19.0 ug/L 3.0
11.8 ug/L 1.0
6.6 ug/L 0.80
499000 ug/L 20000
ND ug/L 5.0

321 ug/L 1.0
70.6 ug/L 5.0
363000 ug/L 500
29.2 ug/L 1.0
117 ug/L 25.0

28200 ug/L 100

27300 ug/L 50.0
ND ug/L 5.0
172 ug/L 5.0

15700 ug/L 500

26.5 ug/L 5.0
ND ug/L 5.0

10400 ug/L 2500
11 ug/L 1.0
ND ug/L 5.0

1180 ug/L 50.0

67.0
1.0
0.50
11
0.20
0.60
10300
1.0
0.10
1.2
118
0.80
0.70
17.0
19.0
11
4.5
258
3.2
0.80
129
0.20
0.70
24.0

10
10
10
10
10
10
100
10
10
10
10
10
10
10
100
10
10
10
10
10
10
10
10
10

07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45

Analytical Method: EPA 6020B Preparation Method: EPA 3010A

370000 ug/L 500
Analytical Method: EPA 160.4

3760 mg/L 125
700 mg/L 125

Analytical Method: SM 2320B

ND mg/L 5.0
ND mg/L 5.0
ND mg/L 5.0

Analytical Method: SM 2540C

3390 mg/L 50.0
Analytical Method: SM 4500-H+B

3.0 Std. Units 1.0
Analytical Method: SM 4500-S2D

ND mg/L 0.10

118

125
125

1.0
1.0
1.0

50.0

0.10

0.10

10

07/27/17 03:10

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

07/28/17 16:19 7429-90-5 D3
07/28/17 16:19 7440-36-0 D3
07/28/17 16:19 7440-38-2 D3
07/28/17 16:19 7440-39-3 D3
07/28/17 16:19 7440-41-7 D3
07/28/17 16:19 7440-43-9 D3
07/31/17 12:59 7440-70-2 D3
07/28/17 16:19 7440-47-3 D3
07/28/17 16:19 7440-48-4 D3
07/28/17 16:19 7440-50-8 D3
07/28/17 16:19 7439-89-6 D3
07/28/17 16:19 7439-92-1 D3
07/28/17 16:19 7439-93-2 D3
07/28/17 16:19 7439-95-4 D3
07/31/17 12:59 7439-96-5 D3
07/28/17 16:19 7439-98-7 D3
07/28/17 16:19 7440-02-0 D3
07/28/17 16:19 7440-09-7 D3
07/28/17 16:19 7782-49-2 D3
07/28/17 16:19 7440-22-4 D3
07/28/17 16:19 7440-23-5 D3
07/28/17 16:19 7440-28-0 D3
07/28/17 16:19 7440-62-2 D3
07/28/17 16:19 7440-66-6 D3

07/28/17 18:15 7439-89-6 M6

07/26/17 00:15
07/26/17 00:15 D6

07/27/17 23:16
07/27/17 23:16
07/27/17 23:16

07/27/17 10:56

07/28/17 11:37 E,H6

07/25/17 19:00 18496-25-8

Page 7 of 44



aceAnalytical

www.pacelabs.com

Project: COAL ASH
Pace Project No.: 92348734

ANALYTICAL RESULTS

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

Sample: CONT 1

Lab ID: 92348734001 Collected: 07/21/17 09:39 Received: 07/24/17 12:11 Matrix: Water

Report

Parameters Results Units I_eifn?t MDL DF Analyzed CAS No. Qual
300.0 IC Anions 28 Days Analytical Method: EPA 300.0
Sulfate 2230 mg/L 46.0 23.0 46 07/26/17 17:30 14808-79-8 M6
365.1 Phosphorus, Total Analytical Method: EPA 365.1
Phosphorus 0.032J mg/L 0.050 0.025 1 07/26/17 12:48 7723-14-0
9056 IC anions 28 Days Analytical Method: EPA 9056A
Chloride 29 mg/L 1.0 0.50 1 07/29/17 19:38 16887-00-6
Fluoride 0.40 mg/L 0.10 0.050 1 07/29/17 19:38 16984-48-8

Date: 08/02/2017 05:34 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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aceAnalytical

www.pacelabs.com

ANALYTICAL RESULTS

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

Project: COAL ASH
Pace Project No.: 92348734
Sample: AM 1 Lab ID: 92348734002 Collected: 07/21/17 10:09 Received: 07/24/17 12:11 Matrix: Water
Report
Parameters Results Units Limit MDL DF Prepared Analyzed CAS No. Qual

6020 MET ICPMS

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron

Lead
Lithium
Magnesium
Manganese
Molybdenum
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

6020 MET ICPMS, Dissolved
Iron, Dissolved
160.4 TVS and 2540B TS

Total Solids (SM 2540B)
Total Volatile Solids

2320B Alkalinity

Alkalinity,Bicarbonate (CaCO3)
Alkalinity, Carbonate (CaCO3)
Alkalinity, Total as CaCO3

2540C Total Dissolved Solids
Total Dissolved Solids

4500H+ pH, Electrometric

pH at 25 Degrees C

4500S2D Sulfide Water
Sulfide

Date: 08/02/2017 05:34 PM

Analytical Method: EPA 6020B Preparation Method: EPA 3010A

39900 ug/L 100
1.0J ug/L 5.0
3.4 ug/L 1.0

6.7 ug/L 3.0

9.4 ug/L 1.0

5.7 ug/L 0.80
454000 ug/L 2000
2.1 ug/L 5.0
295 ug/L 1.0
84.4 ug/L 5.0
328000 ug/L 500
11.2 ug/L 1.0
113 ug/L 25.0
26100 ug/L 100
25500 ug/L 50.0
12.6 ug/L 5.0
164 ug/L 5.0
14700 ug/L 500
21.1 ug/L 5.0
ND ug/L 5.0
1120000 ug/L 25000
0.50J ug/L 1.0
104 ug/L 5.0
1310 ug/L 50.0

67.0
1.0
0.50
11
0.20
0.60
1030
1.0
0.10
1.2
118
0.80
0.70
17.0
19.0
11
4.5
258
3.2
0.80
1290
0.20
0.70
24.0

10
10
10
10
10
10
10
10
10
10
10
10
10
10
100
10
10
10
10
10
100
10
10
10

07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45
07/26/17 04:45

Analytical Method: EPA 6020B Preparation Method: EPA 3010A

233000 ug/L 500
Analytical Method: EPA 160.4

6650 mg/L 25.0
140 mg/L 25.0

Analytical Method: SM 2320B

ND mg/L 5.0
ND mg/L 5.0
ND mg/L 5.0

Analytical Method: SM 2540C
5280 mg/L 250
Analytical Method: SM 4500-H+B
3.1 Std. Units 1.0
Analytical Method: SM 4500-S2D
ND mg/L 0.10

118

25.0
25.0

1.0
1.0
1.0

250

0.10

0.10

10

07/27/17 03:10

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

07/28/17 16:21 7429-90-5 D3
07/28/17 16:21 7440-36-0 D3
07/28/17 16:21 7440-38-2 D3
07/28/17 16:21 7440-39-3 D3
07/28/17 16:21 7440-41-7 D3
07/28/17 16:21 7440-43-9 D3
07/28/17 16:21 7440-70-2 D3
07/28/17 16:21 7440-47-3 D3
07/28/17 16:21 7440-48-4 D3
07/28/17 16:21 7440-50-8 D3
07/28/17 16:21 7439-89-6 D3
07/28/17 16:21 7439-92-1 D3
07/28/17 16:21 7439-93-2 D3
07/28/17 16:21 7439-95-4 D3
07/31/17 13:01 7439-96-5 D3
07/28/17 16:21 7439-98-7 D3
07/28/17 16:21 7440-02-0 D3
07/28/17 16:21 7440-09-7 D3
07/28/17 16:21 7782-49-2 D3
07/28/17 16:21 7440-22-4 D3
07/31/17 13:01 7440-23-5 D3
07/28/17 16:21 7440-28-0 D3
07/28/17 16:21 7440-62-2 D3
07/28/17 16:21 7440-66-6 D3

07/28/17 18:21 7439-89-6

07/26/17 00:15
07/26/17 00:15

07/27/17 23:23
07/27/17 23:23
07/27/17 23:23

07/27/17 10:57

07/28/17 11:37 E,H6

07/25/17 19:00 18496-25-8

Page 9 of 44



aceAnalytical

www.pacelabs.com

ANALYTICAL RESULTS

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

Project: COAL ASH
Pace Project No.: 92348734
Sample: AM 1 Lab ID: 92348734002 Collected: 07/21/17 10:09 Received: 07/24/17 12:11 Matrix: Water
Report

Parameters Results Units Limit MDL DF Prepared Analyzed CAS No. Qual
300.0 IC Anions 28 Days Analytical Method: EPA 300.0
Sulfate 2200 mg/L 100 50.0 100 07/26/17 19:30 14808-79-8
365.1 Phosphorus, Total Analytical Method: EPA 365.1
Phosphorus 857 mg/L 25.0 12,5 500 07/26/17 13:23 7723-14-0
9056 IC anions 28 Days Analytical Method: EPA 9056A
Chloride 43 mg/L 1.0 0.50 1 07/29/17 20:27 16887-00-6
Fluoride 0.26 mg/L 0.10 0.050 1 07/29/17 20:27 16984-48-8

Date: 08/02/2017 05:34 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.
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aceAnalytical

www.pacelabs.com

ANALYTICAL RESULTS

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

Project: COALASH

Pace Project No.: 92348734

Sample: EB 1 Lab ID: 92348734003 Collected: 07/21/17 10:17 Received: 07/24/17 12:11 Matrix: Water
Report

Parameters Results Units Limit MDL DF Prepared Analyzed CAS No. Qual

6020 MET ICPMS Analytical Method: EPA 6020B Preparation Method: EPA 3010A

Aluminum 340 ug/L 100 67.0 10 07/26/17 04:45 07/28/17 16:23 7429-90-5 D3

Antimony ND ug/L 5.0 1.0 10 07/26/17 04:45 07/28/17 16:23 7440-36-0 D3

Arsenic ND ug/L 1.0 0.50 10 07/26/17 04:45 07/28/17 16:23 7440-38-2 D3

Barium 23.1 ug/L 3.0 1.1 10 07/26/17 04:45 07/28/17 16:23 7440-39-3 D3

Beryllium ND ug/L 1.0 0.20 10 07/26/17 04:45 07/28/17 16:23 7440-41-7 D3

Cadmium 1.1 ug/L 0.80 0.60 10 07/26/17 04:45 07/28/17 16:23 7440-43-9 D3

Calcium 493000 ug/L 20000 10300 100 07/26/17 04:45 07/31/17 13:03 7440-70-2 D3

Chromium ND ug/L 5.0 1.0 10 07/26/17 04:45 07/28/17 16:23 7440-47-3 D3

Cobalt 38.8 ug/L 1.0 0.10 10 07/26/17 04:45 07/28/17 16:23 7440-48-4 D3

Copper ND ug/L 5.0 1.2 10 07/26/17 04:45 07/28/17 16:23 7440-50-8 D3

Iron 36500 ug/L 500 118 10 07/26/17 04:45 07/28/17 16:23 7439-89-6 D3

Lead ND ug/L 1.0 0.80 10 07/26/17 04:45 07/28/17 16:23 7439-92-1 D3

Lithium 118 ug/L 25.0 0.70 10 07/26/17 04:45 07/28/17 16:23 7439-93-2 D3

Magnesium 281000 ug/L 100 17.0 10 07/26/17 04:45 07/28/17 16:23 7439-95-4 D3

Manganese 15500 ug/L 50.0 19.0 100 07/26/17 04:45 07/31/17 13:03 7439-96-5 D3

Molybdenum ND ug/L 5.0 1.1 10 07/26/17 04:45 07/28/17 16:23 7439-98-7 D3

Nickel 15.0 ug/L 5.0 45 10 07/26/17 04:45 07/28/17 16:23 7440-02-0 D3

Potassium 15900 ug/L 500 258 10 07/26/17 04:45 07/28/17 16:23 7440-09-7 D3

Selenium ND ug/L 5.0 3.2 10 07/26/17 04:45 07/28/17 16:23 7782-49-2 D3

Silver ND ug/L 5.0 0.80 10 07/26/17 04:45 07/28/17 16:23 7440-22-4 D3

Sodium 11100 ug/L 2500 129 10 07/26/17 04:45 07/28/17 16:23 7440-23-5 D3

Thallium 0.87J ug/L 1.0 0.20 10 07/26/17 04:45 07/28/17 16:23 7440-28-0 D3

Vanadium ND ug/L 5.0 0.70 10 07/26/17 04:45 07/28/17 16:23 7440-62-2 D3

Zinc ND ug/L 50.0 240 10 07/26/17 04:45 07/28/17 16:23 7440-66-6 D3

6020 MET ICPMS, Dissolved Analytical Method: EPA 6020B Preparation Method: EPA 3010A

Iron, Dissolved 2040 ug/L 500 118 10 07/27/17 03:10 07/28/17 18:23 7439-89-6

160.4 TVS and 2540B TS Analytical Method: EPA 160.4

Total Solids (SM 2540B) 4440 mg/L 5.0 5.0 1 07/26/17 00:15

Total Volatile Solids 748 mg/L 5.0 5.0 1 07/26/17 00:15

2320B Alkalinity Analytical Method: SM 2320B

Alkalinity,Bicarbonate (CaCO3) 4.9 mg/L 5.0 1.0 1 07/27/17 23:29

Alkalinity, Carbonate (CaCO3) ND mg/L 5.0 1.0 1 07/27/17 23:29

Alkalinity, Total as CaCO3 4.9 mg/L 5.0 1.0 1 07/27/17 23:29

2540C Total Dissolved Solids Analytical Method: SM 2540C

Total Dissolved Solids 3310 mg/L 50.0 50.0 1 07/27/17 10:57

4500H+ pH, Electrometric Analytical Method: SM 4500-H+B

pH at 25 Degrees C 7.9  Std. Units 1.0 0.10 1 07/28/17 11:37 H6

4500S2D Sulfide Water Analytical Method: SM 4500-S2D

Sulfide ND mg/L 0.10 0.10 1 07/25/17 19:00 18496-25-8

Date: 08/02/2017 05:34 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

aceAnalytical

www.pacelabs.com

ANALYTICAL RESULTS

Project: COAL ASH
Pace Project No.: 92348734
Sample: EB 1 Lab ID: 92348734003 Collected: 07/21/17 10:17 Received: 07/24/17 12:11 Matrix: Water
Report
Parameters Results Units Limit MDL DF Prepared Analyzed CAS No. Qual

300.0 IC Anions 28 Days
Sulfate

365.1 Phosphorus, Total
Phosphorus

9056 IC anions 28 Days

Analytical Method: EPA 300.0

2140 mg/L 44.0 22.0 44 07/26/17 19:46 14808-79-8
Analytical Method: EPA 365.1
0.032J mg/L 0.050 0.025 1 07/26/17 12:53 7723-14-0

Analytical Method: EPA 9056A

07/29/17 20:44 16887-00-6
07/29/17 20:44 16984-48-8

Chloride 5.3 mg/L 1.0 0.50 1
Fluoride 0.11 mg/L 0.10 0.050 1

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

Date: 08/02/2017 05:34 PM without the written consent of Pace Analytical Services, LLC. Page 12 of 44



aceAnalytical

www.pacelabs.com

ANALYTICAL RESULTS

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

Project: COAL ASH

Pace Project No.: 92348734

Sample: FB'1 Lab ID: 92348734004 Collected: 07/21/17 10:33 Received: 07/24/17 12:11 Matrix: Water
Report

Parameters Results Units Limit MDL DF Prepared Analyzed CAS No. Qual

6020 MET ICPMS Analytical Method: EPA 6020B Preparation Method: EPA 3010A

Aluminum 49500 ug/L 100 67.0 10 07/26/17 04:45 07/28/17 16:25 7429-90-5 D3

Antimony ND ug/L 5.0 1.0 10 07/26/17 04:45 07/28/17 16:25 7440-36-0 D3

Arsenic 1.8 ug/L 1.0 0.50 10 07/26/17 04:45 07/28/17 16:25 7440-38-2 D3

Barium 22.1 ug/L 3.0 1.1 10 07/26/17 04:45 07/28/17 16:25 7440-39-3 D3

Beryllium 4.0 ug/L 1.0 0.20 10 07/26/17 04:45 07/28/17 16:25 7440-41-7 D3

Cadmium 2.0 ug/L 0.80 0.60 10 07/26/17 04:45 07/28/17 16:25 7440-43-9 D3

Calcium 540000 ug/L 20000 10300 100 07/26/17 04:45 07/31/17 13:05 7440-70-2 D3

Chromium 92.6 ug/L 5.0 1.0 10 07/26/17 04:45 07/28/17 16:25 7440-47-3 D3

Cobalt 84.0 ug/L 1.0 0.10 10 07/26/17 04:45 07/28/17 16:25 7440-48-4 D3

Copper 123 ug/L 5.0 1.2 10 07/26/17 04:45 07/28/17 16:25 7440-50-8 D3

Iron 593000 ug/L 5000 1180 100 07/26/17 04:45 07/31/17 13:05 7439-89-6 D3

Lead 10 ug/L 1.0 0.80 10 07/26/17 04:45 07/28/17 16:25 7439-92-1 D3

Lithium 61.2 ug/L 25.0 0.70 10 07/26/17 04:45 07/28/17 16:25 7439-93-2 D3

Magnesium 29300 ug/L 100 17.0 10 07/26/17 04:45 07/28/17 16:25 7439-95-4 D3

Manganese 31700 ug/L 50.0 19.0 100 07/26/17 04:45 07/31/17 13:05 7439-96-5 D3

Molybdenum 14.0 ug/L 5.0 1.1 10 07/26/17 04:45 07/28/17 16:25 7439-98-7 D3

Nickel 95.7 ug/L 5.0 45 10 07/26/17 04:45 07/28/17 16:25 7440-02-0 D3

Potassium 17400 ug/L 500 258 10 07/26/17 04:45 07/28/17 16:25 7440-09-7 D3

Selenium 12.8 ug/L 5.0 3.2 10 07/26/17 04:45 07/28/17 16:25 7782-49-2 D3

Silver ND ug/L 5.0 0.80 10 07/26/17 04:45 07/28/17 16:25 7440-22-4 D3

Sodium 837000 ug/L 25000 1290 100 07/26/17 04:45 07/31/17 13:05 7440-23-5 D3

Thallium 0.27J ug/L 1.0 0.20 10 07/26/17 04:45 07/28/17 16:25 7440-28-0 D3

Vanadium 17.9 ug/L 5.0 0.70 10 07/26/17 04:45 07/28/17 16:25 7440-62-2 D3

Zinc 2180 ug/L 50.0 240 10 07/26/17 04:45 07/28/17 16:25 7440-66-6 D3

6020 MET ICPMS, Dissolved Analytical Method: EPA 6020B Preparation Method: EPA 3010A

Iron, Dissolved 403000 ug/L 500 118 10 07/27/17 03:10 07/28/17 18:24 7439-89-6

160.4 TVS and 2540B TS Analytical Method: EPA 160.4

Total Solids (SM 2540B) 6750 mg/L 125 125 1 07/26/17 00:15

Total Volatile Solids 1410 mg/L 125 125 1 07/26/17 00:15

2320B Alkalinity Analytical Method: SM 2320B

Alkalinity,Bicarbonate (CaCO3) ND mg/L 5.0 1.0 1 07/27/17 23:40

Alkalinity, Carbonate (CaCO3) ND mg/L 5.0 1.0 1 07/27/17 23:40

Alkalinity, Total as CaCO3 ND mg/L 5.0 1.0 1 07/27/17 23:40

2540C Total Dissolved Solids Analytical Method: SM 2540C

Total Dissolved Solids 4540 mg/L 125 125 1 07/27/17 10:57

4500H+ pH, Electrometric Analytical Method: SM 4500-H+B

pH at 25 Degrees C 6.0  Std. Units 1.0 0.10 1 07/28/17 11:37 H6

4500S2D Sulfide Water Analytical Method: SM 4500-S2D

Sulfide 15.7 mg/L 25 25 25 07/25/17 19:00 18496-25-8

Date: 08/02/2017 05:34 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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www.pacelabs.com

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

ANALYTICAL RESULTS

Project: COAL ASH
Pace Project No.: 92348734
Sample: FB'1

Parameters

Lab ID: 92348734004 Collected: 07/21/17 10:33 Received: 07/24/17 12:11 Matrix: Water

Report
Results Units Limit MDL DF Prepared Analyzed CAS No. Qual

300.0 IC Anions 28 Days
Sulfate

365.1 Phosphorus, Total
Phosphorus

9056 IC anions 28 Days

Chloride
Fluoride

Date: 08/02/2017 05:34 PM

Analytical Method: EPA 300.0

2270 mg/L 46.0 23.0 46 07/26/17 20:03 14808-79-8
Analytical Method: EPA 365.1

0.065 mg/L 0.050 0.025 1 07/26/17 12:54 7723-14-0
Analytical Method: EPA 9056A

755 mg/L 30.0 150 30 07/30/17 10:12 16887-00-6
ND mg/L 0.10 0.050 1 07/29/17 21:00 16984-48-8

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC. Page 14 of 44



aceAnalytical

www.pacelabs.com

ANALYTICAL RESULTS

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

Project: COAL ASH

Pace Project No.: 92348734

Sample: NAOH 1 Lab ID: 92348734005 Collected: 07/21/17 10:42 Received: 07/24/17 12:11 Matrix: Water
Report

Parameters Results Units Limit MDL DF Prepared Analyzed CAS No. Qual

6020 MET ICPMS Analytical Method: EPA 6020B Preparation Method: EPA 3010A

Aluminum 526 ug/L 100 67.0 10 07/26/17 04:45 07/28/17 16:27 7429-90-5 D3

Antimony ND ug/L 5.0 1.0 10 07/26/17 04:45 07/28/17 16:27 7440-36-0 D3

Arsenic ND ug/L 1.0 0.50 10 07/26/17 04:45 07/28/17 16:27 7440-38-2 D3

Barium 12.2 ug/L 3.0 1.1 10 07/26/17 04:45 07/28/17 16:27 7440-39-3 D3

Beryllium ND ug/L 1.0 0.20 10 07/26/17 04:45 07/28/17 16:27 7440-41-7 D3

Cadmium ND ug/L 0.80 0.60 10 07/26/17 04:45 07/28/17 16:27 7440-43-9 D3

Calcium 464000 ug/L 2000 1030 10 07/26/17 04:45 07/28/17 16:27 7440-70-2 D3

Chromium ND ug/L 5.0 1.0 10 07/26/17 04:45 07/28/17 16:27 7440-47-3 D3

Cobalt 35 ug/L 1.0 0.10 10 07/26/17 04:45 07/28/17 16:27 7440-48-4 D3

Copper 2.8] ug/L 5.0 1.2 10 07/26/17 04:45 07/28/17 16:27 7440-50-8 D3

Iron 3060 ug/L 500 118 10 07/26/17 04:45 07/28/17 16:27 7439-89-6 D3

Lead ND ug/L 1.0 0.80 10 07/26/17 04:45 07/28/17 16:27 7439-92-1 D3

Lithium 109 ug/L 25.0 0.70 10 07/26/17 04:45 07/28/17 16:27 7439-93-2 D3

Magnesium 18700 ug/L 100 17.0 10 07/26/17 04:45 07/28/17 16:27 7439-95-4 D3

Manganese 4220 ug/L 5.0 19 10 07/26/17 04:45 07/28/17 16:27 7439-96-5 D3

Molybdenum ND ug/L 5.0 1.1 10 07/26/17 04:45 07/28/17 16:27 7439-98-7 D3

Nickel 4.9 ug/L 5.0 45 10 07/26/17 04:45 07/28/17 16:27 7440-02-0 D3

Potassium 15000 ug/L 500 258 10 07/26/17 04:45 07/28/17 16:27 7440-09-7 D3

Selenium ND ug/L 5.0 3.2 10 07/26/17 04:45 07/28/17 16:27 7782-49-2 D3

Silver ND ug/L 5.0 0.80 10 07/26/17 04:45 07/28/17 16:27 7440-22-4 D3

Sodium 558000 ug/L 12500 645 50 07/26/17 04:45 07/31/17 13:07 7440-23-5 D3

Thallium 0.74J ug/L 1.0 0.20 10 07/26/17 04:45 07/28/17 16:27 7440-28-0 D3

Vanadium ND ug/L 5.0 0.70 10 07/26/17 04:45 07/28/17 16:27 7440-62-2 D3

Zinc ND ug/L 50.0 240 10 07/26/17 04:45 07/28/17 16:27 7440-66-6 D3

6020 MET ICPMS, Dissolved Analytical Method: EPA 6020B Preparation Method: EPA 3010A

Iron, Dissolved 17100 ug/L 500 118 10 07/27/17 03:10 07/28/17 18:26 7439-89-6

160.4 TVS and 2540B TS Analytical Method: EPA 160.4

Total Solids (SM 2540B) 5620 mg/L 125 125 1 07/26/17 00:15

Total Volatile Solids 615 mg/L 125 125 1 07/26/17 00:15

2320B Alkalinity Analytical Method: SM 2320B

Alkalinity,Bicarbonate (CaCO3) 454 mg/L 5.0 1.0 1 07/28/17 11:01

Alkalinity, Carbonate (CaCO3) ND mg/L 5.0 1.0 1 07/28/17 11:01

Alkalinity, Total as CaCO3 454 mg/L 5.0 1.0 1 07/28/17 11:01

2540C Total Dissolved Solids Analytical Method: SM 2540C

Total Dissolved Solids 3530 mg/L 50.0 50.0 1 07/28/17 13:48

4500H+ pH, Electrometric Analytical Method: SM 4500-H+B

pH at 25 Degrees C 7.5 Std. Units 1.0 0.10 1 07/28/17 11:37 H6

4500S2D Sulfide Water Analytical Method: SM 4500-S2D

Sulfide ND mg/L 0.10 0.10 1 07/25/17 19:00 18496-25-8

Date: 08/02/2017 05:34 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

aceAnalytical

www.pacelabs.com

ANALYTICAL RESULTS

Project: COAL ASH
Pace Project No.: 92348734
Sample: NAOH 1 Lab ID: 92348734005 Collected: 07/21/17 10:42 Received: 07/24/17 12:11 Matrix: Water
Report
Parameters Results Units Limit MDL DF Prepared Analyzed CAS No. Qual

300.0 IC Anions 28 Days
Sulfate

365.1 Phosphorus, Total
Phosphorus

9056 IC anions 28 Days

Analytical Method: EPA 300.0

2170 mg/L 45.0 22.5 45 07/26/17 20:20 14808-79-8
Analytical Method: EPA 365.1
0.029J mg/L 0.050 0.025 1 07/26/17 12:54 7723-14-0

Analytical Method: EPA 9056A

07/29/17 21:17 16887-00-6
07/29/17 21:17 16984-48-8

Chloride 3.1 mg/L 1.0 0.50 1
Fluoride 0.29 mg/L 0.10 0.050 1

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

Date: 08/02/2017 05:34 PM without the written consent of Pace Analytical Services, LLC. Page 16 of 44



aceAnalytical

www.pacelabs.com

ANALYTICAL RESULTS

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

Project: COALASH

Pace Project No.: 92348734

Sample: ZVI1 Lab ID: 92348734006 Collected: 07/21/17 10:39 Received: 07/24/17 12:11 Matrix: Water
Report

Parameters Results Units Limit MDL DF Prepared Analyzed CAS No. Qual

6020 MET ICPMS Analytical Method: EPA 6020B Preparation Method: EPA 3010A

Aluminum 5870 ug/L 100 67.0 10 07/26/17 04:45 07/28/17 16:29 7429-90-5 D3

Antimony ND ug/L 5.0 1.0 10 07/26/17 04:45 07/28/17 16:29 7440-36-0 D3

Arsenic 1.3 ug/L 1.0 0.50 10 07/26/17 04:45 07/28/17 16:29 7440-38-2 D3

Barium 17.2 ug/L 3.0 1.1 10 07/26/17 04:45 07/28/17 16:29 7440-39-3 D3

Beryllium 3.0 ug/L 1.0 0.20 10 07/26/17 04:45 07/28/17 16:29 7440-41-7 D3

Cadmium 2.8 ug/L 0.80 0.60 10 07/26/17 04:45 07/28/17 16:29 7440-43-9 D3

Calcium 480000 ug/L 2000 1030 10 07/26/17 04:45 07/28/17 16:29 7440-70-2 D3

Chromium 6.5 ug/L 5.0 1.0 10 07/26/17 04:45 07/28/17 16:29 7440-47-3 D3

Cobalt 239 ug/L 1.0 0.10 10 07/26/17 04:45 07/28/17 16:29 7440-48-4 D3

Copper 9.7 ug/L 5.0 1.2 10 07/26/17 04:45 07/28/17 16:29 7440-50-8 D3

Iron 669000 ug/L 5000 1180 100 07/26/17 04:45 07/31/17 13:09 7439-89-6 D3

Lead 0.98J ug/L 1.0 0.80 10 07/26/17 04:45 07/28/17 16:29 7439-92-1 D3

Lithium 108 ug/L 25.0 0.70 10 07/26/17 04:45 07/28/17 16:29 7439-93-2 D3

Magnesium 27000 ug/L 100 17.0 10 07/26/17 04:45 07/28/17 16:29 7439-95-4 D3

Manganese 28300 ug/L 50.0 19.0 100 07/26/17 04:45 07/31/17 13:09 7439-96-5 D3

Molybdenum ND ug/L 5.0 1.1 10 07/26/17 04:45 07/28/17 16:29 7439-98-7 D3

Nickel 116 ug/L 5.0 45 10 07/26/17 04:45 07/28/17 16:29 7440-02-0 D3

Potassium 14600 ug/L 500 258 10 07/26/17 04:45 07/28/17 16:29 7440-09-7 D3

Selenium 13.8 ug/L 5.0 3.2 10 07/26/17 04:45 07/28/17 16:29 7782-49-2 D3

Silver ND ug/L 5.0 0.80 10 07/26/17 04:45 07/28/17 16:29 7440-22-4 D3

Sodium 10700 ug/L 2500 129 10 07/26/17 04:45 07/28/17 16:29 7440-23-5 D3

Thallium ND ug/L 1.0 0.20 10 07/26/17 04:45 07/28/17 16:29 7440-28-0 D3

Vanadium 8.9 ug/L 5.0 0.70 10 07/26/17 04:45 07/28/17 16:29 7440-62-2 D3

Zinc 885 ug/L 50.0 240 10 07/26/17 04:45 07/28/17 16:29 7440-66-6 D3

6020 MET ICPMS, Dissolved Analytical Method: EPA 6020B Preparation Method: EPA 3010A

Iron, Dissolved 613000 ug/L 1000 236 20 07/27/17 03:10 07/31/17 13:16 7439-89-6

160.4 TVS and 2540B TS Analytical Method: EPA 160.4

Total Solids (SM 2540B) 3980 mg/L 125 125 1 07/26/17 00:15

Total Volatile Solids 795 mg/L 125 125 1 07/26/17 00:15

2320B Alkalinity Analytical Method: SM 2320B

Alkalinity,Bicarbonate (CaCO3) ND mg/L 5.0 1.0 1 07/28/17 11:32

Alkalinity, Carbonate (CaCO3) ND mg/L 5.0 1.0 1 07/28/17 11:32

Alkalinity, Total as CaCO3 ND mg/L 5.0 1.0 1 07/28/17 11:32

2540C Total Dissolved Solids Analytical Method: SM 2540C

Total Dissolved Solids 3680 mg/L 50.0 50.0 1 07/27/17 10:58

4500H+ pH, Electrometric Analytical Method: SM 4500-H+B

pH at 25 Degrees C 5.5  Std. Units 1.0 0.10 1 07/28/17 11:37 H6

4500S2D Sulfide Water Analytical Method: SM 4500-S2D

Sulfide 0.21 mg/L 0.10 0.10 1 07/25/17 19:00 18496-25-8

Date: 08/02/2017 05:34 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

aceAnalytical

www.pacelabs.com

ANALYTICAL RESULTS

Project: COAL ASH
Pace Project No.: 92348734
Sample: ZVI1 Lab ID: 92348734006 Collected: 07/21/17 10:39 Received: 07/24/17 12:11 Matrix: Water
Report
Parameters Results Units Limit MDL DF Prepared Analyzed CAS No. Qual

300.0 IC Anions 28 Days
Sulfate

365.1 Phosphorus, Total
Phosphorus

9056 IC anions 28 Days

Analytical Method: EPA 300.0

2140 mg/L 45.0 22.5 45 07/26/17 20:37 14808-79-8
Analytical Method: EPA 365.1

0.055 mg/L 0.050 0.025 1 07/26/17 12:55 7723-14-0

Analytical Method: EPA 9056A

07/29/17 21:33 16887-00-6
07/29/17 21:33 16984-48-8

Chloride 2.9 mg/L 1.0 0.50 1
Fluoride 0.18 mg/L 0.10 0.050 1

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

Date: 08/02/2017 05:34 PM without the written consent of Pace Analytical Services, LLC. Page 18 of 44
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www.pacelabs.com

ANALYTICAL RESULTS

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

Project: COALASH

Pace Project No.: 92348734

Sample: CONT F2 Lab ID: 92348734007 Collected: 07/21/17 11:55 Received: 07/24/17 12:11 Matrix: Water
Report

Parameters Results Units Limit MDL DF Prepared Analyzed CAS No. Qual

6020 MET ICPMS Analytical Method: EPA 6020B Preparation Method: EPA 3010A

Aluminum 59900 ug/L 100 67.0 10 07/26/17 04:45 07/28/17 16:53 7429-90-5 D3

Antimony ND ug/L 5.0 1.0 10 07/26/17 04:45 07/28/17 16:53 7440-36-0 D3

Arsenic 21 ug/L 1.0 0.50 10 07/26/17 04:45 07/28/17 16:53 7440-38-2 D3

Barium 18.9 ug/L 3.0 1.1 10 07/26/17 04:45 07/28/17 16:53 7440-39-3 D3

Beryllium 11.5 ug/L 1.0 0.20 10 07/26/17 04:45 07/28/17 16:53 7440-41-7 D3

Cadmium 6.4 ug/L 0.80 0.60 10 07/26/17 04:45 07/28/17 16:53 7440-43-9 D3

Calcium 491000 ug/L 2000 1030 10 07/26/17 04:45 07/28/17 16:53 7440-70-2 D3

Chromium ND ug/L 5.0 1.0 10 07/26/17 04:45 07/28/17 16:53 7440-47-3 D3

Cobalt 312 ug/L 1.0 0.10 10 07/26/17 04:45 07/28/17 16:53 7440-48-4 D3

Copper 66.6 ug/L 5.0 1.2 10 07/26/17 04:45 07/28/17 16:53 7440-50-8 D3

Iron 343000 ug/L 500 118 10 07/26/17 04:45 07/28/17 16:53 7439-89-6 D3

Lead 28.0 ug/L 1.0 0.80 10 07/26/17 04:45 07/28/17 16:53 7439-92-1 D3

Lithium 113 ug/L 25.0 0.70 10 07/26/17 04:45 07/28/17 16:53 7439-93-2 D3

Magnesium 27900 ug/L 100 17.0 10 07/26/17 04:45 07/28/17 16:53 7439-95-4 D3

Manganese 27600 ug/L 50.0 19.0 100 07/26/17 04:45 07/31/17 13:10 7439-96-5 D3

Molybdenum ND ug/L 5.0 1.1 10 07/26/17 04:45 07/28/17 16:53 7439-98-7 D3

Nickel 171 ug/L 5.0 45 10 07/26/17 04:45 07/28/17 16:53 7440-02-0 D3

Potassium 15100 ug/L 500 258 10 07/26/17 04:45 07/28/17 16:53 7440-09-7 D3

Selenium 25.9 ug/L 5.0 3.2 10 07/26/17 04:45 07/28/17 16:53 7782-49-2 D3

Silver ND ug/L 5.0 0.80 10 07/26/17 04:45 07/28/17 16:53 7440-22-4 D3

Sodium 10400 ug/L 2500 129 10 07/26/17 04:45 07/28/17 16:53 7440-23-5 D3

Thallium 0.96J ug/L 1.0 0.20 10 07/26/17 04:45 07/28/17 16:53 7440-28-0 D3

Vanadium ND ug/L 5.0 0.70 10 07/26/17 04:45 07/28/17 16:53 7440-62-2 D3

Zinc 1130 ug/L 50.0 240 10 07/26/17 04:45 07/28/17 16:53 7440-66-6 D3

6020 MET ICPMS, Dissolved Analytical Method: EPA 6020B Preparation Method: EPA 3010A

Iron, Dissolved 347000 ug/L 500 118 10 07/27/17 03:10 07/28/17 18:36 7439-89-6

160.4 TVS and 2540B TS Analytical Method: EPA 160.4

Total Solids (SM 2540B) 3920 mg/L 125 125 1 07/27/17 21:21

Total Volatile Solids 630 mg/L 125 125 1 07/27/17 21:21 D6

2320B Alkalinity Analytical Method: SM 2320B

Alkalinity,Bicarbonate (CaCO3) ND mg/L 5.0 1.0 1 07/28/17 11:39

Alkalinity, Carbonate (CaCO3) ND mg/L 5.0 1.0 1 07/28/17 11:39

Alkalinity, Total as CaCO3 ND mg/L 5.0 1.0 1 07/28/17 11:39

2540C Total Dissolved Solids Analytical Method: SM 2540C

Total Dissolved Solids 3200 mg/L 125 125 1 07/27/17 10:58

4500H+ pH, Electrometric Analytical Method: SM 4500-H+B

pH at 25 Degrees C 3.0 Std. Units 1.0 0.10 1 07/28/17 11:37 E,H6

4500S2D Sulfide Water Analytical Method: SM 4500-S2D

Sulfide ND mg/L 0.10 0.10 1 07/25/17 19:00 18496-25-8

Date: 08/02/2017 05:34 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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Project: COAL ASH
Pace Project No.: 92348734

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

ANALYTICAL RESULTS

Sample: CONT F2

Parameters

Lab ID: 92348734007 Collected: 07/21/17 11:55 Received: 07/24/17 12:11 Matrix: Water

Report
Units Limit MDL DF Prepared Analyzed CAS No. Qual

300.0 IC Anions 28 Days
Sulfate

365.1 Phosphorus, Total
Phosphorus

9056 IC anions 28 Days

Chloride
Fluoride

Date: 08/02/2017 05:34 PM

Analytical Method: EPA 300.0
2400 mg/L 46.0 23.0 46 07/26/17 20:53 14808-79-8

Analytical Method: EPA 365.1
0.031J mg/L 0.050 0.025 1 07/26/17 12:56 7723-14-0

Analytical Method: EPA 9056A

mg/L 1.0 0.50 1 07/29/17 22:39 16887-00-6
mg/L 0.10 0.050 1 07/29/17 22:39 16984-48-8

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC. Page 20 of 44



aceAnalytical

www.pacelabs.com

ANALYTICAL RESULTS

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

Project: COAL ASH

Pace Project No.: 92348734

Sample: AMF 2 Lab ID: 92348734008 Collected: 07/21/17 13:13 Received: 07/24/17 12:11 Matrix: Water
Report

Parameters Results Units Limit MDL DF Prepared Analyzed CAS No. Qual

6020 MET ICPMS Analytical Method: EPA 6020B Preparation Method: EPA 3010A

Aluminum 34800 ug/L 100 67.0 10 07/26/17 04:45 07/28/17 16:55 7429-90-5 D3

Antimony ND ug/L 5.0 1.0 10 07/26/17 04:45 07/28/17 16:55 7440-36-0 D3

Arsenic 3.0 ug/L 1.0 0.50 10 07/26/17 04:45 07/28/17 16:55 7440-38-2 D3

Barium 4.2 ug/L 3.0 1.1 10 07/26/17 04:45 07/28/17 16:55 7440-39-3 D3

Beryllium 9.1 ug/L 1.0 0.20 10 07/26/17 04:45 07/28/17 16:55 7440-41-7 D3

Cadmium 5.9 ug/L 0.80 0.60 10 07/26/17 04:45 07/28/17 16:55 7440-43-9 D3

Calcium 448000 ug/L 2000 1030 10 07/26/17 04:45 07/28/17 16:55 7440-70-2 D3

Chromium 2.2] ug/L 5.0 1.0 10 07/26/17 04:45 07/28/17 16:55 7440-47-3 D3

Cobalt 295 ug/L 1.0 0.10 10 07/26/17 04:45 07/28/17 16:55 7440-48-4 D3

Copper 58.1 ug/L 5.0 1.2 10 07/26/17 04:45 07/28/17 16:55 7440-50-8 D3

Iron 311000 ug/L 500 118 10 07/26/17 04:45 07/28/17 16:55 7439-89-6 D3

Lead 35 ug/L 1.0 0.80 10 07/26/17 04:45 07/28/17 16:55 7439-92-1 D3

Lithium 113 ug/L 25.0 0.70 10 07/26/17 04:45 07/28/17 16:55 7439-93-2 D3

Magnesium 26300 ug/L 100 17.0 10 07/26/17 04:45 07/28/17 16:55 7439-95-4 D3

Manganese 22700 ug/L 50.0 19.0 100 07/26/17 04:45 07/31/17 13:12 7439-96-5 D3

Molybdenum 10.7 ug/L 5.0 1.1 10 07/26/17 04:45 07/28/17 16:55 7439-98-7 D3

Nickel 164 ug/L 5.0 45 10 07/26/17 04:45 07/28/17 16:55 7440-02-0 D3

Potassium 14200 ug/L 500 258 10 07/26/17 04:45 07/28/17 16:55 7440-09-7 D3

Selenium 19.0 ug/L 5.0 3.2 10 07/26/17 04:45 07/28/17 16:55 7782-49-2 D3

Silver ND ug/L 5.0 0.80 10 07/26/17 04:45 07/28/17 16:55 7440-22-4 D3

Sodium 953000 ug/L 25000 1290 100 07/26/17 04:45 07/31/17 13:12 7440-23-5 D3

Thallium 0.45J ug/L 1.0 0.20 10 07/26/17 04:45 07/28/17 16:55 7440-28-0 D3

Vanadium 9.6 ug/L 5.0 0.70 10 07/26/17 04:45 07/28/17 16:55 7440-62-2 D3

Zinc 1160 ug/L 50.0 240 10 07/26/17 04:45 07/28/17 16:55 7440-66-6 D3

6020 MET ICPMS, Dissolved Analytical Method: EPA 6020B Preparation Method: EPA 3010A

Iron, Dissolved 231000 ug/L 500 118 10 07/27/17 03:10 07/28/17 18:38 7439-89-6

160.4 TVS and 2540B TS Analytical Method: EPA 160.4

Total Solids (SM 2540B) 7190 mg/L 25.0 25.0 1 07/27/17 21:21

Total Volatile Solids 950 mg/L 25.0 25.0 1 07/27/17 21:21

2320B Alkalinity Analytical Method: SM 2320B

Alkalinity,Bicarbonate (CaCO3) ND mg/L 5.0 1.0 1 07/28/17 11:45

Alkalinity, Carbonate (CaCO3) ND mg/L 5.0 1.0 1 07/28/17 11:45

Alkalinity, Total as CaCO3 ND mg/L 5.0 1.0 1 07/28/17 11:45

2540C Total Dissolved Solids Analytical Method: SM 2540C

Total Dissolved Solids 5730 mg/L 250 250 1 07/27/17 10:58

4500H+ pH, Electrometric Analytical Method: SM 4500-H+B

pH at 25 Degrees C 3.2  Std. Units 1.0 0.10 1 07/28/17 11:37 E,H6

4500S2D Sulfide Water Analytical Method: SM 4500-S2D

Sulfide ND mg/L 0.10 0.10 1 07/25/17 19:00 18496-25-8

Date: 08/02/2017 05:34 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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Project: COAL ASH
Pace Project No.: 92348734

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

ANALYTICAL RESULTS

Sample: AMF 2

Parameters

Lab ID: 92348734008 Collected: 07/21/17 13:13 Received: 07/24/17 12:11 Matrix: Water

Report
Results Units Limit MDL DF Prepared Analyzed CAS No. Qual

300.0 IC Anions 28 Days
Sulfate

365.1 Phosphorus, Total
Phosphorus

9056 IC anions 28 Days

Chloride
Fluoride

Date: 08/02/2017 05:34 PM

Analytical Method: EPA 300.0
2070 mg/L 100 50.0 100 07/26/17 21:10 14808-79-8
Analytical Method: EPA 365.1
827 mg/L 25.0 125 500 07/26/17 13:28 7723-14-0
Analytical Method: EPA 9056A

4.7 mg/L 1.0 0.50 1 07/29/17 22:56 16887-00-6
0.22 mg/L 0.10 0.050 1 07/29/17 22:56 16984-48-8

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC. Page 22 of 44



aceAnalytical

www.pacelabs.com

ANALYTICAL RESULTS

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

Project: COAL ASH

Pace Project No.: 92348734

Sample: EBF 2 Lab ID: 92348734009 Collected: 07/21/17 14:39 Received: 07/24/17 12:11 Matrix: Water
Report

Parameters Results Units Limit MDL DF Prepared Analyzed CAS No. Qual

6020 MET ICPMS Analytical Method: EPA 6020B Preparation Method: EPA 3010A

Aluminum ND ug/L 100 67.0 10 07/26/17 04:45 07/28/17 16:57 7429-90-5 D3

Antimony ND ug/L 5.0 1.0 10 07/26/17 04:45 07/28/17 16:57 7440-36-0 D3

Arsenic ND ug/L 1.0 0.50 10 07/26/17 04:45 07/28/17 16:57 7440-38-2 D3

Barium 20.8 ug/L 3.0 1.1 10 07/26/17 04:45 07/28/17 16:57 7440-39-3 D3

Beryllium ND ug/L 1.0 0.20 10 07/26/17 04:45 07/28/17 16:57 7440-41-7 D3

Cadmium ND ug/L 0.80 0.60 10 07/26/17 04:45 07/28/17 16:57 7440-43-9 D3

Calcium 475000 ug/L 2000 1030 10 07/26/17 04:45 07/28/17 16:57 7440-70-2 D3

Chromium 1.2 ug/L 5.0 1.0 10 07/26/17 04:45 07/28/17 16:57 7440-47-3 D3

Cobalt 4.4 ug/L 1.0 0.10 10 07/26/17 04:45 07/28/17 16:57 7440-48-4 D3

Copper ND ug/L 5.0 1.2 10 07/26/17 04:45 07/28/17 16:57 7440-50-8 D3

Iron 138J ug/L 500 118 10 07/26/17 04:45 07/28/17 16:57 7439-89-6 D3

Lead ND ug/L 1.0 0.80 10 07/26/17 04:45 07/28/17 16:57 7439-92-1 D3

Lithium 117 ug/L 25.0 0.70 10 07/26/17 04:45 07/28/17 16:57 7439-93-2 D3

Magnesium 272000 ug/L 100 17.0 10 07/26/17 04:45 07/28/17 16:57 7439-95-4 D3

Manganese 8560 ug/L 25.0 9.5 50 07/26/17 04:45 07/31/17 13:14 7439-96-5 D3

Molybdenum ND ug/L 5.0 1.1 10 07/26/17 04:45 07/28/17 16:57 7439-98-7 D3

Nickel ND ug/L 5.0 45 10 07/26/17 04:45 07/28/17 16:57 7440-02-0 D3

Potassium 14900 ug/L 500 258 10 07/26/17 04:45 07/28/17 16:57 7440-09-7 D3

Selenium ND ug/L 5.0 3.2 10 07/26/17 04:45 07/28/17 16:57 7782-49-2 D3

Silver ND ug/L 5.0 0.80 10 07/26/17 04:45 07/28/17 16:57 7440-22-4 D3

Sodium 11300 ug/L 2500 129 10 07/26/17 04:45 07/28/17 16:57 7440-23-5 D3

Thallium 0.75J ug/L 1.0 0.20 10 07/26/17 04:45 07/28/17 16:57 7440-28-0 D3

Vanadium ND ug/L 5.0 0.70 10 07/26/17 04:45 07/28/17 16:57 7440-62-2 D3

Zinc ND ug/L 50.0 240 10 07/26/17 04:45 07/28/17 16:57 7440-66-6 D3

6020 MET ICPMS, Dissolved Analytical Method: EPA 6020B Preparation Method: EPA 3010A

Iron, Dissolved 1400 ug/L 500 118 10 07/27/17 03:10 07/28/17 18:40 7439-89-6

160.4 TVS and 2540B TS Analytical Method: EPA 160.4

Total Solids (SM 2540B) 3660 mg/L 125 125 1 07/27/17 21:21

Total Volatile Solids 620 mg/L 125 125 1 07/27/17 21:21

2320B Alkalinity Analytical Method: SM 2320B

Alkalinity,Bicarbonate (CaCO3) 175 mg/L 5.0 1.0 1 07/28/17 11:52

Alkalinity, Carbonate (CaCO3) ND mg/L 5.0 1.0 1 07/28/17 11:52

Alkalinity, Total as CaCO3 175 mg/L 5.0 1.0 1 07/28/17 11:52

2540C Total Dissolved Solids Analytical Method: SM 2540C

Total Dissolved Solids 2960 mg/L 125 125 1 07/27/17 10:59

4500H+ pH, Electrometric Analytical Method: SM 4500-H+B

pH at 25 Degrees C 7.6  Std. Units 1.0 0.10 1 07/28/17 11:37 H6

4500S2D Sulfide Water Analytical Method: SM 4500-S2D

Sulfide ND mg/L 0.10 0.10 1 07/25/17 19:00 18496-25-8

Date: 08/02/2017 05:34 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

aceAnalytical

www.pacelabs.com

ANALYTICAL RESULTS

Project: COAL ASH
Pace Project No.: 92348734
Sample: EBF 2 Lab ID: 92348734009 Collected: 07/21/17 14:39 Received: 07/24/17 12:11 Matrix: Water
Report
Parameters Results Units Limit MDL DF Prepared Analyzed CAS No. Qual

300.0 IC Anions 28 Days
Sulfate

365.1 Phosphorus, Total
Phosphorus

9056 IC anions 28 Days

Analytical Method: EPA 300.0

2090 mg/L 44.0 22.0 44 07/26/17 21:27 14808-79-8
Analytical Method: EPA 365.1

0.16 mg/L 0.050 0.025 1 07/26/17 13:00 7723-14-0

Analytical Method: EPA 9056A

07/29/17 23:12 16887-00-6
07/29/17 23:12 16984-48-8

Chloride 5.8 mg/L 1.0 0.50 1
Fluoride 0.099J mg/L 0.10 0.050 1

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

Date: 08/02/2017 05:34 PM without the written consent of Pace Analytical Services, LLC. Page 24 of 44
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QUALITY CONTROL DATA

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078

(704)875-9092

Project: COAL ASH

Pace Project No.: 92348734

QC Batch: 370524 Analysis Method: EPA 6020B
QC Batch Method:  EPA 3010A Analysis Description: 6020 MET

Associated Lab Samples:

92348734001, 92348734002, 92348734003, 92348734004, 92348734005, 92348734006, 92348734007,
92348734008, 92348734009

METHOD BLANK:

Associated Lab Samples:

2053188

92348734001, 92348734002, 92348734003, 92348734004, 92348734005, 92348734006, 92348734007,
92348734008, 92348734009

Matrix: Water

Blank Reporting
Parameter Units Result Limit MDL Analyzed Qualifiers
Aluminum ug/L ND 10.0 6.7 07/27/17 17:08
Antimony ug/L ND 0.50 0.10 07/27/17 17:08
Arsenic ug/L ND 0.10 0.050 07/27/17 17:08
Barium ug/L ND 0.30 0.11 07/27/17 17:08
Beryllium ug/L ND 0.10 0.020 07/27/17 17:08
Cadmium ug/L ND 0.080 0.060 07/27/17 17:08
Calcium ug/L ND 200 103 07/27/17 17:08
Chromium ug/L ND 0.50 0.10 07/27/17 17:08
Cobalt ug/L ND 0.10 0.010 07/27/17 17:08
Copper ug/L ND 0.50 0.12 07/27/17 17:08
Iron ug/L ND 50.0 11.8 07/27/17 17:08
Lead ug/L ND 0.10 0.080 07/27/17 17:08
Lithium ug/L ND 25 0.070 07/28/17 16:15
Magnesium ug/L 2.4 10.0 1.7 07/27/17 17:08
Manganese ug/L ND 0.50 0.19 07/27/17 17:08
Molybdenum ug/L ND 0.50 0.11 07/27/17 17:08
Nickel ug/L ND 0.50 0.45 07/27/17 17:08
Potassium ug/L ND 50.0 25.8 07/27/17 17:08
Selenium ug/L ND 0.50 0.32 07/27/17 17:08
Silver ug/L ND 0.50 0.080 07/27/17 17:08
Sodium ug/L 19.97 250 12.9 07/27/17 17:08
Thallium ug/L ND 0.10 0.020 07/28/17 16:15
Vanadium ug/L ND 0.50 0.070 07/27/17 17:08
Zinc ug/L ND 5.0 2.4 07/27/17 17:08
LABORATORY CONTROL SAMPLE: 2053189
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers

Aluminum ug/L 100 101 101 80-120
Antimony ug/L 100 101 101 80-120
Arsenic ug/L 100 99.9 100 80-120
Barium ug/L 100 99.3 99 80-120
Beryllium ug/L 100 106 106 80-120
Cadmium ug/L 100 100 100 80-120
Calcium ug/L 1250 1150 92 80-120
Chromium ug/L 100 101 101 80-120
Cobalt ug/L 100 104 104 80-120
Copper ug/L 100 105 105 80-120

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

Date: 08/02/2017 05:34 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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Project: COAL ASH
Pace Project No.: 92348734

QUALITY CONTROL DATA

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100

Huntersville, NC 28078

(704)875-9092

LABORATORY CONTROL SAMPLE: 2053189
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Iron ug/L 1250 1270 101 80-120
Lead ug/L 100 95.2 95 80-120
Lithium ug/L 100 101 101 80-120
Magnesium ug/L 1250 1310 105 80-120
Manganese ug/L 100 101 101 80-120
Molybdenum ug/L 100 97.4 97 80-120
Nickel ug/L 100 105 105 80-120
Potassium ug/L 1250 1240 99 80-120
Selenium ug/L 100 96.1 96 80-120
Silver ug/L 100 100 100 80-120
Sodium ug/L 1250 1250 100 80-120
Thallium ug/L 100 100 100 80-120
Vanadium ug/L 100 99.3 99 80-120
Zinc ug/L 100 101 101 80-120
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2053190 2053191
MS MSD
92348725007  Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual

Aluminum ug/L ND 100 100 98.6 102 98 101 75-125 4 20
Antimony ug/L ND 100 100 103 102 103 102 75-125 1 20
Arsenic ug/L ND 100 100 101 100 101 100 75-125 1 20
Barium ug/L 0.37 100 100 102 103 102 102 75-125 0 20
Beryllium ug/L ND 100 100 103 102 103 102 75-125 1 20
Cadmium ug/L ND 100 100 103 100 103 100 75-125 3 20
Calcium ug/L ND 1250 1250 1240 1240 99 100 75-125 0 20
Chromium ug/L 0.61 100 100 105 104 104 104 75-125 0 20
Cobalt ug/L 0.021J 100 100 107 105 107 105 75-125 1 20
Copper ug/L ND 100 100 107 106 107 106  75-125 1 20
Iron ug/L ND 1250 1250 1310 1290 104 103 75-125 1 20
Lead ug/L ND 100 100 95.7 97.0 96 97 75-125 1 20
Lithium ug/L 0.20J 100 100 107 106 106 106 75-125 0 20
Magnesium ug/L 2.4 1250 1250 1340 1320 107 105 75-125 2 20
Manganese ug/L 0.46J 100 100 103 102 103 101 75-125 1 20
Molybdenum ug/L ND 100 100 101 97.9 101 98 75-125 3 20
Nickel ug/L 0.90 100 100 108 106 107 105 75-125 2 20
Potassium ug/L ND 1250 1250 1300 1260 104 101 75-125 3 20
Selenium ug/L ND 100 100 98.5 96.9 929 97 75-125 2 20
Silver ug/L ND 100 100 104 102 104 102 75-125 2 20
Sodium ug/L 19.0J 1250 1250 1280 1260 101 99 75-125 2 20
Thallium ug/L ND 100 100 95.9 96.7 96 97 75-125 1 20
Vanadium ug/L ND 100 100 103 100 103 100 75-125 3 20
Zinc ug/L ND 100 100 106 102 106 102 75-125 3 20

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

Date: 08/02/2017 05:34 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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Pace Analytical Services, LLC

aceAnalytical

www.pacelabs.com

QUALITY CONTROL DATA

9800 Kincey Ave. Suite 100
Huntersville, NC 28078

(704)875-9092

Project: COAL ASH

Pace Project No.: 92348734

QC Batch: 370526 Analysis Method: EPA 6020B

QC Batch Method:  EPA 3010A Analysis Description: 6020 MET Dissolved

92348734001, 92348734002, 92348734003, 92348734004, 92348734005, 92348734006, 92348734007,
92348734008, 92348734009

Associated Lab Samples:

2053196 Matrix: Water

92348734001, 92348734002, 92348734003, 92348734004, 92348734005, 92348734006, 92348734007,
92348734008, 92348734009

METHOD BLANK:
Associated Lab Samples:

Blank Reporting
Parameter Units Result Limit MDL Analyzed Qualifiers
Iron, Dissolved ug/L ND 50.0 11.8 07/28/17 18:11
LABORATORY CONTROL SAMPLE: 2053197
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Iron, Dissolved ug/L 1250 1440 115 80-120
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2053198 2053199
MS MSD
92348734001  Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual
Iron, Dissolved ug/L 370000 1250 1250 335000 345000 -2810 -1970 75-125 3 20 M6

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

Date: 08/02/2017 05:34 PM without the written consent of Pace Analytical Services, LLC.
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Pace Analytical Services, LLC

. @ 9800 Kincey Ave. Suite 100
/' _PaceAnalytical Huntersuile, NC 26078
www.pacelabs.com (704)875-9092

QUALITY CONTROL DATA

Project: COAL ASH
Pace Project No.: 92348734

QC Batch: 370700 Analysis Method: EPA 160.4
QC Batch Method:  EPA 160.4 Analysis Description: 160.4 TVS and 2540B TS
Associated Lab Samples: 92348734001, 92348734002, 92348734003, 92348734004, 92348734005, 92348734006

METHOD BLANK: 2054182 Matrix: Water
Associated Lab Samples: 92348734001, 92348734002, 92348734003, 92348734004, 92348734005, 92348734006
Blank Reporting
Parameter Units Result Limit MDL Analyzed Qualifiers
Total Solids (SM 2540B) mg/L ND 2.5 2.5 07/26/17 00:15
Total Volatile Solids mg/L ND 2.5 2.5 07/26/17 00:15

LABORATORY CONTROL SAMPLE: 2054183

Spike LCS LCS % Rec

Parameter Units Conc. Result % Rec Limits Qualifiers
Total Solids (SM 2540B) mg/L 500 492 98 90-110
SAMPLE DUPLICATE: 2054184

92348734001 Dup Max

Parameter Units Result Result RPD RPD Qualifiers
Total Solids (SM 2540B) mg/L 3760 3690 2 10
Total Volatile Solids mg/L 700 580 19 10 D6

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
Date: 08/02/2017 05:34 PM without the written consent of Pace Analytical Services, LLC. Page 28 of 44



Pace Analytical Services, LLC

. @ 9800 Kincey Ave. Suite 100
ace Analytical Huntersville, NC 28078
www.pacelabs.com (704)875-9092

QUALITY CONTROL DATA

Project: COAL ASH
Pace Project No.: 92348734

QC Batch: 370701 Analysis Method: EPA 160.4
QC Batch Method:  EPA 160.4 Analysis Description: 160.4 TVS and 2540B TS
Associated Lab Samples: 92348734007, 92348734008, 92348734009

METHOD BLANK: 2054185 Matrix: Water
Associated Lab Samples: 92348734007, 92348734008, 92348734009
Blank Reporting
Parameter Units Result Limit MDL Analyzed Qualifiers
Total Solids (SM 2540B) mg/L ND 2.5 2.5 07/27/17 21:21
Total Volatile Solids mg/L ND 2.5 2.5 07/27/17 21:21

LABORATORY CONTROL SAMPLE: 2054186

Spike LCS LCS % Rec

Parameter Units Conc. Result % Rec Limits Qualifiers
Total Solids (SM 2540B) mg/L 500 520 104 90-110
SAMPLE DUPLICATE: 2054187

92348734007 Dup Max

Parameter Units Result Result RPD RPD Qualifiers
Total Solids (SM 2540B) mg/L 3920 3920 0 10
Total Volatile Solids mg/L 630 540 15 10 D6

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
Date: 08/02/2017 05:34 PM without the written consent of Pace Analytical Services, LLC. Page 29 of 44
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QUALITY CONTROL DATA

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100

Huntersville, NC 28078
(704)875-9092

Project: COAL ASH

Pace Project No.: 92348734

QC Batch: 370555 Analysis Method: SM 2320B

QC Batch Method:  SM 2320B Analysis Description: 2320B Alkalinity

Associated Lab Samples:

92348734001, 92348734002, 92348734003, 92348734004

METHOD BLANK:
Associated Lab Samples:

2053275

Matrix: Water

92348734001, 92348734002, 92348734003, 92348734004

Blank Reporting
Parameter Units Result Limit MDL Analyzed Qualifiers
Alkalinity, Carbonate (CaCO3) mg/L ND 5.0 1.0 07/27/17 18:29
Alkalinity, Total as CaCO3 mg/L ND 5.0 1.0 07/27/17 18:29
Alkalinity,Bicarbonate (CaCO3) mg/L ND 5.0 1.0 07/27/17 18:29
LABORATORY CONTROL SAMPLE: 2053276
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Alkalinity, Total as CaCO3 mg/L 50 47.3 95 80-120
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2053277 2053278
MS MSD
92348725007  Spike Spike MS MSD MS MSD Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec RPD RPD Qual
Alkalinity, Total as CaCO3 mg/L 50 50 48.7 48.9 97 98 1 25
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2053279 2053280
MS MSD
92348728010 Spike Spike MS MSD MS MSD Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec RPD RPD Qual
Alkalinity, Total as CaCO3 mg/L 50 50 163 162 98 96 1 25

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

Date: 08/02/2017 05:34 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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Project: COAL ASH
Pace Project No.: 92348734

QUALITY CONTROL DATA

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100

Huntersville, NC 28078
(704)875-9092

QC Batch: 370727
QC Batch Method:  SM 2320B

SM 2320B
2320B Alkalinity

Analysis Method:
Analysis Description:

Associated Lab Samples: 92348734005, 92348734006, 92348734007, 92348734008, 92348734009

METHOD BLANK: 2054283

Matrix: Water

Associated Lab Samples: 92348734005, 92348734006, 92348734007, 92348734008, 92348734009

Blank Reporting
Parameter Units Result Limit MDL Analyzed Qualifiers
Alkalinity, Carbonate (CaCO3) mg/L ND 5.0 1.0 07/28/17 09:46
Alkalinity, Total as CaCO3 mg/L ND 5.0 1.0 07/28/17 09:46
Alkalinity,Bicarbonate (CaCO3) mg/L ND 5.0 1.0 07/28/17 09:46
LABORATORY CONTROL SAMPLE: 2054284
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Alkalinity, Total as CaCO3 mg/L 50 47.6 95 80-120
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2054285 2054286
MS MSD
92348772001  Spike Spike MS MSD MS MSD Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec RPD RPD Qual
Alkalinity, Total as CaCO3 mg/L 83.8 50 50 130 125 92 83 3 25
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2054287 2054288
MS MSD
92348902001  Spike Spike MS MSD MS MSD Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec RPD RPD Qual
Alkalinity, Total as CaCO3 mg/L 150 50 50 200 202 101 104 1 25

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

Date: 08/02/2017 05:34 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.
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Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

QUALITY CONTROL DATA

Project: COAL ASH

Pace Project No.: 92348734

QC Batch: 370731 Analysis Method: SM 2540C

QC Batch Method:  SM 2540C Analysis Description: 2540C Total Dissolved Solids

Associated Lab Samples:

92348734001, 92348734002, 92348734003, 92348734004, 92348734006, 92348734007, 92348734008,
92348734009

METHOD BLANK:
Associated Lab Samples:

2054298

Matrix: Water

92348734001, 92348734002, 92348734003, 92348734004, 92348734006, 92348734007, 92348734008,
92348734009

Blank Reporting
Parameter Units Result Limit MDL Analyzed Qualifiers
Total Dissolved Solids mg/L ND 25.0 25.0 07/27/17 10:55
LABORATORY CONTROL SAMPLE: 2054299
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Total Dissolved Solids mg/L 250 236 94 90-110
SAMPLE DUPLICATE: 2054300
92347933009 Dup Max
Parameter Units Result Result RPD RPD Qualifiers
Total Dissolved Solids mg/L 674 670 1 5 H1
SAMPLE DUPLICATE: 2054301
92348800001 Dup Max
Parameter Units Result Result RPD RPD Qualifiers
Total Dissolved Solids mg/L 1460 1450 0 5

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

Date: 08/02/2017 05:34 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC. Page 32 of 44
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QUALITY CONTROL DATA

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078

(704)875-9092

Project: COAL ASH
Pace Project No.: 92348734
QC Batch: 370998 Analysis Method: SM 2540C
QC Batch Method:  SM 2540C Analysis Description: 2540C Total Dissolved Solids
Associated Lab Samples: 92348734005
METHOD BLANK: 2055648 Matrix: Water
Associated Lab Samples: 92348734005
Blank Reporting

Parameter Units Result Limit MDL Analyzed Qualifiers
Total Dissolved Solids mg/L ND 25.0 25.0 07/28/17 13:36
LABORATORY CONTROL SAMPLE: 2055649

Spike LCS LCS % Rec

Parameter Units Conc. Result % Rec Limits Qualifiers
Total Dissolved Solids mg/L 250 236 94 90-110
SAMPLE DUPLICATE: 2055650

92348842001 Dup Max

Parameter Units Result Result RPD RPD Qualifiers
Total Dissolved Solids mg/L 464 472 5
SAMPLE DUPLICATE: 2055651

92348842011 Dup Max

Parameter Units Result Result RPD RPD Qualifiers

Total Dissolved Solids mg/L 609 604 5

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

Date: 08/02/2017 05:34 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
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QUALITY CONTROL DATA

Project: COAL ASH
Pace Project No.: 92348734

(704)875-9092

QC Batch: 370932 Analysis Method: SM 4500-H+B

QC Batch Method:  SM 4500-H+B Analysis Description: 4500H+B pH

Associated Lab Samples: 92348734001, 92348734002, 92348734003, 92348734004, 92348734005, 92348734006, 92348734007,
92348734008, 92348734009

SAMPLE DUPLICATE: 2055410
92348734001 Dup Max
Parameter Units Result Result RPD RPD Qualifiers

pH at 25 Degrees C Std. Units 3.0 3.0 0 10 E,H6

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
Date: 08/02/2017 05:34 PM without the written consent of Pace Analytical Services, LLC.
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QUALITY CONTROL DATA

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

Project: COAL ASH

Pace Project No.: 92348734

QC Batch: 370499 Analysis Method: SM 4500-S2D

QC Batch Method:  SM 4500-S2D Analysis Description: 4500S2D Sulfide Water

Associated Lab Samples:

92348734008, 92348734009

92348734001, 92348734002, 92348734003, 92348734004, 92348734005, 92348734006, 92348734007,

METHOD BLANK:
Associated Lab Samples:

2053011

Matrix: Water

92348734008, 92348734009

92348734001, 92348734002, 92348734003, 92348734004, 92348734005, 92348734006, 92348734007,

Blank Reporting
Parameter Units Result Limit MDL Analyzed Qualifiers
Sulfide mg/L ND 0.10 0.10 07/25/17 19:00
LABORATORY CONTROL SAMPLE: 2053012
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Sulfide mg/L .5 0.50 100 80-120
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2053013 2053014
MS MSD
92348728015 Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual
Sulfide mg/L ND 5 5 0.59 0.58 118 115 80-120 2 10
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2053015 2053016
MS MSD
92348734001  Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual
Sulfide mg/L ND 5 5 0.51 0.51 99 100 80-120 1 10

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

Date: 08/02/2017 05:34 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

QUALITY CONTROL DATA

Project: COAL ASH

Pace Project No.: 92348734

QC Batch: 370425 Analysis Method: EPA 300.0

QC Batch Method:  EPA 300.0 Analysis Description: 300.0 IC Anions

Associated Lab Samples:
92348734008, 92348734009

92348734001, 92348734002, 92348734003, 92348734004, 92348734005, 92348734006, 92348734007,

METHOD BLANK:
Associated Lab Samples:

2052465

92348734008, 92348734009

Matrix: Water
92348734001, 92348734002, 92348734003, 92348734004, 92348734005, 92348734006, 92348734007,

Blank Reporting
Parameter Units Result Limit MDL Analyzed Qualifiers
Sulfate mg/L ND 1.0 0.50 07/26/17 02:47
LABORATORY CONTROL SAMPLE: 2052466
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Sulfate mg/L 50 52.8 106 90-110
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2052467 2052468
MS MSD
92348734001  Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual
Sulfate mg/L 2230 50 50 2480 2490 512 522 90-110 0 10 M6
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2052469 2052470
MS MSD
92348525003  Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual
Sulfate mg/L 163 50 50 214 207 100 86 90-110 3 10 M6

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

Date: 08/02/2017 05:34 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

QUALITY CONTROL DATA

Project: COAL ASH

Pace Project No.: 92348734

QC Batch: 370388 Analysis Method: EPA 365.1

QC Batch Method:  EPA 365.1 Analysis Description: 365.1 Phosphorus, Total

Associated Lab Samples:

92348734001, 92348734002, 92348734003, 92348734004, 92348734005, 92348734006, 92348734007,
92348734008, 92348734009

METHOD BLANK: 2052278
Associated Lab Samples:

Matrix: Water

92348734001, 92348734002, 92348734003, 92348734004, 92348734005, 92348734006, 92348734007,
92348734008, 92348734009

Blank Reporting
Parameter Units Result Limit MDL Analyzed Qualifiers
Phosphorus mg/L ND 0.050 0.025 07/26/17 12:32
LABORATORY CONTROL SAMPLE: 2052279
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Phosphorus mg/L 25 2.6 104 90-110
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2052280 2052281
MS MSD
92348246002  Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual
Phosphorus mg/L 9.0 25 25 11.8 11.3 111 94  90-110 4 10
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2052282 2052283
MS MSD
92348734007  Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual
Phosphorus mg/L 0.031J 25 25 2.3 2.3 89 90 90-110 1 10

Date: 08/02/2017 05:34 PM

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC. Page 37 of 44
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QUALITY CONTROL DATA

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

Project: COAL ASH

Pace Project No.: 92348734

QC Batch: 370559 Analysis Method: EPA 9056A

QC Batch Method:  EPA 9056A Analysis Description: 9056 IC anions 28 Days

Associated Lab Samples:

92348734008, 92348734009

92348734001, 92348734002, 92348734003, 92348734004, 92348734005, 92348734006, 92348734007,

METHOD BLANK:
Associated Lab Samples:

2053291

Matrix: Water

92348734008, 92348734009

92348734001, 92348734002, 92348734003, 92348734004, 92348734005, 92348734006, 92348734007,

Blank Reporting
Parameter Units Result Limit MDL Analyzed Qualifiers

Chloride mg/L ND 1.0 0.50 07/29/17 17:42
Fluoride mg/L ND 0.10 0.050 07/29/17 17:42
LABORATORY CONTROL SAMPLE: 2053292

Spike LCS LCS % Rec

Parameter Units Conc. Result % Rec Limits Qualifiers

Chloride mg/L 50 52.1 104 90-110
Fluoride mg/L 2.5 2.7 106 90-110
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2053293 2053294

MS MSD

92348734001 Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual

Chloride mg/L 2.9 50 50 55.8 55.8 106 106  90-110 0 10
Fluoride mg/L 0.40 2.5 2.5 2.8 2.8 96 96 90-110 1 10
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2053295 2053296

MS MSD

92348882002  Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual

Chloride mg/L 4.3 50 50 57.2 57.4 106 106  90-110 0 10
Fluoride mg/L 0.24 25 25 2.8 2.8 102 101  90-110 1 10

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

Date: 08/02/2017 05:34 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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Project:
Pace Project No.:

QUALIFIERS

COAL ASH
92348734

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.

TNTC - Too Numerous To Count

J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.

MDL - Adjusted Method Detection Limit.

PQL - Practical Quantitation Limit.

RL - Reporting Limit.

S - Surrogate

1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.

Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.

LCS(D) - Laboratory Control Sample (Duplicate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sample Duplicate

RPD - Relative Percent Difference

NC - Not Calculable.

SG - Silica Gel - Clean-Up

U - Indicates the compound was analyzed for, but not detected.

Acid preservation may not be appropriate for 2 Chloroethylvinyl ether.
A separate vial preserved to a pH of 4-5 is recommended in SW846 Chapter 4 for the analysis of Acrolein and Acrylonitrile by EPA
Method 8260.

N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270. The result reported for
each analyte is a combined concentration.

Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

LABORATORIES

PASI-A

Pace Analytical Services - Asheville

ANALYTE QUALIFIERS

D3 Sample was diluted due to the presence of high levels of non-target analytes or other matrix interference.
D6 The precision between the sample and sample duplicate exceeded laboratory control limits.
E Analyte concentration exceeded the calibration range. The reported result is estimated.
H1 Analysis conducted outside the EPA method holding time.
H6 Analysis initiated outside of the 15 minute EPA required holding time.
M6 Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.
REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,
Date: 08/02/2017 05:34 PM without the written consent of Pace Analytical Services, LLC.
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Pace Analytical Services, LLC

QUALITY CONTROL DATA CROSS REFERENCE TABLE

9800 Kincey Ave. Suite 100
Huntersville, NC 28078

(704)875-9092

Project: COALASH
Pace Project No.: 92348734

Analytical
Lab ID Sample ID QC Batch Method QC Batch Analytical Method Batch
92348734001 CONT 1 EPA 3010A 370524 EPA 6020B 370765
92348734002 AM 1 EPA 3010A 370524 EPA 6020B 370765
92348734003 EB 1 EPA 3010A 370524 EPA 6020B 370765
92348734004 FB 1 EPA 3010A 370524 EPA 6020B 370765
92348734005 NAOH 1 EPA 3010A 370524 EPA 6020B 370765
92348734006 ZV11 EPA 3010A 370524 EPA 6020B 370765
92348734007 CONT F2 EPA 3010A 370524 EPA 6020B 370765
92348734008 AMF 2 EPA 3010A 370524 EPA 6020B 370765
92348734009 EBF 2 EPA 3010A 370524 EPA 6020B 370765
92348734001 CONT 1 EPA 3010A 370526 EPA 6020B 370767
92348734002 AM 1 EPA 3010A 370526 EPA 6020B 370767
92348734003 EB 1 EPA 3010A 370526 EPA 6020B 370767
92348734004 FB 1 EPA 3010A 370526 EPA 6020B 370767
92348734005 NAOH 1 EPA 3010A 370526 EPA 6020B 370767
92348734006 ZVI 1 EPA 3010A 370526 EPA 6020B 370767
92348734007 CONT F2 EPA 3010A 370526 EPA 6020B 370767
92348734008 AMF 2 EPA 3010A 370526 EPA 6020B 370767
92348734009 EBF 2 EPA 3010A 370526 EPA 6020B 370767
92348734001 CONT 1 EPA 160.4 370700
92348734002 AM 1 EPA 160.4 370700
92348734003 EB 1 EPA 160.4 370700
92348734004 FB 1 EPA 160.4 370700
92348734005 NAOH 1 EPA 160.4 370700
92348734006 ZV11 EPA 160.4 370700
92348734007 CONT F2 EPA 160.4 370701
92348734008 AMF 2 EPA 160.4 370701
92348734009 EBF 2 EPA 160.4 370701
92348734001 CONT 1 SM 2320B 370555
92348734002 AM 1 SM 2320B 370555
92348734003 EB 1 SM 2320B 370555
92348734004 FB 1 SM 2320B 370555
92348734005 NAOH 1 SM 2320B 370727
92348734006 ZVI 1 SM 2320B 370727
92348734007 CONT F2 SM 2320B 370727
92348734008 AMF 2 SM 2320B 370727
92348734009 EBF 2 SM 2320B 370727
92348734001 CONT 1 SM 2540C 370731
92348734002 AM 1 SM 2540C 370731
92348734003 EB 1 SM 2540C 370731
92348734004 FB 1 SM 2540C 370731
92348734005 NAOH 1 SM 2540C 370998
92348734006 ZVi1 SM 2540C 370731
92348734007 CONT F2 SM 2540C 370731
92348734008 AMF 2 SM 2540C 370731
92348734009 EBF 2 SM 2540C 370731

Date: 08/02/2017 05:34 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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Pace Analytical Services, LLC

QUALITY CONTROL DATA CROSS REFERENCE TABLE

9800 Kincey Ave. Suite 100
Huntersville, NC 28078

(704)875-9092

Project: COAL ASH
Pace Project No.: 92348734

Analytical
Lab ID Sample ID QC Batch Method QC Batch Analytical Method Batch
92348734001 CONT 1 SM 4500-H+B 370932
92348734002 AM 1 SM 4500-H+B 370932
92348734003 EB 1 SM 4500-H+B 370932
92348734004 FB 1 SM 4500-H+B 370932
92348734005 NAOH 1 SM 4500-H+B 370932
92348734006 ZVI1 SM 4500-H+B 370932
92348734007 CONT F2 SM 4500-H+B 370932
92348734008 AMF 2 SM 4500-H+B 370932
92348734009 EBF 2 SM 4500-H+B 370932
92348734001 CONT 1 SM 4500-S2D 370499
92348734002 AM 1 SM 4500-S2D 370499
92348734003 EB1 SM 4500-S2D 370499
92348734004 FB 1 SM 4500-S2D 370499
92348734005 NAOH 1 SM 4500-S2D 370499
92348734006 ZVi 1 SM 4500-S2D 370499
92348734007 CONT F2 SM 4500-S2D 370499
92348734008 AMF 2 SM 4500-S2D 370499
92348734009 EBF 2 SM 4500-S2D 370499
92348734001 CONT 1 EPA 300.0 370425
92348734002 AM 1 EPA 300.0 370425
92348734003 EB 1 EPA 300.0 370425
92348734004 FB 1 EPA 300.0 370425
92348734005 NAOH 1 EPA 300.0 370425
92348734006 ZVI1 EPA 300.0 370425
92348734007 CONT F2 EPA 300.0 370425
92348734008 AMF 2 EPA 300.0 370425
92348734009 EBF 2 EPA 300.0 370425
92348734001 CONT 1 EPA 365.1 370388
92348734002 AM 1 EPA 365.1 370388
92348734003 EB 1 EPA 365.1 370388
92348734004 FB 1 EPA 365.1 370388
92348734005 NAOH 1 EPA 365.1 370388
92348734006 VAV I EPA 365.1 370388
92348734007 CONT F2 EPA 365.1 370388
92348734008 AMF 2 EPA 365.1 370388
92348734009 EBF 2 EPA 365.1 370388
92348734001 CONT 1 EPA 9056A 370559
92348734002 AM 1 EPA 9056A 370559
92348734003 EB 1 EPA 9056A 370559
92348734004 FB 1 EPA 9056A 370559
92348734005 NAOH 1 EPA 9056A 370559
92348734006 ZVl1 EPA 9056A 370559
92348734007 CONT F2 EPA 9056A 370559
92348734008 AMF 2 EPA 9056A 370559
92348734009 EBF 2 EPA 9056A 370559

Date: 08/02/2017 05:34 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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Document Name: Document Revised: Sept. 21, 2016
/P/ £ ln Sample Condition Upon Receipt{SCUR) Page 1 of 2
&CGAHHMIC&/ Document No.: Issuing Authority:
/
T

F-CAR-CS-033-Rev.01 Pace Quality Office

Laboratory receiving samples:
Asheville [ ]  Eden[ | Greenwood [_| Huntersville [/ Raleigh[] Mechanicsville[]
Sample Condition Upon,

i ‘"e“‘r’fgj o s o NOH : 92348734
o e S e |
@{; 92348734

[] commercial ce [CJother:_____

Custody Seal Present? Cves d\!o Seals Intact? [Clves Q , 3
@/ Date/Initials Person Examining Contents: Z ! 17
N

Packing Material; [JBubble Wrap [Isubble Bags OI;(/ [Clother:
et

ThermometE: s . i [CBlue [nene Samples on ice, cooling process has begun
un ID: i \ H}ﬁ ) i B! ype of Ice: 2
Correction Factor: ooler Temp Corrected (°C): St Biological Tissue Frozen? [ |ves o [In/a

Temp should be above fregfing to 6°C

USDA RegulategdSail { [] N/A, water sample)
Did samiples opiginate in a quarantine zone within the United States: CA, NY, or 5C (check maps)? Did samples originate fram a foreign source (internatiénally,
0 : 0

[yes . including Hawaii and Puerto Rico)? []Yes [l
ey . Comments/Discrepancy:
Chain of Custody Present? Dé;/ Cve  Cn/a | 1.
Samples Arrived within Hold Time? es  [nvo/ [On/a | 2.
Short Hold Time Analysis (<72 hr.)? [yes M/ [CIn/a | 3.
Rush Turn Around Time Requested? Clyey’ Di(o Cn/a | 4
Sufficient Volume? Dé;f [COno  [Cnya | 5.
Correct Containers Used? D}é One  [COn/a | 6.
-Pace Containers Used? !DZ; Cine  [CIn/A
Containers Intact? D‘és Clno s [On/a | 7.
Samples Field Filtered? [dves) M [CIn/a | 8. Noteif sediment is visible in the dissolved container
Sample Labels Match COC? M [CIno  [COnga | 9. 7
-Includes Date/Time/ID/Analysis Matrix; AL 7 / )
Headspace in VOA Vials (>5-6mm)? [Oyes [INo /Bﬁ 10.
Trip Blank Present? Cves IQ-N{ COnygd | 11,
Trip Blank Custody Seals Present? L[:]Yes [Ino /A
CLIENT NOTIFICATION/RESOLUTION Field Data Required? DYES [CIne
Person Contacted: /,)—0 £ QQ 955\\6\ Date/Time: '—}( 4 l \-J( | & !/‘j/
Comment:/Sa ! .
Disc;repanc{/‘?j il Chig \F\% 00 O\OLGA ‘\ﬂb\{ O'F (}\_/CL\\FJ(S e \od -\ .

amP\eS uxere \oaaod in Lo analvses pasofn
lelove  pcondud, o na (O, owe (=as]ft

+

Project Manager SCURF Review: /I/M/"? Date: | ?/) qu [?
f =t BT T =
Project Manager SRF Review: /U ME} Date: :L/?; g//-:llf

| By

Note: Whenever there is a discrepancy affecting North Carolina compliance samples, a copy of this form will be sent to the North Carolina DEHNR Certification Office (i.e.
Qut of hold, incorrect preservative, out of temp, incorrect containers)
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ND

(v/N) sieia uone|IuRs JW 0Z-N9SA

07/31/17

Jauengn)

(£°6-€'6) +OSZ(THN) 211sE|d TW 0ST-VEQE

Due Date:

(ge|—v/N) 21se|d 3|1483S TW QST-1ZdS

Page 2 of 2

(ge1 - v/N) a13seld 21215 TW STT-15dS

Issuing Authority:
Pace Quality Office

(V/N) I SED/HdA-(30] 12d sjein €) XO/A

Document Revised: Sept. 21, 2016

(v/N) 13 SE05-(31 42d sieia 9) ¥YON

CLIENT: 92-RedoxTech

PM: PTE

(v/N) ¥OdEH YOA 1w Ot-d6Da

(¥/N) dun YOA TW 0b-NEDA

(¥/N) E0ZSZEN VOA TW 0b-169A

rroiect# [ |JO#f : 92348734

(¥/N) 1DH YONA W 0v-H69a

(-1)(¥/N) IDEHN J2qwy Tw 05Z-(VEDA)VEDVY

(z > Hd) YOSTZH Jaquy TW 0SZ-SEDV

Document Name:
Document No.:

(Z > Hd) YOSZH J3qWV J3)| T-STOV

F-CAR-CS-033-Rev.01

(-12) (¥/N) pamnsasaidupn) Jaquiy W 0SZ-NEDY

(2 > Hd) |2H sequiy 13} T-HIDY

Sample Condition Upon Receipt(SCUR)

(-12) (v/N) pamsasairdun Jaquy 1y T-NTOV

pamsasaldup Jef ssej9 payinow-apip-N49Mm

(-12) (2T < Hd) HOEN 21se|d W 0SZ-DEdE

e

(6<) HOEN 73 21€132Y NZ DISE|d TW OST-ZEdE )

(z > Hd) EONH 213sejd Jw 0SZ-NEdE

ace Analytical

(-12) (2 > Hd) pOSTH 211sB|d W 0SZ-SEd8

(v/N) pansasaidupn ase|d 5o T-NTd8

(v/N) paruasaidun d1se|d W 00S-NZdg

(v/N) pansasasdun d1seld W 05Z-NEJS

rified and within the acceptance range for

(~12) (v/N) pansasaidun d13seid 1w SZT-Ntdd

*Check mark top half of box if pH and/or dechlorination
preservation samples.
**Bottom half of box is to list number of bottles

Isve

#way

Lot#
Page 43 of 44

Amount of Preservative
added

Time preservation
adjusted

Date preservation adjusted

pH Adjustment Log for Preserved Samples

pH upon receipt

Type of Preservative

Sample ID
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CHAIN-OF-CUSTODY / Analytical Request Document

The Chain-of-Custody is a LEGAL DOCUMENT. All relevant fields must be completed accurately.
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Section A Section B Section C
Required Client Information: Required Project Information: Invoice Information: tmmm : 1 Of 1
Company: Redox Tech, LLC Report To:  Joe Rassabi Aftention:
Address: 200 Quade Dr Copy To: Company Name:
Cary, NC 27513 Address: Regulatory Agency
Email rosseb) @ redox— *ﬂ.ﬂ.__r. oM Purchase Order #: Pace Quole:
Phone:§19 £7 P -0/ 0 [Fax9/9 478 -0/ <0 [Project Name:  Coal Ash Pace Project Manager:  1aylor ezell@pacelabs.com, ‘State / Location
Requested Due Date: & g/ay s Project #: Pace Profile #  8670-1 NC
[ ‘Requested Analysis Filtered (Y/N)-
£|z z ﬂ
ro cate 213 COLLECTED - Preservatives >
Orinking Water  OW m & m - |
ﬁ”ﬂ_us_n_! ﬂ.«i m m m = H\._ T>Y rm. " .vrm
Product P 2|6 a w =
SAMPLE ID o 3 gle START END m @ o B 3 ®
One Character per box. <><_v.. <>.._.~_u | o luy - % ﬁm.v.. m 8 5
A-Z, 091, - i oo =1z wl|2]2 = » =
W Mua—u-nn Ids must Uwﬂ unique ﬂn:h“u mu_._,. m vMu m W M -5 m .W w lv\.wr M. W.. W. @ M M
= A= slP|E(818|513158(5|2l<]|sle|E|z|E|= B
E 15 DATE | TIME | DATE | TIME & ﬂ S|I2|IE[(2|2|2]|2|3 z|8|ele|a]e &
1| ConT 4 7hfly? 39 79| | AN 0O |
- - " L ey
0] Anld 7oy /2" 9-0p wCIRIRID! AT o
" 7 7 - v
v - 1071 i L~ , N2
3 m\ m H N\:\\\ ..N..w \N C __ _ _— [ G v vV I U D
= 9
» O\
il FB4 Nm_&.u\u.\c 71411 ] 1 Y Y] 0.8k
7 L L B O
s | Moo 1 V) 109} 7l ] [ A fed ot At NS
6] Zv]l4 g L0245 siCINININE bt ot 0O
: i 7, T L )
gt ALO\Qulﬁ 7 \NH. h> \\...u - Fi ﬁ\ 11 | v b e J
= 7, . a /
5| AMF Z Vo p*13 IEIANEE g v 00%
ey iy - L L My C
9. E m\n. 2 & /7 .\h\@ yACRVED) ] A o ot ot o Owg
SR b, X AR =L T 77"/
40 T AT T
e PPV I Zs_/
B T A TR ¥ i \\N\\\\ B
FEASES 7
12| B2V Ve g 7 P s % vy >
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aceAnalytical

www.pacelabs.com

August 02, 2017

Joe Rassabi

200 Quade Drive
Cary, NC 27513

RE: Project: COAL ASH

Pace Project No.: 92348882

Dear Joe Rassabi:

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

Enclosed are the analytical results for sample(s) received by the laboratory on July 25, 2017. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

A G2

Taylor Ezell
taylor.ezell@pacelabs.com

(704)875-9092
Project Manager

Enclosures

cc: John Haselow, Redox Tech, LLC

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Page 1 of 28



Pace Analytical Services, LLC
. @ 9800 Kincey Ave. Suite 100
ace Analytical Huntersville, NC 28078

www.pacelabs.com (704)875-9092

CERTIFICATIONS

Project: COAL ASH
Pace Project No.: 92348882

Asheville Certification IDs

2225 Riverside Drive, Asheville, NC 28804 North Carolina Wastewater Certification #: 40
Florida/NELAP Certification #: E87648 South Carolina Certification #: 99030001
Massachusetts Certification #: M-NC030 Virginia/VELAP Certification #: 460222

North Carolina Drinking Water Certification #: 37712

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC. Page 2 of 28



aceAnalytical

www.pacelabs.com

SAMPLE SUMMARY

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078

(704)875-9092

Project: COAL ASH

Pace Project No.: 92348882

Lab ID Sample ID Matrix Date Collected Date Received
92348882001 FB F2 Water 07/24/17 08:42 07/25/17 07:46
92348882002 NAOH F2 Water 07/24/17 10:50 07/25/17 07:46
92348882003 ZVI F2 Water 07/24/17 13:55 07/25/17 07:46

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Page 3 of 28



Pace Analytical Services, LLC

. @ 9800 Kincey Ave. Suite 100
ace Analytical Huntersville, NC 28078
www.pacelabs.com (704)875-9092

SAMPLE ANALYTE COUNT

Project: COAL ASH
Pace Project No.: 92348882

Analytes
Lab ID Sample ID Method Analysts Reported Laboratory
92348882001 FB F2 EPA 6020B CDF 24 PASI-A
EPA 6020B CDF 1 PASI-A
EPA 160.4 SLB 2 PASI-A
SM 2320B KDF1 1 PASI-A
SM 2540C SLB 1 PASI-A
SM 4500-H+B ECH 1 PASI-A
SM 4500-S2D NAL 1 PASI-A
EPA 300.0 CDC 1 PASI-A
EPA 365.1 CJH1 1 PASI-A
EPA 9056A CDC 2 PASI-A
92348882002 NAOH F2 EPA 6020B CDF 24 PASI-A
EPA 6020B CDF 1 PASI-A
EPA 160.4 SLB 2 PASI-A
SM 2320B KDF1 1 PASI-A
SM 2540C NAL 1 PASI-A
SM 4500-H+B ECH 1 PASI-A
SM 4500-S2D NAL 1 PASI-A
EPA 300.0 CDC 1 PASI-A
EPA 365.1 CJH1 1 PASI-A
EPA 9056A CDC 2 PASI-A
92348882003 ZVI F2 EPA 6020B CDF 24 PASI-A
EPA 6020B CDF 1 PASI-A
EPA 160.4 SLB 2 PASI-A
SM 2320B KDF1 1 PASI-A
SM 2540C NAL 1 PASI-A
SM 4500-H+B ECH 1 PASI-A
SM 4500-S2D NAL 1 PASI-A
EPA 300.0 CDC 1 PASI-A
EPA 365.1 CJH1 1 PASI-A
EPA 9056A CDC 2 PASI-A

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC. Page 4 of 28



aceAnalytical

www.pacelabs.com

ANALYTICAL RESULTS

Pace Analytical Services, LLC

9800 Kincey Ave. Suite 100

Huntersville, NC 28078

(704)875-9092

Project: COAL ASH

Pace Project No.: 92348882

Sample: FB F2 Lab ID: 92348882001 Collected: 07/24/17 08:42 Received: 07/25/17 07:46 Matrix: Water
Report

Parameters Results Units Limit MDL DF Prepared Analyzed CAS No. Qual

6020 MET ICPMS Analytical Method: EPA 6020B Preparation Method: EPA 3010A

Aluminum 69.6J ug/L 100 67.0 10 07/26/17 04:45 07/28/17 18:01 7429-90-5

Antimony ND ug/L 5.0 1.0 10 07/26/17 04:45 07/28/17 18:01 7440-36-0

Arsenic ND ug/L 1.0 0.50 10 07/26/17 04:45 07/28/17 18:01 7440-38-2

Barium 57.2 ug/L 3.0 1.1 10 07/26/17 04:45 07/28/17 18:01 7440-39-3

Beryllium 0.22J ug/L 1.0 0.20 10 07/26/17 04:45 07/28/17 18:01 7440-41-7

Cadmium ND ug/L 0.80 0.60 10 07/26/17 04:45 07/28/17 18:01 7440-43-9

Calcium 5610 ug/L 2000 1030 10 07/26/17 04:45 07/28/17 18:01 7440-70-2

Chromium 1.3J ug/L 5.0 1.0 10 07/26/17 04:45 07/28/17 18:01 7440-47-3 B

Cobalt 0.29J ug/L 1.0 0.10 10 07/26/17 04:45 07/28/17 18:01 7440-48-4

Copper ND ug/L 5.0 1.2 10 07/26/17 04:45 07/28/17 18:01 7440-50-8

Iron ND ug/L 500 118 10 07/26/17 04:45 07/28/17 18:01 7439-89-6

Lead ND ug/L 1.0 0.80 10 07/26/17 04:45 07/28/17 18:01 7439-92-1

Lithium 13.5J ug/L 25.0 0.70 10 07/26/17 04:45 07/28/17 18:01 7439-93-2

Magnesium 3780 ug/L 100 17.0 10 07/26/17 04:45 07/28/17 18:01 7439-95-4

Manganese 12.3 ug/L 5.0 1.9 10 07/26/17 04:45 07/28/17 18:01 7439-96-5

Molybdenum ND ug/L 5.0 1.1 10 07/26/17 04:45 07/28/17 18:01 7439-98-7

Nickel ND ug/L 5.0 45 10 07/26/17 04:45 07/28/17 18:01 7440-02-0

Potassium 2640 ug/L 500 258 10 07/26/17 04:45 07/28/17 18:01 7440-09-7

Selenium ND ug/L 5.0 3.2 10 07/26/17 04:45 07/28/17 18:01 7782-49-2

Silver ND ug/L 5.0 0.80 10 07/26/17 04:45 07/28/17 18:01 7440-22-4

Sodium 7540 ug/L 2500 129 10 07/26/17 04:45 07/28/17 18:01 7440-23-5

Thallium ND ug/L 1.0 0.20 10 07/26/17 04:45 07/28/17 18:01 7440-28-0

Vanadium 3.5 ug/L 5.0 0.70 10 07/26/17 04:45 07/28/17 18:01 7440-62-2

Zinc ND ug/L 50.0 240 10 07/26/17 04:45 07/28/17 18:01 7440-66-6

6020 MET ICPMS, Dissolved Analytical Method: EPA 6020B Preparation Method: EPA 3010A

Iron, Dissolved 387000 ug/L 500 118 10 07/27/17 03:10 07/28/17 18:42 7439-89-6

160.4 TVS and 2540B TS Analytical Method: EPA 160.4

Total Solids (SM 2540B) 980 mg/L 25 25 1 07/27/17 21:21

Total Volatile Solids 132 mg/L 25 25 1 07/27/17 21:21

2320B Alkalinity Analytical Method: SM 2320B

Alkalinity, Total as CaCO3 ND mg/L 5.0 1.0 1 07/28/17 12:32

2540C Total Dissolved Solids Analytical Method: SM 2540C

Total Dissolved Solids 4620 mg/L 125 125 1 07/31/17 15:24

4500H+ pH, Electrometric Analytical Method: SM 4500-H+B

pH at 25 Degrees C 4.3  Std. Units 1.0 0.10 1 07/31/17 13:37 H6

4500S2D Sulfide Water Analytical Method: SM 4500-S2D

Sulfide 0.88 mg/L 0.50 0.50 5 07/31/17 17:42 18496-25-8

Date: 08/02/2017 05:23 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Page 5 of 28
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Project: COAL ASH
Pace Project No.: 92348882

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

ANALYTICAL RESULTS

Sample: FB F2

Parameters

Lab ID: 92348882001 Collected: 07/24/17 08:42 Received: 07/25/17 07:46 Matrix: Water

Report
Results Units Limit MDL DF Prepared Analyzed CAS No.

Qual

300.0 IC Anions 28 Days
Sulfate

365.1 Phosphorus, Total
Phosphorus

9056 IC anions 28 Days

Chloride
Fluoride

Date: 08/02/2017 05:23 PM

Analytical Method: EPA 300.0

2740 mg/L 47.0 23.5 47 07/30/17 10:45 14808-79-8
Analytical Method: EPA 365.1
0.031J mg/L 0.050 0.025 1 08/01/17 06:17 7723-14-0
Analytical Method: EPA 9056A

804 mg/L 47.0 235 47 07/30/17 10:45 16887-00-6
ND mg/L 0.10 0.050 1 07/29/17 23:28 16984-48-8

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Page 6 of 28



aceAnalytical

www.pacelabs.com

ANALYTICAL RESULTS

Pace Analytical Services, LLC

9800 Kincey Ave. Suite 100

Huntersville, NC 28078

(704)875-9092

Project: COALASH

Pace Project No.: 92348882

Sample: NAOH F2 Lab ID: 92348882002 Collected: 07/24/17 10:50 Received: 07/25/17 07:46 Matrix: Water
Report

Parameters Results Units Limit MDL DF Prepared Analyzed CAS No. Qual

6020 MET ICPMS Analytical Method: EPA 6020B Preparation Method: EPA 3010A

Aluminum 77.83 ug/L 100 67.0 10 07/27/17 02:25 07/28/17 19:00 7429-90-5

Antimony ND ug/L 5.0 1.0 10 07/27/17 02:25 07/28/17 19:00 7440-36-0

Arsenic ND ug/L 1.0 0.50 10 07/27/17 02:25 07/31/17 13:42 7440-38-2

Barium 9.9 ug/L 3.0 1.1 10 07/27/17 02:25 07/28/17 19:00 7440-39-3

Beryllium ND ug/L 1.0 0.20 10 07/27/17 02:25 07/28/17 19:00 7440-41-7

Cadmium ND ug/L 0.80 0.60 10 07/27/17 02:25 07/28/17 19:00 7440-43-9

Calcium 486000 ug/L 2000 1030 10 07/27/17 02:25 07/28/17 19:00 7440-70-2 M6

Chromium 1.2J ug/L 5.0 1.0 10 07/27/17 02:25 07/31/17 13:42 7440-47-3

Cobalt 6.3 ug/L 1.0 0.10 10 07/27/17 02:25 07/28/17 19:00 7440-48-4

Copper ND ug/L 5.0 1.2 10 07/27/17 02:25 07/28/17 19:00 7440-50-8

Iron 762 ug/L 500 118 10 07/27/17 02:25 07/28/17 19:00 7439-89-6

Lead ND ug/L 1.0 0.80 10 07/27/17 02:25 07/28/17 19:00 7439-92-1

Lithium 99.0 ug/L 25.0 0.70 10 07/27/17 02:25 07/28/17 19:00 7439-93-2

Magnesium 23200 ug/L 100 17.0 10 07/27/17 02:25 07/28/17 19:00 7439-95-4 M6

Manganese 8470 ug/L 25.0 9.5 50 07/27/17 02:25 07/31/17 14:17 7439-96-5 M6

Molybdenum ND ug/L 5.0 1.1 10 07/27/17 02:25 07/28/17 19:00 7439-98-7

Nickel ND ug/L 5.0 45 10 07/27/17 02:25 07/28/17 19:00 7440-02-0

Potassium 15100 ug/L 500 258 10 07/27/17 02:25 07/31/17 13:42 7440-09-7 M6

Selenium ND ug/L 5.0 3.2 10 07/27/17 02:25 07/31/17 13:42 7782-49-2

Silver ND ug/L 5.0 0.80 10 07/27/17 02:25 07/28/17 19:00 7440-22-4

Sodium 572000 ug/L 12500 645 50 07/27/17 02:25 07/31/17 14:17 7440-23-5 M6

Thallium 0.72J ug/L 1.0 0.20 10 07/27/17 02:25 07/28/17 19:00 7440-28-0

Vanadium ND ug/L 5.0 0.70 10 07/27/17 02:25 07/28/17 19:00 7440-62-2

Zinc ND ug/L 50.0 240 10 07/27/17 02:25 07/28/17 19:00 7440-66-6

6020 MET ICPMS, Dissolved Analytical Method: EPA 6020B Preparation Method: EPA 3010A

Iron, Dissolved ND ug/L 500 118 10 07/27/17 03:10 07/28/17 18:44 7439-89-6

160.4 TVS and 2540B TS Analytical Method: EPA 160.4

Total Solids (SM 2540B) 727 mg/L 25 25 1 07/27/17 21:21

Total Volatile Solids 54.0 mg/L 25 25 1 07/27/17 21:21

2320B Alkalinity Analytical Method: SM 2320B

Alkalinity, Total as CaCO3 48.1 mg/L 5.0 1.0 1 07/28/17 12:40

2540C Total Dissolved Solids Analytical Method: SM 2540C

Total Dissolved Solids 3450 mg/L 50.0 50.0 1 07/28/17 13:46

4500H+ pH, Electrometric Analytical Method: SM 4500-H+B

pH at 25 Degrees C 7.5  Std. Units 1.0 0.10 1 07/31/17 13:37 H6

4500S2D Sulfide Water Analytical Method: SM 4500-S2D

Sulfide ND mg/L 0.10 0.10 1 07/31/17 17:42 18496-25-8

Date: 08/02/2017 05:23 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Page 7 of 28
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Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

ANALYTICAL RESULTS

Project: COAL ASH
Pace Project No.: 92348882
Sample: NAOH F2 Lab ID: 92348882002 Collected: 07/24/17 10:50 Received: 07/25/17 07:46 Matrix: Water
Report

Parameters Results Units Limit MDL DF Prepared Analyzed CAS No. Qual
300.0 IC Anions 28 Days Analytical Method: EPA 300.0
Sulfate 2550 mg/L 50.0 250 50 07/30/17 15:50 14808-79-8
365.1 Phosphorus, Total Analytical Method: EPA 365.1
Phosphorus ND mg/L 0.050 0.025 1 08/01/17 06:17 7723-14-0
9056 IC anions 28 Days Analytical Method: EPA 9056A
Chloride 43 mg/L 1.0 0.50 1 07/29/17 23:45 16887-00-6
Fluoride 0.24 mg/L 0.10 0.050 1 07/29/17 23:45 16984-48-8

Date: 08/02/2017 05:23 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Page 8 of 28



aceAnalytical

www.pacelabs.com

ANALYTICAL RESULTS

Pace Analytical Services, LLC

9800 Kincey Ave. Suite 100

Huntersville, NC 28078

(704)875-9092

Project: COAL ASH

Pace Project No.: 92348882

Sample: ZVIF2 Lab ID: 92348882003 Collected: 07/24/17 13:55 Received: 07/25/17 07:46 Matrix: Water
Report

Parameters Results Units Limit MDL DF Prepared Analyzed CAS No. Qual

6020 MET ICPMS Analytical Method: EPA 6020B Preparation Method: EPA 3010A

Aluminum 451 ug/L 100 67.0 10 07/27/17 02:25 07/28/17 19:06 7429-90-5

Antimony ND ug/L 5.0 1.0 10 07/27/17 02:25 07/28/17 19:06 7440-36-0

Arsenic 0.77J ug/L 1.0 0.50 10 07/27/17 02:25 07/31/17 13:48 7440-38-2

Barium 20.7 ug/L 3.0 1.1 10 07/27/17 02:25 07/28/17 19:06 7440-39-3

Beryllium 1.0 ug/L 1.0 0.20 10 07/27/17 02:25 07/28/17 19:06 7440-41-7

Cadmium 1.7 ug/L 0.80 0.60 10 07/27/17 02:25 07/28/17 19:06 7440-43-9

Calcium 496000 ug/L 2000 1030 10 07/27/17 02:25 07/28/17 19:06 7440-70-2

Chromium ND ug/L 5.0 1.0 10 07/27/17 02:25 07/31/17 13:48 7440-47-3

Cobalt 200 ug/L 1.0 0.10 10 07/27/17 02:25 07/28/17 19:06 7440-48-4

Copper ND ug/L 5.0 1.2 10 07/27/17 02:25 07/28/17 19:06 7440-50-8

Iron 622000 ug/L 5000 1180 100 07/27/17 02:25 07/31/17 14:23 7439-89-6

Lead ND ug/L 1.0 0.80 10 07/27/17 02:25 07/28/17 19:06 7439-92-1

Lithium 107 ug/L 25.0 0.70 10 07/27/17 02:25 07/28/17 19:06 7439-93-2

Magnesium 28200 ug/L 100 17.0 10 07/27/17 02:25 07/28/17 19:06 7439-95-4

Manganese 28300 ug/L 50.0 19.0 100 07/27/17 02:25 07/31/17 14:23 7439-96-5

Molybdenum ND ug/L 5.0 1.1 10 07/27/17 02:25 07/28/17 19:06 7439-98-7

Nickel 65.2 ug/L 5.0 45 10 07/27/17 02:25 07/28/17 19:06 7440-02-0

Potassium 16900 ug/L 500 258 10 07/27/17 02:25 07/31/17 13:48 7440-09-7

Selenium 10.2 ug/L 5.0 3.2 10 07/27/17 02:25 07/31/17 13:48 7782-49-2

Silver ND ug/L 5.0 0.80 10 07/27/17 02:25 07/28/17 19:06 7440-22-4

Sodium 12600 ug/L 2500 129 10 07/27/17 02:25 07/31/17 13:48 7440-23-5

Thallium ND ug/L 1.0 0.20 10 07/27/17 02:25 07/28/17 19:06 7440-28-0

Vanadium ND ug/L 5.0 0.70 10 07/27/17 02:25 07/28/17 19:06 7440-62-2

Zinc 745 ug/L 50.0 240 10 07/27/17 02:25 07/28/17 19:06 7440-66-6

6020 MET ICPMS, Dissolved Analytical Method: EPA 6020B Preparation Method: EPA 3010A

Iron, Dissolved 579000 ug/L 1000 236 20 07/27/17 03:10 08/01/17 12:31 7439-89-6

160.4 TVS and 2540B TS Analytical Method: EPA 160.4

Total Solids (SM 2540B) 1920 mg/L 25 25 1 07/27/17 21:21

Total Volatile Solids 250 mg/L 25 25 1 07/27/17 21:21

2320B Alkalinity Analytical Method: SM 2320B

Alkalinity, Total as CaCO3 ND mg/L 5.0 1.0 1 07/28/17 12:51

2540C Total Dissolved Solids Analytical Method: SM 2540C

Total Dissolved Solids 3690 mg/L 50.0 50.0 1 07/28/17 13:47

4500H+ pH, Electrometric Analytical Method: SM 4500-H+B

pH at 25 Degrees C 3.7  Std. Units 1.0 0.10 1 07/31/17 13:37 H6

4500S2D Sulfide Water Analytical Method: SM 4500-S2D

Sulfide ND mg/L 0.10 0.10 1 07/31/17 17:42 18496-25-8

Date: 08/02/2017 05:23 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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Pace Analytical Services, LLC

. @ 9800 Kincey Ave. Suite 100
ace Analytical Huntersville, NC 28078
www.pacelabs.com (704)875-9092

ANALYTICAL RESULTS

Project: COAL ASH
Pace Project No.: 92348882
Sample: ZVIF2 Lab ID: 92348882003 Collected: 07/24/17 13:55 Received: 07/25/17 07:46 Matrix: Water
Report

Parameters Results Units Limit MDL DF Prepared Analyzed CAS No. Qual
300.0 IC Anions 28 Days Analytical Method: EPA 300.0
Sulfate 2350 mg/L 50.0 250 50 07/30/17 16:53 14808-79-8
365.1 Phosphorus, Total Analytical Method: EPA 365.1
Phosphorus 0.044J mg/L 0.050 0.025 1 08/01/17 06:18 7723-14-0
9056 IC anions 28 Days Analytical Method: EPA 9056A
Chloride 4.2 mg/L 1.0 0.50 1 07/30/17 00:34 16887-00-6
Fluoride 0.18 mg/L 0.10 0.050 1 07/30/17 00:34 16984-48-8

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
Date: 08/02/2017 05:23 PM without the written consent of Pace Analytical Services, LLC. Page 10 of 28
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QUALITY CONTROL DATA

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078

(704)875-9092

Project: COALASH
Pace Project No.: 92348882
QC Batch: 370525 Analysis Method: EPA 6020B
QC Batch Method:  EPA 3010A Analysis Description: 6020 MET
Associated Lab Samples: 92348882001
METHOD BLANK: 2053192 Matrix: Water
Associated Lab Samples: 92348882001
Blank Reporting
Parameter Units Result Limit MDL Analyzed Qualifiers
Aluminum ug/L ND 10.0 6.7 07/28/17 17:04
Antimony ug/L ND 0.50 0.10 07/28/17 17:04
Arsenic ug/L ND 0.10 0.050 07/28/17 17:04
Barium ug/L ND 0.30 0.11 07/28/17 17:04
Beryllium ug/L ND 0.10 0.020 07/28/17 17:04
Cadmium ug/L ND 0.080 0.060 07/28/17 17:04
Calcium ug/L ND 200 103 07/28/17 17:04
Chromium ug/L 0.12J 0.50 0.10 07/28/17 17:04
Cobalt ug/L ND 0.10 0.010 07/28/17 17:04
Copper ug/L ND 0.50 0.12 07/28/17 17:04
Iron ug/L ND 50.0 11.8 07/28/17 17:04
Lead ug/L ND 0.10 0.080 07/28/17 17:04
Lithium ug/L ND 25 0.070 07/28/17 17:04
Magnesium ug/L 3.3J 10.0 1.7 07/28/17 17:04
Manganese ug/L ND 0.50 0.19 07/28/17 17:04
Molybdenum ug/L ND 0.50 0.11 07/28/17 17:04
Nickel ug/L ND 0.50 0.45 07/28/17 17:04
Potassium ug/L ND 50.0 25.8 07/28/17 17:04
Selenium ug/L ND 0.50 0.32 07/28/17 17:04
Silver ug/L ND 0.50 0.080 07/28/17 17:04
Sodium ug/L 21.7J 250 12.9 07/28/17 17:04
Thallium ug/L ND 0.10 0.020 07/28/17 17:04
Vanadium ug/L ND 0.50 0.070 07/28/17 17:04
Zinc ug/L ND 5.0 2.4 07/28/17 17:04
LABORATORY CONTROL SAMPLE: 2053193
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Aluminum ug/L 100 93.6 94 80-120
Antimony ug/L 100 86.9 87 80-120
Arsenic ug/L 100 87.4 87 80-120
Barium ug/L 100 87.3 87 80-120
Beryllium ug/L 100 86.5 86 80-120
Cadmium ug/L 100 87.1 87 80-120
Calcium ug/L 1250 1100 88 80-120
Chromium ug/L 100 90.4 90 80-120
Cobalt ug/L 100 92.7 93 80-120
Copper ug/L 100 93.7 94 80-120
Iron ug/L 1250 1180 94 80-120
Lead ug/L 100 86.1 86 80-120

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

Date: 08/02/2017 05:23 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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www.pacelabs.com

QUALITY CONTROL DATA

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100

Huntersville, NC 28078

(704)875-9092

Project: COALASH
Pace Project No.: 92348882
LABORATORY CONTROL SAMPLE: 2053193
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Lithium ug/L 100 86.8 87 80-120
Magnesium ug/L 1250 1140 91 80-120
Manganese ug/L 100 89.2 89 80-120
Molybdenum ug/L 100 87.8 88 80-120
Nickel ug/L 100 91.6 92 80-120
Potassium ug/L 1250 1150 92 80-120
Selenium ug/L 100 83.9 84 80-120
Silver ug/L 100 86.7 87 80-120
Sodium ug/L 1250 1170 94 80-120
Thallium ug/L 100 85.5 86 80-120
Vanadium ug/L 100 89.8 90 80-120
Zinc ug/L 100 85.1 85 80-120
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2053194 2053195
MS MSD
92348850003  Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual

Aluminum ug/L 41200 100 100 37700 38000 -3580 -3190 75-125 1 20M1
Antimony ug/L 6.0 100 100 116 127 110 121 75-125 10 20
Arsenic ug/L 99.1 100 100 195 200 96 101 75-125 3 20
Barium ug/L 582 100 100 630 651 48 69 75-125 3 20M1
Beryllium ug/L 5.0 100 100 106 116 101 111 75-125 9 20
Cadmium ug/L 3.0 100 100 120 126 117 123  75-125 5 20
Calcium ug/L 101000 1250 1250 88800 88200 -943 -991  75-125 1 20M1
Chromium ug/L 111 100 100 210 219 929 108 75-125 4 20
Cobalt ug/L 14.4 100 100 130 136 115 122 75-125 5 20
Copper ug/L 110 100 100 214 221 104 110 75-125 3 20
Iron ug/L 25300 1250 1250 24500 25100 -64 -21  75-125 2 20M1
Lead ug/L 114 100 100 216 219 102 105 75-125 1 20
Lithium ug/L 42.4 100 100 144 151 101 109 75-125 5 20
Magnesium ug/L 11300 1250 1250 11500 11400 14 5 75-125 1 20M1
Manganese ug/L 153 100 100 247 255 94 102 75-125 3 20
Molybdenum ug/L 121 100 100 219 234 98 112 75-125 6 20
Nickel ug/L 54.3 100 100 165 172 111 118 75-125 4 20
Potassium ug/L 23500 1250 1250 21700 21900 -146 -131  75-125 1 20M1
Selenium ug/L 23.9 100 100 126 131 102 108 75-125 4 20
Silver ug/L 0.58J 100 100 112 120 111 120 75-125 7 20
Sodium ug/L 84900 1250 1250 76100 75000 -707 -790  75-125 1 20M1
Thallium ug/L 25 100 100 115 120 113 117 75-125 4 20
Vanadium ug/L 206 100 100 296 301 89 95 75-125 2 20
Zinc ug/L 275 100 100 367 378 92 103 75-125 3 20

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

Date: 08/02/2017 05:23 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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aceAnalytical

www.pacelabs.com

QUALITY CONTROL DATA

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078

(704)875-9092

Project: COALASH
Pace Project No.: 92348882
QC Batch: 370699 Analysis Method: EPA 6020B
QC Batch Method:  EPA 3010A Analysis Description: 6020 MET
Associated Lab Samples: 92348882002, 92348882003
METHOD BLANK: 2054178 Matrix: Water
Associated Lab Samples: 92348882002, 92348882003
Blank Reporting
Parameter Units Result Limit MDL Analyzed Qualifiers
Aluminum ug/L ND 10.0 6.7 07/28/17 18:50
Antimony ug/L ND 0.50 0.10 07/28/17 18:50
Arsenic ug/L ND 0.10 0.050 07/31/17 16:11
Barium ug/L ND 0.30 0.11 07/28/17 18:50
Beryllium ug/L ND 0.10 0.020 07/28/17 18:50
Cadmium ug/L ND 0.080 0.060 07/28/17 18:50
Calcium ug/L ND 200 103 07/28/17 18:50
Chromium ug/L ND 0.50 0.10 07/31/17 16:11
Cobalt ug/L 0.019J 0.10 0.010 07/28/17 18:50
Copper ug/L 0.25J 0.50 0.12 07/31/17 13:38
Iron ug/L ND 50.0 11.8 07/28/17 18:50
Lead ug/L ND 0.10 0.080 07/28/17 18:50
Lithium ug/L ND 25 0.070 07/28/17 18:50
Magnesium ug/L ND 10.0 1.7 07/31/17 16:11
Manganese ug/L ND 0.50 0.19 07/31/17 16:11
Molybdenum ug/L ND 0.50 0.11 07/28/17 18:50
Nickel ug/L ND 0.50 0.45 07/28/17 18:50
Potassium ug/L ND 50.0 25.8 07/31/17 16:11
Selenium ug/L ND 0.50 0.32 07/31/17 16:11
Silver ug/L ND 0.50 0.080 07/28/17 18:50
Sodium ug/L 14.7J 250 12.9 07/31/17 16:11
Thallium ug/L ND 0.10 0.020 07/28/17 18:50
Vanadium ug/L ND 0.50 0.070 07/28/17 18:50
Zinc ug/L ND 5.0 2.4 07/28/17 18:50
LABORATORY CONTROL SAMPLE: 2054179
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Aluminum ug/L 100 101 101 80-120
Antimony ug/L 100 100 100 80-120
Arsenic ug/L 100 99.3 99 80-120
Barium ug/L 100 98.4 98 80-120
Beryllium ug/L 100 94.2 94 80-120
Cadmium ug/L 100 101 101 80-120
Calcium ug/L 1250 1180 95 80-120
Chromium ug/L 100 102 102 80-120
Cobalt ug/L 100 104 104 80-120
Copper ug/L 100 105 105 80-120
Iron ug/L 1250 1300 104 80-120
Lead ug/L 100 97.1 97 80-120

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

Date: 08/02/2017 05:23 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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www.pacelabs.com

QUALITY CONTROL DATA

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100

Huntersville, NC 28078

(704)875-9092

Project: COALASH
Pace Project No.: 92348882
LABORATORY CONTROL SAMPLE: 2054179
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Lithium ug/L 100 94.3 94 80-120
Magnesium ug/L 1250 1310 104 80-120
Manganese ug/L 100 104 104 80-120
Molybdenum ug/L 100 102 102 80-120
Nickel ug/L 100 103 103 80-120
Potassium ug/L 1250 1310 105 80-120
Selenium ug/L 100 96.9 97 80-120
Silver ug/L 100 100 100 80-120
Sodium ug/L 1250 1280 102 80-120
Thallium ug/L 100 98.9 99 80-120
Vanadium ug/L 100 99.8 100 80-120
Zinc ug/L 100 97.9 98 80-120
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2054180 2054181
MS MSD
92348882002 Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual

Aluminum ug/L 77.8J 100 100 180 158 102 80 75-125 13 20
Antimony ug/L ND 100 100 109 103 109 102 75-125 6 20
Arsenic ug/L ND 100 100 96.2 104 96 104 75-125 8 20
Barium ug/L 9.9 100 100 116 113 106 103 75-125 2 20
Beryllium ug/L ND 100 100 101 96.2 101 96 75-125 5 20
Cadmium ug/L ND 100 100 109 107 109 106 75-125 2 20
Calcium ug/L 486000 1250 1250 525000 482000 3120 -362  75-125 9 20 M6
Chromium ug/L 1.2 100 100 98.8 105 98 104 75-125 6 20
Cobalt ug/L 6.3 100 100 119 115 113 109 75-125 4 20
Copper ug/L ND 100 100 113 111 113 110 75-125 2 20
Iron ug/L 762 1250 1250 2290 2130 122 109 75-125 7 20
Lead ug/L ND 100 100 108 106 108 106 75-125 2 20
Lithium ug/L 99.0 100 100 222 198 123 99 75-125 11 20
Magnesium ug/L 23200 1250 1250 27500 23700 348 40 75-125 15 20 M6
Manganese ug/L 8470 100 100 9350 8370 881 -100  75-125 11 20 M6
Molybdenum ug/L ND 100 100 113 106 113 106  75-125 6 20
Nickel ug/L ND 100 100 116 111 112 107 75-125 4 20
Potassium ug/L 15100 1250 1250 17300 17200 180 173 75-125 1 20 M6
Selenium ug/L ND 100 100 96.4 99.7 96 100 75-125 3 20
Silver ug/L ND 100 100 104 99.8 104 100 75-125 4 20
Sodium ug/L 572000 1250 1250 603000 554000 2490 -1420 75-125 8 20 M6
Thallium ug/L 0.72 100 100 109 107 108 106 75-125 2 20
Vanadium ug/L ND 100 100 111 110 111 110 75-125 1 20
Zinc ug/L ND 100 100 115 105 111 101 75-125 9 20

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

Date: 08/02/2017 05:23 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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aceAnalytical

www.pacelabs.com

QUALITY CONTROL DATA

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

Project: COAL ASH

Pace Project No.: 92348882

QC Batch: 370526 Analysis Method: EPA 6020B

QC Batch Method:  EPA 3010A Analysis Description: 6020 MET Dissolved

Associated Lab Samples:

92348882001, 92348882002, 92348882003

METHOD BLANK:
Associated Lab Samples:

2053196

Matrix: Water

92348882001, 92348882002, 92348882003

Blank Reporting
Parameter Units Result Limit MDL Analyzed Qualifiers
Iron, Dissolved ug/L ND 50.0 11.8 07/28/17 18:11
LABORATORY CONTROL SAMPLE: 2053197
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Iron, Dissolved ug/L 1250 1440 115 80-120
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2053198 2053199
MS MSD
92348734001  Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual
Iron, Dissolved ug/L 370000 1250 1250 335000 345000 -2810 -1970  75-125 3 20 M6

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

Date: 08/02/2017 05:23 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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Pace Analytical Services, LLC

. @ 9800 Kincey Ave. Suite 100
ace Analytical Huntersville, NC 28078
www.pacelabs.com (704)875-9092

QUALITY CONTROL DATA

Project: COAL ASH
Pace Project No.: 92348882

QC Batch: 370701 Analysis Method: EPA 160.4
QC Batch Method:  EPA 160.4 Analysis Description: 160.4 TVS and 2540B TS
Associated Lab Samples: 92348882001, 92348882002, 92348882003

METHOD BLANK: 2054185 Matrix: Water
Associated Lab Samples: 92348882001, 92348882002, 92348882003
Blank Reporting
Parameter Units Result Limit MDL Analyzed Qualifiers
Total Solids (SM 2540B) mg/L ND 2.5 2.5 07/27/17 21:21
Total Volatile Solids mg/L ND 2.5 2.5 07/27/17 21:21

LABORATORY CONTROL SAMPLE: 2054186

Spike LCS LCS % Rec

Parameter Units Conc. Result % Rec Limits Qualifiers
Total Solids (SM 2540B) mg/L 500 520 104 90-110
SAMPLE DUPLICATE: 2054187

92348734007 Dup Max

Parameter Units Result Result RPD RPD Qualifiers
Total Solids (SM 2540B) mg/L 3920 3920 0 10
Total Volatile Solids mg/L 630 540 15 10 D6

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
Date: 08/02/2017 05:23 PM without the written consent of Pace Analytical Services, LLC. Page 16 of 28
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www.pacelabs.com

QUALITY CONTROL DATA

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078

(704)875-9092

Project: COAL ASH

Pace Project No.: 92348882

QC Batch: 370727 Analysis Method: SM 2320B

QC Batch Method:  SM 2320B Analysis Description: 2320B Alkalinity

Associated Lab Samples:

92348882001, 92348882002, 92348882003

METHOD BLANK:
Associated Lab Samples:

2054283

Matrix: Water
92348882001, 92348882002, 92348882003

Blank Reporting
Parameter Units Result Limit MDL Analyzed Qualifiers
Alkalinity, Total as CaCO3 mg/L ND 5.0 1.0 07/28/17 09:46
LABORATORY CONTROL SAMPLE: 2054284
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Alkalinity, Total as CaCO3 mg/L 50 47.6 95 80-120
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2054285 2054286
MS MSD
92348772001  Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual
Alkalinity, Total as CaCO3 mg/L 83.8 50 50 130 125 92 83 80-120 3 25
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2054287 2054288
MS MSD
92348902001  Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual
Alkalinity, Total as CaCO3 mg/L 150 50 50 200 202 101 104 80-120 1 25

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

Date: 08/02/2017 05:23 PM without the written consent of Pace Analytical Services, LLC.

Page 17 of 28



Pace Analytical Services, LLC

. @ 9800 Kincey Ave. Suite 100
/' _PaceAnalytical Huntersuile, NC 26078
www.pacelabs.com (704)875-9092

QUALITY CONTROL DATA

Project: COAL ASH
Pace Project No.: 92348882

QC Batch: 370998 Analysis Method: SM 2540C
QC Batch Method:  SM 2540C Analysis Description: 2540C Total Dissolved Solids
Associated Lab Samples: 92348882001, 92348882002, 92348882003

METHOD BLANK: 2055648 Matrix: Water
Associated Lab Samples: 92348882001, 92348882002, 92348882003
Blank Reporting
Parameter Units Result Limit MDL Analyzed Qualifiers
Total Dissolved Solids mg/L ND 25.0 25.0 07/28/17 13:36

LABORATORY CONTROL SAMPLE: 2055649

Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Total Dissolved Solids mg/L 250 236 94 90-110
SAMPLE DUPLICATE: 2055650
92348842001 Dup Max
Parameter Units Result Result RPD RPD Qualifiers
Total Dissolved Solids mg/L 464 472 2 5
SAMPLE DUPLICATE: 2055651
92348842011 Dup Max
Parameter Units Result Result RPD RPD Qualifiers
Total Dissolved Solids mg/L 609 604 1 5

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
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www.pacelabs.com

Project: COAL ASH
Pace Project No.: 92348882

QUALITY CONTROL DATA

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

QC Batch: 371179
QC Batch Method:  SM 4500-H+B

Analysis Method: SM 4500-H+B
Analysis Description: 4500H+B pH

Associated Lab Samples: 92348882001, 92348882002, 92348882003

SAMPLE DUPLICATE: 2056621

Parameter

92348882001 Dup
Units Result Result RPD

Max
RPD

Qualifiers

pH at 25 Degrees C

Std. Units 4.3 4.3

10 H6

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

Date: 08/02/2017 05:23 PM

REPORT OF LABORATORY ANALYSIS
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Pace Analytical Services, LLC

aceAnalytical

www.pacelabs.com

QUALITY CONTROL DATA

9800 Kincey Ave. Suite 100
Huntersville, NC 28078

(704)875-9092

Project: COAL ASH

Pace Project No.: 92348882

QC Batch: 370914 Analysis Method: SM 4500-S2D

QC Batch Method:  SM 4500-S2D Analysis Description: 4500S2D Sulfide Water

Associated Lab Samples: 92348882001, 92348882002, 92348882003

2055355 Matrix: Water
92348882001, 92348882002, 92348882003

METHOD BLANK:
Associated Lab Samples:

Blank Reporting
Parameter Units Result Limit MDL Analyzed Qualifiers
Sulfide mg/L ND 0.10 0.10 07/31/17 17:42
LABORATORY CONTROL SAMPLE: 2055356
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Sulfide mg/L 5 0.52 105 80-120
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2055357 2055358
MS MSD
92348842001 Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual
Sulfide mg/L ND 5 5 0.30 0.30 60 60 80-120 0 10M1
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2055359 2055360
MS MSD
92348842011  Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual
Sulfide mg/L ND 5 5 0.44 0.45 88 88 80-120 0 10

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

Date: 08/02/2017 05:23 PM without the written consent of Pace Analytical Services, LLC.
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Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

QUALITY CONTROL DATA

Project: COAL ASH

Pace Project No.: 92348882

QC Batch: 370558 Analysis Method: EPA 300.0

QC Batch Method:  EPA 300.0 Analysis Description: 300.0 IC Anions

Associated Lab Samples:

92348882001, 92348882002, 92348882003

METHOD BLANK: 2053285

Associated Lab Samples:

Matrix: Water
92348882001, 92348882002, 92348882003

Blank Reporting
Parameter Units Result Limit MDL Analyzed Qualifiers
Sulfate mg/L ND 1.0 0.50 07/30/17 13:26
LABORATORY CONTROL SAMPLE: 2053286
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Sulfate mg/L 50 54.4 109 90-110
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2053287 2053288
MS MSD
92348833001  Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual
Sulfate mg/L 5760 50 50 5770 5740 33 -32 90-110 1 10 M6
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2053289 2053290
MS MSD
92348730008 Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual
Sulfate mg/L 5.2 50 50 75.1 75.1 140 140 90-110 0 10 M1

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

Date: 08/02/2017 05:23 PM without the written consent of Pace Analytical Services, LLC.
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QUALITY CONTROL DATA

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

Project: COAL ASH

Pace Project No.: 92348882

QC Batch: 370899 Analysis Method: EPA 365.1

QC Batch Method:  EPA 365.1 Analysis Description: 365.1 Phosphorus, Total

Associated Lab Samples:

92348882001, 92348882002, 92348882003

METHOD BLANK:
Associated Lab Samples:

2055283
92348882001, 92348882002, 92348882003

Matrix: Water

Blank Reporting
Parameter Units Result Limit MDL Analyzed Qualifiers
Phosphorus mg/L ND 0.050 0.025 08/01/17 06:12
LABORATORY CONTROL SAMPLE: 2055284
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Phosphorus mg/L 25 2.6 103 90-110
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2055285 2055286
MS MSD
92348136001  Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual
Phosphorus mg/L 0.56 2.5 2.5 3.2 3.1 105 101 90-110 3 10
MATRIX SPIKE SAMPLE: 2055287
92349000003 Spike MS MS % Rec
Parameter Units Result Conc. Result % Rec Limits Qualifiers
Phosphorus mg/L ND 2.5 2.5 100 90-110

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

Date: 08/02/2017 05:23 PM
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www.pacelabs.com

QUALITY CONTROL DATA

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078

(704)875-9092

Project: COAL ASH

Pace Project No.: 92348882

QC Batch: 370559 Analysis Method: EPA 9056A

QC Batch Method:  EPA 9056A Analysis Description: 9056 IC anions 28 Days

Associated Lab Samples:

92348882001, 92348882002, 92348882003

METHOD BLANK:
Associated Lab Samples:

2053291

Matrix: Water

92348882001, 92348882002, 92348882003

Blank Reporting
Parameter Units Result Limit MDL Analyzed Qualifiers

Chloride mg/L ND 1.0 0.50 07/29/17 17:42
Fluoride mg/L ND 0.10 0.050 07/29/17 17:42
LABORATORY CONTROL SAMPLE: 2053292

Spike LCS LCS % Rec

Parameter Units Conc. Result % Rec Limits Qualifiers

Chloride mg/L 50 52.1 104 90-110
Fluoride mg/L 25 2.7 106 90-110
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2053293 2053294

MS MSD

92348734001  Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual

Chloride mg/L 2.9 50 50 55.8 55.8 106 106 90-110 0 10
Fluoride mg/L 0.40 25 25 2.8 2.8 96 96 90-110 1 10
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2053295 2053296

MS MSD

92348882002 Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual

Chloride mg/L 4.3 50 50 57.2 57.4 106 106  90-110 0 10
Fluoride mg/L 0.24 25 25 2.8 2.8 102 101  90-110 1 10

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

Date: 08/02/2017 05:23 PM
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Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100

aceAnalytical” oo, G 0070

www.pacelabs.com (704)875-9092

QUALIFIERS

Project: COAL ASH
Pace Project No.: 92348882

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.

TNTC - Too Numerous To Count

J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.

MDL - Adjusted Method Detection Limit.

PQL - Practical Quantitation Limit.

RL - Reporting Limit.

S - Surrogate

1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.

Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)

MS(D) - Matrix Spike (Duplicate)

DUP - Sample Duplicate

RPD - Relative Percent Difference

NC - Not Calculable.

SG - Silica Gel - Clean-Up

U - Indicates the compound was analyzed for, but not detected.

Acid preservation may not be appropriate for 2 Chloroethylvinyl ether.

A separate vial preserved to a pH of 4-5 is recommended in SW846 Chapter 4 for the analysis of Acrolein and Acrylonitrile by EPA
Method 8260.

N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270. The result reported for
each analyte is a combined concentration.

Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

LABORATORIES

PASI-A Pace Analytical Services - Asheville

ANALYTE QUALIFIERS

B Analyte was detected in the associated method blank.

D6 The precision between the sample and sample duplicate exceeded laboratory control limits.

H6 Analysis initiated outside of the 15 minute EPA required holding time.

M1 Matrix spike recovery exceeded QC limits. Batch accepted based on laboratory control sample (LCS) recovery.
M6 Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
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aceAnalytical

www.pacelabs.com

Pace Analytical Services, LLC

QUALITY CONTROL DATA CROSS REFERENCE TABLE

9800 Kincey Ave. Suite 100
Huntersville, NC 28078

(704)875-9092

Project: COAL ASH
Pace Project No.: 92348882
Analytical
Lab ID Sample ID QC Batch Method QC Batch Analytical Method Batch
92348882001 FB F2 EPA 3010A 370525 EPA 6020B 370766
92348882002 NAOH F2 EPA 3010A 370699 EPA 6020B 370768
92348882003 ZVI F2 EPA 3010A 370699 EPA 6020B 370768
92348882001 FB F2 EPA 3010A 370526 EPA 6020B 370767
92348882002 NAOH F2 EPA 3010A 370526 EPA 6020B 370767
92348882003 ZVI F2 EPA 3010A 370526 EPA 6020B 370767
92348882001 FB F2 EPA 160.4 370701
92348882002 NAOH F2 EPA 160.4 370701
92348882003 ZVI F2 EPA 160.4 370701
92348882001 FB F2 SM 2320B 370727
92348882002 NAOH F2 SM 2320B 370727
92348882003 ZVI F2 SM 2320B 370727
92348882001 FB F2 SM 2540C 370998
92348882002 NAOH F2 SM 2540C 370998
92348882003 ZVI F2 SM 2540C 370998
92348882001 FB F2 SM 4500-H+B 371179
92348882002 NAOH F2 SM 4500-H+B 371179
92348882003 ZVIF2 SM 4500-H+B 371179
92348882001 FB F2 SM 4500-S2D 370914
92348882002 NAOH F2 SM 4500-S2D 370914
92348882003 ZVI F2 SM 4500-S2D 370914
92348882001 FB F2 EPA 300.0 370558
92348882002 NAOH F2 EPA 300.0 370558
92348882003 ZVIF2 EPA 300.0 370558
92348882001 FB F2 EPA 365.1 370899
92348882002 NAOH F2 EPA 365.1 370899
92348882003 ZVI F2 EPA 365.1 370899
92348882001 FB F2 EPA 9056A 370559
92348882002 NAOH F2 EPA 9056A 370559
92348882003 ZVIF2 EPA 9056A 370559

Date: 08/02/2017 05:23 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Page 25 of 28



Document Revised: Sept. 21, 2016

Document Name: :
, 8 Sample Condition Upon Receipt{SCUR) Page 10of 2
&‘GEAHHM!C&/ Document No.: Issuing Authority:
|

F-CAR-CS-033-Rev.01 Pace Quality Office

Laboratory receiving samples:

Asheville [ ]  Eden[ ] Greenwood || Huntersvi[ig,g‘// Raleigh[] Mechanicsville[ ]
“Sample Condition Upon Client Name: S = y “0# 9234888 2
- Receipt 7 o S —'7 / ( [ ( Project #:
Aodoe Lo UL —
Courier: []Fed Ex (CJues [Juses [Iclient
[] commercial _[eace [Cother: 92348882
Custady Seal Present? [Cdves ~fINo  seals Intact? Cves —EINo ' i
.Date/Initials Person Examining Contenﬁ:_ﬁm» / }
- =
Packing Material: []Bubble Wrap ~— —{=]Bubble Bags  [INone  .~{]Other:_/ ln C- ,
Thermome’tl%: _— -—I\ ‘ EC 2 Lj ! TJJ “J Fwet  [blue CNone [=lsamples on ice, cooling process has begun
IR Gun ID: ) ype.o 3
Correction Factor: Cooler Temp Corrected (°C): o (\ Biological Tissue Frozen? [ Jves _[no  [CIN/A

Temp should be above freezing to 6°C
USDA Regulated Soil LEﬁJ/A water sample)

Did samples originate in a quarantme zone within the United States: CA, NY, or SC (check maps)? Did samples originate from a foreign source (internationally,
[CJves No including Hawaii and Puerto Rico)? [ ]Yes No
* Comments/Discrepancy:

Chain of Custody Present? rﬁs Onvo  [Cnva | 1.
Samples Arrived within Hold Time? ATve Cne  [On/A | 2.
Short Hold Time Analysis (<72 hr.)? COves —FIWe  [On/a | 3.
Rush Turn Around Time Requested? o i |7 COne  On/a | 4
Sufficient Volume?” _[hes [Ono [On/A | 5
Correct Containers Used? __BEvés [One [On/A | 6

-Pace Containers Used? ~Hves  [One  [On/a
Containers Intact? Yes [INo  [n/A | 7.
Samples Field Filtered? [Jves m [CIn/a | 8. Note if sediment is visible in the dissolved container
Sample Labels Match COC? , —LIves [INe [/ | 0. L

-Includes Date/Time/ID/Analysis Matrix: U\if - J Lai
Headspace in VOA Vials (>5-6mm)? [Jves [[no —FEnya-| 10,
Trip Blank Present? [Cves [One _[Hnga | 11
Trip Blank Custody Seals Present? | Cves  [no  [Invya |

CLIENT NOTIFICATION/RESOLUTION A Field Data Required? [Cves DNO

Person Contacted: TD'Z Q\O o 5ﬁ\0 | Date/Time: 7"[2‘5
Comment:/Sample

Discrepancy: S\QMDLQ\ \Oﬂﬁl(}fi L0\ ‘FO( Dammajd?(i W\O {Y‘IQ’H/\CYJQS ‘I)QSQCQ
ON amm\n‘caﬁ, Lalale m‘o\)\d&d oy c,hem’ not fo -
DU\.‘/_CLW\_Q-\Q{S Ussted on COC.

Project Manager SCURF Review: NMQ') Date: . _-H £ l 1-:]/
Project Manager SRF Review: ]QN\(T} D;t;e: _'}‘ 115 l 1’1_

Note: Whenever there isa discrepancy affecting North Carolina compliance samples, a copy of this form will be sent to the North Carolina DEHNR Certification Office (l e.
Out of hold, incorrect preservative, out of temp, incorract containers)

Page 26 of 28



&»ﬁi__ﬁ

e 2apEL T

Section A

Section B

CHAIN-OF-CUSTODY / Analytical Request Document

The Chain-of-Custody is a LEGAL DOCUMENT. All relevant fields must be completed accurately.

Section C
Required Client Information: Required Project Information: Invoice Information: Page : 1 Of 1
Company: Redox Tech, LLC JReporiTo:  Joe RBssabi Attention:
Address: 200 Quade Dr Copy To: Company Name:
Cary, NC 27513 = Address: Nomc_mnu_.«. Agency
tdox~-7etA. Lot Purchase Order #: Pace Quote:
Project Name: Coal Ash Pace Project Manager: taylor ezell@pacelabs.com, H State / Location
|Requested Due Date & daw s |Project #: Pace Profile #  8670-1 NC
= d Analysis Filtered (Y/N)
w. Wl = ‘IV
o 2ls COLLECTED 5 Preservatives > -
Drinking Water DW .m i m o
w |3 134G
Waste Water ww = |2 n.u_u._ = (— .M\.W; anmlﬁl
P 2k 3 @ z
SAMPLE ID = gle START END m @ ..m Ple 2 2
One Character per box. H.H wlw p 2l 2 @ m L o W
- (A2 D31, -) el al¥ olEle ol 2], |% - &
Sample Ids must be unique Ts Sl T1S5 ] s 8ls wl1Z|=|2 2 5 W
= : |4 Sla | gzl |SIE|.|BlE|E2(5(=]|e|= 3
i Els glo|z|z|8|-|3|g|s|El<lz|E|2|2|E|2 =
- < | = Zlo|cla|(Z|o|la|n|l2 £ x|E|lclo|l=]|® o
= = |w | DATE | TIME pDATE | TME Ju = |2 |T|T|T|=Z|= =|0 J=|o|2|-|a |+ x
B ot ) - ¢
1 FE IEZ 224 7l¢l 1 1] | e i ot e 00|
2 | Mo O} F 7 A ir 790 1] ) BN 00 2
- /7 = "
3| BVIF T lorkio”3, 201 1) et 00%
4
5
6
3 .N‘ "t
'8
: ..w
10
1
B2
e ADDITIONAL COMMENTS zD:_m:mcmibnm__.S.:Dz . ACCEPTED miran_:_pq_oz " DATE " TIME SAMPLE CONDITIONS
: F
; }\ A7 = v A ¥\
N\\t\w@\: \%Q\\ okl | 5Go L2 ,_
- Z n\\ .\N . : =z \
=7 \\b\k 74l \% Lo DA/ o2/ 4
: X B > AT A e r2n EX N
\ LA A— gl A /| /7 1/ Sl LU0 a2 N /\
L 7 7P 1~ I 1 = rae) 1
SAMPLER NAME AND SIGNATURE - 3l e
& o
_um_z._.»mam of § E.u_%\f c 2 - n
h\\“ = Bx 5 =
SIGNATYRE of 5 A7 Signed;) £ |3 zRBegzEng
hT = m = =
e s s | 2585 > E |8s5385 5%

LS
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NO

(W/N) S|EIA UOLIR|IIUIIS TW 0Z-NDSA

08/01/17

Jsutengn)

(£6-€'6) ¥OSZ(ZHN) 21se|d TW 0ST-VELE

Due Date:

(qer—v/N) 2useld 21215 1W 0ST-1ZdS

Page 2 of 2

(qe| — v/N) 23seld 2[1493S W STT-15dS

Issuing Authority:
pace Quality Office

(w/N) W sED/HJN-(3 Jod sein €) XO/A

Document Revised: Sept. 21, 2016

(¥/N) 11 SEOS-(3y 42d s|EtA 9) YYON

CLIENT: 92-RedexTech

PM: PTE

(¥/N) ¥OdEH YOA TW 0v-d65a

(v/N) dun VYOA 1W Op-NEOA

(¥/N) E0TSTEN YOA TW Ob-L6OA

eroiect# " WOH : 92348882

(¥/N) 1DH YOA 1W 0r-HE9Q

(-12)(¥/N) IDFHN Jaquy Jw 0SZ-(VEDA)VEDY

(z > Hd) YOSTH J2quy W 0SZ-SEDV

(7 > Hd) YOSTH J2qWY 11| T-STOY

Document No.:
F-CAR-CS-033-Rev.01

Document Name:

(-12) {(w/N) penasaldun Jaquy TW 0SZ-NEDY

(z > Hd) 1DH J2quy J21)| T-HIDY

Sample Condition Upon Receipt(SCUR)

(-12) {w/N) pansasaidun Jaquiy 493l T-NTOV

pansasasdupn Jel ssej9 payinow-apim-N49Mm

(12) (2T < Hd) HOEN 21se|d 1w 0SZ-OEdE

(6<) HO®BN 13 21R122Y NZ Jlse|d TW 0SZ-ZEdE

(z > Hd) £ONH 21ised Tw 0SZ-NEdE

(D) (2 > Hd) #OSTH 2use|d 1W 05Z-5EA8

ace Analytical

(v/N) paruasaidun Jnseld 123 T-NTdE

(¥/N) panussaidun anse|d Ju 00S-NZdE

fied and within the acceptance range for

(v/N) panasasduny d13se|d W 0SZ-NEdE

(D) (v/N) pensasaidun auseld 1w SZT-Nrdd

*Check mark top half of box if pH and/or dechlorination
preservation samples.
**Bottom half of box is to list number of bottles

IS veri

#way

Lot #
Page 28 of 28

Amount of Preservative
added

Time preservation
adjusted

Date preservation adjusted

pH Adjustment Log for Preserved Samples

pH upon receipt

Type of Preservative

Sample ID

10
11
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aceAnalytical

www.pacelabs.com

August 06, 2017

Joe Rassabi

200 Quade Drive
Cary, NC 27513

RE: Project: COAL ASH

Pace Project No.: 92349301

Dear Joe Rassabi:

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

Enclosed are the analytical results for sample(s) received by the laboratory on July 27, 2017. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

A G2

Taylor Ezell
taylor.ezell@pacelabs.com

(704)875-9092
Project Manager

Enclosures

cc: John Haselow, Redox Tech, LLC

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Page 1 of 16



Pace Analytical Services, LLC
. @ 9800 Kincey Ave. Suite 100
ace Analytical Huntersville, NC 28078

www.pacelabs.com (704)875-9092

CERTIFICATIONS

Project: COAL ASH
Pace Project No.: 92349301

Asheville Certification IDs

2225 Riverside Drive, Asheville, NC 28804 North Carolina Wastewater Certification #: 40
Florida/NELAP Certification #: E87648 South Carolina Certification #: 99030001
Massachusetts Certification #: M-NC030 Virginia/VELAP Certification #: 460222

North Carolina Drinking Water Certification #: 37712

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC. Page 2 of 16
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www.pacelabs.com

SAMPLE SUMMARY

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078
(704)875-9092

Project: COAL ASH

Pace Project No.: 92349301

Lab ID Sample ID Matrix Date Collected Date Received
92349301001 FBS 5.79G Solid 07/26/17 09:47 07/27/17 12:42
92349301002 NAOHS 10.41G Solid 07/26/17 10:32 07/27/17 12:42
92349301003 EB 29.38G Solid 07/26/17 10:34 07/27/17 12:42
92349301004 ZVI134.37G Solid 07/26/17 09:58 07/27/17 12:42
92349301005 AMS 3.40G Solid 07/26/17 10:17 07/27/17 12:42

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Page 3 of 16



aceAnalytical

www.pacelabs.com

SAMPLE ANALYTE COUNT

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078

(704)875-9092

Project: COAL ASH
Pace Project No.: 92349301

Analytes
Lab ID Sample ID Method Analysts Reported Laboratory
92349301001 FBS 5.79G EPA 6010 SH1 23 PASI-A
92349301002 NAOHS 10.41G EPA 6010 SH1 23 PASI-A
92349301003 EB 29.38G EPA 6010 SH1 23 PASI-A
92349301004 ZV134.37G EPA 6010 SH1 23 PASI-A
92349301005 AMS 3.40G EPA 6010 SH1 23 PASI-A

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Page 4 of 16
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www.pacelabs.com

ANALYTICAL RESULTS

COAL ASH
92349301

Project:
Pace Project No.:

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078

(704)875-9092

Sample: FBS 5.79G Lab ID: 92349301001
Results reported on a "wet-weight" basis

Collected: 07/26/17 09:47 Received: 07/27/17 12:42 Matrix: Solid

Report
Parameters Results Units Limit MDL DF Prepared Analyzed CAS No. Qual

6010 MET ICP Analytical Method: EPA 6010 Preparation Method: EPA 3050

Aluminum 50000 mg/kg 133 66.7 20 08/02/17 20:05 08/05/17 14:47 7429-90-5 D3
Antimony ND mg/kg 6.7 5.2 20 08/02/17 20:05 08/05/17 14:47 7440-36-0 D3
Arsenic 8.9J mg/kg 13.3 6.7 20 08/02/17 20:05 08/05/17 14:47 7440-38-2 D3
Barium ND mg/kg 6.7 3.3 20 08/02/17 20:05 08/05/17 14:47 7440-39-3 D3
Beryllium 2.5 mg/kg 1.3 0.67 20 08/02/17 20:05 08/05/17 14:47 7440-41-7 D3
Cadmium ND mg/kg 1.3 0.67 20 08/02/17 20:05 08/05/17 14:47 7440-43-9 D3
Calcium 1510 mg/kg 133 66.7 20 08/02/17 20:05 08/05/17 14:47 7440-70-2 D3
Chromium 97.1 mg/kg 6.7 3.3 20 08/02/17 20:05 08/05/17 14:47 7440-47-3 D3
Cobalt 98.5 mg/kg 6.7 3.3 20 08/02/17 20:05 08/05/17 14:47 7440-48-4 D3
Copper 211 mg/kg 6.7 3.3 20 08/02/17 20:05 08/05/17 14:47 7440-50-8 D3
Iron 173000 mg/kg 333 167 50 08/02/17 20:05 08/05/17 19:58 7439-89-6 D3
Lead 18.0 mg/kg 6.7 3.3 20 08/02/17 20:05 08/05/17 14:47 7439-92-1 D3
Magnesium 186 mg/kg 133 3.3 20 08/02/17 20:05 08/05/17 14:47 7439-95-4 D3
Manganese 499 mg/kg 6.7 3.3 20 08/02/17 20:05 08/05/17 14:47 7439-96-5 D3
Molybdenum 21.2 mg/kg 6.7 3.3 20 08/02/17 20:05 08/05/17 14:47 7439-98-7 D3
Nickel 101 mg/kg 6.7 3.3 20 08/02/17 20:05 08/05/17 14:47 7440-02-0 D3
Potassium ND mg/kg 6670 6670 20 08/02/17 20:05 08/05/17 14:47 7440-09-7 D3
Selenium ND mg/kg 13.3 6.7 20 08/02/17 20:05 08/05/17 14:47 7782-49-2 D3
Silver ND mg/kg 6.7 3.3 20 08/02/17 20:05 08/05/17 14:47 7440-22-4 D3
Sodium ND mg/kg 6670 3330 20 08/02/17 20:05 08/05/17 14:47 7440-23-5 D3
Thallium ND mg/kg 13.3 6.7 20 08/02/17 20:05 08/05/17 14:47 7440-28-0 D3
Vanadium 18.3 mg/kg 6.7 3.3 20 08/02/17 20:05 08/05/17 14:47 7440-62-2 D3
Zinc 3180 mg/kg 13.3 6.7 20 08/02/17 20:05 08/05/17 14:47 7440-66-6 D3

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

Date: 08/06/2017 04:11 PM

without the written consent of Pace Analytical Services, LLC.

Page 5 of 16
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www.pacelabs.com

ANALYTICAL RESULTS

COAL ASH
92349301

Project:
Pace Project No.:

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078

(704)875-9092

Sample: NAOHS 10.41G Lab ID: 92349301002
Results reported on a "wet-weight" basis

Collected: 07/26/17 10:32 Received: 07/27/17 12:42 Matrix: Solid

Report
Parameters Results Units Limit MDL DF Prepared Analyzed CAS No. Qual

6010 MET ICP Analytical Method: EPA 6010 Preparation Method: EPA 3050

Aluminum 10500 mg/kg 110 549 20 08/02/17 20:05 08/05/17 17:49 7429-90-5 D3
Antimony ND mg/kg 5.5 43 20 08/02/17 20:05 08/05/17 17:49 7440-36-0 D3
Arsenic 7.7 mg/kg 11.0 55 20 08/02/17 20:05 08/05/17 17:49 7440-38-2 D3
Barium ND mg/kg 5.5 2.7 20 08/02/17 20:05 08/05/17 17:49 7440-39-3 D3
Beryllium 1.9 mg/kg 1.1 0.55 20 08/02/17 20:05 08/05/17 17:49 7440-41-7 D3
Cadmium ND mg/kg 11 0.55 20 08/02/17 20:05 08/05/17 17:49 7440-43-9 D3
Calcium 1680 mg/kg 110 54.9 20 08/02/17 20:05 08/05/17 17:49 7440-70-2 D3
Chromium ND mg/kg 5.5 2.7 20 08/02/17 20:05 08/05/17 17:49 7440-47-3 D3
Cobalt 61.7 mg/kg 5.5 2.7 20 08/02/17 20:05 08/05/17 17:49 7440-48-4 D3
Copper 9.3 mg/kg 5.5 2.7 20 08/02/17 20:05 08/05/17 17:49 7440-50-8 D3
Iron 69900 mg/kg 110 549 20 08/02/17 20:05 08/05/17 17:49 7439-89-6 D3
Lead 10.1 mg/kg 5.5 2.7 20 08/02/17 20:05 08/05/17 17:49 7439-92-1 D3
Magnesium 534 mg/kg 110 2.7 20 08/02/17 20:05 08/05/17 17:49 7439-95-4 D3
Manganese 3140 mg/kg 5.5 2.7 20 08/02/17 20:05 08/05/17 17:49 7439-96-5 D3
Molybdenum ND mg/kg 5.5 2.7 20 08/02/17 20:05 08/05/17 17:49 7439-98-7 D3
Nickel 33.3 mg/kg 5.5 2.7 20 08/02/17 20:05 08/05/17 17:49 7440-02-0 D3
Potassium ND mg/kg 5490 5490 20 08/02/17 20:05 08/05/17 17:49 7440-09-7 D3
Selenium ND mg/kg 11.0 5.5 20 08/02/17 20:05 08/05/17 17:49 7782-49-2 D3
Silver ND mg/kg 5.5 2.7 20 08/02/17 20:05 08/05/17 17:49 7440-22-4 D3
Sodium ND mg/kg 5490 2750 20 08/02/17 20:05 08/05/17 17:49 7440-23-5 D3
Thallium ND mg/kg 11.0 55 20 08/02/17 20:05 08/05/17 17:49 7440-28-0 D3
Vanadium 3.5J mg/kg 5.5 2.7 20 08/02/17 20:05 08/05/17 17:49 7440-62-2 D3
Zinc 288 mg/kg 11.0 55 20 08/02/17 20:05 08/05/17 17:49 7440-66-6 D3

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

Date: 08/06/2017 04:11 PM

without the written consent of Pace Analytical Services, LLC.

Page 6 of 16



aceAnalytical

www.pacelabs.com

ANALYTICAL RESULTS

COAL ASH
92349301

Project:
Pace Project No.:

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078

(704)875-9092

Sample: EB 29.38G Lab ID: 92349301003
Results reported on a "wet-weight" basis

Collected: 07/26/17 10:34 Received: 07/27/17 12:42 Matrix: Solid

Report
Parameters Results Units Limit MDL DF Prepared Analyzed CAS No. Qual

6010 MET ICP Analytical Method: EPA 6010 Preparation Method: EPA 3050

Aluminum 5540 mg/kg 8.6 4.3 1 08/02/17 20:05 08/03/17 13:54 7429-90-5
Antimony ND mg/kg 0.43 0.34 1 08/02/17 20:05 08/03/17 13:54 7440-36-0
Arsenic 5.3 mg/kg 0.86 0.43 1 08/02/17 20:05 08/03/17 13:54 7440-38-2
Barium 1.6 mg/kg 0.43 0.22 1 08/02/17 20:05 08/03/17 13:54 7440-39-3
Beryllium 0.71 mg/kg 0.086 0.043 1 08/02/17 20:05 08/03/17 13:54 7440-41-7
Cadmium 0.29 mg/kg 0.086 0.043 1 08/02/17 20:05 08/03/17 13:54 7440-43-9
Calcium 14200 mg/kg 431 216 50 08/02/17 20:05 08/05/17 15:27 7440-70-2
Chromium 3.2 mg/kg 0.43 0.22 1 08/02/17 20:05 08/03/17 13:54 7440-47-3
Cobalt 20.6 mg/kg 0.43 0.22 1 08/02/17 20:05 08/03/17 13:54 7440-48-4
Copper ND mg/kg 0.43 0.22 1 08/02/17 20:05 08/03/17 13:54 7440-50-8
Iron 41800 mg/kg 431 216 50 08/02/17 20:05 08/05/17 15:27 7439-89-6
Lead 5.7 mg/kg 0.43 0.22 1 08/02/17 20:05 08/03/17 13:54 7439-92-1
Magnesium 303000 mg/kg 431 10.8 50 08/02/17 20:05 08/05/17 15:27 7439-95-4
Manganese 2000 mg/kg 21.6 10.8 50 08/02/17 20:05 08/05/17 15:27 7439-96-5
Molybdenum 2.3 mg/kg 0.43 0.22 1 08/02/17 20:05 08/03/17 13:54 7439-98-7
Nickel 12.1 mg/kg 0.43 0.22 1 08/02/17 20:05 08/03/17 13:54 7440-02-0
Potassium ND mg/kg 431 431 1 08/02/17 20:05 08/03/17 13:54 7440-09-7
Selenium ND mg/kg 0.86 0.43 1 08/02/17 20:05 08/03/17 13:54 7782-49-2
Silver 0.24J mg/kg 0.43 0.22 1 08/02/17 20:05 08/03/17 13:54 7440-22-4
Sodium ND mg/kg 431 216 1 08/02/17 20:05 08/03/17 13:54 7440-23-5
Thallium ND mg/kg 0.86 0.43 1 08/02/17 20:05 08/03/17 13:54 7440-28-0
Vanadium 5.8 mg/kg 0.43 0.22 1 08/02/17 20:05 08/03/17 13:54 7440-62-2
Zinc 121 mg/kg 0.86 0.43 1 08/02/17 20:05 08/03/17 13:54 7440-66-6

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

Date: 08/06/2017 04:11 PM

without the written consent of Pace Analytical Services, LLC.
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aceAnalytical

www.pacelabs.com

ANALYTICAL RESULTS

COAL ASH
92349301

Project:
Pace Project No.:

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078

(704)875-9092

Sample: ZVI34.37G Lab ID: 92349301004
Results reported on a "wet-weight" basis

Collected: 07/26/17 09:58 Received: 07/27/17 12:42 Matrix: Solid

Report
Parameters Results Units Limit MDL DF Prepared Analyzed CAS No. Qual

6010 MET ICP Analytical Method: EPA 6010 Preparation Method: EPA 3050

Aluminum 1270 mg/kg 5.3 2.7 1 08/02/17 20:05 08/03/17 13:58 7429-90-5
Antimony 10.6 mg/kg 0.27 0.21 1 08/02/17 20:05 08/03/17 13:58 7440-36-0
Arsenic 9.9 mg/kg 0.53 0.27 1 08/02/17 20:05 08/03/17 13:58 7440-38-2
Barium ND mg/kg 0.27 0.13 1 08/02/17 20:05 08/03/17 13:58 7440-39-3
Beryllium ND mg/kg 0.053 0.027 1 08/02/17 20:05 08/03/17 13:58 7440-41-7
Cadmium ND mg/kg 0.053 0.027 1 08/02/17 20:05 08/03/17 13:58 7440-43-9
Calcium 116 mg/kg 5.3 2.7 1 08/02/17 20:05 08/03/17 13:58 7440-70-2
Chromium 43.8 mg/kg 0.27 0.13 1 08/02/17 20:05 08/03/17 13:58 7440-47-3
Cobalt 199 mg/kg 0.27 0.13 1 08/02/17 20:05 08/03/17 13:58 7440-48-4
Copper 114 mg/kg 0.27 0.13 1 08/02/17 20:05 08/03/17 13:58 7440-50-8
Iron 434000 mg/kg 532 266 100 08/02/17 20:05 08/05/17 17:56 7439-89-6
Lead 21.8 mg/kg 0.27 0.13 1 08/02/17 20:05 08/03/17 13:58 7439-92-1
Magnesium ND mg/kg 5.3 0.13 1 08/02/17 20:05 08/03/17 13:58 7439-95-4
Manganese 37.4 mg/kg 0.27 0.13 1 08/02/17 20:05 08/03/17 13:58 7439-96-5
Molybdenum 8.9 mg/kg 0.27 0.13 1 08/02/17 20:05 08/03/17 13:58 7439-98-7
Nickel 350 mg/kg 0.27 0.13 1 08/02/17 20:05 08/03/17 13:58 7440-02-0
Potassium ND mg/kg 266 266 1 08/02/17 20:05 08/03/17 13:58 7440-09-7
Selenium ND mg/kg 0.53 0.27 1 08/02/17 20:05 08/03/17 13:58 7782-49-2
Silver 2.7 mg/kg 0.27 0.13 1 08/02/17 20:05 08/03/17 13:58 7440-22-4
Sodium ND mg/kg 266 133 1 08/02/17 20:05 08/03/17 13:58 7440-23-5
Thallium 1.2 mg/kg 0.53 0.27 1 08/02/17 20:05 08/03/17 13:58 7440-28-0
Vanadium 61.0 mg/kg 0.27 0.13 1 08/02/17 20:05 08/03/17 13:58 7440-62-2
Zinc 11 mg/kg 0.53 0.27 1 08/02/17 20:05 08/03/17 13:58 7440-66-6

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

Date: 08/06/2017 04:11 PM

without the written consent of Pace Analytical Services, LLC.
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aceAnalytical

www.pacelabs.com

ANALYTICAL RESULTS

COAL ASH
92349301

Project:
Pace Project No.:

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078

(704)875-9092

Sample: AMS 3.40G Lab ID: 92349301005
Results reported on a "wet-weight" basis

Collected: 07/26/17 10:17 Received: 07/27/17 12:42 Matrix: Solid

Report
Parameters Results Units Limit MDL DF Prepared Analyzed CAS No. Qual

6010 MET ICP Analytical Method: EPA 6010 Preparation Method: EPA 3050

Aluminum 17700 mg/kg 90.9 455 10 08/02/17 20:05 08/05/17 17:59 7429-90-5 D3
Antimony ND mg/kg 4.5 3.5 10 08/02/17 20:05 08/05/17 17:59 7440-36-0 D3
Arsenic 8.7J mg/kg 9.1 45 10 08/02/17 20:05 08/05/17 17:59 7440-38-2 D3
Barium 135 mg/kg 4.5 2.3 10 08/02/17 20:05 08/05/17 17:59 7440-39-3 D3
Beryllium 1.9 mg/kg 0.91 0.45 10 08/02/17 20:05 08/05/17 17:59 7440-41-7 D3
Cadmium ND mg/kg 0.91 0.45 10 08/02/17 20:05 08/05/17 17:59 7440-43-9 D3
Calcium 30600 mg/kg 90.9 455 10 08/02/17 20:05 08/05/17 17:59 7440-70-2 D3
Chromium 3.7 mg/kg 4.5 2.3 10 08/02/17 20:05 08/05/17 17:59 7440-47-3 D3
Cobalt 9.9 mg/kg 45 2.3 10 08/02/17 20:05 08/05/17 17:59 7440-48-4 D3
Copper 5.6 mg/kg 45 2.3 10 08/02/17 20:05 08/05/17 17:59 7440-50-8 D3
Iron 82300 mg/kg 90.9 455 10 08/02/17 20:05 08/05/17 17:59 7439-89-6 D3
Lead 28.2 mg/kg 45 2.3 10 08/02/17 20:05 08/05/17 17:59 7439-92-1 D3
Magnesium 857 mg/kg 90.9 2.3 10 08/02/17 20:05 08/05/17 17:59 7439-95-4 D3
Manganese 2780 mg/kg 45 2.3 10 08/02/17 20:05 08/05/17 17:59 7439-96-5 D3
Molybdenum 2.9 mg/kg 45 2.3 10 08/02/17 20:05 08/05/17 17:59 7439-98-7 D3
Nickel 6.4 mg/kg 4.5 2.3 10 08/02/17 20:05 08/05/17 17:59 7440-02-0 D3
Potassium ND mg/kg 4550 4550 10 08/02/17 20:05 08/05/17 17:59 7440-09-7 D3
Selenium ND mg/kg 9.1 4.5 10 08/02/17 20:05 08/05/17 17:59 7782-49-2 D3
Silver ND mg/kg 4.5 2.3 10 08/02/17 20:05 08/05/17 17:59 7440-22-4 D3
Sodium 7170 mg/kg 4550 2270 10 08/02/17 20:05 08/05/17 17:59 7440-23-5 D3
Thallium ND mg/kg 9.1 45 10 08/02/17 20:05 08/05/17 17:59 7440-28-0 D3
Vanadium 6.3 mg/kg 45 2.3 10 08/02/17 20:05 08/05/17 17:59 7440-62-2 D3
Zinc 99.6 mg/kg 9.1 45 10 08/02/17 20:05 08/05/17 17:59 7440-66-6 D3

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

Date: 08/06/2017 04:11 PM

without the written consent of Pace Analytical Services, LLC.
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aceAnalytical

www.pacelabs.com

QUALITY CONTROL DATA

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100
Huntersville, NC 28078

(704)875-9092

Project: COAL ASH

Pace Project No.: 92349301

QC Batch: 371289 Analysis Method: EPA 6010
QC Batch Method:  EPA 3050 Analysis Description: 6010 MET

Associated Lab Samples: 92349301001, 92349301002, 92349301003, 92349301004, 92349301005

METHOD BLANK: 2057126 Matrix: Solid
Associated Lab Samples: 92349301001, 92349301002, 92349301003, 92349301004, 92349301005
Blank Reporting
Parameter Units Result Limit MDL Analyzed Qualifiers
Aluminum mg/kg ND 10.0 5.0 08/03/17 13:17
Antimony mg/kg ND 0.50 0.39 08/03/17 13:17
Arsenic mg/kg ND 1.0 0.50 08/03/17 13:17
Barium mg/kg ND 0.50 0.25 08/03/17 13:17
Beryllium mg/kg ND 0.10 0.050 08/03/17 13:17
Cadmium mg/kg ND 0.10 0.050 08/03/17 13:17
Calcium mg/kg ND 10.0 5.0 08/03/17 13:20
Chromium mg/kg ND 0.50 0.25 08/03/17 13:17
Cobalt mg/kg ND 0.50 0.25 08/03/17 13:17
Copper mg/kg ND 0.50 0.25 08/03/17 13:17
Iron mg/kg ND 10.0 5.0 08/03/17 13:17
Lead mg/kg ND 0.50 0.25 08/03/17 13:17
Magnesium mg/kg 0.92J 10.0 0.25 08/03/17 13:17
Manganese mg/kg ND 0.50 0.25 08/03/17 13:17
Molybdenum mg/kg ND 0.50 0.25 08/03/17 13:17
Nickel mg/kg ND 0.50 0.25 08/03/17 13:17
Potassium mg/kg ND 500 500 08/03/17 13:17
Selenium mg/kg ND 1.0 0.50 08/03/17 13:17
Silver mg/kg ND 0.50 0.25 08/03/17 13:17
Sodium mg/kg ND 500 250 08/03/17 13:17
Thallium mg/kg ND 1.0 0.50 08/03/17 13:17
Vanadium mg/kg ND 0.50 0.25 08/03/17 13:17
Zinc mg/kg ND 1.0 0.50 08/03/17 13:20
LABORATORY CONTROL SAMPLE: 2057127
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Aluminum mg/kg 500 596 119 80-120
Antimony mg/kg 50 48.3 97 80-120
Arsenic mg/kg 50 46.4 93 80-120
Barium mg/kg 50 48.9 98 80-120
Beryllium mg/kg 50 49.0 98 80-120
Cadmium mg/kg 50 47.9 96 80-120
Calcium mg/kg 500 498 100 80-120
Chromium mg/kg 50 49.0 98 80-120
Cobalt mg/kg 50 48.6 97 80-120
Copper mg/kg 50 48.3 97 80-120
Iron mg/kg 500 489 98 80-120
Lead mg/kg 50 47.9 96 80-120
Magnesium mg/kg 500 487 97 80-120

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
Date: 08/06/2017 04:11 PM

without the written consent of Pace Analytical Services, LLC.
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www.pacelabs.com

QUALITY CONTROL DATA

Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100

Huntersville, NC 28078

(704)875-9092

Project: COALASH
Pace Project No.: 92349301
LABORATORY CONTROL SAMPLE: 2057127
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Manganese mg/kg 50 49.5 99 80-120
Molybdenum mg/kg 50 50.4 101 80-120
Nickel mg/kg 50 47.6 95 80-120
Potassium mg/kg 500 ND 97 80-120
Selenium mg/kg 50 48.5 97 80-120
Silver mg/kg 25 24.5 98 80-120
Sodium mg/kg 500 485] 97 80-120
Thallium mg/kg 50 47.4 95 80-120
Vanadium mg/kg 50 48.6 97 80-120
Zinc mg/kg 50 49.7 99 80-120
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 2057128 2057129
MS MSD
92349212002  Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual

Aluminum mg/kg ND 397 403 413 403 104 100 75-125 2 20
Antimony mg/kg ND 39.7 40.3 41.0 41.0 103 102 75-125 0 20
Arsenic mg/kg ND 39.7 40.3 39.6 39.6 100 98 75-125 0 20
Barium mg/kg ND 39.7 40.3 41.2 40.7 104 101 75-125 1 20
Beryllium mg/kg ND 39.7 40.3 41.6 40.9 105 101 75-125 2 20
Cadmium mg/kg ND 39.7 40.3 40.7 40.4 102 100 75-125 1 20
Calcium mg/kg 24.8 uglg 397 403 442 423 105 99 75-125 4 20
Chromium mg/kg ND 39.7 40.3 41.5 40.0 104 99 75-125 4 20
Cobalt mg/kg ND 39.7 40.3 41.1 40.6 104 101 75-125 1 20
Copper mg/kg ND 39.7 40.3 41.8 41.5 105 103 75-125 1 20
Iron mg/kg ND 397 403 415 407 104 100 75-125 2 20
Lead mg/kg ND 39.7 40.3 40.5 39.8 102 98 75-125 2 20
Magnesium mg/kg ND 397 403 414 398 104 99 75-125 4 20
Manganese mg/kg ND 39.7 40.3 41.8 40.6 105 101 75-125 3 20
Molybdenum mg/kg ND 39.7 40.3 42.6 42.3 107 105 75-125 1 20
Nickel mg/kg ND 39.7 40.3 40.3 39.8 102 99 75-125 1 20
Potassium mg/kg ND 397 403 412 ND 102 97 75-125 20
Selenium mg/kg ND 39.7 40.3 40.5 41.0 102 102 75-125 1 20
Silver mg/kg ND 19.8 20.2 20.9 20.5 105 102 75-125 2 20
Sodium mg/kg ND 397 403 413 406 102 99 75-125 2 20
Thallium mg/kg ND 39.7 40.3 40.5 40.7 102 101 75-125 1 20
Vanadium mg/kg ND 39.7 40.3 41.1 40.0 104 99 75-125 3 20
Zinc mg/kg 0.881 ug/g 39.7 40.3 42.8 41.0 106 100 75-125 4 20

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

Date: 08/06/2017 04:11 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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Pace Analytical Services, LLC
9800 Kincey Ave. Suite 100

aceAnalytical” oo, G 0070

www.pacelabs.com (704)875-9092

QUALIFIERS

Project: COAL ASH
Pace Project No.: 92349301

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.

ND - Not Detected at or above adjusted reporting limit.

TNTC - Too Numerous To Count

J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.

MDL - Adjusted Method Detection Limit.

PQL - Practical Quantitation Limit.

RL - Reporting Limit.

S - Surrogate

1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is

a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.

LCS(D) - Laboratory Control Sample (Duplicate)

MS(D) - Matrix Spike (Duplicate)

DUP - Sample Duplicate

RPD - Relative Percent Difference

NC - Not Calculable.

SG - Silica Gel - Clean-Up

U - Indicates the compound was analyzed for, but not detected.

Acid preservation may not be appropriate for 2 Chloroethylvinyl ether.

A separate vial preserved to a pH of 4-5 is recommended in SW846 Chapter 4 for the analysis of Acrolein and Acrylonitrile by EPA
Method 8260.

N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270. The result reported for
each analyte is a combined concentration.

Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

LABORATORIES

PASI-A Pace Analytical Services - Asheville

ANALYTE QUALIFIERS

D3 Sample was diluted due to the presence of high levels of non-target analytes or other matrix interference.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
Date: 08/06/2017 04:11 PM without the written consent of Pace Analytical Services, LLC. Page 12 of 16



aceAnalytical

www.pacelabs.com

Pace Analytical Services, LLC

QUALITY CONTROL DATA CROSS REFERENCE TABLE

9800 Kincey Ave. Suite 100
Huntersville, NC 28078

(704)875-9092

Project: COAL ASH
Pace Project No.: 92349301

Analytical
Lab ID Sample ID QC Batch Method QC Batch Analytical Method Batch
92349301001 FBS 5.79G EPA 3050 371289 EPA 6010 371712
92349301002 NAOHS 10.41G EPA 3050 371289 EPA 6010 371712
92349301003 EB 29.38G EPA 3050 371289 EPA 6010 371712
92349301004 ZV134.37G EPA 3050 371289 EPA 6010 371712
92349301005 AMS 3.40G EPA 3050 371289 EPA 6010 371712

Date: 08/06/2017 04:11 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Page 13 of 16



Document Revised: Sept. 21, 2016 J

Document Name:
/P/ i @ Sample Condition Upon Receipt(SCUR) Page 1 of 2
ace Analytical Document No.: Issuing Authority: ‘
/
T

F-CAR-CS-033-Rev.01 Pace Quality Office
Laboratory receiving samples:
Asheville [ ] Eden[ ] Greenwood [_] Huntersville Raleigh[] Mechanicsville[]
Sample;Condition Upan. [T Namae: “0# : 9234930 1
Receipt ; : ) Project #:
Courier: [ped Ex [(Jues [Juses Clclient
(] commercial Pace ’ [CJother: 92349301
Custody Seal Present? [Cves Mo Seals Intact? [ves No i s
Date/Initials Perspn Examining Contents:_]_a‘_{__m
Packing Material: [IBubble Wrap Bubble Bags [ JNone [(Jother,__ 7
Thermometer: Wet [Jeiue  [INone Samples on ice, cooling précess has begun
1 1R Gun ID; ! ) ( Q{ ) é Type of lce: )
Correction Factor: 'Cooler Temp Corrected (°C): A Biological Tissue Frozen? [ ]Yes No [N/A
Temp should be aboveng to 6°C ¥ ‘
USDA Regulaged Soil { [7] N/A, water sample)
Did samiples ériginate in a quarantine zone within the United States: CA, NY, or SC (check maps)? Did samples originate from a foreign source (intergationally,
[ves No i including Hawaii and Puerto Rico)? []Yes No
/ . Comments/Discrepancy:
Chain of Custody Present? B{gs Cnve  [COnya | 1. '
Samples Arrived within Hold Time? Yes  [ng” [n/a | 2.
Short Hold Time Analysis (<72 hr.)? [(ves Iﬂﬁg’ CInga | 3.
Rush Turn Around Time Requested? [Jves ﬂo CInja | 4.
Sufficient Volume? Drés, [Ono  [On/A | 5.
Correct Containers Used? es  [No [On/a | 6.
-Pace Containers Used? Dé o [T T [/
Containers Intact? Dél DNp/ [CInga | 7.
Samples Field Filtered? [Cves -Elﬁo CIn/a | 8. Note if sediment is visible in the dissolved container :
n F=F B O\ S :
Sample Labels Match COC? 17217 ﬁ@*ljﬁ Onya | 9. VO Nebtls 5 oeibles wal ust 80105 e o &
: ot Srdysiien L
-Includes Date/Time/ID/Analysis Matrix: L ;
Headspace in VOA Vials (>5-6mm)? [lves [no [Q{/A 10.
Trip Blank Present? Clves Q(D Cn/a | 11,
Trip Blank Custody Seals Present? | [ves [no EN//A
CLIENT NOTIFICATION/RESOLUTION Field Data Required? [Jves [No
Person Contacted: Date/Time:

Comment:/Sample
Discrepancy:

5
Project Manager SCURF Review: @ Date: /2%

2 /
Project Manager SRF Review: @ Date: /ZE

Note: Whenever there is a dis_crepancy affecting North Carolina compliance samples, a copy of this form will be sent to the North Carolina DEHNR Certification Office (i.e.
Out of hold, incorrect preservative, out of temp, incarrect containers) &

Page 14 of 16



ND

(V/N) Siew uone|us W 0Z-N9SA

Jaulengm)

(£-6-€'6) ¥OSZ(ZHN) 21358|d TW OSZ-VEDE

Due Date: 08/03/17

(qel—v/N) 2nse|d 3|14231S 1M 0SC-12dS

Page 2 of 2

(ge| — v/N) 21se|d 9|41 TW SZT-15dS

Issuing Authority:
Pace Quality Office

&~ |
92349301

(w/N) 1 sED/HAA-(31 J2d sein €) X9/A

(w/N) 1 5E05-(314 22d s|etn g) HWOA

Document Revised: Sept. 21, 2016

CLIENT: 92-RedoxTech

PM: PTE

~ (V/N) vOdEH YOA W 0t-d69a

(v/N) dun YOA W 0r-N6DA

(¥/N) £E0ZSTBN YO TW Ot-L6DA

Project # ' “0#

(v/N) 12H YOA W Op-HB69A

(-12)(v/N) IDEHN J2qwy W 05Z-(VEDA)YEDY

(z > Hd) YOSZH Jaquy W QSZ-SEDVY

Document Name:
Document No.:

(z > Hd) ¥OSZH 1aquy 133 T-STOV

F-CAR-C5-033-Rev.01

(-12) (v/N) paniasaidun Jequiy W 0SZ-NEDV

(z > Hd) [DH Jaquiy 123 T-HIDV

Sample Condition Upon Receipt(SCUR)

(-12) {¥/N) panesaidun Jaquiy 123 T-NTOV

pansasasdun Jef sse|n payinow-apip-N49m

(-12) (2T < Hd) HOEN J1se|d W 0SZ-DEdE

(6<) HOBN '8 2312192V NZ 1158|d TW 05Z-Z€dd

(z » Hd) EONH 211sed 1w pSZ-NEQE

ace Analytical

{-12) (z > Hd) POSTH 1se|d TW 05Z-SELE

(w/N) parussasdun onseld 133 T-NTd9

(v/N) pemsssaldun ouseld W 005-NZdg

(v/N) pansasaidun Mise|d 1w 0SZ-NEJE

(1) (w/N) pansasaidun 21iseld TW SZT-NbdE

*Check mark top half of box if pH and/or dechlorination

is verified and within the acceptance range for

preservation samples.
**Bottom half of box is to list number of bottles

Hway

Lot #
Page 15 of 16

Amount of Preservative
added

Time preservation
adjusted

Date preservation adjusted

pH Adjustment Log for Preserved Samples

pH upon receipt

Type of Preservative

Sample ID
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Q Sk CHAIN-OF-CUSTODY / Analytical Request Document
aCeAr Ivtical The Chain-of-Custody is a LEGAL DOCUMENT. All relevant fields must be completed accurately.
Section A Section B Section C
Required Client information: Required Project Information: Invoice Information: —ummm 2 1 of 1
Company: Redox Tech, LLC Report To:  Joe Rpssabi Attention:
Address: 200 Quade Dr Copy To: Company Name:
Cary, NC 27513 - N Address: Regulatory Agency
Email ~0 Sira by Gl " CdDx - 7ev . c oay [Purchase Order # Pace Quote:
Phore:§ /9 - £ 7 F-p) oD  |Fex 79-{7 &0, 80 |ProjectName.  Coal Ash Pace Project Manager: taylor.ezell@pacelabs.com, State / Location
Requested Due Date: ¢~ &DVs Project #: Pace Profile # 86701 NC
/ Requested Analysis Filtered (Y/N)
£l =
MATRIX woe | 2|8 COLLECTED = Preservatives >
Drinking Waler DWW m 3 m c T o
i | 8 ~| AL51G30;
Praduct P L a o =
SAMPLE ID S B AR START END 2le ele| e 2 P
One Character per box. Wipe wp w | w M M g=] @ % m .m 5
(2,051, . = gl 4 HE : HEHHNERE 5
* Sample Ids must be unique Tishiim Ts M w H M al= ] m ®|F .mu.. = & m m
z ez glo|El2|al-|3|2|2|=|l5|5|E|E[5|8|= z
E 1% | oate| Tme | oare | Tme |5 12|52 |E(2(2]|2|2 |5 |5|2|8|3|8 &
P A
1 |FBS 5744 ARMVALL, 11 A4 DG
. o W R o 4
2 [N OH S 10.9/4 SL \h\u\o.&l /1) P 5 GO S Do
L~ f\\!\ L-
|£8S  29.3%, R 2AVEY 1! o e e e 00>
. N7 S iTa
slzvis 34 w%\ st g/Ay:s9 ) o e e e o B 04
7 .
s|AM s 34K 0| fa)017 L) o S e R 005
-
5 J
7
3
9
10
11
12 .
ADDITIONAL COMMENTS me%...:\MEWU BY/ rmﬁ_r_b._._cz DATE TIME , ACCEPTED BY / AFFILIATION DATE TIME SAMPLE CONDITIONS
V. . 2 A 2
> = g 7l - f
DAL \ 5 YoellF| [ 17| YeHe! Fog= ThdZ| per B A TNV
] 1
(L edidlece 77 oo | 2L N\\ [~ 72701 |75
P T T z
7T A 2t~ |72900) 297 \m\\\ﬁ o fren th wen ez 1501 Y [P
SAMPLER NAME AND SIGNATURE &
o o
PRI e of < g 55 w
kﬂ M%_@.\a < .m memmmlm
GNAT) SAMP, 3 .=15e0 8% B =
b e HEFH ELE
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NRS Remediation Treatability Test Work Plan Revision 0
TVA Gallatin Fossil Plant September 27, 2019

Appendix B
Sampling and Analysis Plan

AECOM



COAL COMBUSTION PRODUCT DISPOSAL PROGRAM

GALLATIN FOSSIL PLANT
Sumner County, Tennessee

Sampling and Analysis Plan
Treatability Study

Non-Registered Site (NRS)

Prepared for

Tennessee Valley Authority
1101 Market Street
Chattanooga, Tennessee 37402-2801

September 27,2019

Prepared by
A=COM

1600 Perimeter Park Drive, Suite 400
Morrisville, North Carolina 27560
Tel: 919.461.1100
Fax: 919.461.1415
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1.0 Background

On behalf of the Tennessee Valley Authority (TVA), AECOM has prepared the following Sampling and
Analysis Plan (SAP) to accompany the Non-Registered Site (NRS) Treatability Test Work Plan (NRS
Work Plan). The NRS Work Plan was developed in response to the Tennessee Department of
Environment and Conservation (TDEC) Commissioner's Order Number OGC19-0004 (the Order), which
requires that TVA conduct a laboratory treatability test and field demonstration aimed at adjusting pH
to sequester metals along the Non-Registered Site (NRS) boundary adjacent to the Cumberland River
at TVA's Gallatin Fossil Plant (GAF).

The majority of field activities in the NRS Work Plan are relatively common activities, such as drilling,
water sampling, soil sampling, etc. The SAPs developed under the GAF Environmental Investigation
Plan (EIP; AECOM 2016a) and previously approved by TDEC will be used for these activities, as
referenced in the NRS Work Plan. This SAP presents procedures for implementation of field activities
identified in the NRS Work Plan that are not included in the previous EIP SAPs. This SAP will also include
a Quality Assurance (QA) Addendum to address QA elements not specifically addressed in the existing
Quality Assurance Framework (QAF) (TVA, 2017) or QA addenda provided in SAPs developed under the
GAF EIP.

2.0 Objectives

This SAP will support implementation of the NRS Work Plan, which was developed to obtain treatability
data and determine whether pH and geochemical conditions can be adjusted in groundwater at the
NRS, and if such an adjustment can be an effective method to meet the groundwater protection
standards (GWPS) at the NRS boundary compliance points. Specific objectives for the field work
include the following:

e Toupdate the conceptual site model (CSM) with additional information regarding location of
the low-pH source material, the primary groundwater transport pathways and velocities
between the source area and the downgradient boundary, solute flux in field demonstration
areas, and the feasibility of various remedial amendment delivery mechanisms;

e To obtain material for the bench-scale treatability studies; and

e Todevelop preliminary design data for the pilot field demonstration.



3.0 Project Team and Responsibilities

The following people comprise the core of the AECOM project team:

o David Skeggs, P.E. will lead the project team as Project Manager for the activities detailed in
this SAP. He will also serve as TVA's point of contact and source of regular updates and
project scheduling and accounting components.

e Gabe Lang, P.E. will continue to support the project team as Program Manager for this project.

o Patrick Haskell will serve as the technical project team leader coordinating the investigation,
treatability testing, and reporting activities.

e Craig MacPhee will serve as the senior remediation engineer, directing the treatability testing
activities, interpreting test results, and adapting the treatability testing process to maximize the
utility of the data obtained.

e Mary Stauffer will provide hydrogeologic expertise for evaluating the results of the investigation
with respect to site geology and groundwater flow.

e Richard Henry, Ph.D. will provide geochemistry expertise for evaluating/interpreting the
chemical and geochemical data generated from treatability testing activities and groundwater
sampling events.

e Francisco Barajas-Rodriquez is the laboratory director for the treatability testing and will
manage laboratory personnel and directly oversee the performance of laboratory treatability
tests and data collection.

Environmental Standards, Inc. will provide quality assurance and data management services for the
analytical data collected as part of the project.

The following people comprise the TVA project team leadership. Contact information is provided for
inquiries from non-project personnel:

¢ Michael Clemmons will address individual inquiries. Michael can be reached at (423) 751-4029.

e Jason Curtsinger will manage the technical aspects of the project for TVA.

4.0 Health and Safety

An AECOM site safety officer (SSO) will be on-site during implementation of the NRS Work Plan. Prior to
starting field activities, the SSO will review site conditions and site objectives to identify potential
hazards, particularly those that may increase the risk of an incident affecting people, property, or the
environment. Potential risks and associated risk abatement measures will be reviewed in the context of
a site-specific health and safety plan (HASP) and will be discussed during the daily pre-job and post-job
briefs. Each task will be defined along with task-specific hazard analyses. A 2-minute rule-card will be
filled out at each unique work location, or when site conditions change. The site-specific AECOM HASP
will be reviewed for completeness and updated to address new activities prior to initiating field work.

Site-specific safety requirements for on-site personnel are anticipated to include OSHA1O0 training,
background check, drug testing, and completion (annually) of site-specific (GAF) safety training. AECOM
employees and subcontractors performing work activities onsite will be required to meet the above
requirements.



5.0 Field Investigation

The field investigation will consist of groundwater sampling from monitoring wells and soil borings and
collection of soil samples from soil borings. Samples will be collected for field and laboratory analysis as
well as bench scale treatability testing. Field investigation activities will also include hydraulic
conductivity testing and installation of monitoring wells. Details of the laboratory treatability testing are
provided in the NRS Work Plan.

5.1 DataQuality Objectives

The samples and analyses being performed in association with this work are primarily being used to aid
in the selection of remedial amendments that will be subjected to further testing to evaluate their utility
for application in the field demonstration and possibly full-scale groundwater remediation. As such, data
quality objectives (DQOSs) for the treatability test will differ from those of the ongoing Environmental
Investigation of the site. Because certain data (e.g., metals concentrations in appropriately-constructed
monitoring wells) may eventually be used for assessment of the nature and extent of COCs, the DQOs
and QA procedures associated with such analyses will be unchanged from those identified in the
Environmental Investigation Plan (EIP; AECOM 2016a). However, much of the data to be obtained from
the investigation are analogous to field screening data and will be employed to guide the next steps of
the field work or as part of a weight of-evidence evaluation to guide the treatability testing and will not be
used for direct assessment of exposures. Therefore, DQOs and associated QA protocols will sometimes
differ markedly from those described for the EIP. The sampling procedures and analyses to be
performed as part of the treatability testing program are described below, and details of QA procedures
associated with analyses unique to the treatability test are described in Appendix A.

5.2 Execution

The field work described herein will be executed under the oversight of experienced scientists and
engineers and office support staff. The primary points of contact for field teams will be the Field Team
Leader. A team of office support staff will be in regular communication with the field team to support
safety, quality, and efficiency of field efforts.

All site workers will be responsible for following the health and safety procedures established in the
AECOM site-specific HASP and Work Package. Daily health and safety briefings/tailgate meetings will be
conducted to review job-related activities and address potential hazards associated with these
activities. Job Safety Analyses (JSAs) will be prepared and presented in the TVA Work Package for each
task prior to performing work, and updated in the field to reflect any change in conditions affecting the
tasks being performed. TVA-specific protocols will be followed, including the completion of 2-minute
rule cards at each work site. All personnel conducting groundwater sampling activities will be qualified in
proper groundwater sampling and safety procedures.

Electronic recordkeeping will frequently be used to enhance the efficiency of field data collection
efforts. Field notes, whether electronic or written, will be uploaded promptly to the project server. Details
regarding record keeping were provided in TVA’'s Technical Instruction (TI) for Field Record Keeping,
which is provided Appendix B.

53 Groundwater Sampling

Monitoring well sampling will be performed via low-flow methods, as described in the GAF Groundwater
Sampling SAP (AECOM 2016c) and in accordance with TVA's Tl for Groundwater Sampling (ENV-TI-
05.80.42), Field Measurement Using a Multi Parameter Sonde Tl (ENV-TI-05.80.46) and Field Sampling
Quality Control (ENV-TI-05.80.04), which are provided in Appendix B. The NRS Work Plan provides the



details regarding the wells to be sampled and analytes for this investigation. Note that analytes used to
characterize redox conditions or conditions specific to the treatability test may have a reduced set of
quality control (QC) samples, as described in the QA Addendum provided as Appendix A.

The QA Addendum also addresses analytes not included in approved EIP SAPs or the QAF.
Groundwater samples collected for the treatability study may be filtered in the field, depending upon
the nature of the sampling and data quality objectives, as described in the sections below. For the initial
sampling from monitoring wells, both filtered and unfiltered groundwater samples will be submitted for
laboratory analysis of metals to develop the conceptual site model. For the sampling from soil borings,
groundwater samples will be filtered to limit the presence of drill cuttings in the samples. Groundwater
collected in bulk for use in the treatability tests will not be filtered in the field, and the QC sample
requirements identified in ENV-TI-05.80.04 will not be directly followed as that water is not designated
for conventional laboratory analysis.

5.3.1 Groundwater Profiling

Groundwater profiling will be conducted at selected locations and depths using hydraulic profiling tool
(HPT) and DPT methods. The groundwater profiling locations are located in the vicinity of well
GAF-444U and are depicted on Figure 3-1 of the NRS Work Plan. Groundwater samples may also be
collected from potential source area soil borings, if a sufficiently transmissive zone is encountered
during drilling. Figure 3-1 also depicts locations of potential source area soil borings.

Hydraulic Profiling Tool

HPT is a Geoprobe-based direct push tool that is advanced into unconsolidated sediments to assess
formation permeability and hydrostratigraphy at the centimeter scale. The HPT is capable of logging
injection pressure, flow rate, and electrical conductivity, and conducting pressure dissipation tests to
measure hydrostatic pressure to characterize the piezometric profile and estimate water table
elevation. The tooling will be attached to the DPT equipment in accordance with manufacturer’'s
specifications (see attached SOP) by a qualified subcontractor. The HPT probe will be installed at the
end of the drilling rods and advanced via pushing or hammering at a rate of approximately 2
centimeters per second (cm/sec). As the probe is advanced, clean water is pumped through a screen
on the side at a rate of less than 300 milliliters per minute. Data is collected in real time by the field
controller instrument. Pressure dissipation testing is conducted when the probe is held at a static
depth. The data will be used to identify permeable zones within the subsurface.

Downhole equipment will be decontaminated in accordance with TI for Field Sampling Equipment
Cleaning and Decontamination (ENV-TI-05.80.05), which is included in Appendix B.

Groundwater Sampling with DPT tooling

Based on the results of the HPT investigation, DPT will be used to collect groundwater samples for field
and/or laboratory analysis. Borings for groundwater sampling will be drilled at locations adjacent to HPT
locations where more permeable sand lenses were identified in the HPT logs. Sampling depths will be
selected to intersect the more permeable intervals, as the clay soils that comprise the bulk of the
alluvium are not expected to transmit sufficient groundwater to allow sampling with DPT tooling.

The borings will be advanced using a DPT drill rig equipped with 4 or 5-foot long, 2.25- or 3.25-inch
outside diameter drilling rods. The lowest probe rod will be equipped with a drive point connected to a
screen point that is typically one to two feet long. When the target depth is reached, the screen will be
exposed to allow groundwater to flow into the screened interval. Groundwater samples will then be
collected using new, clean polypropylene tubing connected to an inertial check valve or a peristaltic
pump. Samples will be collected for field measurement pH and turbidity, using stand-alone meters, and



if sufficient yield is obtained to allow readings to stabilize in a flow through cell, dissolved oxygen (DO)
and ORP. Groundwater samples will be placed in the decontaminated protective cup associated with
the multiparameter sonde (such as the YSI-556 Multiprobe System), and the sonde will be placed in the
water sufficiently long for the readings to stabilize in accordance with TVA TI for Field Measurement
using a Multiparameter Sonde (ENV-TI-05.80.46) . If sufficient water is present, the water will instead be
passed through a low-flow cell to measure these parameters consistent with the low flow sampling
protocols described in the Groundwater Sampling SAP (AECOM 2016c¢).

Where low pH is observed (< 5 standard units [S.U.]) and sufficient groundwater yield is obtained, a
groundwater sample will be collected for laboratory analysis of dissolved beryllium, cadmium, lithium,
nickel, and iron by field-filtering to remove suspended particles using the procedures presented in
Section 3.6 Filtration of Groundwater Samples in ENV-TI-05.80.42. If sufficient yield is obtained, a
second groundwater sample may also be collected for laboratory analysis of total beryllium, cadmium,
lithium, nickel, and iron.

Once sample collection is complete at a given depth and boring, the probe rods will be advanced to the
next sampling depth. If the same borehole is utilized for multiple sampling depth, the lower sampling
depth will have at least 10 feet of vertical separation from the prior sampling depth. Downhole
equipment will be decontaminated between drilling locations in accordance with TI for Field Sampling
Equipment Cleaning and Decontamination (ENV-TI-05.80.05), which is provided in Appendix B.

5.3.1 pH Measurement

PH will typically be measured in groundwater purged from wells in accordance with the procedures
described in the Groundwater Sampling SAP (AECOM 2016c¢). In certain cases (e.g., for screening of
saturated soil or where insufficient water can be produced to read with a pH meter), a sample may be
placed directly onto a piece of pH paper (i.e., Hach® pH Paper, 0-14 pH Range or equivalent) to rapidly
assess pH. Manufacturer instructions will be followed for reading the pH.

Field-measured aerated pH values will be collected from monitoring wells and, if sufficient water
volume is available, from groundwater profiling locations, using a calibrated multiparameter sonde or a
pH/temperature sonde. Approximately 100 mL of water, or sufficient water to submerge the electrodes
of the pH sonde, will be pumped from the sampling location into a decontaminated beaker or other
glassware. After measuring the initial pH, the water will be stirred for 15 seconds vigorously with a clean
glass stirring rod. The pH will then be measured again. Before recording pH measurements, either
before or after stirring, the sonde will be submerged for at least 30 seconds.

5.3.2 Field test kits

Several parameters that are integral to understanding the geochemistry that the treatability testing
must address can be subject to increasing error with increasing time that passes between sample
collection and analysis. Such analyses are those which can be affected by atmospheric interactions
that may change the concentration of an analyte directly or may result in changes in an analyte
concentration due to changing redox conditions. Where such considerations are the primary potential
source of error, field test kits will be employed to manage that potential for error.

Groundwater samples from monitoring wells and/or groundwater profiling borings will be field-analyzed
for ferrous iron using the Hach ® Ferrous Iron Color Disk Test Kit, model IR-18C, 0.2-7 mg/L. Water
samples collected from soil borings will be filtered prior to using the iron field test kits. Ferric iron
concentrations will be estimated by subtracting the ferrous iron concentration from the total iron
concentration obtained by laboratory analysis.



Groundwater samples from monitoring wells or groundwater profiling borings will be analyzed in the
field for sulfide using a field test kit employing EPA Test Method 8131 (Hach® Sulfide Reagent Kit,
Methylene Blue or equivalent).

Dissolved carbon dioxide concentrations will be measured using the Hach ® Carbon Dioxide Test Kit,
Model CA-23 or equivalent. Detailed instructions for the Hach® kits are included in Appendix B. Water
samples will not be filtered prior to using the carbon dioxide field test kit.

5.3.3 Treatability Study

Groundwater for the treatability test will be collected from monitoring wells using low-flow methods, as
described in the GAF Groundwater Sampling SAP (AECOM 2016c¢) and in accordance with TVA's Tl for
Groundwater Sampling (ENV-TI-05.80.42), Field Measurement Using a Multi Parameter Sonde (ENV-TI-
05.80.46) and Field Sampling Quality Control (ENV-TI-05.80.04), which are provided in Appendix B.
Purge rates will be the maximum rate (up to 500 milliliters per minute per ENV-TI-05.80.42) at which
drawdown and field measurement parameters remain stabilized without increasing turbidity beyond
levels typically associated with a given well. Water collected for the treatability study will be pumped
from monitoring wells, placed in four-gallon collapsible plastic coainers that are sealed and taped shut
prior to shipment on ice to the treatability study laboratory. Previous treatability testing data (see
Appendix A of the NRS Work Plan) indicate that significant changes to redox conditions and metals
concentrations did not occur using this sample collection and storage method. This may be due to the
acidity of the groundwater in the area, which may be considered analogous to established sample
preservation methods for total metals analysis.

During the course of the treatability study, the treatability laboratory will collect samples for laboratory
analysis. Samples will be collected directly from testing apparatuses at flow rates that minimally aerate
samples to preserve and allow collection of samples with turbidity measurements generally consistent
with that of groundwater samples collected in the field. Filtration of post-treatment treatability test
samples will be performed on an as-needed basis to assess fractions of analytes in dissolved and
suspended forms.

Some analyses identified in the NRS Work Plan may be conducted by the treatability laboratory (e.g.,
sulfide, ferric iron) for purposes of observing the progress of treatability tests. These data will not be used
for decisions regarding risk or compliance, but are rather to guide the course of the treatability test and
are screening methods, that will generally follow the procedures for measurement of such parameters in
the field. Treatability test samples will be analyzed for metals at the same labs as groundwater samples.

54 Soil Sampling

Advancement of soils borings via DPT, hollow-stem auger, or sonic drilling and general procedures for
collection of saoil into laboratory-provided containers and Shelby tubes are included in the Overburden
Soil Borings SAP (AECOM 2016d). Soil samples will be collected every five feet of soil boring and when
the geologic materials change for analysis of pH, by mixing soil with deionized (DI) water, as described
in Section 5.4.1.

Soil samples will be collected for acid base accounting (ABA) based on the results of soil pH
measurement and visual observations of soil materials. Samples will primarily be selected from among
intervals that display low pH (i.e., <5 S.U.) and/or visual evidence of pyrite/iron. The ABA parameters
include total sulfur, sulfate, pyritic sulfur, residual sulfur, acid neutralization potential and net acid
neutralization potential. Additional information on the analysis of these parameters is included in
Appendix A.



Samples collected for treatability testing will be composited from intervals of interest (e.g., intervals
with pyrite source material, intervals known to have low pH based on soil sampling, existing monitoring
well screen intervals, etc.). The thickness of intervals for composite sample collection may range from
one to ten feet. In some areas, sample volume requirements may require the advancement of adjacent
borings to obtain sufficient sample volume from the desired interval. Samples for treatability testing will
be collected in one to five-gallon plastic buckets and will be composited in the laboratory.

54.1 Soil pH
Soil pH will be measured using the following procedure:
e Use asieve, if necessary, to ensure tested soil is ¥z in (6.3 mm) or smaller.

e Weigh and place 30 grams of sail into a glass beaker using a calibrated balance or calibration-
checked scale.

o Add 30 milliliters of distilled water to the soil sample. Use a glass rod to stir to obtain a slurry,
the cover with a watch glass.

e Allow the sample to stand for a minimum of one hour, stirring every 10 to 15 minutes.

e Stirthe slurry sample well just before placing a calibrated pH meter into the mixture, ensuring
good contact between the electrode and the water without placing the pH electrode into the
soil. Tilt the beaker if necessary, and keep the electrode immersed for at least 30 seconds to
allow the meter to stabilize. Record the pH value to the nearest 0.1 S.U.

Once pH measurements are complete, the beaker and pH probe should be rinsed thoroughly with DI
water.

5.4.2 Treatability Study

During the course of the treatability study, the treatability laboratory may collect samples for laboratory
analysis from select post-treatment soil columns or microcosms. These samples will be collected to
assess the minerology of sequestered metals removed during treatability testing. Potential analyses
not included in previous SAPs or the QAF include sequential extraction and x-ray diffraction (XRD). The
sequential extraction process that may be used during the treatability test is a non-standard
methodology developed by Eurofins Test America and is described in Appendix A. Additional
information on the laboratory protocols, sample bottles, and appropriate preservatives for these
procedures are included in Appendix A.

5.5 Hydraulic Conductivity Testing

Protocols for hydraulic conductivity testing using slug tests is included in the Hydrogeologic
Characterization SAP (AECOM 2016b). Where testing indicates lower permeability, drawdown
monitoring data from low-flow groundwater sampling may be used to provide an independent check of
hydraulic conductivity testing results. If applicable, data from low-flow sampling will be analyzed using
the method of Robbins et al. (2008).



5.6 Monitoring Well Installation

The protocol for installation of monitoring wells via hollow stem auger, air rotary, or sonic drilling
methods are described in the Well Installation SAP (AECOM 2016e) and TVA's Tl for Monitoring Well
Installation and Development, ENV-TI-05.80.25, which is included in Appendix B.

As described in the NRS Work Plan, locations and screened intervals will be selected based on the
results of soil and groundwater investigations.

5.7 Equipment Decontamination

All non-dedicated sampling equipment will be cleaned in accordance with TVA's Tl for Field Sampling
Equipment Cleaning and Decontamination (ENV-TI-05.80.05), which is provided in Appendix B.
Decontamination of water level meters and water quality meters will be performed upon arriving to a new
sampling location. Equipment will be placed in a trash bag or other separate container during transport
to prevent cross-contamination. Decontamination activities will be documented in the field book, field
data sheet, or Daily Record of Events.

5.8 Waste Management

Investigation derived waste (IDW) will be managed in accordance with applicable Tis. Soil and water IDW
generated during drilling, well installation and development, and equipment decontamination will be
managed in accordance with ENV-TI-05.80.25, Section 6.20 (Appendix B). Water IDW generated during
groundwater sampling will be managed in accordance with ENV-TI-05.80.42, Section 6.9 (Appendix B).

59 Sample Custody

Soil and groundwater samples will be managed in accordance with TVA's Tl for Sample Labeling and
Custody (ENV-TI-05.80.02), which is provided Appendix B. If any deviations from these protocols occur,
the samples are considered to have failed to maintain sample custody and data usability will be
assessed in consideration of the DQOs of the intended analyses.

5.10 Sample Analysis

Except for in-house sampling conducted by the treatability study laboratory to guide the course of
treatability testing and specialized analyses (e.g., XRD and ABA), samples will be submitted to Eurofins
Test America for analysis. Sample containers and preservation requirements for compounds not
included in the QAF or existing SAPs are presented in the QA Addendum to this SAP (Appendix A).

5.11 Documentation

Record-keeping will be performed in accordance with TVA Tl for Field Record Keeping (ENV-TI-
05.80.03), which is provided Appendix B. Field notes will be uploaded promptly (generally on a daily
basis) onto the project server.

5.12 Quality Assurance and Data Management

5.12.1 Quality Assurance/Quality Control

A comprehensive quality assurance (QA) program has been developed for the site and will govern
quality aspects of all work performed under the EIP. The QA program covers collection, analysis,
reporting, and use of data associated with the El, as applicable. Details of the program are presented in
the TVA GAF QAF (ESI 2017) which provides QA procedures and quality control (QC) measures to be



applied to associated investigative and monitoring activities. QA/QC procedures applicable to
investigative activities presented in this SAP include:

e Field Documentation

e Record Keeping

e Equipment Testing/Inspection, Calibration, and Maintenance
e Assessments and Response Actions

e Reporting

e Reconciliation of Data to Project Objectives

Specific QA requirements for treatability test-specific activities are presented in the QA Addendum
provided in Appendix A.

Field Documentation

Field data collected during the El will be evaluated for usability by conducting a QA review, which will
consist of checking the procedures used by field staff and comparing the boring logs and data to
historical data. The field data will be reviewed by the Field Lead and/or QA Oversight Manager or
designee for the following:

e Content of daily field notes

e Completeness of field forms

e Field equipment calibration method, frequency, and documentation

e Procedural compliance with the EIP and applicable support documents (e.g, SAP, QAF)

Any deviations from applicable work plans will be documented in the field logbook during sampling and
data collection operations. The TVA Project Manager and QA Oversight Manager or designee will be
notified of deviations.

Record Keeping

Appropriate records will be maintained in a secure AECOM project file to provide adequate
documentation of the entire treatability testing process prior to transfer to the TVA project file. The TVA
project file will be the central repository for documents relevant to investigation activities as described
in this SAP. Electronic and hardcopy data will be archived for a minimum of 10 years from the date of
report. TVA will maintain a complete project file and will archive hardcopy and electronic data in
accordance with TVA records retention rules.

Equipment Testing/Inspection, Calibration, and Maintenance

Field equipment will be inspected and tested prior to initiation of fieldwork by the field team members
and if necessary, repairs will be made prior to equipment use. Field equipment will be properly inspected,
charged, and in good working condition prior to the beginning of each working day. If equipment is not in
the proper working condition, that piece of equipment will be repaired or taken out of service and
replaced with a redundant backup prior to use. At the end of each working day, field equipment and
instruments will be properly decontaminated, taken out of the field, and appropriately placed for
overnight storage and/or charging. Equipment, instruments, tools, and other items requiring preventive
maintenance will be serviced in accordance with the manufacturer's recommendations and written
procedures specified in the manufacturer's instructions.

For instruments requiring field calibration, calibrations will be conducted in accordance with the
manufacturer’s specifications and at the frequency recommended by the manufacturer and as specified
in the TVA TI for Field Measurement using a Multiparameter Sonde (ENV-TI-05.80.46), which is provided
in Appendix B. Personnel performing instrument calibrations/standardizations shall be trained in its
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proper operation and calibration. Records of instrument calibration/standardization will be maintained in
the project files and will be subject to audit by the QA Oversight Manager or designee.

The calibration records will include documentation of the following information:

e Instrument name and serial number

o Name of person performing the calibration

e Date of calibration

e Calibration standards, including lot numbers and expiration dates
e Results of the calibration

Field instruments that do not meet the calibration requirements will be recalibrated or taken out-of-
service until acceptable performance can be verified.

Assessments and Response Actions

Field personnel have the initial responsibility to monitor the quality of field measurements and
observations. Field data will be reviewed for reasonableness and completeness. In addition, random
checks of sampling and field conditions will be made to confirm the recorded observations. The Field
Team Leader is responsible for verifying that QC procedures are followed. This responsibility requires
the Field Team Leader to assess the correctness of field methods and the ability to meet QA objectives.
Whenever possible, peer review will also be incorporated into the QA review process in order to
maximize consistency among field personnel. If a problem occurs that might jeopardize the integrity of
the project or may cause a specific QA objective not to be met, the Field Team Leader will notify the TVA
Technical Manager and QA Oversight Manager. An appropriate corrective action will then be determined
and implemented. The Field Team Leader will document the problem, the corrective action, and the
results. A copy of the corrective action documentation form(s) will be provided to the TVA Technical
Manager and the QA Oversight Manager.

Field audits will be conducted by the QA Oversight Manager to ensure the performance of field teams
and assess how team performance may affect data quality. As part of this effort at least one field audit
will be conducted. Additional field audits will be conducted at the discretion of the TVCA Technical
Manager in discussions with the QA Oversight Manager.

Reporting

The Field Team Leader will provide the TVA Technical Manager with routine field progress reports. The
TVA Technical Manager (or designee) and QA Oversight Manager will be immediately notified about field
situations that require corrective action. Documentation of systems and performance audits and any
resulting corrective actions will be maintained as part of the Project File. Audit documentation will be
reported to the TVA Technical Manager.

Reconciliation of Data to Project Objectives

The QA Oversight Manager, in conjunction with the TVA Technical Manager, will determine whether field
data meet the requirements necessary for decision-making. The field investigation results will be
compared to the DQO requirements established during development of the NSR Work Plan and this
SAP.

5.12.2 Data Management

The TVA GAF environmental investigation data management process includes:

e Data Collection
e Data Check and Verification
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e Data Processing
o Data Storage

Data collection will be standardized and organized for the project team’s use. A standardized file
nomenclature will be determined and utilized for the duration of the project. Information input on iPads
such as daily field notes, boring logs and other field forms, permeability test data, water level
measurements and water quality parameters will be uploaded to a drop box on a daily basis to prevent
accidental loss of data in the field. QA procedures will be implemented for each field document and data
transfer step to assure that a complete, correct Project File is maintained.

Additionally, during implementation of the field event, AECOM will maintain copies of project files on-site
for the duration of the project to aid in conducting a successful field effort; to include project plans (NRS
Work Plan, this SAP, and the current HASP), maps and drawings, field forms, technical reports,
correspondence, and other pertinent information.

5.13 Reporting and Deliverables

A treatability test report will be prepared and submitted to TDEC at completion of the laboratory-based
treatability study. The treatability test data will be compiled, evaluated, and the results discussed in the
context of application of the remedial amendments at the NRS. The report will assess treatability test
execution with respect to the objectives and performance standards identified. The treatability report
will discuss chemical design parameters (e.g., one or more remedial amendments, dosing rates) for the
field demonstration. However, details of the field demonstration will be provided in a separate field
demonstration work plan.
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APPENDIX A: QUALITY ASSURANCE FRAMEWORK ADDENDUM

Al Introduction

The Tennessee Valley Authority (TVA) Gallatin Fossil Plant (GAF)-Quality Assurance Framework (QAF)
was developed to provide a framework for the quality assurance (QA) program associated with the
ongoing Environmental Investigation (El) at GAF. The purpose of this QA Addendum to the Non-
Registered Site (NRS) Treatability Study Sampling and Analysis Plan (SAP) is to describe QA aspects of
the Treatability Study sampling not addressed in the TVA-GAF-QAF. A crosswalk table is included in
Table A-1 that references requirements from the TVA-GAF-QAF to the specific sections of the SAP or the
NRS Treatability Test Work Plan (Work Plan; September 2019) in which these requirements are
addressed. Elements of the TVA-GAF-QAF not addressed in the SAP or Work Plan are detailed in the
QA Addendum sections below.

Table A-1: SAP and Work Plan QA Elements Crosswalk Table

TVA-GAF-QAF
Required Element Section SAP Section Work Plan Section
Sampling Schedule 5.2 12.0 7.0
Detailed description of 9.0 5.0 3.2
sampling activities
Investigative rationale 9.0 2.0 3.1
Description of sampling design 9.0 5.0 NA
and execution of monitoring
activities
Site maps including sampling 9.0 NA Figure 3-1
locations
Sample identification 9.0 5.8, ENV-TI-05.80.02 NA
procedures
Sampling procedures 10.0 5.3, ENV-TI-05.80.42; NA
ENV-TI-05-80.46;
ENV-TI-05-80.04
Sample packing and handling 10.0 ENV-TI-05.80.06 NA
procedures
Decontamination procedures 10.2 5.7, ENV-TI-05.80.05 NA
Description of COC and label 11.0 ENV-TI-05.80.02 NA
generation process
Sample Custody 11.0 ENV-TI-05.80.02 NA
Field documentation 111 5.10, ENV-TI- NA
procedures 05.80.03
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TVA-GAF-QAF
Required Element Section SAP Section Work Plan Section
Sample nomenclature 111 5.8, ENV-TI-05.80.02 NA
Description of field monitoring NA NA NA
activities
Description of field analytical 12.1 and 14.1 5.3.1,5.3.2,5.4.1, NA
equipment and 5.5

A2 Sample Chemical Analysis

The analyses required under the Treatability Study SAP will be conducted by the laboratory(ies) identified

in Table A-2.
Table A-2: Analytical Laboratory Contact Information
Matrix Parameter Laboratory Facility Address Laboratory Contact
Groundwater Metals, Gail Lage
General Eurofins 301 Alpha Dr, (gail.lage@testamericain.com)
Chemistry TestAmerica Pittsburgh, PA 15238
Parameters
Radiological Eurofins 13715 Rider Trail N,
Parameters TestAmerica Earth City, MO 63045
Treatability AECOM 9400 Amberglen Blvd Franciso Barajas Rodriguez
Testing Building D (francisco.barajas@aecom.com)
Austin, TX, 78729
Soll Treatability AECOM 9400 Amberglen Blvd Franciso Barajas Rodriguez
Testing Building D (francisco.barajas@aecom.com)
Austin, TX, 78729
Acid-Base ALS 3860 S. Palo Verde Rd TBD
Accounting Environmental Suite 302
(or equivalent) Tucson, AZ 85714
X-Ray DCM Science 12421 W. 49" Avenue TBD
Diffraction (or equivalent) Unit #6
Wheat Ridge, CO 80033
Sequential Eurofins 5815 Middlebrook Pike Gail Lage
Extraction TestAmerica Knoxville, TN 37921 (gail.lage@testamericain.com)
Procedure
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Table A-3 provides requirements for sample containers, recommended mass/volume, sample
preservation, and analytical holding time.

Table A-3: Sample Containers, Volume, Preservation, and Holding Time Requirements
Matrix Parameter Container Recommended Preservation Holding Time
Type Sample Volume
Groundwater Total Metals 180 days
250-mL HDPE 250 mL RO 0 PH =2 4
Total Mercury ool to < 28 days
Dissolved Metals 180 days
: 250-mL HDPE 250 mL HNO?'I topH<2 Y
Dissolved Mercury Cool to <6°C 28 days
Anions
(Chloride, Fluoride, 250-mL HDPE 250 mL Cool to <6°C 28 days
and Sulfate)
Total Dissolved o
Solids (TDS) 250-mL HDPE 100 mL Cool to <6°C 7 days
Total Suspended o
Solids (TSS) 1-L HDPE 1000 mL Cool to < 6°C 7 days
Radiological 3 x 1-L HDPE 3000 mL HNOs to pH < 2 180 days
Parameters
Total Kjeldahl 1-L HDPE 1000 mL Cool to <6°C 7 days
Nitrogen
Alkalinity (Total,
_Carbonate, 250-mL 250-mL Cool to <6°C 28 days
Bicarbonate, and
Hydroxide)
Total Organic 2x 40-mL VOA
Carbon Vial 40-mL H2SOstopH < 2 28 days
Nitrate-nitrite 250-mL HDPE 250-mL H2SO4 to pH < 2 28 days
nitrogen
collegaible Cool to <6°C,
Treatability Testing Iaitic TBD* minimize 30 days
plast headspace
(or similar)
Soil 5-gal bucket Cool to <6°C,
Treatability Testing (or similar), TBD* minimize Test Duration
Shelby tubes headspace
pH .
(field measurement) 4-02G 309 NA ASAP
Metals 4-0z G 59 Cool to < 6°C 180 days
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Matrix Parameter Container Recommended Preservation Holding Time
Type Sample Volume
Soil
Mercury 4-0z G 59 Cool to < 6°C 28 days
Total Inorganic
Carbon
8-0z G 209 Cool to <6°C 28 days
Total Organic
Carbon
Sequential o
Extraction Procedure 16-026G 1004 Coolto <6°C NA
X-Ray Diffraction 4-0z G 59 none NA
Acid-Base 402 G 5 Cool to < 6°C 28 days
Accounting
Aqueous
Equipment Total Metals 180 days
Blanks** ] HNOs to pH < 2
250-mL HDPE 250 mL Cool to < 6°C
Total Mercury 28 days
Dissolved Metals HNOs to pH < 2 180 days
250-mL HDPE 250 mL after filtration
Dissolved Mercury Cool to < 6°C 28 days
Anions
(Chloride, Fluoride, | 250-mL HDPE 250 mL Cool to < 6°C 28 days
and Sulfate)
Radiological
Parameters 3x 1-L HDPE 3000 mL HNO3z to pH < 2 180 days
Total Kjeldahl 1-L HDPE 1000 mL Cool to <6°C 7 days
Nitrogen
Alkalinity (Total,
_Carbonate, 250-mL 250-mL Cool to <6°C 28 days
Bicarbonate, and
Hydroxide)
TDS 250-mL HDPE 100 mL Cool to < 6°C 7 days
TSS 1-L HDPE 1000 mL Cool to < 6°C 7 days
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. Container Recommended . . .
Matrix Parameter Preservation Holding Time
Type Sample Volume
Aqueous Total Organic 2x 40-mL VOA 80-mL H2S04 to pH < 2, 28 days
Equipment Carbon Vial Cool to £ 6°C
Blanks**
Total Inorganic 2x 40-mL VOA 80-mL Cool to £ 6°C 28 days
Carbon Vial
Nitrate-nitrite 250-mL HDPE 250-mL H2SOstopH < 2 28 days
nitrogen
Notes:
* Volume/mass requirements for treatability testing varies depending on the test design.
** Aqueous equipment blanks are analyzed for the same parameters as the associated investigatory samples. Aqueous
equipment blanks are collected in association with samples intended for chemical and radiological analyses.
G - Glass
HDPE - High Density Polyethylene
VOA - Volatile organic analysis
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A.3 Field Quality Control Samples

Field quality control (QC) samples will be collected following TVA Technical Instruction ENV-TI-05.80.04
(Field Sampling Quality Control). Field QC samples will be collected at the frequencies specified in Table

A-4 below for samples collected for chemical and radiological analyses.

Field QC samples are not required for samples collected for treatability testing, sequential extraction
procedure, XRD, or acid-base accounting.

Table A-4: Field Quality Control Sample Frequency
Field QC Sample Agqueous Samelmg Soil Samplmlg
Frequency Frequency
Equipment Rinsate 1 per 20 field samples 1 per 20 field samples
Blank
Field Blank 1 per sampling team per 1 per sampling team per
day day
1 per sampling event NA
Filter Blank when dissolved
parameters are collected
for analysis
Tubing Blank 1 per sampling event NA
when non-certified
clean/non-dedicated
tubing is used for sample
collection
1 per 20 field samples; 1 per 20 field samples;
Field Duplicate minimum of 1 per minimum of 1 per
sampling event sampling event
Matrix Spike/ 1 per 20 field samples; 1 per 20 field samples;
Matrix Spike Duplicate minimum of 1 per minimum of 1 per
(MS/MSD)? sampling event sampling event
Notes:

1 Field QC samples are not required for samples collected for treatability testing, sequential extraction procedure, XRD,

or acid-base accounting.

2 MS/MSDs will be performed for parameters amenable to spiking (e.g., metals, mercury, anions, and general chemistry

analyses).

Field QC samples will be analyzed for the same parameters as the investigative samples (see Table A-3)

with the noted exceptions.

A4 Data Quality Objectives

As stated in the TVA-GAF-QAF, the data quality objective (DQO) process is a series of planning steps
based on a scientific method to ensure that the type, quantity, and quality of environmental data used in

A-6



TVA Gallatin Fossil Plant

Coal Combustion Product Disposal Program
Treatability Study SAP

Quality Assurance Framework Addendum
September 2019

decision-making are appropriate for the intended application. In general, DQOs provide a qualitative and
guantitative framework around which data collection programs can be designed. The qualitative aspect of
DQOs seeks to encourage good planning for field investigations. The quantitative aspect of DQOs
involves designing an efficient field investigation that reduces the possibility of incorrect decision-making.
Data quality objectives defined during planning for the NRS Treatability Study are addressed in the Work
Plan and SAP.

Table A-5 provides the methods, analyte list, and reporting limits for samples collected under the
Treatability Study SAP.

Table A-5: Analytes, Methods, and Reporting Limits — Groundwater Samples
Reporting
Parameter CAS No. Method Limit Units
LABORATORY ANALYSES
Chloride 7647-14-5 EPA 300.0/ 1.00 mg/L
SW-846 9056
Fluoride 16984-48-8 EPA 300.0/ 0.10 mg/L
SW-846 9056
Phosphate 14265-44-2 EPA 300.0/ 1.00 mg/L
SW-846 9056
Sulfate 7757-82-6 EPA 300.0/ 1.00 mg/L
SW-846 9056
Alumi