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1.0 INTRODUCTION

This Annual Groundwater Monitoring and Corrective Action Report for 2019 (Annual Report) was prepared
on behalf of Arizona Public Service (APS) by Wood Environment & Infrastructure Solutions, Inc. (Wood) for
the Cholla Power Plant (Cholla) located in Navajo County, Arizona. The Annual Report summarizes
groundwater monitoring and corrective action data collected to support compliance with coal combustion
residuals (CCR) groundwater monitoring requirements detailed in 40 Code of Federal Regulations (CFR)
Sections (§) 257.90 through 257.98 (herein referred to as the CCR Rule) (Federal Register, 2018).

The CCR Rule became effective on October 19, 2015 and established standards for the disposal of CCR in
landfills and surface impoundments (CCR units). In particular, the CCR Rule set forth groundwater
monitoring and corrective action requirements for CCR units. The CCR Rule includes the requirement that
an "annual groundwater monitoring and corrective action report” be prepared by January 31 for the
preceding calendar year (the reporting period). This Annual Report prepared for the 2019 calendar year is
intended to document the status of the groundwater monitoring and corrective action programs for each
CCR unit, summarize key actions completed, and forecast key activities for 2020. APS additionally considers
this report to meet the semiannual reporting requirement of 40 CFR §257.97(a) for selecting and designing
remedies pursuant to the CCR Rule.

The remainder of this section (Section 1.0) provides a summary description of the power generating facility,
the CCR units present at the facility, and the facility’s environmental setting which forms the basis for
assessment of underlying groundwater conditions. Sections 2.0 and 3.0 present groundwater monitoring
and corrective action activities performed during the reporting period, respectively. Key activities identified
for the upcoming year are presented in Section 4.0. Section 5.0 presents report references.

1.1 Site Background
1.1.1  Facility and CCR Unit Description

Facility Description. Cholla is an operating power plant owned by APS and PacifiCorp. The plant burns coal
in three electrical generating units (Units 1, 3, and 4) and has a net generating capacity of 767 megawatts.
Coal burned at the plant was previously sourced from the McKinley Mine in New Mexico. When the McKinley
Mine closed in 2009, the source of coal switched to the Lee Ranch and El Segundo mines near Grants, New
Mexico.

Facility Location. The plant and associated infrastructure are located on land owned/leased by APS adjacent
to Interstate 40 (I-40) between the City of Winslow and the City of Holbrook in Navajo County, Arizona
(Figure 1-1). The plant sits next to the Cholla Reservoir, a cooling pond and water storage reservoir that was
originally constructed in the early 1900s by the Joseph City Irrigation Company (Shilling, 2005). Now used
by APS for cooling water, Cholla Reservoir receives deliveries of groundwater pumped from the nearby
Cholla Well Field extracting from the Coconino Sandstone Aquifer. The typical water surface elevation of
Cholla Reservoir is 5,022 feet (ft) above mean sea level (amsl).

CCR Unit Description. Plant infrastructure includes four single CCR units referred to as the Fly Ash Pond
(FAP), Bottom Ash Pond (BAP), Bottom Ash Monofill (BAM), and Sedimentation Pond (SEDI). All the CCR
units except the SEDI are located north of 1-40 (Figure 1-2). The SEDI was the first of the CCR Units placed
into service in 1976. The FAP and BAP dams were completed in 1978, and the BAM came into operation in
the late 1990s. Table 1-1 summarizes the location, function, operation, size/construction, and history of
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each unit. The boundaries of CCR units depicted in Figure 1-2 are based on available historical plans for
the units.

1.1.2 Environmental Setting

Unless otherwise noted, the following information is abstracted from Montgomery & Associates (2011),
Montgomery & Associates (2017a), and AMEC Environment & Infrastructure, Inc. (2012).

Climate. The plant is located in an arid climate within the Little Colorado River Basin. The area receives an
average of 6 to 12 inches of precipitation annually. The evaporation rate exceeds the rate of precipitation
by an order of magnitude.

Topography. Cholla is located at an elevation of approximately 5,025 ft amsl in the Colorado Plateau
physiographic province of northeastern Arizona. This area is characterized by canyons, high elevations, and
narrow, widely spaced riverbeds. The topography of the plant area is characterized by rolling terrain, open
vistas, and incised drainages/arroyos. In the vicinity of the plant, the ground surface gently slopes towards
the Little Colorado River to the south at approximately 60 ft per mile; however, surface drainage immediately
near Cholla Reservoir flows towards the reservoir. About two miles north and south of the plant, the ground
surface rises out of the alluvial floodplain to an elevation of 5,100 to 5,200 ft amsl.

Surface Water Hydrology. The plant is located north of the Little Colorado River within the Middle Little
Colorado watershed. The Little Colorado River is a meandering, perennial stream with a large alluvial
floodplain.

Site Geology. The Colorado Plateau, on which the plant is located, is typified by horizontal layered sequences
of sedimentary rock, primarily sandstones, siltstones, and claystones. At the plant and nearby CCR units, the
uppermost geologic units that are expected to influence groundwater flow and contribute to variations in
naturally occurring constituent concentrations across the site are as follows (in descending order):

e Little Colorado River and Tanner Wash Alluviums: These quaternary surface alluviums overlie the
bedrock formations in localized areas at Cholla and surrounding CCR units. The alluvium is
unconsolidated, heterogeneous, and consists of clay, silt, sand, and gravel. In general, the Tanner
Wash Alluvium is finer-grained than the Little Colorado River Alluvium. The alluvium ranges in
thickness from non-existent to approximately 200 ft, and in general is thickest underneath the plant
and Cholla Reservoir. Around the CCR units, the alluvium ranges from approximately 50 ft thick in
the vicinity of the FAP Dam to 100 ft thick in the vicinity of the southern BAP Dam.

e Moenkopi Formation: The Moenkopi Formation is the uppermost geologic unit beneath the plant
and the CCR units (as depicted in Figure 1-2) and is present at land surface in areas where the
alluvium is non-existent. The thickness of the Moenkopi Formation near the plant ranges from non-
existent to over 300 ft; where it is sufficiently thick, the Moenkopi Formation acts as an aquitard
between the shallow alluvial aquifer and the underlying Coconino Sandstone Aquifer. The
Moenkopi Formation consists of three members, described below:

— Holbrook Member: this is a relatively permeable, well-consolidated sandstone. The
Holbrook Member is the uppermost member of the Moenkopi Formation and is not known
to be present in the subsurface in the vicinity of the plant.
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— Moqui Member: this is the primary confining unit within the Moenkopi Formation and
consists of maroon and greenish mudstone with abundant gypsum. The Moqui Member is
approximately 250 to 300 ft thick near the plant.

—  Wupatki Member: this is the lowest member of the Moenkopi Formation and is
approximately 30 to 50 ft thick. The Wupatki Formation is comprised of relatively
permeable sandstone and is in hydraulic connection with the underlying Coconino
Sandstone.

e Coconino Sandstone: The Permian-age Coconino Sandstone is the principal lithologic unit of the
C-aquifer, a regionally important aquifer for water supply. It is composed of very fine- to fine-
grained sandstone with variable permeability depending on the degree of fracturing and
cementation. The unit is approximately 375 to 400 ft thick in the vicinity of the plant.

e Schnebly Hill Formation: The Schnebly Hill Formation is a very fine-grained, reddish sandstone that
is about 300 to 350 ft thick near the plant. It is part of the C-aquifer, but its hydraulic conductivity
is about 10 to 28 percent that of the Coconino Sandstone.

e Supai Formation: The Pennsylvanian to Lower Permian Supai Formation underlies the Coconino
Sandstone. It has minimal impact on the surface operations of Cholla, other than containing an
approximately 600-ft thick deposit of halite and anhydrite in the Cholla well field area that impacts
groundwater quality both regionally and in the vicinity of the plant.

Applicable Hydrostratigraphy. Two hydrostratigraphic units are conceptualized beneath the plant and
associated CCR units. These units form the basis for the hydrogeologic Conceptual Site Model (CSM)
developed by Montgomery & Associates (2011 and 2017a) for the purpose of evaluating compliance wells
for the CCR Groundwater Monitoring System.

The first hydrogeologic unit, the Lower Colorado and Tanner Wash Alluvial Aquifers, is present under the
plant area, Cholla Reservoir, and the Tanner Wash and Little Colorado River drainage channels adjacent to
the BAP and FAP, respectively. The alluvial aquifer in this area receives recharge from the Little Colorado
River and any leakage through anthropogenic features such as the reservoir and the nearby Joseph City
Canal. The alluvial aquifer is not used as a drinking water supply but does support a riparian habitat. Depth
to water in the alluvial aquifers ranges from several ft to several tens of ft below land surface in the Cholla
area, varying spatially based on proximity to recharge sources and topography and seasonally based on
rainfall-runoff patterns. Where present, groundwater flows generally in the downstream direction of the
drainages under which it is present, that is, east to west in the Little Colorado River alluvium and north to
south in the Tanner Wash alluvium. Groundwater flow in the Little Colorado River alluvial aquifer is also
influenced by deeper paleochannels that may not coincide with the present river channel.

The second hydrogeologic unit is the C-aquifer, which consists of the Coconino Sandstone and Schnebly
Hill Formation in the vicinity of the plant. Groundwater in this aquifer is under confined conditions in areas
north of the Little Colorado River where the Moqui member of the Moenkopi Formation acts as a confining
bed. Groundwater movement in the C-aquifer is generally to the north. However, the Cholla well field
(southwest of the plant) has created a cone of depression that has made the localized groundwater flow in
a westerly direction in that area. Near the FAP, the inferred flow of the groundwater in the C-aquifer is to
the west or northwest, possibly due to the broad, northwest-trending anticline that extends from the vicinity
of the FAP to near Joseph City.

The alluvial aquifer and the C-aquifer are separated by the Moenkopi Formation, a regional aquitard that
creates a barrier between the two aquifers in the vicinity of Cholla where the unit is sufficiently thick. In
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areas where the C-aquifer in the Coconino Sandstone is confined (primarily north of the Little Colorado
River), the Wupatki member of the Moenkopi has been observed to be water-bearing; however, the Moqui
member, which is 250 to 300 ft thick in the vicinity of the plant, prevents hydraulic connection between the
alluvial aquifer and the C-aquifer and is effectively bedrock when considering water quality conditions and
groundwater movement in a significant portion of the alluvial aquifer.

Uppermost Aquifer by CCR Unit. The CCR Rule requires that the uppermost aquifer underlying each CCR
unit be monitored to evaluate potential impacts from the unit. At Cholla, the uppermost aquifer by unit is
as follows:

1.2

FAP (Little Colorado River Alluvium): The FAP is constructed primarily on the relatively impermeable
Moenkopi Formation; however, alluvial sediments are present in the vicinity of the FAP while the
dam itself extends to bedrock. Groundwater at the toe of the FAP dam flows west-southwest
through localized shallow alluvial sediments (which are fairly fine grained) and then merges with
the Little Colorado River Alluvium where the predominant direction of groundwater flow is to
the west.

BAP (Tanner Wash Alluvium): The BAP is located in the Tanner Wash drainage area. The northern
and western edges of the BAP are constructed on the Moenkopi Formation, whereas the southern
edge rests primarily on alluvial material. The BAP dams have a clay core that extend through the
alluvium to bedrock where the alluvium was less than 20 ft thick at the time of dam construction.
In regions where the alluvium was greater than 20 ft thick, a cutoff wall was constructed that
generally extended to bedrock. Due to the depths involved, the cutoff wall does not extend to
bedrock in the middle of the channel underlying the southern dam. There is an approximately 10
to 20-ft thick layer of alluvium below the base of the cutoff wall in this region (at an elevation of
4,980 ft above mean sea level). Groundwater near the BAP flows south-southwest through the
Tanner Wash Alluvium to its confluence with the Little Colorado River Alluvium. The results of a
recent investigation conducted in 2019 indicates the Moenkopi Moqui is saturated downgradient
of the BAP (see Section 3.4); the extent of saturation is currently unknown but may impact the CSM
for this unit in the future.

BAM (Coconino Sandstone): The BAM is a CCR landfill constructed in the Tanner Wash watershed.
It is constructed on the Moenkopi Formation where no saturated alluvium is present; water levels
from nearby wells indicate that the Moenkopi is unsaturated beneath the BAM. Therefore, the
uppermost hydrogeologic unit at the BAM is the Coconino Sandstone Aquifer which exists under
confined conditions more than 300 ft bgs in the vicinity of the BAM. Groundwater in the Coconino
Aquifer beneath the BAM flows to the north-northwest.

SEDI (Little Colorado River Alluvium): The SEDI is constructed on the Little Colorado Alluvium.
Groundwater near the SEDI flows parallel to the direction of Little Colorado River surface flows,
approximately to the southwest.

CCR Groundwater Monitoring System

Multiple monitoring well systems are in place at Cholla to monitor groundwater conditions beneath the
four site CCR units and support ongoing assessment of impacts from potential leakage. Table 1-2 identifies
each well with associated CCR unit information, the date of well installation, and well construction details.
Figure 1-2 presents a map of the well locations.
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Installation of these networks is summarized in the report Cholla Power Plant Coal Combustion Residuals
Program — Design, Installation, and Evaluation of Completeness of Groundwater Monitoring Networks (CCR
Groundwater Monitoring System Certification Report) and is identified as compliant with 40 CFR §257.91(a)
through (e) (Montgomery & Associates, 2017a). Per the CCR Rule, site monitoring systems are required to
evaluate groundwater quality that is representative of background (i.e.,, groundwater that has not been
affected by leakage from a CCR unit) and groundwater passing the downgradient boundary of each CCR
unit, in the uppermost water-bearing hydrostratigraphic unit underlying the CCR unit.

1.2.1 Monitoring System Description

Background Groundwater Monitoring Wells. Background groundwater quality at the site can be established
by a single monitoring well or a group of monitoring wells. If a group of monitoring wells is used, these
wells should be screened within the same lithologic unit, exhibit similar groundwater chemistry, illustrate
similar statistical merits, and be supported by the CSM. The grouping and adequacy of background wells
identified for Cholla to assess background water quality are assumed adequate until proven otherwise.

Per the CCR Groundwater Monitoring System Certification Report, the following monitoring wells are
designated as "background monitoring wells” for the respective geologic and hydrostratigraphic conditions
underlying Cholla (Montgomery & Associates, 2017a):

e Background Wells for the FAP and the BAP (Little Colorado River and Tanner Wash Alluvium): The
upgradient boundary of the FAP rests on a thick section of the Moenkopi Formation; there is no
saturated alluvium present in the area upgradient from the FAP boundary. Therefore, background
well M-64A was installed west of the plant in the Little Colorado River floodplain to serve as a
background well for FAP. The BAP, in the Tanner Wash alluvium, discharges to and is hydraulically
connected to the Little Colorado River alluvium. Because hydrogeologic conditions at the BAP
prevented installation of an upgradient background well (as they did at the FAP), M-64A also serves
as the background well for the BAP. Travel time calculations performed for the CCR Groundwater
Monitoring System Certification Report (Montgomery & Associates, 2017a) indicated that M-64A is
located far enough downgradient from the FAP and the BAP to represent unimpacted groundwater;
however, it is notable that selection of this background well location is not ideal and has the
potential to promote spatial heterogeneity issues in statistical data analysis.

e Background Wells for the SEDI (Little Colorado River Alluvium): The groundwater flow direction in
the vicinity of the SEDI is to the west-southwest. Background well M-62A is installed in the alluvium
on the east (upgradient) side of the SEDI.

e Background Wells for the BAM (Coconino Sandstone): The groundwater flow direction in the
Coconino Sandstone Aquifer in the vicinity of the BAM is to the north-northwest. Background well
M-54 is installed in the Coconino Sandstone on the southeast (upgradient) side of the BAM.

Due to the natural heterogeneity of the geologic and hydrogeologic conditions underlying Cholla,
background constituent concentrations are expected to be spatially heterogeneous (varying) across the site.
The site is also expected to exhibit both spatial and temporal heterogeneity attributable to local climatic
regimes, potential leakage from Cholla Reservoir, and potential operational activity at the site. The
groundwater monitoring well networks, respective to sampling coverage and frequency, appear to
adequately represent this spatial and temporal heterogeneity, pending further review.

Downgradient Monitoring Well Networks. A total of 17 downgradient wells are in place at the site to monitor
the downgradient groundwater conditions of each CCR unit (Table 1-2). Fourteen of these monitoring wells
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are installed in either the Little Colorado River or Tanner Wash Alluvium. The remaining three wells are
completed in the Coconino Sandstone. The grouping of monitoring wells, spatial density, and coverage of
the monitoring well network are assumed representative and adequate until proven otherwise. These wells
are grouped by respective CCR unit, as described below:

e FAP Downgradient Wells (Little Colorado River Alluvium): The groundwater flow direction in the
alluvium downgradient of the FAP dam (i.e.,, the waste boundary) is west-southwest. The alluvial
thickness in this area is limited; in some places it may be up to 50 ft thick but in others it is non-
existent. On this basis, three downgradient wells were initially designated for the FAP boundary.
Efforts undertaken by Montgomery & Associates to install a fourth downgradient FAP waste
boundary well were unsuccessful (Montgomery & Associates, 2017a). The three downgradient
boundary wells are named W-123, M-50A, and M-51A. In 2018, three additional wells were installed
to evaluate groundwater conditions downgradient of the FAP (Wood, 2020). These wells are
identified as MW-65A, MW-66A, and MW-67A. FAP downgradient wells are screened within the
Little Colorado River Alluvium.

e SEDI Downgradient Wells (Little Colorado River Alluvium): The groundwater flow direction in the
alluvium underlying the SEDI is to the west-southwest. Three downgradient wells were designated
for the SEDI: M-56A, M-57A, and M-58A; these are screened within the Little Colorado River
Alluvium.

e BAP Downgradient Wells (Tanner Wash Alluvium): The groundwater flow direction in the alluvium
underlying the BAP is generally to the southwest along Tanner Wash; however, there is a radial
component of groundwater flow towards the east-southeast due to hydraulic head from the BAP.
Five downgradient monitoring wells are designated for the BAP: M-52A, M-53A, W-305, W-306,
and W-314; these are identified as screened in the Tanner Wash Alluvium based on well log
information.

e BAM Downgradient Wells (Coconino Sandstone): The uppermost hydrogeologic unit underlying
the BAM is the C-aquifer in the Coconino Sandstone, which flows towards the north-northwest in
this vicinity. Three downgradient monitoring wells were installed to monitor the quality of
groundwater passing the waste boundary of the BAM. These wells are named M-59, M-60, and M-
61, and they are completed in the Coconino Sandstone.

Supplementary Site Monitoring Wells. There are many groundwater monitoring wells at the site that are not
part of the CCR groundwater monitoring system but may provide useful information to the program,
particularly in the region downgradient of the FAP and BAP. Figure 1-2 identifies these wells.

1.2.2 Implemented Changes to Monitoring System

Most of the wells that comprise the site CCR groundwater monitoring system were installed prior to or
during 2015 (Table 1-2). No changes were implemented to the monitoring system in 2019; however, two
well installation programs occurred in 2019 to support corrective measures assessment and have added
two new supplementary wells to the monitoring system. The results of these investigations are summarized
in Section 3.1.

2.0 GROUNDWATER MONITORING PROGRAM

The groundwater monitoring and corrective action process defined in the CCR Rule includes a phased
approach to groundwater monitoring, leading (if applicable) to the establishment of groundwater

Cholla Power Plant
Navajo County, Arizona January 31, 2020 Page 6



Annual Groundwater Monitoring and Corrective Action Report for 2019
Coal Combustion Residual Rule Groundwater Monitoring System Compliance

protection standards (GWPSs) for each CCR unit. Exceedances of the GWPSs that are determined to be
statistically significant can trigger requirements for additional groundwater characterization and corrective
action assessment followed by implementation.

The first phase of groundwater monitoring is the detection monitoring phase. This phase focuses on a set
of constituents (listed in Appendix Ill of the CCR Rule) that are the more mobile components of CCR and
therefore represent indicators of possible impacts from CCR in groundwater. If statistically significant
increases (SSIs) of any of the Appendix Il constituents relative to background conditions are detected in
the downgradient waste boundary wells and cannot be demonstrated to be associated with a source other
than the CCR unit, then groundwater monitoring moves into the second phase, assessment monitoring.

The second phase of groundwater monitoring focuses on the constituents listed in Appendix IV of the CCR
Rule. The Appendix IV constituents generally are less mobile and occur at lower concentrations in
groundwater than the Appendix Il constituents. Concentrations of Appendix IV constituents in
downgradient wells are compared to GWPSs. The GWPSs, established for Appendix IV constituents only,
are the higher of either the federal Safe Drinking Water Act Maximum Contaminant Level (MCL), alternative
risk-based GWPSs established in the CCR Rule, or the background concentration for each constituent.

If exceedances of the GWPSs are determined to be occurring in the downgradient boundary wells at
statistically significant levels (SSLs) and no alternative sources for the exceedances can be demonstrated,
then both additional groundwater characterization and assessment of corrective actions are initiated.
Following assessment of corrective measures, a remedy (or set of remedial activities) is selected and
implemented as the groundwater corrective action program for the CCR unit. According to the CCR Rule,
groundwater corrective action will continue until compliance with the GWPSs has been attained in all
impacted wells and sustained for a period of three consecutive years.

2.1 Program Status

2.1.1 Summary of Key Actions Completed
A summary of key actions conducted at the site during 2019 to address CCR Rule requirements is as follows:

e Documentation of Groundwater Monitoring Activities Conducted in 2018 - 40 CFR §257.90(e)
requires that an Annual Groundwater Monitoring and Corrective Action Report for applicable sites
be prepared for existing CCR units annually on January 31 of the following year. During the
reporting period, APS prepared the Annual Groundwater Monitoring and Corrective Action Report
for 2018, Coal Combustion Residual Rule Groundwater Monitoring System Compliance, Cholla Power
Plant (Wood, 2019a), placed the report in the facility's operating record, and posted the report to
APS’'s CCR information webpage in accordance with 40 CFR §257.105(h)(1) and 40 CFR
§257.106(h)(1).

e Continuation of the Detection Monitoring Program at the BAM — 40 CFR §257.94(b) requires the
continuation of detection monitoring at a semiannual frequency for Appendix Ill constituents at
CCR units where statistical analysis of Appendix Il constituent data do not indicate an SSI over
background. Section 2.2 summarizes detection monitoring activities during the reporting period.

e Completion of Statistical Analyses for Appendix Il Constituents at the BAM — For CCR units in the
detection monitoring program, 40 CFR §257.93(h) requires the evaluation of groundwater
monitoring data for SSls over background of Appendix Il constituents no later than 90 days after
completing associated sampling and analysis. During the reporting period, APS performed two
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statistical analyses using updated analytical data for Appendix Il constituents at BAM monitoring
wells. The statistical analyses are summarized in Section 2.3.1.

e Continuation of the Assessment Monitoring Program at the SEDI - 40 CFR §257.95(b) and (d)(1)
require the continuation of assessment monitoring annually for Appendix IV constituents and
semiannually for Appendix Ill and detected Appendix IV constituents at CCR units where statistical
analysis of Appendix Il constituents indicate an SSI over background. Section 2.2 summarizes
assessment monitoring activities during the reporting period.

e Completion of Statistical Analyses for Appendix IV Constituents at the SEDI — For CCR units in the
assessment monitoring program, 40 CFR §257.93(h) requires the statistical evaluation of
groundwater monitoring data for exceedances in Appendix IV constituent concentrations no later
than 90 days after completing associated sampling and analysis. During the reporting period, APS
performed two statistical analyses using updated Appendix IV constituent data collected from SEDI
monitoring wells. The statistical analyses are summarized in Section 2.3.2.

e Conduct of an Alternative Source Demonstration (ASD) for Appendix Il Constituents at the BAM —
40 CFR §257.94(e)(2) allows owners to evaluate whether a source other than the subject CCR unit
resulted in declaring an SSI over background during a statistical analysis conducted pursuant to the
CCR Rule. In response to background exceedances of fluoride at the BAM, an ASD was prepared
during the reporting period, which is summarized in Section 2.1.4.

e Conduct of an ASD for Select Appendix IV Constituents at the FAP — 40 CFR §257.95(g)(3)(ii) allows
owners to evaluate whether a source other than the subject CCR unit resulted in declaring an
exceedance over a GWPS at an SSL during a statistical analysis conducted pursuant to the CCR Rule.
In response to GWPS exceedances of cobalt and arsenic at the FAP, an ASD was prepared during
the reporting period, which is summarized in Section 2.1.4.

e Conduct of an ASD for a Select Appendix IV Constituent at the BAP — As described above, 40 CFR
§257.95(g)(3)(ii) allows owners to evaluate if an alternative source is responsible for declared GWPS
exceedances at CCR units. To assess GWPS exceedances of lithium at the BAP, an ASD was prepared
during the reporting period, which is summarized in Section 2.1.4.

e Characterization of the Nature and Extent of Potential Releases Indicated at the FAP and BAP — 40
CFR §257.95(g)(1) requires characterization of the nature and extent of releases from CCR units
where one or more Appendix IV constituents exceed GWPSs at SSLs. Section 3.1 summarizes the
results of a hydrogeologic investigation conducted during the reporting period to address this
requirement.

e Preparation of a Corrective Measures Assessment (CMA) for the FAP and the BAP — 40 CFR
§257.96(a) requires the owner to complete a CMA within 90 days of detecting an Appendix IV
constituent exceedance over the GWPS at an SSL. In response to GWPS exceedances at the FAP
and BAP, APS demonstrated the need for a 60-day extension to the deadline and completed a CMA
during the reporting period which is summarized in Section 3.3. The CMA was placed in the facility’s
operating record and posted to APS's CCR information webpage in accordance with 40 CFR
§257.105(h)(10).

e Preparation of a Semiannual Progress Report on Remedy Selection for the BAP and the FAP - 40
CFR §257.97(a) requires the preparation of semiannual reports which document the progress of
remedy selection for CCR units that have potentially impacted groundwater. During the reporting
period, APS prepared the first semiannual report to fulfill this requirement in July 2019. Activities
supporting remedy selection conducted during the second semiannual reporting period of 2019
are summarized in Section 3.4.
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e Pre-Design Studies — Pursuant to the assessment of corrective measures initiated per 40 CFR
§257.96(a), various predesign studies (a Moenkopi Moqui investigation at the FAP, stratified
sampling of water in the BAP, a leaching evaluation at the BAP, a BAP dewatering projection, and
existing seepage intercept system evaluation) were progressed during the reporting period. These
activities are summarized in Section 3.4.

2.1.2 Problems Encountered and Resolutions to Problems
There were no problems encountered during the reporting period.

2.1.3 Groundwater Monitoring Program Transitions

No CCR unit monitoring program transitions occurred during the reporting period.

2.1.4 Alternative Source Demonstrations

During the reporting period, APS prepared three ASDs in response to declared exceedances at the BAM,
the BAP, and the FAP. The results of the ASDs are summarized below.

ASD for fluoride at the BAM. A statistical analysis of Appendix Il constituents at CCR wells downgradient of
the BAM (Section 2.3.1) declared background exceedances for fluoride at CCR wells MW-60 and MW-61.
To address these exceedances, APS prepared an ASD (Appendix A) during the reporting period which
demonstrated that the exceedances were not indicative of a release from the BAM, but rather the result of
natural spatial variations in groundwater. The ASD is supported by the following lines of evidence:

e The thick section of the Moenkopi Moqui formation separating the BAM from the Coconino
Sandstone Aquifer and the upward vertical gradient of the aquifer;

e The lack of significant trends in the concentrations of boron and sulfate (two indicators of coal ash
impacts) in groundwater beneath the BAM;

e Lithologic differences noted on BAM CCR well boring logs which indicate mineralogical variations
within the Coconino Sandstone Aquifer; and

e Documented spatial variability of groundwater chemistry in the Coconino Sandstone Aquifer.
Due to the observed spatial heterogeneity in groundwater beneath the BAM, the ASD recommended
performing intrawell statistical comparison methods for fluoride in monitoring wells M-60 and M-61.

ASD for lithium at the BAP. A statistical analysis of Appendix IV constituents performed by APS in 2018
declared an exceedance at an SSL above the GWPS for lithium at CCR well W-306 (Wood, 2018b). To address
this exceedance, APS prepared an ASD (Appendix B) during the reporting period which demonstrated that
the exceedance was not indicative of a release from the BAP, but rather the result of natural spatial variation
in groundwater lithium concentrations. The ASD is supported by the following lines of evidence:

e Demonstrated spatial heterogeneity of lithium and other compounds in alluvial groundwater;

e Spatial distributions of lithium in the alluvial aquifer which are not indicative of a release from the
BAP; and

e Lower concentrations of lithium in BAP water than in downgradient monitoring wells.

Cholla Power Plant
Navajo County, Arizona January 31, 2020 Page 9



Annual Groundwater Monitoring and Corrective Action Report for 2019
Coal Combustion Residual Rule Groundwater Monitoring System Compliance

Recommendations from the ASD include developing intrawell statistical comparisons for lithium at CCR
wells downgradient of the BAP.

ASD for arsenic and cobalt at the FAP: A statistical analysis of Appendix IV constituent data from CCR wells
downgradient of the FAP declared exceedances at SSLs over the GWPS for cobalt and arsenic at CCR well
M-51A (Wood, 2018c). The ASD performed during the reporting period (Appendix C) demonstrated that
the cobalt exceedance was a false positive because the non-parametric method used to evaluate the data
had to rely on use of an elevated laboratory reporting limit value exceeding the GWPS for cobalt as the
criterion for comparison to the GWPS. For the arsenic exceedance, several potential sources were examined,
including sampling and laboratory causes, statistical evaluation causes, anthropogenic causes, and natural
variation causes. Based on these reviews, no alternative source could be demonstrated for the arsenic
exceedance at M-51A, and as such, the ASD for arsenic is inconclusive. Recommendations for further
evaluation of arsenic at the FAP are presented in the ASD.

2.2 Monitoring Data Collected

During 2019, APS conducted CCR groundwater monitoring at Cholla in accordance with the Sampling and
Analysis Plan (SAP) entitled Groundwater Sampling and Analysis Program (Montgomery & Associates, 2015).
The SAP documents the methods and procedures used to conduct groundwater sampling, analyze collected
samples for CCR constituents, and assess associated analytical data for quality assurance purposes. Also
during 2019, APS collected pond water samples from the FAP and the BAP for analysis of Appendix IlI
constituents. As with the groundwater samples, the pond water samples were collected and analyzed using
industry-standard procedures.

The following sections summarize monitoring activities conducted in 2019. Table 2-1 identifies when
monitoring occurred, and which units were monitored. During the reporting period, detection monitoring
included evaluation of collected samples for Appendix Ill constituents on a semiannual basis (40 CFR
§257.94[b]) and assessment monitoring included evaluation of collected samples for all Appendix IV
constituents on an annual basis (40 CFR §257.95[b]) and detected Appendix IV constituents as well as all
Appendix Ill constituents on a semiannual basis (40 CFR §257.95[d][1]).

To simplify the monitoring schedule in the future, APS monitored select units earlier than scheduled during
the last monitoring round of 2019 so that all site units will be monitored on the same semiannual schedule
(i.e., the second and fourth monitoring quarter of each year) going forward.

2.2.1 Water Level Monitoring

Appendix D presents groundwater elevation data collected during groundwater sampling with hydrographs
depicting collected groundwater elevations over time. Groundwater elevations for each CCR unit are
graphed independently based on assessment of the data during initial CSM development; review of the
data indicate that the Coconino Sandstone Aquifer underlying the BAM is distinct from the alluvial aquifer
underlying the FAP, BAP, and SEDI. As shown in monitoring well hydrographs, groundwater elevations in
2019 were relatively stable and/or consistent with nearby wells with the following exceptions:

o M-52A, M-53A, W-305, W-306, and W-314 (downgradient wells for the BAP): Similar to previous
monitoring events, throughout the reporting period groundwater elevations at M-53A (located at
the western edge of the southern BAP dam) were approximately 10 ft higher than groundwater
elevations in wells located towards the central portion of the southern BAP dam (i.e. M-52A, W-
305, and W-306). Groundwater elevations at W-314, located downgradient of the eastern portion
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of the BAP dam, were similar to previous reporting periods. The overall decline in groundwater
elevations at W-314 continued throughout 2019.

e M-50A, M-51A, W-123, MW-65A, MW-66A, and MW-67A (downgradient wells for the FAP):
Groundwater elevations in these wells remained relatively consistent throughout the reporting
period. Although no increasing or decreasing trends are noted in individual wells, there is a fairly
steep hydraulic gradient at the toe of the FAP dam, as evidenced by the 10- to 20-ft elevation
difference between M-51A and W-123 (relatively highest) and M-50A (relatively lowest). Further
downgradient, groundwater elevations in MW-65A, MW-66A, and MW-67A indicate that the
hydraulic gradient begins to flatten with distance from the FAP.

The significance of these exceptions will continue to be evaluated as additional data are collected.

Figures 2-1 through 2-4 present potentiometric surface maps that are representative of conditions at the
time of groundwater sampling based on hydrograph data. The estimated direction of groundwater flow
derived from collected groundwater elevation data are noted on the figures. As indicated, groundwater in
the alluvium appears to flow to the south to southwest from the FAP and the drainage area associated with
Tanner Wash (where the BAP is located), towards the Little Colorado River where flows trend more west
(consistent with surface water flows). Note that the hydraulic gradient indicated at the FAP represents an
average between the six downgradient wells; at the toe of the dam, the hydraulic gradient is higher.
Groundwater flow in the Coconino Sandstone Aquifer underlying the BAM is to the north.

2.2.2 Groundwater Flow Rate Estimation

The CCR Rule requires that groundwater flow rates beneath CCR units be estimated during each monitoring
event. To meet this requirement, water levels measured at the time of sampling were used to calculate the
direction and magnitude of the hydraulic gradient in the vicinity of each unit using a spreadsheet tool
available on the United States Environmental Protection Agency (USEPA) website (USEPA, 2014). Hydraulic
gradient estimates were refined in 2019 by incorporating water level data from several additional wells into
the calculations, resulting in a hydraulic gradient representing a larger areal extent of the uppermost aquifer
downgradient of site CCR units. Darcy's Equation for flow through porous media was then used with site
data (where available) and/or literature-based hydraulic conductivity and effective porosity values for
hydrogeologic units to estimate average linear groundwater flow velocities. Table 2-2 identifies the wells
used in the analysis and summarizes the results of these calculations.

For the Tanner Wash Alluvium downgradient of the BAP, the hydraulic gradient was consistent throughout
the reporting period at 0.015 ft per ft. The direction of groundwater flow was south in the direction of
surface water flows in Tanner Wash (185 to 187 degrees from north). The corresponding groundwater flow
rate throughout the reporting period was 0.11 ft per day.

For the localized alluvial sediments in the vicinity of the FAP, the hydraulic gradient and flow direction were
also relatively stable. The magnitude of the hydraulic gradient was 0.022 ft per ft during each monitoring
round and the direction of groundwater flow was to the southwest towards the Little Colorado River (240
degrees from north). The corresponding groundwater flow rate was 0.0054 ft per day.

For the Little Colorado River Alluvium downgradient of the SEDI, the hydraulic gradient and flow direction
was more variable than the other units, although the range in water level elevations between the compliance
and background CCR wells is less pronounced. The magnitude of the hydraulic gradient ranged from
0.00075 to 0.00097 ft per ft during the reporting period, and the direction of groundwater flow was generally
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west to southwest towards the Little Colorado River (254 to 280 degrees from north). The corresponding
groundwater flow rates ranged from 0.38 to 0.49 ft per day. In the February 2019 monitoring event, a depth
to water measurement collected at M-62A reported a water level of 4,986.79 ft amsl|, which is over 5 ft
higher than water levels measured at other SEDI wells during the same sampling event. Since November
2015, water levels at the SEDI wells have been within tenths of a ft of each other, and three subsequent
measurements collected at M-62A during the reporting period do not show higher than normal water levels.
Therefore, it is likely that the February 2019 measurement at M-62A is an error in field measurement and
represents an erroneous data point. Therefore, to avoid reporting a groundwater flow rate estimate
inconsistent with the rest of the reporting period, calculations using a reduced set of monitoring well data
were not made for the February 2019 monitoring event at the SEDI.

For the Coconino Sandstone Aquifer underlying the BAM, the hydraulic gradient and flow direction were
stable throughout the reporting period. The magnitude of the hydraulic gradient ranged from 0.0085 to
0.0088 ft per ft and the direction of groundwater flow was to the north (358 degrees from north). The
corresponding groundwater flow rate was 1.8 ft per day.

2.2.3 Sample Collection

APS collected, labeled, preserved, and shipped groundwater samples in accordance with the SAP
(Montgomery & Associates, 2015). In accordance with 40 CFR §257.93(i), collected groundwater samples
were not field filtered prior to analysis. Pursuant to the SAP, quality control samples (i.e., field duplicates,
field blanks and extra sample volume for matrix spike samples) were collected during each groundwater
monitoring event. These samples are noted on associated chain-of-custody documentation.

2.2.4 Sample Analysis and Data Validation

APS submitted groundwater samples to TestAmerica Laboratories, Inc. (TestAmerica) and Radiation Safety
Engineering, Inc. (Radiation Safety) located in Phoenix, Arizona for analysis. TestAmerica evaluated samples
for all constituents other than radium. Radiation Safety performed radium analyses. Both TestAmerica and
Radiation Safety are Arizona Department of Health Services-licensed laboratories (AZ0728 and AZ0462,
respectively). Appendix E presents the associated Laboratory Reports of Analysis organized by CCR unit.

Table 2-1 identifies the analytes evaluated during each monitoring event. Analytes varied based on the
monitoring program (i.e. detection vs. assessment monitoring). The SAP identifies Appendix Il and
Appendix IV constituents with associated analytical methods.

Following receipt of final laboratory reports of analysis, the reports and associated sample data collected
during detection and assessment monitoring were evaluated for quality assurance purposes. The scope of
the review was a USEPA Stage 2A validation. Appendix F presents the 2079 Data Validation Report which
documents these reviews.

As noted in the 2079 Data Validation Report, the fluoride result associated with a supplementary pond water
sample collected from the FAP in March 2019 was rejected on the basis that there were multiple datasets
available for the same parameter and based on professional judgement, one result was rejected in favor of
data from the other dataset.
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2.2.5 Sample Results

Appendix E presents sample results in the Laboratory Reports of Analysis. The sampling coverage and
frequency of the groundwater monitoring system is assumed representative and adequate of spatial and
temporal heterogeneity until proven otherwise.

2.3 Statistical Analysis of Monitoring Data

During the reporting period, statistical analyses were conducted to evaluate whether collected monitoring
data indicate site CCR units have adversely impacted underlying groundwater. These analyses were
conducted pursuant to the Statistical Data Analysis Work Plan (Wood, 2018a). The analyses are summarized
in the following sections.

2.3.1 Evaluation of Appendix Ill Constituent Data
The BAM was the only unit at the site that remained in detection monitoring as of the end of 2018.

The initial statistical analysis performed for the BAM indicated that there were no SSls over background for
Appendix Il constituents in initial monitoring round data (Montgomery & Associates, 2018a). Based on an
assessment conducted to evaluate the statistical method used to calculate background concentrations,
Wood concluded in 2018 that background concentrations calculated from data collected during the initial
monitoring round were overly conservative and not appropriate for comparisons of data collected after
initial monitoring rounds (Wood, 2019a). Accordingly, APS updated the background concentrations for
Appendix Ill constituents at the BAM in April 2019 (Appendix G). The revised BTVs are shown in Table 2-3.

The April 2019 statistical analysis resulted in declarations of fluoride exceedances at BAM compliance wells
M-60 and M-61. As the exceedances were suspected to be attributed to natural spatial heterogeneity in the
aquifer, APS conducted an ASD for fluoride at the BAM during the reporting period (Section 2.1.4). The ASD
demonstrated that the exceedance could be attributed to spatial heterogeneity and recommended
reevaluating fluoride data collected from select wells downgradient of the BAM using intrawell statistical
comparisons.

In October 2019, APS evaluated data collected through April 2019 using the recommendations of the ASD
(Appendix H). This analysis confirmed that there were no fluoride exceedances at M-60 and M-61 but
identified an initial exceedance for pH at BAM compliance well M-59 (Table 2-3). Resampling of M-59 for
pH occurred as part of the BAM detection monitoring program in October 2019; results will be statistically
evaluated in early 2020.

2.3.2 Evaluation of Appendix IV Constituent Data

The SEDI was the only unit at the site that required statistical evaluations of collected Appendix IV
constituent data as of the end of 2018.

During the reporting period, APS performed a statistical analysis of February and April 2019 data in August
2019 and completed analysis of August 2019 data in January 2020 (Appendices | and J, respectively). On
the basis that one or more Appendix Il constituents continued to exceed BTVs and the statistical assessment
indicated that Appendix IV constituent concentrations did not exceed applicable GWPSs, APS continued
assessment monitoring at the SEDI in accordance with 40 CFR §257.95(f).
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3.0 CORRECTIVE ACTION PROGRAM

Based on the declaration that one or more Appendix IV constituents are present at SSLs above GWPSs
downgradient of the FAP and the BAP, these units are currently in the corrective action program. Notification
of exceedances occurred November 14, 2018 and were documented in the Annual Groundwater Monitoring
and Corrective Action Report for 2018 (Wood, 2019a).

Summaries of corrective action program activities performed during the reporting period are presented in
the following sections.

3.1 Characterization of Potential Releases from CCR Units

To characterize releases from CCR units, 40 CFR §257.95(g)(1) requires: (i) the installation of wells to define
the extent of contaminant plumes, (ii) collection of data on the nature and estimated quantity of material
released, (iii) installation of at least one well at the facility boundary in the direction of contaminant
migration, and (iv) sampling of these wells to characterize the nature and extent of the release.

During the reporting period, activities conducted to address CCR Rule release characterization requirements
downgradient of the FAP and BAP included:

e The collection of groundwater quality data throughout 2019 (Section 2.2);
e The collection of pond water quality data from the FAP and BAP (Section 2.2);

o Completion of a Well Installation and Hydrogeologic Investigation Report (Appendix K) to document
the 2018 installation and sampling of monitoring wells to meet the requirements of 40 CFR
§257.95(g)(1); and

e Characterization of the nature and extent of the release from the FAP and BAP in the form of plume
maps derived from the hydrogeologic investigation.

Findings from the characterization activities can be summarized as follows:

e FAP: Arsenic, cobalt, fluoride, lithium, and molybdenum are present at concentrations above the
respective GWPSs in groundwater downgradient of the FAP, with the inferred extent of each
constituent depicted on Figures 3-1 through 3-5, respectively. Fluoride, lithium, and molybdenum
all exceed the respective GWPSs in groundwater beneath downgradient properties. Arsenic,
fluoride, lithium, and molybdenum are present in pond water in the FAP at concentrations
exceeding the GWPS.

e BAP: Cobalt and lithium are present at concentrations above the respective GWPSs in groundwater
downgradient of the BAP, with the inferred extent of each constituent depicted on Figures 3-6 and
3-7, respectively. Both constituents are elevated above the respective GWPSs in groundwater
beneath downgradient properties; however, pursuant to the ASD prepared for lithium
downgradient of the BAP, the lithium exceedance is attributable to natural spatial heterogeneity in
groundwater lithium concentrations and not a release from the BAP. Cobalt is present in pond water
in the BAP at concentrations below both the GWPS and concentrations observed in the
groundwater.
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3.2 Notification to Landowners of Groundwater Impacts

APS notified private property owners downgradient of the FAP and the BAP of Appendix IV exceedances in
groundwater per 40 CFR §257.95(g)(2). The notifications were placed in the facility’s operating record in
accordance with 40 CFR §257.105(h)(8) and are included in Appendix L. APS attempted to notify the owner
of public property in the vicinity of the BAP but identified the incorrect agency based on county assessor
records. APS was in the process of notifying the correct agency (the Bureau of Land Management) at the
time this annual report was prepared.

3.3 Corrective Measures Assessments

After declaration of an Appendix IV constituent exceedance over a GWPS at an SSL, an assessment of
corrective measures to prevent further releases, remediate any releases, and restore affected areas to
original conditions must be initiated per 40 CFR §257.96(a).

On February 13, 2019, APS placed a notification of the initiation of a CMA in the facility’s operating record
and to APS’s CCR information webpage in accordance with 40 CFR §257.105(h)(9) and 40 CFR §257.106(h)(7)
(Appendix L). On April 15, 2019, APS demonstrated the need for additional time to complete the CMA in
accordance with 40 CFR §257.96(a) (Appendix M).

The CMA for the FAP and the BAP was prepared on June 14, 2019 and posted to APS’s CCR information
webpage in accordance with 40 CFR §257.105(h)(10) and 40 CFR §257.106(h)(8). The CMA evaluates the
performance of several combined corrective measures to address cobalt and lithium at the BAP and arsenic,
fluoride, lithium, and molybdenum at the FAP, which include:

e Operation of existing seepage collection systems at the FAP and the BAP in areas where impacts
at ground surface were previously observed;

e Pond dewatering and subsequent closure with CCR in place using engineering control measures
to limit the introduction of stormwater into the unit, thereby controlling the ongoing source of
seepage from the unit in the future;

e Installation and operation of various groundwater intercept systems to capture impacted
groundwater directly downgradient of the unit at potentially high contaminant flux locations; and

e Ongoing monitored natural attenuation of CCR constituents.
34 Semiannual Progress Report on Remedy Selection for the FAP and BAP

40 CFR §257.97(a) requires the preparation of semiannual reports which document the progress of remedy
selection for CCR units that have potentially impacted groundwater until the remedy is selected.
Accordingly, APS prepared the first semiannual report during the reporting period on July 15, 2019 which
describes the progress of remedy selection for the FAP and the BAP, which is presented in Appendix N.

This Annual Groundwater Monitoring and Corrective Action Report for 2019 fulfills the requirements of 40
CFR §257.97(a) for a subsequent semiannual progress report by providing the following updates on remedy
selection for the FAP and BAP:

e Moenkopi Moqui Investigation at the FAP. To investigate potential saturation in the Moenkopi
Formation downgradient of the FAP, a new well (MW-68M) was targeted for installation in the
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Moqui member on the south side of 1-40 during the reporting period. Observations made during
the MW-68M borehole advancement indicated that the Moqui is unsaturated downgradient of the
FAP and groundwater appears to flow primarily within alluvial deposits overlying the Moqui. The
MW-68M well screen was installed within the dry Moqui member to detect any potential future
migration of groundwater in the Moqui. However, the annular seal failed to prevent migration of
alluvial water into the well screen, and the well was subsequently abandoned (Appendix O).

Seepage System Evaluation and Testing. Investigative assessments of the FAP and BAP seepage
systems were conducted to better understand the influence these systems have on intercepting
seepage discharges to the alluvium and collect information that will be used in designing selected
corrective measures. Field activities were conducted during the reporting period that included
inspecting existing seepage collection systems on the basis of functionality, piping configuration,
and existing metering capability (i.e., flow totalizers). Transducers were installed in the sumps of the
pumping wells to gain a better understanding of the cycle frequency of the systems. The results of
the system evaluation and recommendations for optimizing the system performance to enhance
seepage collection will be documented in early 2020 and used to inform remedy selection.

Aquifer Testing Downgradient of the FAP. As part of the seepage system evaluation, transducers
were installed in the sumps of the pumping wells to gain a better understanding of the cycle
frequency of the systems. This information will be used in the design of an aquifer test using existing
wells downgradient of the FAP. The aquifer testing is anticipated to occur in early 2020. Data
collected during the test will be used to estimate local hydraulic conductivity of the alluvial aquifer
and potential radius of influence from extraction wells for remediation.

Stratified Sampling of Water in the BAP and Leaching Evaluation at the BAP. Stratified BAP water
samples and leach samples were collected (as proposed in the CMA [Wood, 2019b]) during the
reporting period to promote the existing understanding of cobalt GWPS exceedances at monitoring
wells downgradient of the BAP. Two new wells were installed adjacent to M-52A (i.e., MW-69A and
MW-70M) as part of the leach sample collection effort in the alluvium and Moenkopi Moqui,
respectively. Results of well installation activities suggested that groundwater flow occurs in the
Moqui downgradient of the BAP (Appendix P) and that M-52A is screened within both the alluvium
and the Moenkopi Moqui. The stratified water sampling and leaching sample collection activities
were completed in November 2019 and results will be documented in early 2020.

Bottom Ash Pond Dewatering Projection. To evaluate the duration of time until the BAP no longer
has ponded water and seepage from the BAP has declined to a steady state level, a dewatering
projection was developed. The dewatering projection is based on a water balance of the BAP that
accounts for precipitation, evaporation, and natural seepage through the foundation of the BAP
dam. Results of the dewatering projection will be documented in early 2020 and will be used to
inform timeframes for remedy selection.

CCR Unit Closure Activities

The SEDI is currently scheduled for removal from plant operations in 2020. During the reporting period, APS
procured design services for rerouting discharges to the SEDI. Following implementation of this work, the
SEDI will be closed by removal of CCR in accordance with the closure plan for this unit (AECOM, 2016).
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4.0 KEY ACTIVITIES FOR UPCOMING YEAR

During 2020, the following key activities will likely be conducted to support CCR groundwater monitoring
and corrective action compliance at the site:

e Preparation of an Annual Groundwater Monitoring and Corrective Action Report for 2020 — Per 40
CFR §257.90(e), an annual report must be prepared no later than January 31 of the year following
the calendar year documented in the report.

e Continued Detection Monitoring at the BAM with Ongoing Statistical Evaluation for SSls — Per 40
CFR §257.94(b), detection monitoring (including analysis of collected samples for Appendix llI
constituents) will continue on a semiannual basis. On an ongoing basis, APS will determine whether
there has been an SSI over background at the CCR units undergoing detection monitoring within
90 days of sampling and analysis (40 CFR §257.93[h][2]).

e Initiation of Assessment Monitoring for CCR Units with an SSI over Background (as applicable) —
Per 40 CFR §257.94(e)(1), within 90 days of detecting an SSI over background levels for any
Appendix Il constituent, an assessment monitoring program must be established.

e Continued Assessment Monitoring at the BAP, FAP, and SEDI — While corrective action evaluation
progresses at the BAP and FAP, assessment monitoring (including analysis of collected samples for
Appendix Il and Appendix IV constituents) must be conducted on a semiannual basis per 40 CFR
§257.95(b) and (d)(1). At the SEDI, assessment monitoring must be conducted for as long as
concentrations of Appendix lll and IV constituents exceed background values per 40 CFR §257.95(f)
or closure of the unit occurs.

e Public Meeting — Per 40 CFR §257.96(e), APS will conduct a public meeting with interested and
affected parties to present the results of the CMA for the FAP and the BAP at least 30 days prior to
selecting remedies for each CCR unit.

e Remedy Selection — APS will select remedies for the FAP and the BAP that meet the requirements
of 40 CFR §257.97(b). Additionally, APS will prepare a remedy selection report for each unit per 40
CFR §257.97(a).

e Initiation of Remedial Activities — Per 40 CFR §257.91(f), APS will begin remedial activities at the FAP
and the BAP within 90 days of selecting a remedy for each unit.

Since the CCR Rule is implemented in phases based on analysis of data collected during the groundwater
monitoring program, the foregoing list only includes reasonably probable activities that will occur in 2020;
this list is not comprehensive.

Cholla Power Plant
Navajo County, Arizona January 31, 2020 Page 17
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Annual Groundwater Monitoring and Corrective Action Report for 2019

APS Cholla Power Plant

Navajo County, Arizona

Table 1-1
Description of Coal Combustion Residual Units

CCR Unit

Function

Operation

Size/Construction

History

Fly Ash Pond (FAP)

Single CCR unit - surface
impoundment to store
slurried fly ash from the
plant.

Receives a slurry from the plant that contains primarily
fly ash but may also contain some bottom ash, boiler
slag, flue gas emission control residuals, boiler
cleaning waste, oil/water separator solids, and storm
water. Periodically receives solids from the SEDI.

- 430 acres in aerial extent.

- Total storage capacity of about
18,000 acre-feet.

- Normal operating pool elevation
of 5,114 feet amsl.

- Constructed beginning in 1976 and placed into service
in 1978.

- Unlined; constructed on Moenkopi bedrock and a thin
veneer of alluvial sediments.

- The dam is constructed of earth fill with a central clay
core that extends to bedrock where bedrock is
shallow. In the central portion of the dam, where
bedrock is deeper, a slurry cutoff wall extends one
foot into bedrock or two feet into stiff clay.

Sedimentation Pond
(SEDI)

Single CCR unit - collects
water from drains around
plant site, including storm
water, process water, plant
water, and slurry from plant
leaks.

Collects discharge from on-site secondary wastewater
treatment plant, effluent from the oil/water separator,
vehicle wash water, plant wash water, and FGD wastes
from scrubber or scrubber feed tank upsets. Water
collected in the SEDI is pumped to Cholla's general
water sump for recycling as process water.

- 1.3 acres in aerial extent.

- Total storage capacity of 10.5
acre-feet.

- Maximum pond depth of 10
feet.

- the top of the pond side slope
is at 5,019 feet amsl

- Placed into service in 1976.
- Lined with a 2-foot-thick layer of compacted clay.
- Constructed below grade.

Bottom Ash Pond
(BAP)

Single CCR unit - surface
impoundment to store
slurried bottom ash from
the plant.

Bottom ash is pumped to the BAP as a slurry. The
bottom ash settles in the east and west upstream
storage cells and the water is decanted to the reservoir
and ultimately siphoned back to the plant for reuse.
Slurry may also contain fly ash, boiler slag, flue gas
emission control residuals, sedimentation pond
effluent, cooling tower blowdown, oil/water separator
effluent and solids, boiler cleaning waste, and storm
water. Periodically receives solids from the SEDI.

- 105 acres in aerial extent.

- Total storage capacity of 2,300
acre-feet.

- Normal operating pool elevation
of 5,117.8 feet amsl.

- Constructed beginning in 1976 and placed into service
in 1978.

- Unlined; constructed on Moenkopi bedrock and Tanner
Wash alluvium.

- Consists of a reservoir directly behind the dam and
two storage cells upstream of the reservoir.

- The dam is constructed of earth fill with a central clay
core that extends to bedrock where bedrock is
shallow. In the central portion of the dam, where
bedrock is deeper, a slurry cutoff wall extends one
foot into bedrock or two feet into stiff clay.

Bottom Ash Monofill
(BAM)

Single CCR unit - landfill
for bottom ash solids
excavated from the BAP.

Bottom ash that has been drained of water is
excavated from the BAP and permanently stored in the
BAM.

- 41 acres in aerial extent.

- Placed into service in 1999.

Notes:

amsl - above mean sea level

BAP - Bottom Ash Pond

BAM - Bottom Ash Monofill
CCR - Coal combustion residuals

Source:

FAP - Fly Ash Pond
FGD - flue gas deulfurization

SEDI - Sedimentation Pond

GEI Consultants, Inc. 2009. Final Coal Ash Impoundment Specific Site Assessment Report, Arizona Public Service, Cholla Power Plant. Submitted to Lockheed-Martin Corporation. December 2009.
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Annual Groundwater Monitoring and Corrective Action Report for 2019

Table 1-2
CCR Groundwater Monitoring System Summary
Top of Ground Bottom Bottom
Borehole Casing Surface Top of | Bottom of | Screen |Top Screen Screen Borehole
Depth Elevation Elevation Screen Screen Length | Elevation Elevation Elevation
Well CCR Unit |Well Designation Hydrogeologic Unit Date Installed [ft bgs] [ft AMSL] [ft AMSL] [ft bgs] [ft bgs] [ft] [ft AMSL] [ft AMSL] [ft AMSL]
M-54 BAM Background Coconino Sandstone 10/2/2015 370 5070.71 5068.21 315 365 50 4,753.21 4,703.21 4,698.21
M-59 BAM Downgradient Coconino Sandstone 10/21/2015 425 5136.00 5133.86 373 423 50 4,760.86 4,710.86 4,708.86
M-60 BAM Downgradient Coconino Sandstone 11/1/2015 450 5151.18 5148.69 395 445 50 4,753.69 4,703.69 4,698.69
M-61 BAM Downgradient Coconino Sandstone 11/13/2015 420 5127.58 5124.95 365 415 50 4,759.95 4,709.95 4,704.95
M-47A BAP Supplementary LCR Alluvium 1/20/2012 184 5020.34 NA 31 60 29.5 NA NA NA
W-317 BAP Supplementary LCR Alluvium 11/10/2011 122.5 5022.27 NA 29 59 30 NA NA NA
M-52A BAP Downgradient Tanner Wash Alluvium 9/22/2015 83 5049.36 5047.08 20 70 50 5,027.08 4,977.08 4,964.08
M-53A BAP Downgradient Tanner Wash Alluvium 9/22/2015 38 5044.68 5042.09 10 35 25 5,032.09 5,007.09 5,004.09
M-55A BAP Supplementary Tanner Wash Alluvium 10/30/2015 60 5062.82 5060.06 20 55 35 5,040.06 5,005.06 5,000.06
W-301 BAP Supplementary Tanner Wash Alluvium 10/4/1983 62 5033.68 NA 40 60 20 NA NA NA
W-302 BAP Supplementary Tanner Wash Alluvium 11/1/1983 44 5036.42 5033.90 27 42 15 5,006.90 4,991.90 4,989.90
W-303 BAP Supplementary Tanner Wash Alluvium 10/26/1983 32 5039.70 5037.20 20 30 10 5,017.20 5,007.20 5,005.20
W-304 BAP Supplementary Tanner Wash Alluvium 10/26/1983 56 5038.60 5036.10 35 54 19 5,001.10 4,982.10 4,980.10
W-305 BAP Downgradient Tanner Wash Alluvium 10/7/1983 102 5046.80 5044.65 80 100 20 4,964.65 4,944.65 4,942.65
W-306 BAP Downgradient Tanner Wash Alluvium 10/11/1983 52 5046.74 5044.78 30 50 20 5,014.78 4,994.78 4,992.78
W-307 BAP Supplementary Tanner Wash Alluvium 10/21/1983 62 5045.22 5042.70 40 60 20 5,002.70 4,982.70 4,980.70
W-308 BAP Supplementary Tanner Wash Alluvium 10/19/1983 72 5051.54 5049.00 50 70 20 4,999.00 4,979.00 4,977.00
W-309 BAP Supplementary Tanner Wash Alluvium 10/14/1983 81 5062.01 5059.50 64 79 15 4,995.50 4,980.50 4,978.50
W-314 BAP Downgradient Tanner Wash Alluvium 1/27/1992 63 5051.10 5051.32 41 61 20 5,010.32 4,990.32 4,988.32
W-313 BAP Supplementary Moenkopi Formation 1/27/1992 293 5051.32 NA 272 292 20 NA NA NA
W-311 BAP Supplementary Coconino Sandstone 12/14/1991 281 5050.03 NA 259 279 20 NA NA NA
DM-04R FAP Supplementary LCR Alluvium 11/22/2008 90 5018.43 5015.77 35 65 30 4,980.77 4,950.77 4,925.77
M-43A FAP Supplementary LCR Alluvium 11/21/2008 80 5022.56 5019.87 40 70 30 4,979.87 4,949.87 4,939.87
M-45A FAP Supplementary LCR Alluvium 11/12/2011 68 5025.57 NA 31 60 29.7 NA NA NA
M-46A FAP Supplementary LCR Alluvium 11/14/2011 33.5 5025.36 NA 22 34 12 NA NA NA
M-49A FAP Supplementary LCR Alluvium 9/17/2015 35 NA NA 10 20 10 NA NA NA
M-50A FAP Downgradient LCR Alluvium 9/18/2015 32 5038.18 5035.65 9 29 20 5,026.65 5,006.65 5,003.65
M-51A FAP Downgradient LCR Alluvium 9/19/2015 14 5041.77 5039.10 7 12 5 5,032.10 5,027.10 5,025.10
W-123 FAP Downgradient LCR Alluvium 11/4/1983 40 5039.84 5038.14 14 29 15 5,024.14 5,009.14 4,998.14
W-126 FAP Supplementary LCR Alluvium December 1995 50 5034.75 NA 15 45 30 NA NA NA
W-127 FAP Supplementary LCR Alluvium 2/11/1997 33.3 5030.04 NA 15 30 15 NA NA NA
M-63A FAP Supplementary LCR Alluvium 9/25/2015 57 5337.02 NA NA NA NA NA NA NA
MW-65A FAP Downgradient LCR Alluvium 11/15/2018 25 5027.86 5026.21 9 19 10 5,017.31 5,007.31 5,001.21
MW-66A FAP Downgradient LCR Alluvium 11/14/2018 60 5033.35 5032.46 24 49 25.1 5,008.86 4,983.76 4,972.46
MW-67A FAP Downgradient LCR Alluvium 11/16/2018 50 5025.38 5024.05 15 45 30.1 5,009.45 4,979.35 4,974.05
W-124 FAP Supplementary Moenkopi Formation 2/14/1992 96 5037.53 NA 76 96 20 NA NA NA
M-44S FAP Supplementary Moenkopi Formation 11/13/2008 290 5145.63 5143.01 250 280 30 4,893.01 4,863.01 4,853.01
M-44D FAP Supplementary Coconino Sandstone 11/13/2008 385 5143.52 5140.94 320 380 60 4,820.94 4,760.94 4,755.94

APS Cholla Power Plant
Navajo County, Arizona

January 31, 2020
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Table 1-2
CCR Groundwater Monitoring System Summary

Top of Ground Bottom Bottom
Borehole Casing Surface Top of | Bottom of | Screen |Top Screen Screen Borehole
Depth Elevation Elevation Screen Screen Length | Elevation Elevation Elevation
Well CCR Unit |Well Designation Hydrogeologic Unit Date Installed [ft bgs] [ft AMSL] [ft AMSL] [ft bgs] [ft bgs] [ft] [ft AMSL] [ft AMSL] [ft AMSL]

W-125 FAP Supplementary Coconino Sandstone 2/13/1992 141 5038.37 NA 120 140 20 NA NA NA
M-64A FAP/BAP Background LCR Alluvium 2/9/2017 69 4991.90 4988.90 30 60 30 4,958.90 4,928.90 4,919.90

CR-1 SEDI Supplementary LCR Alluvium 9/24/1983 45 5010.20 NA 25 45 20 NA NA NA
M-56A SEDI Downgradient LCR Alluvium 10/7/2015 100 5023.17 5020.63 40 85 45 4,980.63 4,935.63 4,920.63
M-57A SEDI Downgradient LCR Alluvium 10/8/2015 100 5023.82 5021.16 40 85 45 4,981.16 4,936.16 4,921.16
M-58A SEDI Downgradient LCR Alluvium 10/13/2015 100 5023.84 5021.24 39 84 45 4,982.24 4,937.24 4,921.24
M-62A SEDI Background LCR Alluvium 11/17/2015 97 5020.87 5021.01 39 84 45 4,982.01 4,937.01 4,924.01

Notes:
Source of presented information presented is Montgomery & Associates, 2017; and Wood Environment & Infrastructure Solutions, Inc. Surveying, 2018.
Vertical datum is NAVD 88

AMSL - Above mean sea level bgs - below ground surface ft - feet SEDI - Sedimentation Pond
BAM - Bottom Ash Monofill CCR - Coal combustion residuals LCR - Little Colorado River
BAP - Bottom Ash Pond FAP - Fly Ash Pond NA - Not Available

APS Cholla Power Plant
Navajo County, Arizona January 31, 2020 Page 2 of 2
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Table 2-1

Groundwater Monitoring Event Summary for 2019

Sampling Date (Monitoring Program)
Jul 31, 2019 Oct 21-24, 2019 Oct 21, 2019 Number of Field
Monitoring Feb 13-15, 2019 Feb 15, 2019 Mar 30, 2019 Apr 8-9, 2019 Apr 8-11, 2019 | Apr 15-17, 2019 | Apr 17-18, 2019 | Aug 1-9, 2019 Aug 9, 2019 Oct 22-23, 2019 | Nov 25-26, 2019 [ Nov 25, 2019 Original Samples
CCR UNIT Well ID System Well Type| (Assessment) (Assessment) | (Characterization) (Detection) (Assessment) (Assessment) (Assessment) (Assessment) (Assessment) (Detection) (Assessment) (Assessment) | Collected in 2019©
M-52A CCR X — === --- --- X --- X X 4
M-53A CCR X - - -—- -—- X -—- X X 4
M-55A Supplementary X -—- X -—- X -—- -—- X 4
M-64A% CCR X X X -—- X -—- -—- X 5
W-301 Supplementary X -—- X -—- X -—- -—- X 4
W-302 Supplementary X - - - - X -—- X -—- -—- X -—- 4
W-304 Supplementary X --- X --- X --- --- X 4
BAP W-305 CCR X — - - X -—- X X 4
W-306 CCR X o — — X — X X 4
W-307 Supplementary X - - - - X -—- X -—- -—- X -—- 4
W-308 Supplementary X - X --- X --- --- X 4
W-309 Supplementary X - - - - X -—- X -—- -—- X o 4
W-314 CCR X - --- --- X --- X X 4
W-317 CCR X - X === X -—- -—- X 3
N/A Pond Water X --- --- --- --- --- --- 1
M-54 CCR - X — — --- --- --- X --- 2
M-59 CCR - X - --= -—- -—- -—- X -—- 2
BAM M-60 CCR - X — --- --- --- --- X --- 2
M-61 CCR --- X --- --- --- --- --- X --- 2
M-56A CCR X - — - --- X X X 4
SEDI M-57A CCR X - - - === X X X 4
M-58A CCR X - — - --- X X X 4
M-62A CCR X --- --- --- --- X X X 4
M-43A Supplementary - - - - - - - - - - Obstructed"’ - 0
M-46A Supplementary — - - - - --- X 1
M-50A CCR X - === -—- X -—- -—- -—- -—- --- X 3
M-51A CCR X — - --- X --- --- --- --- --- X 3
FAP M-65A CCR X - - - X --= --- — -—- o X 3
M-66A CCR X — - — X - -— - --- --- X 3
M-67A CCR X - == --- X --- --- — -—- - X 3
W-123 CCR X - --- X --- --- --- --- --- X 3
W-126 Supplementary - - - - X - -—- - - - X - 3
N/A Pond Water X --- --- --- --- --- --- 1
Analvzed C . App Il and App Il and App Il and App Il and App Il and App Il and
nalyzed Constituents App IV Detected App IV Detected App_IV, App Il Detected App IV Detected App IV App IV App Il Detected App IV App Il App IV Detected App IV 104
General Chemistry
Notes:
@ Background well for both the BAP and FAP. X - Well Monitored App - Appendix BAP - Bottom Ash Pond FAP - Fly Ash Pond N/A - Not Applicable
® Wwell scheduled for monitoring but not monitored. --- - Well Not Monitored BAM - Bottom Ash Monofill CCR - coal combustion residuals D - Identification SEDI - Sedimentation Pond
© Totals exclude field duplicate samples.
APS Cholla Power Plant
Navajo County, Arizona January 31, 2020 Page 1 of 1
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Table 2-2
Aquifer Properties and Groundwater Flow Calculations
Calculated
Estimated Calculated Groundwater Estimated
Hydraulic Estimated Hydraulic Flow Direction Groundwater
CCR Unit Conductivity Effective Gradient [degrees from Flow Rate
(Wells Used in Calculations) [ft/d] Porosity Monitoring Event [ft/ft] North] [ft/d]
BAP February 2019 0.015 187 0.11
(M-52A, M-53A, W-301, W-302, 0.96% 0.13@ April 2019 0.015 187 0.11
W-304, W-306, W-307) August 2019 0.015 186 0.11
October 2019 0.015 185 0.11
FAP February 2019 0.022 240 0.0054
(M-50A, M-51A, W-123, W-126, 0.032® 0.13@ April 2019 0.022 240 0.0054
MW-65A, MW-66A, MW-67A) October 2019 0.022 240 0.0054
February 2019 NC NC NC
SEDI 66 0.13@ April 2019 0.00075 271 0.38
(MW-56A, MW-58A, MW-62A) : August 2019 0.00089 280 0.45
October 2019 0.00097 254 0.49
BAM 31@ 0.5 April 2019 0.0085 358 1.8
(M-54, M-59, M61) ' October 2019 0.0088 358 1.8
Notes: References:
BAM - Bottom Ash Monofill @ Montgomery & Associates, 2018
BAP - Bottom Ash Pond
CCR - Coal Combustion Residuals
d - day
FAP - Fly Ash Pond
ft - feet
NC - Not Calculated
SEDI - Sedimentation Pond
APS Cholla Power Plant
Navajo County, Arizona January 31, 2020 Page 1 of 1
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Table 2-3
Summary of Statistical Analysis of Appendix Ill Constituent Data
BAM
Initial Revised
Background Background | Location of SSI
Concentration | Concentration Over
(Calculated in | (Calculated in Background Results of Statistical
Constituent 2018) 2019) During 2019 Analylsis Recommendation
Boron 0.57 mg/L 0.55 mg/L No exceedances
Calcium 110 mg/L 100 mg/L - No exceedances -—-
Chloride 1,600 mg/L 1,600 mg/L No exceedances
Fluoride 1.4 mg/L 1.4 mg/L M-60, M-61 No exceedances Intrawell Statistical Comparisons
pH 7.6 SU 7.3t07.8 M-59 Initial exceedance at M-59 Resampling
Sulfate 400 mg/L 380 mg/L - No exceedances -—-
TDS 3,400 mg/L 3,200 mg/L No exceedances
Notes:

ASD - Alternative Source Demonstration

BAM - Bottom Ash Monofill

mg/L - milligrams per liter

SSI - statistically significant increase
SU - standard pH units

TDS - total dissolved solids

APS Cholla Power Plant
Navajo County, Arizona

January 31, 2020
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Technical Memorandum

To: Michele Robertson, RG File No: 14-2018-2040
Pamela Norris

From: Emily LoDolce, PE Reviewed by:  Natalie Chrisman Lazarr, PE
Carla Landrum, PhD
Date: August 14, 2019

Subject: ALTERNATIVE SOURCE DEMONSTRATION
FOR FLUORIDE AT THE BAM
Arizona Public Service Cholla Power Plant — Navajo County, Arizona

1.0 INTRODUCTION

This technical memorandum (memo) documents an Alternative Source Demonstration (ASD) for the Bottom
Ash Monofill (BAM) located at the Arizona Public Service Company (APS) Cholla Power Plant (Cholla) in
Navajo County, Arizona (the Site). The ASD was prepared pursuant to Coal Combustion Residuals (CCR)
Rule requirements for groundwater monitoring and corrective action detailed in 40 Code of Federal
Regulations (CFR) Sections (8) 257.90 through 257.98 (Federal Register, 2018).

Site background, CCR groundwater monitoring system, and historical operational information is presented
in the 20718 Annual Groundwater Monitoring and Corrective Action Report (Wood Environment &
Infrastructure Solutions, Inc. [Wood], 2019a). The BAM is one of four CCR units at the Site. The BAM is a
solid waste landfill that is used for disposal of de-watered bottom ash solids excavated from the adjacent
Bottom Ash Pond (BAP). The BAM is approximately 41 acres in aerial extent and was placed into service in
1999. The BAM is constructed on the Moenkopi Formation, which has a low permeability and is not
considered a usable aquifer. Therefore, the Coconino Sandstone of the C-aquifer is the uppermost water-
bearing unit underlying the BAM.

Statistical evaluations of Appendix Ill constituent data collected from BAM compliance monitoring wells
(i.,e, MW-59, MW-60, and MW-61) between December 2015 and October 2018 declared statistically
significant increases (SSls) over the Background Threshold Value (BTV) for fluoride at MW-60 and MW-61
in April 2019 (Wood 2019b). The exceedances at these compliance wells were consistently no more than
one tenth of a sample unit (i.e, 0.1 milligrams per liter [mg/L]) above the respective BTV (1.4 mg/L).

Pursuant to 40 CFR §257.94(e)(2) of the CCR Rule, the owner/operator can demonstrate that a source, other
than the CCR unit, caused the apparent SSI within 90 days of the official SSI declaration. Potential alternative
sources include sampling and analysis errors, anthropogenic causes, and statistical method inadequacies
due to natural variation in groundwater quality. Each of these sources are explored within the scope of this
memo. Wood's approach to the ASD was to systematically review these potential alternative sources to
evaluate if any of these causes resulted in the apparent BTV exceedances observed at BAM compliance
wells.
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Phoenix, Arizona 85034-1917
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2.0 EVALUATION OF POTENTIAL ALTERNATIVE SOURCES
2.1 Sampling and Laboratory Causes

To assess potential sampling and laboratory causes, Wood reviewed sampling and analysis procedures as
well as the results of laboratory data validation.

Based on a review of sampling procedures, Wood concluded that APS has conducted field sampling
activities in accordance with the groundwater Sampling and Analysis Plan (SAP) developed for the Site
(Montgomery & Associates, 2015) to comply with the CCR Rule. On the basis that the SAP is sufficiently
detailed and contains appropriate procedures for groundwater level measurement, groundwater sample
collection, sample control, laboratory analysis, and data validation, no apparent sampling causes for fluoride
exceedances were noted.

Wood also reviewed the results of laboratory report data validation for BAM compliance monitoring well
samples collected during the period of interest (Montgomery & Associates, 2018a, 2018b). The scope of
data validation activities was a US Environmental Protection Agency (USEPA) Stage 2A validation. Based on
Wood's review, field and laboratory quality control data did not indicate an issue that would contribute to
the BTV exceedances for fluoride observed at the BAM compliance wells.

Although Wood did not find evidence of sampling or laboratory analysis errors that would explain the
declared exceedances of only 0.1 mg/L above the BTV, review of analytical results for MW-60 and MW-61
indicated that the same level of variability (i.e. £0.1 mg/L) occurred between original and duplicate fluoride
analyses. This level of variability was not flagged during data validation because duplicate results within
+0.4 mg/L (the analytical reporting limit) at the fluoride concentrations observed in the BAM compliance
wells are considered acceptably precise per USEPA guidelines (USEPA, 2017). These observations indicate
that the magnitude of the declared exceedances was too small to be reliably distinguished by the analytical
method and thus limitations in analytical precision contributed to the identification of SSls during statistical
assessment of BAM groundwater data

2.2 Anthropogenic Sources

To explore the possibility that the SSls over background can be attributed to an alternative anthropogenic
source, Wood reviewed historical property uses, surrounding property uses, and upgradient land uses to
evaluate whether there are any potential anthropogenic sources (including and other than the BAM) for the
fluoride SSls declared at BAM compliance wells.

The surrounding land uses are undeveloped, rural land with the exception of the power plant and associated
infrastructure, the closest of which is the BAP, a Cholla CCR unit and surface water impoundment
hydraulically upgradient of the BAM. Both the BAP and the BAM are separated from the Coconino
Sandstone C-aquifer by the Moenkopi Formation. The primary member of the Moenkopi is the Moqui, a
roughly 250- to 300-foot-thick confining unit dominated by low-permeability siltstone and mudstone that
acts as an aquitard and confining layer above the Coconino Sandstone C-aquifer. Groundwater levels in Site
monitoring wells completed in the Coconino Sandstone rise above the screened interval of the well,
indicating an upward vertical gradient in the C-aquifer. This condition is present in M-54 (the BAM
background well), M-59, M-60, and M-61.

Due to the thick section of the Moqui formation separating the BAM and the BAP from the Coconino
Sandstone C-aquifer in this area and the upward vertical gradient in the aquifer, there is little potential for
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impacts to the C-aquifer from the BAM or BAP. On this basis, there is adequate evidence to eliminate
anthropogenic sources as the cause of the BTV exceedances for fluoride downgradient of the BAM.

2.3 Statistical Method Cause

A statistical method cause refers to the possibility that the method used to statistically evaluate collected
data is inappropriate for the statistical comparisons performed. The method is generally inappropriate for
making a defensible statistical comparison in instances where the sample data violate the method
assumption(s).

Currently, the BAM groundwater monitoring system is designed to perform interwell statistical comparisons
(Wood, 2019b). An interwell comparison is one where samples collected from two different geographic
locations within the same water bearing unit are used to perform the statistical evaluation. One geographic
location represents background, or expected, groundwater conditions if the BAM is not impacting
groundwater, and the other geographic location represents groundwater conditions beneath the BAM.
Sample data collected from the two geographic locations are then statistically compared to assess site
compliance. The interwell comparison method assumes that background groundwater conditions are
representative of groundwater conditions observed by the compliance wells. In general, interwell
comparisons perform poorly in cases where it is not possible to establish an adequate and representative
background location for one or more sample constituents. Factors leading to inadequate or non-
representative background can include, for example, spatial heterogeneity in groundwater conditions or
discontinuous lithologies between background and compliance monitoring well locations. These
inadequacies can cause an interwell statistical comparison to be meaningless and result in false positive or
false negative statistical results. The US EPA’s Unified Guidance presents the basis for implementing the
interwell statistical comparison method (US EPA, 2009).

The BTV for fluoride was developed using the data collected from background monitoring well M-54
(Figure 1). As shown in Table 1, the fluoride concentrations over time in a given compliance well are
consistent within 0.1 mg/L. Minor spatial variations in groundwater quality can be due to any number of
naturally-occurring phenomena, such as variations in mineralogy, preferential flowpaths, zones of recharge,
etc., and would explain the spatial variation observed between the compliance wells. The C-aquifer is a deep
and relatively isolated confined aquifer with an upward vertical gradient and these factors likely explain the
time-stable concentrations observed in individual compliance wells.

The assessment of the natural variation causes below is rooted in the premise that spatial heterogeneity in
fluoride concentrations in the C-aquifer at Cholla are not adequately represented by data collected from
the background well and, as such, the underlying interwell assumptions are invalid.

2.4 Natural Variation Cause

Fluoride is naturally present in sandstone aquifers in the Plateau uplands water province, where the BAM is
located. In this region, minor constituents in groundwater (such as fluoride, nitrate, magnesium, silica, and
iron) vary considerably between wells drilled in the same aquifer (Kister et al., 1987). To evaluate natural
spatial variation as the cause of the fluoride exceedance, Wood reviewed the following lines of evidence:

e The presence of boron and sulfate in downgradient compliance wells at levels below the BTV;
¢ Noted differences in lithology between compliance wells; and,
e Documented variation of naturally-occurring constituents in groundwater.

Cholla Power Plant
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2.4.1 Boron and Sulfate at Levels below the BTV

Boron and sulfate are indicators of coal ash impacts in groundwater because the two compounds are
present in most coal ash and are generally non-reactive and highly mobile in aquifer environments. In a
statistical analysis of detection monitoring data (Wood, 2019b), Wood used the Mann-Kendall trend test
analysis to evaluate for trends in Appendix Il constituents, including boron and sulfate. The results of the
Mann-Kendall analysis showed insufficient evidence to identify a significant trend in boron at a p = 0.05
level of significance. For sulfate, there was insufficient evidence to identify a significant trend in M-54 and
M-60, and statistically significant evidence of an increasing trend in M-59 and M-61. The concentrations of
these constituents continue to be below the BTVs. The lack of an identifiable trend in boron, and the
inconsistency of trend in sulfate, suggests that the BAM is not the cause of the apparent exceedance for
fluoride.

2.4.2 Well Construction Review

Wood reviewed the lithologic boring and well construction logs (Appendix A) for the BAM compliance wells
to see if differences in lithology or construction could be attributed to the apparent exceedance. A summary
of this review is presented in Table 2. The wells are all screened entirely in the Coconino Sandstone. The
tops of the screens begin between 13 and 15 ft below the Moenkopi/Coconino contact surface, and each
well has a 50-ft screen interval. The general description of the lithology in all wells and intervals is “fine
sandstone, white, moderately lithified.” However, some differences were noted:

e The cuttings from M-54 and M-59 reacted to acid, whereas the cuttings from M-60 and M-61 had
no reaction. Reacting with acid indicates the presence of carbonate minerals, such as calcite
(CaCO03), in the rock.

e The cuttings from M-54 were noted as “mostly pulverized” with chips ranging in size from 0.2 to
0.4 inches, while the cuttings from M-59, M-60, and M-61 were generally noted as “pulverized, very
fine to fine sand size chips”.

These minor differences in lithology noted on the boring logs are indicative of wider mineralogical variation
within the sandstone and support the finding that natural spatial variations in the aquifer could have
contributed to the fluoride exceedance.

2.4.3 Spatial Variation in Water Quality in Sandstone Aquifers

The uppermost aquifer at the BAM is the Coconino Sandstone unit of the C-aquifer, a very fine- to fine-
grained, cross-bedded, aeolian sandstone with variable permeability (Montgomery & Associates, 2017).
Wood reviewed scientific publications describing the Coconino Sandstone in search of typical background
values for fluoride. The results of this review are as follows:

e The chemical quality of water in the Coconino Sandstone C-aquifer varies based on location. The
spatial differences in chemical composition are coincident with variations in total dissolved solids
(TDS) concentrations (Mann and Nemecek, 1983).

e The upper sequences of the Supai Formation, which underlie the Coconino Sandstone, is also a
water-bearing rock unit of the C-aquifer. It contains halite and gypsum beds and is thought to
contribute to elevated levels of TDS in the groundwater in the Coconino Sandstone. The Holbrook
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anticline, located south of Cholla, represents an area of upward leakage of poor quality
groundwater from the Supai into the overlying Coconino (Montgomery & Associates, 2017).

e Regional mapping of TDS (McGavock, 2011) shows that the BAM is located in a transitional zone,
with relatively lower TDS to the south grading into relatively higher TDS as groundwater flows to
the north.

Because groundwater quality in the Coconino Sandstone is documented as being spatially variable, in part
due to upward leakage of saline groundwater from the upper Supai Formation, the document review
supports the conclusion that natural variation in groundwater quality based on location does occur and
could contribute to the declaration of a fluoride exceedance.

3.0 FINDINGS AND RECOMMENDATIONS

The analysis documented herein concludes that the exceedances declared at the BAM for fluoride are not
attributable to leachate from the BAM. Rather, exceedances appear to be associated with spatially
inconsistent groundwater chemistry in the Coconino Sandstone attributable to natural variation in the
formation. Multiple lines of chemical evidence support this conclusion which are summarized below:

¢ Sampling and laboratory causes: Based on Wood's review, sampling and laboratory analysis
errors do not explain the exceedances. However, limitations in the analytical precision of fluoride
analyses contributed to the identification of SSIs during statistical assessment of BAM groundwater
data.

e Anthropogenic causes: On the basis of Wood's review of anthropogenic sources, there is
insufficient evidence to conclude that anthropogenic sources are the cause of BTV exceedances for
fluoride downgradient of the BAM.

e Spatial heterogeneity in groundwater conditions: The review of historical sampling data,
scientific research documenting natural spatial variability in the water quality of the Coconino
Sandstone, and compliance well lithology and construction suggest spatial heterogeneity is
present. Spatial heterogeneity violates the interwell comparison method assumption, thereby
making this method inadequate for assessing SSls at the BAM for fluoride. The SSI declarations,
resulting from marginally higher groundwater fluoride concentrations at M-60 and M-61, are likely
due to natural spatial variation in the aquifer. Using these lines of evidence, the SSI for fluoride at
the BAM is declared to be a result of natural spatial variation.

On the premise of spatial heterogeneity, Wood recommends intrawell statistical comparisons for fluoride
in monitoring wells M-60 and M-61. Intrawell comparisons are an industry-accepted and recommended
alternative to interwell comparisons (U.S. EPA, 2009). Intrawell statistical comparisons are detailed in the
USEPA Unified Guidance (2009) and in the Statistical Data Analysis Work Plan for Cholla (Wood, 2018a).

These lines of evidence support this ASD prepared in accordance with 40 CFR §257.95(g)(3)(ii) and support
the position that the BTV exceedances for fluoride declared on April 15, 2019 were not due to a release
from the BAM. Therefore, Wood recommends that detection monitoring should continue at the BAM.

Cholla Power Plant
Navajo County, Arizona August 14, 2019 Page 5
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5.0 REFERENCES

Arizona Department of Environmental Quality (ADEQ), 2017. Aquifer Protection Permit No. P-100568, Place
ID 447, LTF 65132. Arizona Public Service Cholla Power Plant. March 2, 2017.

Federal Register, 2018. 40 Code of Federal Regulations Part 257 — Hazardous and Solid Waste Management
System;, Disposal of Coal Combustion Residuals from Electric Utilities; Final Rule promulgated April
17, 2015 with Amendments to the National Minimum Criteria (Phase One, Part One) effective August
29, 2018.

Kister, Lester R.,, Dead B. Radtke, and Chuck Graf. 1987. Arizona Ground-Water Quality. U.S. Geological
Survey Open-File Report 87-0713.

Mann, Larry J. and E. A. Nemecek. 1983. Geohydrology and Water Use in Southern Apache County, Arizona.
United States Geological Survey. Phoenix, Arizona. January 1983.

Montgomery & Associates, 2015. Groundwater Sampling and Analysis Program, Cholla Power Plant, Joseph
City, Arizona. Prepared for APS. November 30, 2015.

Montgomery & Associates, 2017. Cholla Power Plan Coal Combustion Residuals Program — Design,
Installation, and Evaluation of Completeness of Groundwater Monitoring Networks. Navajo County,
Arizona. Prepared for APS. September 19, 2017.

Montgomery & Associates, 2018a. Annual Groundwater Monitoring and Corrective Action Report for Cholla
Power Plant Coal Combustion Residuals Program, November 2015 — December 2017. Prepared for
APS. January 30, 2018.

Montgomery & Associates, 2018b. Technical Memorandum, Cholla CCR Data Validation Report — February,
May, and June Sampling Rounds (Two Full Rounds; one re-sample of M-52A). July 23, 2018.

U.S. Environmental Protection Agency (USEPA), 2017. National Functional Guidelines for Inorganic Superfund
Methods Data Review. Washington, DC. January 2017.

Wood, 2019a. Annual Groundwater Monitoring and Corrective Action Report for 2018. Coal Combustion
Residual Rule Groundwater Monitoring System Compliance. Cholla Power Plant, Navajo County,
Arizona. Prepared on behalf of Arizona Public Service. January 31, 2019.

Wood, 2019b. CCR Groundwater Detection Monitoring Statistical Analysis and Results for the Bottom Ash
Monofill. Arizona Public Service Cholla Power Plant — Navajo County, Arizona. Technical
Memorandum. Prepared on behalf of the Arizona Public Service. April 15, 2019.

Cholla Power Plant
Navajo County, Arizona August 14, 2019 Page 7



TABLES



ASD for Fluoride at the BAM

APS Cholla Power Plant
Navajo County, Arizona

Table 1

BAM Detection Monitoring Fluoride Data

December 2015 - October 2018

Well ID Sample ID Sample Date | Fluoride (mg/L)
M-54 7799_0 12/3/2015 1.2
M-54 CH-M-54-0316_0 3/10/2016 1.3
M-54 CH-CCR-M54-516_0 5/20/2016 14
M-54 CH-CCR-M54-816_0 8/27/2016 1.4
M-54 CH-CCR-M54-916_0 9/22/2016 1.3
M-54 CH-CCR-M54-217_0O 2/21/2017 1.3
M-54 CH-CCR-M54-41117_0 4/11/2017 13
M-54 CH-CCR-M54-42417_0O 4/24/2017 13
M-54 CH-CCR-M54-51917_0 5/19/2017 13
M-54 CH-CCR-M54-52517_0O 5/25/2017 14
M-54 CH-CCR-M54-62917_0O 6/29/2017 14
M-54 CH-CCR-M54-72917_0O 7/29/2017 14
M-54 CH-CCR-M54-90517_0 9/5/2017 14
M-54 CH-CCR-M54-120717_0 12/7/2017 14
M-54 CH-CCR-M-54-52518_0 5/25/2018 14
M-54 CH-CCR-M-54-102618 10/26/2018 1.4
M-59 7803_0 12/3/2015 1.3
M-59 CH-M-59-0316_0 3/10/2016 1.3
M-59 CH-CCR-M59-516_0 5/20/2016 14
M-59 CH-CCR-M59-816_0 8/27/2016 1.4
M-59 CH-CCR-M59-916_0 9/22/2016 14
M-59 CH-CCR-M59-217_0 2/22/2017 1.3
M-59 CH-CCR-M59-41117_0 4/11/2017 13
M-59 CH-CCR-M59-42417_0O 4/24/2017 14
M-59 CH-CCR-M59-51917_0 5/19/2017 1.4
M-59 CH-CCR-M59-52517_0O 5/25/2017 14
M-59 CH-CCR-M59-62917_0 6/29/2017 1.5
M-59 CH-CCR-M59-72917_0O 7/29/2017 1.5
M-59 CH-CCR-M59-90517_0 9/5/2017 1.4
M-59 CH-CCR-M59-120717_0 12/7/2017 14
M-59 CH-CCR-M-59-52518_0 5/25/2018 1.4
M-59 CH-CCR-M-59-102618 10/26/2018 14
M-60 7801_0 12/3/2015 1.3
M-60 CH-M-60A-0316_0O 3/9/2016 14
M-60 CH-CCR-M60-516_0 5/20/2016 1.5
M-60 CH-CCR-M60-816_0 8/27/2016 1.5
M-60 CH-CCR-M60-916_0 9/22/2016 14
M-60 CH-CCR-M60-217_0 2/22/2017 14
M-60 CH-CCR-M60-41117_0 4/11/2017 14
M-60 CH-CCR-M60-42417_0O 4/24/2017 14
M-60 CH-CCR-M60-51917_0 5/19/2017 14
M-60 CH-CCR-M60-52517_0O 5/25/2017 14
M-60 CH-CCR-M60-62917_0O 6/29/2017 1.5
M-60 CH-CCR-M60-72917_0O 7/29/2017 1.5
M-60 CH-CCR-M60-90517_0O 9/5/2017 1.5
M-60 CH-CCR-M60-120717_0 12/7/2017 14
M-60 CH-CCR-M-60-52518_0 5/25/2018 1.5
M-60 CH-CCR-M-60-102618 10/26/2018 14
M-61 7802_0 12/3/2015 1.3
8/14/2019
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ASD for Fluoride at the BAM

APS Cholla Power Plant
Navajo County, Arizona

Table 1

BAM Detection Monitoring Fluoride Data

December 2015 - October 2018

Well ID Sample ID Sample Date | Fluoride (mg/L)
M-61 CH-M-61-0316_0 3/10/2016 14
M-61 CH-CCR-M61-516_0O 5/20/2016 1.4
M-61 CH-CCR-M61-816_0 8/27/2016 1.5
M-61 CH-CCR-M61-916_0O 9/22/2016 1.4
M-61 CH-CCR-M61-217_0 2/22/2017 14
M-61 CH-CCR-M61-41117_0O 4/11/2017 1.4
M-61 CH-CCR-M61-42417_0O 4/24/2017 14
M-61 CH-CCR-M61-51917_0O 5/19/2017 13
M-61 CH-CCR-M61-52517_0 5/25/2017 14
M-61 CH-CCR-M61-62917_O 6/29/2017 1.5
M-61 CH-CCR-M61-72917_0 7/29/2017 1.5
M-61 CH-CCR-M61-90517_O 9/5/2017 1.5
M-61 CH-CCR-M61-120717_0 12/7/2017 14
M-61 CH-CCR-M-61-52518_0 5/25/2018 1.5
M-61 CH-CCR-M-61-102618 10/26/2018 14
Acronyms:

ID = identification

mg/L = milligrams per liter

8/14/2019
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ASD for Fluoride at the BAM

Boring Log Comparison for Background and Compliance Wells at the BAM

Table 2

APS Cholla Power Plant

. Depth Interval Depth below the Moenkopi/Coconino Contact
Well Completion . .
(ft bgs) (ft) Reaction to Acid Comments
M-54 M-59 M-60 M-61 M-54 M-59 M-60 M-61 M-54 M-59 M-60 M-61 M-54 M-59 M-60 M-61
pulverized: ver Mostly pulverized
Top of Screen 315 373 395 365 13 13 15 15 WVETIZEGVEY 1 very fine- fine
fine to fine sand .
sand size
weak to Mostly pulvgrized; I?ulveriz.ed very
strong rounded chips to fine to fine sand
moderate 0.41in. size chips
~-Screen-- 320-330 | 380-390 | 400-410 | 370-380 | 18-28 18-28 20-30 20-30 R°“”‘éef icnhips 0
Mostly pulverized; Mostly pulverized Mvc;srtl\;ii:ht/oe':iiid'
--Screen-- 330-340 | 390-400 | 410-420 | 380-390 28-38 28-38 30-40 30-40 strong moderate rounded chips to very fine - fine san:; size: round
0.2in. sand size chips ) e
chipsto 0.1 in.
none none
Mostly pulverized
fi d; i
—-Screen-- 340-350 | 400-410 | 420-430 | 390-400 | 38-48 38-48 40-50 40-50 | moderate to fine sand; trace | Rounded chips to
rounded chips to 0.1in.
0.21in.
Mostly pulverized;
rounded chips to
0.3in.
Mostly pulverized | Pulverized very
--Screen-- 350-360 | 410-420 | 430-440 | 400-410 48-58 48-58 50-60 50-60 weak very fine - fine | fine to fine sand
sand size chips size chips
strong
Mostly pulverized; .
Bottom of Screen| 365 423 445 415 63 63 65 65 rounded chips to R°“”‘éef icnh'ps to
0.4in. T
Note: General description for all intervals is "fine sandstone, white, moderately lithified, buff sandstone".
8/14/2019
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LITHOLOGIC LOGS AND WELL CONSTRUCTION DIAGRAMS



TABLE A-5. LITHOLOGIC DESCRIPTIONS FOR

Page 1 of 4

DRILL CUTTINGS FROM MONITOR WELL M-54 [55-918646]

CCR MONITOR WELLS
ARIZONA PUBLIC SERVICE CHOLLA POWER PLANT

DRILLING COMPANY: National Exploration Wells Pumps

LOGGED BY: C. Stielstra

DEPTH DRILLED / LAND SURFACE ELEVATION: 370.0 feet / 5068.208 feet msl DATE DRILLED: 9/23 - 10/2/2015
CADASTRAL / NAD83 : (A-18-19)13cab / 1440088.611 N / 665508.134 E
DEPTH
INTERVAL
(feet) FORMATION GENERAL DESCRIPTION SECONDARY FEATURES COMMENTS
QUATERNARY ALLUVIUM (Qal)

0-10 Qal alluvium; moderate brown [5YRA4/4]; non-lithified to  weathered, clayey ARCH, Air Rotary;
weakly lithified; reddish-brown and green siltstone; cuttings chips to 1 in
reaction to acid: weak

10-19 Qal alluvium; moderate brown [5YRA4/4]; non-lithified to  weathered, clayey chips t0 0.9 in
weakly lithified; reddish-brown and green siltstone; cuttings
fine grained sandstone; reaction to acid: weak

TRIASSIC MOENKOPI FORMATION (TRm)

19-30 TRm sandy siltstone; dark reddish brown [5YR3/3]; chips t0 0.7 in
moderately to well lithified; reddish-brown siltstone;
fine grained green sandstone; reaction to acid:
weak

30-40 TRm sandy siltstone; dark reddish brown [5YR3/3]; trace clay in cuttings  chipsto 1.4 in
moderately to well lithified; reddish-brown siltstone;
fine grained green sandstone; reaction to acid:
weak to moderate

40-50 TRm sandy siltstone; reddish brown [5YR4/3]; weakly to  clayey cuttings platy
moderately lithified; reddish-brown siltstone; trace subangular-rounded
green siltstone; reaction to acid: weak to moderate . .

chips t0 0.9 in

50 - 60 TRm sandy siltstone; dark reddish gray [5YR4/2]; platy
moderately to well lithified; dark gray fine-grained subangular-rounded
sandstone; trace red and green siltstone; reaction . .
to acid: weak chips to 0.5 in

60 -70 TRm sandy siltstone; yellowish red [6YR4/6], dark reddish trace clay in cuttings  platy
gray [5YRA4/2]; moderately to well lithified; subangular-rounded
reddish-brown siltstone; green fine-grained . .
sandstone; dark grey, fine-grained sandstone; chips to 0.9 in
reaction to acid: weak to moderate

70 - 80 TRm sandy siltstone; moderate brown [5YR4/4]; weakly  trace clay in cuttings  platy subangular chips
to moderately lithified; reddish-brown siltstone; trace t0 0.9 in
green siltstone; reaction to acid: moderate to strong

80-90 TRm sandy siltstone; yellowish red [5YR4/6]; weakly to trace clay in cuttings  platy subangular chips

moderately lithified; reddish-brown siltstone; brown
silty sandstone; reaction to acid: strong

to 0.7 in

S:\DATASTORE\GINT\GINT PROJECT\897\897_CCR_3.GPJ / S:\DATASTORE\GINT\GINT LIBRARIES\OVERHAUL _LIBRARIES\OVERHAUL _LIBRARY2014.GLB / GrfcTb:HARDROCK_LITHLOG_PORT / 1/21/2015 3:59:58 PM




TABLE A-5. LITHOLOGIC DESCRIPTIONS FOR
DRILL CUTTINGS FROM MONITOR WELL M-54 [55-918646]

Page 2 of 4

CCR MONITOR WELLS
ARIZONA PUBLIC SERVICE CHOLLA POWER PLANT
DEPTH
INTERVAL
(feet) FORMATION GENERAL DESCRIPTION SECONDARY FEATURES COMMENTS

90 - 100 TRm sandy siltstone; dark reddish brown [5YR3/3]; platy subangular chips
moderately to well lithified; reddish-brown and green to 0.6 in
siltstone; trace gypsum; reaction to acid: moderate
to strong

100 - 110 TRm sandy siltstone; moderate brown [5YR4/4]; platy subangular chips
moderately to well lithified; reddish-brown and green to 0.6 in
siltstone; trace gypsum; reaction to acid: moderate
to strong

110 - 120 TRm sandy siltstone; yellowish red [5YR4/6]; moderately platy subangular chips
to moderately lithified; reddish-brown and green to 0.8 in
siltstone; reaction to acid: strong

120 - 130 TRm sandy siltstone; yellowish red [6YR4/6]; moderately trace clay in cuttings  platy subangular chips
to moderately lithified; reddish-brown and green to 0.6 in
siltstone; trace gypsum; reaction to acid: moderate '

130 - 140 TRm sandy siltstone; yellowish red [5YR4/6]; moderately trace clay in cuttings  platy subangular chips
to moderately lithified; reddish-brown and green to 0.7 in
siltstone; trace gypsum; reaction to acid: weak to
moderate

140 - 150 TRm sandy siltstone; yellowish red [5YR4/6], dark reddish trace clay in cuttings  platy
brown [5YR3/2]; moderately to well lithified; b lar- |
reddish-brown and green siltstone; dark gray su_ angutar :_;mgu ar
fine-grained sandstone; trace gypsum; reaction to chips to 0.9 in
acid: weak to moderate

150 - 160 TRm sandy siltstone; dark reddish brown [5YR3/3]; platy
moderately to well lithified; red.dish-broyvn and green subangular-angular
siltstone; trace gypsum; reaction to acid: weak to . .
moderate chips to 0.8 in

160 - 170 TRm sandy siltstone; dark reddish brown [5YR3/3]; platy
moderately to moderately lithified; reddish-brown . subangular-angular
and green siltstone; trace gypsum; reaction to acid: . .
moderate chips to 0.7 in

170 - 180 TRm sandy siltstone; very dark brown [5YR2.5/2]; platy rounded chips to
moderately to well lithified; dark gray fine-grained 0.6in
sandstone; trace fine green sandstone; reaction to ’
acid: moderate to strong

180 - 190 TRm sandy siltstone; dark reddish brown [5YR3/4]; platy
moderately to well lithified; red.dish-broyvn and green subangular-angular
siltstone; trace gypsum; reaction to acid: weak to . .
moderate chips to 0.6 in

S:\DATASTORE\GINT\GINT PROJECT\897\897_CCR_3.GPJ / S:\DATASTORE\GINT\GINT LIBRARIES\OVERHAUL _LIBRARIES\OVERHAUL _LIBRARY2014.GLB / GrfcTb:HARDROCK_LITHLOG_PORT / 1/21/2015 3:59:58 PM




TABLE A-5. LITHOLOGIC DESCRIPTIONS FOR

Page 3 of 4

DRILL CUTTINGS FROM MONITOR WELL M-54 [55-918646]

CCR MONITOR WELLS
ARIZONA PUBLIC SERVICE CHOLLA POWER PLANT
DEPTH
INTERVAL
(feet) FORMATION GENERAL DESCRIPTION SECONDARY FEATURES COMMENTS

190 - 200 TRm sandy siltstone; dark reddish brown [5YR3/4]; platy
moderately to well lithified; reddish-brown and green subangular-angular
siltstone; trace gypsum; reaction to acid: weak to . .
moderate chips to 0.9 in

200 - 210 TRm sandy siltstone; dark reddish brown [5YR3/4]; platy
moderately to well lithified; reddish-brown and green subangular-angular
siltstone; trace gypsum; reaction to acid: weak to . .
moderate chips to 0.8 in

210 - 220 TRm sandy siltstone; dark reddish brown [5YR3/3]; platy
moderately to well lithified; reddish-brown and green subangular-angular
siltstone; gypsum; reaction to acid: moderate to . .
strong chips to 0.9 in

220 - 230 TRm sandy siltstone; dark reddish brown [5YR3/3]; platy
moderately to well lithified; reddish-brown and green subangular-angular
siltstone; gypsum; reaction to acid: moderate to . .
strong chips to 0.9 in

230 - 240 TRm sandy siltstone; dark reddish brown [5YR3/3]; platy
moderately to well lithified; reddish-brown siltstone; subangular-angular
dark gray fine-grained sandstone; trace gypsum; . .
reaction to acid: moderate to strong chips to 0.7 in

240 - 250 TRm sandy siltstone; dark reddish brown [5YR3/3]; well to platy
well lithified; reddish-brown siltstone; dark gray subangular-angular
fine-grained sandstone; trace gypsum; reaction to . .
acid: strong chips to 0.8 in

250 - 260 TRm sandy siltstone; dark reddish brown [5YR3/3]; platy
moderately to well lithified; reddish-brown siltstone; subangular-angular
dark gray fine-grained sandstone; trace gypsum; . .
reaction to acid: strong chips to 0.7 in

260 - 270 TRm sandy siltstone; dark reddish brown [5YR3/3]; well to platy rounded chips to
well lithified; fine dark reddish brown sandstone; 0.7in
reddish siltstone; trace tan sandstone; reaction to '
acid: moderate to strong

270 - 280 TRm sandy siltstone; moderate brown [5YR4/4]; well to platy rounded chips to
well lithified; fine dark reddish brown sandstone; 0.5in
reaction to acid: moderate to strong '

280 - 290 TRm sandy siltstone; moderate brown [5YR4/4]; well to platy rounded chips to

well lithified; fine dark reddish brown sandstone;
reaction to acid: weak to moderate

0.6in
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TABLE A-5. LITHOLOGIC DESCRIPTIONS FOR

Page 4 of 4

DRILL CUTTINGS FROM MONITOR WELL M-54 [55-918646]

CCR MONITOR WELLS
ARIZONA PUBLIC SERVICE CHOLLA POWER PLANT
DEPTH
INTERVAL
(feet) FORMATION GENERAL DESCRIPTION SECONDARY FEATURES COMMENTS

290 - 302 TRm sandy siltstone; dark reddish brown [5YR3/3], platy
moderate brown [5YR4/4]; weakly to moderately _ I
lithified; fine dark reddish brown sandstone; reddish su_brounded _angu ar
siltstone; trace green siltstone; reaction to acid: chips to 0.9 in
moderate to strong

PERMIAN COCONINO SANDSTONE (Pc)

302 -310 Pc fine sandstone; gray [5YR5/1], dark reddish brown platy
[5YR3/3]; weakly to well lithified; fine reddish brown subrounded-subanguld
sandstone; fine gray sandstone; very fine buff . .
sandstone; reaction to acid: weak to moderate chips to 0.9 in

310-320 Pc fine sandstone; light reddish brown [5YRG6/3]; weakly mostly pulverized;
to weakly lithified; very fine buff/tan sandstone; rounded chips to 0.4 in
trace red clay; reaction to acid: weak to moderate

320 - 330 Pc fine sandstone; light yellowish brown [2.5Y6/3]; mostly pulverized;
weakly to weakly lithified; very fine buff/tan rounded chips to 0.4 in
sandstone; reaction to acid: weak to moderate '

330 - 340 Pc fine sandstone; light gray [2.5Y7/2]; weakly to mostly pulverized;
weakly lithified; very fine buff/tan sandstone; rounded chips to 0.2 in
reaction to acid: moderate to strong

340 - 350 Pc fine sandstone; light gray [2.5Y7/2]; weakly to mostly pulverized;
weakly lithified; very fine buff/tan sandstone; rounded chips to 0.3 in
reaction to acid: moderate ’

350 - 360 Pc fine sandstone; light gray [2.5Y7/1]; weakly to mostly pulverized;
weakly lithified; very fine buff/tan sandstone; rounded chips to 0.3 in
reaction to acid: strong

360 - 370 Pc fine sandstone; light gray [2.5Y7/1]; weakly to mostly pulverized;

weakly lithified; very fine buff/tan sandstone;
reaction to acid: strong

rounded chips to 0.4 in
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TABLE A-9. LITHOLOGIC DESCRIPTIONS FOR
DRILL CUTTINGS FROM MONITOR WELL M-59 [55-918647]

CCR MONITOR WELLS

ARIZONA PUBLIC SERVICE CHOLLA POWER PLANT

Page 1 of 5

DRILLING COMPANY: National Exploration Wells Pumps

LOGGED BY: J. Laney

DEPTH DRILLED / LAND SURFACE ELEVATION: 425.0 feet / 5133.863 feet msl

DATE DRILLED:

10/14 - 10/21/2015

CADASTRAL / NADB83 : (A-18-19)13cbb / 1440604.729 N / 664161.355 E

DEPTH
INTERVAL
(feet)

FORMATION

GENERAL DESCRIPTION

SECONDARY FEATURES

COMMENTS

QUATERNARY ALLUVIUM (Qal)

0-13

Qal

alluvium; brownish gray [5YR4/1]; 60% sand
(subrounded, fine to coarse); 30% gravel
(subangular to rounded, consisting of sandstone
and chert); 10% silt; reaction to acid: weak

TRIASSIC MOENKOPI FORMATION (TRm)

13-20

20-30

30-40

40-50

50-60

60 -70

70-80

80-90

TRm

TRm

TRm

TRm

TRm

TRm

TRm

TRm

sandy siltstone; moderate brown [5YR4/4];
non-lithified; 90% reddish brown siltstone; 10%
fine-grained gray sandstone; reaction to acid: weak

sandy siltstone; moderate brown [5YR4/4];
moderately to well lithified; 90% reddish brown
siltstone; 10% fine-grained gray sandstone;
reaction to acid: weak

sandy siltstone; dark reddish brown [5YR3/3], light
greenish gray [6BG7/1]; moderately to well lithified;
60% reddish brown siltstone; 40% blue gray
siltstone; platy; reaction to acid: weak

sandy siltstone; dark reddish brown [5YR3/3], light
greenish gray [6BG7/1]; weakly lithified; 50%
reddish brown siltstone; 50% blue gray siltstone;
platy; reaction to acid: weak

sandy siltstone; dark reddish brown [5YR3/3], light
greenish gray [5BG7/1]; weakly lithified; 50%
reddish brown siltstone; 50% blue gray siltstone;
platy; reaction to acid: weak

sandy siltstone; dark reddish brown [5YR3/3], light
greenish gray [6BG7/1]; weakly lithified; 80%
reddish brown siltstone; 20% blue gray siltstone;
platy; reaction to acid: weak

sandy siltstone; dark reddish brown [5YR3/3];
weakly lithified; 60% reddish brown siltstone; 40%
blue gray sandstone; platy; reaction to acid: weak

sandy siltstone; gray [5YR5/1]; moderately to well
lithified; reddish gray medium to fine-grained
sandstone; reaction to acid: none

ARCH, Air Rotary;
poorly sorted

subangular chips to
1.2in

subangular chips to
1.2in

subangular chips to
0.8in

subangular chips to
0.8in

subangular chips to 1
in

subangular chips to 1
in

subrounded to
subangular chips to
1.2in

subrounded chips to
0.4in
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CCR MONITOR WELLS
ARIZONA PUBLIC SERVICE CHOLLA POWER PLANT
DEPTH
INTERVAL
(feet) FORMATION GENERAL DESCRIPTION SECONDARY FEATURES COMMENTS

90 - 100 TRm sandy siltstone; gray [5YRS5/1], dark reddish brown subrounded to
[5YR3/4]; weakly to well lithified; reddish gray lar chips t
medium to fine-grained sandstone; reddish brown sub.?:mgu archips fo
siltstone; trace blue green siltstone; platy; reaction 0.8in
to acid: none

100 - 110 TRm sandy siltstone; gray [5YR5/1]; moderately to well subrounded chips to
lithified; reddish gray medium to fine-grained 0.4in
sandstone; reaction to acid: none

110-120 TRm sandy siltstone; dark reddish brown [5YR3/3], light subangular chips to
greenish gray [5BG7/1]; weakly lithified; 50% 0.8in
reddish brown siltstone; 50% blue gray siltstone; '
platy; reaction to acid: none

120 - 130 TRm sandy siltstone; dark reddish brown [5YR3/4], light subangular chips to
greenish gray [6BG7/1]; weakly to moderately 0.8in
lithified; 70% reddish brown siltstone; 30% blue gray '
siltsone; platy; reaction to acid: weak

130 - 140 TRm sandy siltstone; dark reddish brown [5YR3/4], light  clayey cuttings subangular chips to
greenish gray [5BG7/1]; weakly to moderately 0.8in
lithified; 90% reddish brown siltstone; 10% blue gray
siltsone; trace gypsum; platy; reaction to acid:
moderate

140 - 150 TRm sandy siltstone; light greenish gray [5BG7/1], gray subangular chips to
[5YR5/1]; weakly to moderately lithified; 60% 0.4in
reddish brown siltstone; 40% blue gray siltsone;
trace gypsum; reaction to acid: weak

150 - 160 TRm sandy siltstone; dark reddish brown [5YR3/4], light subangular to
greenish gray [5BG7/1]; weakly to moderately hios t
lithified; 90% reddish brown siltstone; 5% blue gray sub_rounded chips to
siltsone; 5% gypsum; platy; reaction to acid: none 0.8 in

160 - 170 TRm sandy siltstone; light greenish gray [5BG7/1], dark subangular chips to
reddish brown [5YR3/3]; weakly to moderately 0.4in
lithified; 40% reddish brown siltstone; 60% blue gray
sandstone; platy; reaction to acid: weak

170 - 180 TRm sandy siltstone; dark reddish brown [5YR3/4], light  clayey cuttings subangular chips to

greenish gray [5BG7/1]; weakly lithified; 80%
reddish brown siltstone; 20% blue gray siltstone;
platy; reaction to acid: none

0.6in
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ARIZONA PUBLIC SERVICE CHOLLA POWER PLANT
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180 - 190 TRm sandy siltstone; dark reddish brown [5YR3/4], light subangular chips to
greenish gray [5BG7/1]; weakly to moderately 0.4in
lithified; 80% reddish brown siltstone; 20% blue gray
siltstone; platy; reaction to acid: none

190 - 200 TRm sandy siltstone; light greenish gray [5BG7/1], dark subangular chips to
reddish brown [5YR3/4]; moderately lithified; 80% 0.4 in
reddish brown siltstone; 20% blue gray siltstone;
trace gypsum; platy; reaction to acid: none

200 - 210 TRm sandy siltstone; dark reddish brown [5YR3/4], light subangular chips to
greenish gray [5BG7/1]; moderately lithified; 80% 0.8in
reddish brown siltstone; 20% blue gray siltstone;
trace gypsum; platy; reaction to acid: none

210 - 220 TRm sandy siltstone; dark reddish brown [5YR3/4], light subangular chips to
greenish gray [6BG7/1]; moderately lithified; 80% 0.4in
reddish brown siltstone; 20% blue gray siltstone; '
trace gypsum; platy; reaction to acid: weak

220 - 230 TRm sandy siltstone; dark reddish brown [5YR3/4], light subangular chips to
greenish gray [5BG7/1]; moderately lithified; 80% 0.4in
reddish brown siltstone; 20% blue gray siltstone; '
trace gypsum; platy; reaction to acid: none

230 - 240 TRm sandy siltstone; dark reddish brown [5YR3/4], light subangular to
greenish gray [6BG7/1]; moderately to well lithified; ;
80% reddish brown siltstone; 15% blue gray subrounded chips to
sandstone (very fine to fine-grained); 5% gypsum 0.4in
needle crystals; reaction to acid: weak

240 - 250 TRm sandy siltstone; dark reddish brown [5YR3/4], light subangular chips to
greenish gray [6BG7/1]; moderately to well lithified; 04 in
70% reddish brown sandstone (very fine to '
fine-grained); 30% blue gray sandstone (very fine to
fine-grained); trace gypsum needle crystals;
reaction to acid: weak

250 - 260 TRm sandy siltstone; dark reddish brown [5YR3/4], light subangular chips to
greenish gray [6BG7/1]; moderately to well lithified; 0.4in
80% reddish brown sandstone (very fine to
fine-grained); 15% blue gray sandstone (very fine to
fine-grained); 5% gypsum needle crystals; reaction
to acid: moderate

260 - 270 TRm sandy siltstone; dark reddish brown [5YR3/4], light subangular chips to

greenish gray [6BG7/1]; moderately to well lithified;
45% reddish brown sandstone (very fine to
fine-grained); 45% reddish brown siltstone; 10%
blue gray sandstone (very fine to fine-grained); trace
gypsum; reaction to acid: strong

04in
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270 - 280 TRm sandy siltstone; dark reddish brown [5YR3/4], light subangular to
gray [2.5Y7/2]; well lithified; reddish brown siltstone subrounded chips to
and sandstone; greenish-tan fine-grained .
sandstone; reaction to acid: moderate 0.4in

280 - 290 TRm sandy siltstone; dark reddish brown [5YR3/4], light subangular chips to
gray [2.5Y7/2]; moderately to well lithified; 80% 0.4in
reddish brown siltstone; 20% red to green very
fine-grained sandstone; reaction to acid: strong

290 - 300 TRm sandy siltstone; dark reddish brown [5YR3/4], light subangular chips to
gray [2.5Y7/2]; moderately to well lithified; 80% 0.4in
reddish brown siltstone; 20% green-tan grained
sandstone (very fine to fine-grained); reaction to
acid: strong

300 - 310 TRm sandy siltstone; dark reddish brown [5YR3/4]; subangular chips to
moderately to well lithified; 50% reddish brown 0.4in
siltstone; 50% reddish brown sandstone (very fine to '
fine-grained); reaction to acid: weak

310 - 320 TRm sandy siltstone; dark reddish brown [5YR3/4], light subrounded chips to
greenish gray [6BG7/1], light brown [5YR6/4]; 04 in
moderately to well lithified; 80% reddish brown ’
sandstone (very fine to fine-grained); 15% blue gray
sandstone (very fine to fine-grained); 5% tan
sandstone (fine-grained); reaction to acid:
moderate

320 - 330 TRm sandy siltstone; dark reddish brown [5YR3/3]; subrounded chips to
moderately to well lithified; dark reddish brown 0.4in
sandstone (fine-grained); reaction to acid: none ’

330 - 340 TRm sandy siltstone; dark reddish brown [5YR3/3]; subrounded chips to
moderately to well lithified; dark reddish brown 0.4in
sandstone (fine-grained); reaction to acid: none '

340 - 350 TRm sandy siltstone; dark reddish brown [5YR3/3]; subrounded chips to
moderately to well lithified; dark reddish brown 0.4in
sandstone (fine-grained); trace light brown '
sandstone; reaction to acid: none

350 - 360 TRm sandy siltstone; dark reddish brown [5YR3/3], gray subangular to angular

[5YR5/1]; moderately to well lithified; dark reddish
brown sandstone (very fine to fine-grained);
reaction to acid: none

chips to 0.4 in
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Page 5 of 5

COMMENTS

fine sandstone; pale red [2.5YR6/2]; well lithified;
greyish tan sandstone (very fine to fine-grained);
reaction to acid: weak

fine sandstone; light gray [2.5Y7/1]; moderately
lithified; buff sandstone (very fine to fine-grained,
rounded, well sorted quartz grains); reaction to
acid: strong

fine sandstone; light gray [2.5Y7/1]; moderately
lithified; buff sandstone (very fine to fine-grained,
rounded, well sorted quartz grains); reaction to
acid: strong

fine sandstone; light gray [2.5Y7/1]; moderately
lithified; buff sandstone (very fine to fine-grained,
rounded, well sorted quartz grains); reaction to
acid: moderate

fine sandstone; light gray [2.5Y7/1]; moderately
lithified; buff sandstone (very fine to fine-grained,
rounded, well sorted quartz grains); reaction to
acid: weak

fine sandstone; light gray [2.5Y7/1]; moderately
lithified; buff sandstone (very fine to fine-grained,
rounded, well sorted quartz grains); reaction to
acid: weak

DEPTH
INTERVAL
(feet)

PERMIAN COCONINO SANDSTONE (Pc)
360 - 370 Pc
370 - 380 Pc
380 -390 Pc
390 - 400 Pc
400 - 410 Pc
410 - 420 Pc
420 - 425 Pc

fine sandstone; light gray [2.5Y7/1]; moderately
lithified; buff sandstone (very fine to fine-grained,
rounded, well sorted quartz grains); reaction to
acid: weak

subangular chips to
0.6in

mostly pulverized to
fine sand; trace
rounded chips to 0.2 in

pulverized; very fine to
fine sand

mostly pulverized to
fine sand; trace
rounded chips to 0.2 in

mostly pulverized to
fine sand; trace
rounded chips to 0.2 in

mostly pulverized to
fine sand; trace
rounded chips to 0.2 in

mostly pulverized to
fine sand; trace
rounded chips to 0.2 in
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TABLE A-10. LITHOLOGIC DESCRIPTIONS FOR
DRILL CUTTINGS FROM MONITOR WELL M-60 [55-9718649]

CCR MONITOR WELLS

ARIZONA PUBLIC SERVICE CHOLLA POWER PLANT

Page 1 of 5

DRILLING COMPANY: National Exploration Wells Pumps

LOGGED BY: J. Laney

DEPTH DRILLED / LAND SURFACE ELEVATION: 450.0 feet / 5148.694 feet msl

DATE DRILLED:

10/21 - 11/1/2015

CADASTRAL / NADB83 : (A-18-19)13bac / 1441947.886 N / 664249.994 E

DEPTH
INTERVAL
(feet)

FORMATION

GENERAL DESCRIPTION

SECONDARY FEATURES

COMMENTS

QUATERNARY ALLUVIUM (Qal)

0-14

Qal

alluvium; grayish orange [10YR7/4]; non-lithified to
non lithified; 60% medium to high plasticity clay;
20% very fine to coarse subrounded sand; 20%
gravel consisting of sandstone and chert; CL sandy
loam clay with gravel; reaction to acid: moderate

TRIASSIC MOENKOPI FORMATION (TRm)

14 - 20

20-30

30-40

40-50

50 -60

60-70

70-80

80-90

TRm

TRm

TRm

TRm

TRm

TRm

TRm

TRm

sandy siltstone; dark reddish brown [5YR3/3];
moderately to well lithified; 50% red brown siltstone;
40% blue gray siltstone; 10% gray fine-grained
sandstone; reaction to acid: strong

sandy siltstone; dark reddish brown [5YR3/3];
moderately to well lithified; 50% red brown siltstone;
40% blue gray siltstone; 10% gray fine-grained
sandstone; reaction to acid: strong

sandy siltstone; dark reddish brown [2.5YR3/3];
moderately to well lithified; 90% red brown siltstone;
10% blue gray siltstone; platy

clayey cuttings; reaction to acid: strong

sandy siltstone; dark reddish brown [2.5YR3/3];
weakly to moderately lithified; 70% red brown
siltstone; 30% blue gray siltstone; platy; reaction to
acid: strong

sandy siltstone; dark reddish brown [2.5YR3/3];
weakly to moderately lithified; 70% red brown
siltstone; 30% blue gray siltstone; platy; reaction to
acid: moderate

sandy siltstone; dark reddish brown [2.5YR3/3];
weakly to moderately lithified; 80% red brown
siltstone; 20% blue gray siltstone; platy; reaction to
acid: moderate

sandy siltstone; dark reddish gray [2.5YR4/1]; well
lithified; Dark gray fine- to medium-grained
sandstone; reaction to acid: moderate

sandy siltstone; weak red [2.5YR4/2]; moderately to
well lithified; Reddish gray fine- to medium-grained
sandstone; reaction to acid: moderate

ARCH, Air Rotary;

subrounded-subangulza

chips t0 0.8 in

subangular chips to
0.8in

subangular chips to
0.8in

subangular chips to
0.4in

subangular chips to
0.4in

subangular chips to
0.6in

subangular chips to
0.4in

rounded-subrounded
chips t0 0.8 in

subrounded-subanguld

chips to 0.4 in
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TABLE A-10. LITHOLOGIC DESCRIPTIONS FOR
DRILL CUTTINGS FROM MONITOR WELL M-60 [55-9718649]

Page 2 of 5

CCR MONITOR WELLS
ARIZONA PUBLIC SERVICE CHOLLA POWER PLANT
DEPTH
INTERVAL
(feet) FORMATION GENERAL DESCRIPTION SECONDARY FEATURES COMMENTS

90 - 100 TRm sandy siltstone; weak red [2.5YR4/2]; moderately to subrounded-subanguld
well lithified; 90% red gray to blue gray fine- to chips to 0.8 in
medium-grained sandstone; 10% red brown
siltstone; reaction to acid: moderate

100 - 110 TRm sandy siltstone; dark reddish gray [2.5YR4/1]; well rounded-subrounded
lithified; Dark gray fine- to medium-grained chips to 0.4 in
sandstone; reaction to acid: moderate ’

110-120 TRm sandy siltstone; dark reddish gray [2.5YR4/1]; well rounded-subrounded
lithified; Dark gray fine- to medium-grained chips to 0.4 in
sandstone; reaction to acid: moderate ’

120 - 130 TRm sandy siltstone; dark reddish brown [2.5YR3/3], dark subangular-subrounde
reddish gray [2.5YR4/1]; moderately to well lithified; chips to 0.8 in
80% red brown siltstone; 20% dark gray fine- to
medium-grained sandstone; reaction to acid:
moderate

130 - 140 TRm sandy siltstone; dark reddish gray [2.5YR4/1]; well rounded-subrounded
lithified; Dark gray fine- to medium-grained chips to 0.6 in
sandstone; reaction to acid: strong

140 - 150 TRm sandy siltstone; dark reddish brown [2.5YR3/3], light subangular chips to
blue green [5BG6/6]; moderately to well lithified; 0.8in
60% red brown / blue gray siltstone; 40% red brown '
fine-grained sandstone; platy siltstone; reaction to
acid: weak

150 - 160 TRm sandy siltstone; dark reddish brown [2.5YR3/3], light subangular chips to
blue green [5BG6/6]; moderately to well lithified; 0.8in
50% red brown siltstone; 50% red brown / blue gray '
fine- to medium-grained sandstone; platy siltstone;
reaction to acid: weak

160 - 170 TRm sandy siltstone; weak red [2.5YR5/2], light blue subangular chips to
green [5BG6/6]; moderately to well lithified; 60% red 0.6in
gray / blue gray fine-grained sandstone; 40% red
brown siltstone; reaction to acid: weak

170 - 180 TRm sandy siltstone; dark reddish brown [2.5YR3/3], light subangular chips to
blue green [5BG6/6]; moderately lithified; 90% red 0.6in
siltstone; 10% blue gray fine-grained sandstone;
trace gypsum; reaction to acid: moderate

180 - 190 TRm sandy siltstone; dark reddish brown [2.5YR3/3], dark subangular-subrounde

reddish gray [2.5YR4/1]; moderately to well lithified;
70% red brown siltstone; 30% dark gray fine- to
medium-grained sandstone; reaction to acid: weak

chips to 0.4 in
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CCR MONITOR WELLS
ARIZONA PUBLIC SERVICE CHOLLA POWER PLANT
DEPTH
INTERVAL
(feet) FORMATION GENERAL DESCRIPTION SECONDARY FEATURES COMMENTS

190 - 200 TRm sandy siltstone; dark reddish gray [2.5YR4/1]; subrounded chips to
moderately to well lithified; Dark gray / red gray fine 0.4in
to medium-grained sandstone;
trace gypsum; reaction to acid: weak

200 - 210 TRm sandy siltstone; dark reddish brown [2.5YR3/3], light subangular chips to
blue green [5BG6/6]; moderately to well lithified; 0.6in
60% red brown siltstone; 40% red brown / blue gray
fine-grained sandstone; platy siltstone; reaction to
acid: none

210 - 220 TRm sandy siltstone; dark reddish brown [2.5YR3/3], light subangular chips to
blue green [5BG6/6]; moderately to well lithified; 0.6in
60% red brown siltstone; 40% red brown / blue gray
fine-grained sandstone; and trace gypsum; reaction
to acid: none

220 - 230 TRm sandy siltstone; dark reddish brown [2.5YR3/3], light subangular chips to
blue green [5BG6/6]; moderately to well lithified; 0.6in
60% red brown siltstone; 40% red brown / blue gray '
fine-grained sandstone; trace gypsum; reaction to
acid: none

230 - 240 TRm sandy siltstone; dark reddish brown [2.5YR3/3], light subangular chips to
blue green [5BG6/6]; moderately to well lithified; 0.6in
60% red brown / blue gray fine-grained sandstone; '
40% red brown siltstone; reaction to acid: none

240 - 250 TRm sandy siltstone; dark reddish brown [2.5YR3/3], light subangular chips to
blue green [5BG6/6]; moderately lithified; 70% red 0.6in
brown siltstone; 30% blue gray siltstone; trace '
gypsum; platy; reaction to acid: none

250 - 260 TRm sandy siltstone; dark reddish brown [2.5YR3/3], light subangular chips to
blue green [5BG6/6]; moderately lithified; 60% blue 0.6in
gray siltstone; 35% red brown siltstone; 5% gypsum '
needle crystals; platy; reaction to acid: weak

260 - 270 TRm sandy siltstone; dark reddish brown [2.5YR3/3], light subangular chips to
blue green [5BG6/6]; moderately lithified; 80% red 0.8in
brown siltstone; 15% blue gray siltstone; 5% '
gypsum needle crystals; platy; reaction to acid:
moderate

270 - 280 TRm sandy siltstone; dark reddish brown [2.5YR3/3]; subangular chips to

moderately lithified; 95% red brown siltstone; 5%
gypsum needle crystals; platy; reaction to acid:
weak

0.8in
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280 - 290 TRm sandy siltstone; dark reddish brown [2.5YR3/3], light subangular chips to
blue green [5BG6/6]; moderately lithified; 90% red 0.4in
brown siltstone; 10% blue gray siltstone; trace ’
gypsum; platy; reaction to acid: weak

290 - 300 TRm sandy siltstone; dark reddish brown [2.5YR3/3], light subangular chips to
blue green [5BG6/6]; moderately to well lithified; 0.4in
80% red brown siltstone; 20% blue gray siltstone;
platy; reaction to acid: weak

300 - 310 TRm sandy siltstone; dark reddish brown [2.5YR3/3], light subangular chips to
blue green [5BG6/6]; moderately lithified; 90% red 0.8in
brown siltstone; 10% blue gray siltstone; platy;
reaction to acid: moderate

310 - 320 TRm sandy siltstone; dark reddish brown [2.5YR3/3], light subangular chips to
blue green [5BG6/6]; moderately lithified; 90% red 0.8in
brown siltstone; 10% blue gray siltstone; platy; '
reaction to acid: weak

320 - 330 TRm sandy siltstone; dark reddish brown [2.5YR3/3], subangular chips to
reddish gray [2.5YR6/1]; moderately to well lithified; 04 in
90% red brown siltstone; 10% gray fine-grained '
sandstone; reaction to acid: weak

330 - 340 TRm sandy siltstone; dark reddish brown [2.5YR3/3], subangular chips to
reddish gray [2.5YR6/1]; moderately to well lithified; 04 in
80% red brown siltstone; 20% gray to blue gray '
fine-grained sandstone; reaction to acid: weak

340 - 350 TRm sandy siltstone; reddish brown [2.5YR4/4]; well subrounded chips to
lithified; Red brown fine- to medium-grained 0.2in
sandstone; reaction to acid: weak ’

350 - 360 TRm sandy siltstone; reddish brown [2.5YR4/4]; well subrounded chips to
lithified; Red brown fine- to medium-grained 0.6 in
sandstone; reaction to acid: weak '

360 - 370 TRm sandy siltstone; light brown [5YR5/6], dark reddish subrounded-subanguld
brown [2.5YR3/4]; moderately to well lithified; 60% chips to 0.6 in
brown fine-grained sandstone; 40% dark red brown '
siltstone; reaction to acid: none

370 -378 TRm sandy siltstone; dark reddish brown [2.5YR3/4]; subangular chips to

moderately to well lithified; Dark red brown very
fine- to fine-grained sandstone; reaction to acid:
none

0.4in
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DEPTH
INTERVAL
(feet) FORMATION GENERAL DESCRIPTION SECONDARY FEATURES COMMENTS
378 - 380 TRm sandy siltstone; gray [5YR6/1]; moderately to well subangular chips to

lithified; Grayish tan very fine- to fine-grained
sandstone; reaction to acid: none

PERMIAN COCONINO SANDSTONE (Pc)

380 - 390

390 - 400

400 - 410

410 -420

420 - 430

430 - 440

440 - 450

Pc

Pc

Pc

Pc

Pc

Pc

Pc

fine sandstone; pale yellow [2.5Y7/3]; moderately
lithified; buff sandstone (very fine- to fine-grained;
rounded, well sorted quartz grains); reaction to
acid: none

fine sandstone; light gray [2.5Y7/1]; moderately
lithified; buff sandstone (very fine- to fine-grained;
rounded, well sorted quartz grains); reaction to
acid: none

fine sandstone; light gray [2.5Y7/1]; moderately
lithified; buff sandstone (very fine- to fine-grained;
rounded, well sorted quartz grains); reaction to
acid: none

fine sandstone; light gray [2.5Y7/1]; moderately
lithified; buff sandstone (very fine- to fine-grained;
rounded, well sorted quartz grains); reaction to
acid: none

fine sandstone; light gray [2.5Y7/1]; moderately
lithified; buff sandstone (very fine- to fine-grained;
rounded, well sorted quartz grains); reaction to
acid: none

fine sandstone; light gray [2.5Y7/1]; moderately
lithified; buff sandstone (very fine- to fine-grained;
rounded, well sorted quartz grains); reaction to
acid: none

fine sandstone; light gray [2.5Y7/1]; moderately
lithified; buff sandstone (very fine- to fine-grained;
rounded, well sorted quartz grains); reaction to
acid: none

0.6in

pulverized very
fine-fine sand size
chips

mostly pulverized very
fine-fine sand size

rounded chips to 0.1 in

mostly pulverized very
fine-fine sand size
chips

rounded chips to 0.1 in

mostly pulverized very
fine-fine sand size

rounded chips to 0.1 in
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TABLE A-11. LITHOLOGIC DESCRIPTIONS FOR
DRILL CUTTINGS FROM MONITOR WELL M-61 [55-9718648]
CCR MONITOR WELLS
ARIZONA PUBLIC SERVICE CHOLLA POWER PLANT

DRILLING COMPANY: National Exploration Wells Pumps LOGGED BY: J. Laney

DEPTH DRILLED / LAND SURFACE ELEVATION: 420.0 feet / 5124.949 feet msl DATE DRILLED: 11/2 - 11/17/2015

CADASTRAL / NADB83 : (A-18-19)13bca / 1441383.546 N / 664047 E

DEPTH
INTERVAL
(feet)

FORMATION

GENERAL DESCRIPTION

SECONDARY FEATURES

COMMENTS

QUATERNARY ALLUVIUM (Qal)

0-5

Qal

alluvium; pink [7.5YR7/3]; non-lithified; 60% fine to
coarse-grained sand; 20% rounded to subrounded
gravel, up to 2.4 in., consisting of sandstone and
chert; 20% low plasticity silt; reaction to acid:
moderate

TRIASSIC MOENKOPI FORMATION (TRm)

ARCH, Air Rotary

5-10 TRm sandy siltstone; reddish brown [2.5YR4/3], light blue weathered Moenkopi  subangular chips to
green [5BG6/6]; weakly to moderately lithified; 70% 1.6in
red brown sandy siltstone; 30% blue gray sandy '
siltstone; clayey cuttings; reaction to acid: moderate

10-20 TRm sandy siltstone; light blue green [5BG6/6], reddish subangular to
brown [2.5YR4/3]; moderately lithified; 80% blue b ded chips t
gray sandy siltstone; 20% red brown siltstone; su |_foun ed chips fo
reaction to acid: strong 0.8in

20-30 TRm sandy siltstone; light blue green [5SBG6/6], reddish subangular to
brown [2.5YR4/3]; moderately lithified; 80% blue b ded chips t
gray sandy siltstone; 20% red brown siltstone; su .roun ed chips fo
reaction to acid: strong 0.81in

30-40 TRm sandy siltstone; dark reddish brown [2.5YR3/4]; subangular chips to
weakly lithified; red brown siltstone; reaction to 0.4in
acid: strong '

40 - 50 TRm sandy siltstone; weak red [2.5YR4/2]; moderately to subrounded to
well lithified; 60% red brown fine- to b I hios t
medium-grained sandstone; 40% red brown su éngu archips fo
siltstone; reaction to acid: weak 0.4in

50 -60 TRm sandy siltstone; weak red [2.5YR4/2]; moderately to subrounded to
well lithified; reddish gray fine- to medium-grained subangular chips to
sandstone; reaction to acid: weak .

0.4in

60 -70 TRm sandy siltstone; olive gray [5Y4/2]; moderately to subrounded to
well lithified; olive gray fine- to medium-grained subangular chips to
sandstone; reaction to acid: moderate .

0.4in
70-80 TRm sandy siltstone; weak red [2.5YR4/2]; moderately to subrounded to

well lithified; dark red gray fine- to medium-grained
sandstone; reaction to acid: weak

subangular chips to
0.4in
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TABLE A-11. LITHOLOGIC DESCRIPTIONS FOR

Page 2 of 5

DRILL CUTTINGS FROM MONITOR WELL M-61 [55-9718648]

CCR MONITOR WELLS
ARIZONA PUBLIC SERVICE CHOLLA POWER PLANT
DEPTH
INTERVAL
(feet) FORMATION GENERAL DESCRIPTION SECONDARY FEATURES COMMENTS
80 -90 TRm sandy siltstone; reddish brown [2.5YR4/3], light blue round to subangular
green [5BG6/6]; moderately to well lithified; 80% chips to 0.8 in
dark red gray / blue gray fine- to medium-grained
sandstone; 20% blue gray siltstone; reaction to
acid: weak
90 - 100 TRm sandy siltstone; dark reddish brown [2.5YR3/4]; subangular chips to
weakly to moderately lithified; red brown sandy 0.4 in
siltstone; reaction to acid: weak
100 - 110 TRm sandy siltstone; dark reddish brown [2.5YR3/4], subangular to angular
weak red [2.5YR4/2]; moderately to well lithified; chips to 0.8 in
50% red brown siltstone; 50% dark red gray fine- to '
medium-grained sandstone; reaction to acid: weak
110-120 TRm sandy siltstone; dark reddish brown [2.5YR3/4], light subangular to
blue green [5BG6/6]; moderately to well lithified; ;
50% dark red brown fine- to medium-grained subrounded chips to
sandstone; 40% red brown sandy siltstone; 10% 0.4 in
blue gray siltstone; reaction to acid: strong
120 - 130 TRm sandy siltstone; dark reddish brown [2.5YR3/4], light subangular chips to
blue green [5BG6/6]; moderately lithified; 90% red 0.4in
brown siltstone; 10% blue gray siltstone; reaction to
acid: strong
130 - 140 TRm sandy siltstone; dark reddish brown [2.5YR3/4], light subangular chips to
blue green [5BG6/6]; moderately lithified; 60% red 0.4 in
brown to red gray siltstone; 40% blue gray siltstone;
reaction to acid: strong
140 - 150 TRm sandy siltstone; dark reddish brown [2.5YR3/4], light subrounded to
blue green [5BG6/6]; moderately lithified; 80% red lar chips t
brown siltstone; 15% blue gray siltstone; 5% sub.?:mgu archips fo
gypsum; reaction to acid: moderate 0.4in
150 - 160 TRm sandy siltstone; weak red [2.5YR4/2]; well lithified; subrounded chips to
dark gray fine- to medium-grained sandstone; 0.8in
reaction to acid: moderate
160 - 170 TRm sandy siltstone; dark reddish brown [2.5YR3/4], light subangular chips to
blue green [5BG6/6]; moderately lithified; 90% red 0.6in
brown siltstone; 10% blue gray siltstone; trace '
gypsum; platy siltstone; reaction to acid: moderate
170 - 180 TRm sandy siltstone; dark reddish brown [2.5YR3/3]; subangular chips to

moderately lithified; 90% red brown siltstone; 10%
blue gray sandy siltstone; platy; reaction to acid:
moderate

0.6in
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TABLE A-11. LITHOLOGIC DESCRIPTIONS FOR

Page 3 of 5

DRILL CUTTINGS FROM MONITOR WELL M-61 [55-9718648]

CCR MONITOR WELLS
ARIZONA PUBLIC SERVICE CHOLLA POWER PLANT
DEPTH
INTERVAL
(feet) FORMATION GENERAL DESCRIPTION SECONDARY FEATURES COMMENTS
180 - 190 TRm sandy siltstone; dark reddish brown [2.5YR3/3], light subangular chips to
blue green [5BG6/6]; moderately lithified; 60% red 0.4in
brown siltstone; 40% blue gray siltstone; trace ’
gypsum; reaction to acid: moderate
190 - 200 TRm sandy siltstone; dark reddish brown [2.5YR3/4], light subangular chips to
blue green [5BG6/6]; moderately lithified; 50% red 0.4in
brown siltstone; 50% blue gray siltstone; trace ’
gypsum; platy; reaction to acid: moderate
200-210 TRm sandy siltstone; weak red [2.5YR4/2]; well lithified; subrounded to
dark red brown fine-grained sandstone; trace subangular chips to
gypsum; reaction to acid: moderate 0.6in
210 - 220 TRm sandy siltstone; dark reddish brown [2.5YR3/4], light subangular chips to
blue green [5BG6/6]; moderately lithified; 80% red 0.6in
brown siltstone; 20% blue gray siltstone; trace '
gypsum; platy; reaction to acid: moderate
220 - 230 TRm sandy siltstone; dark reddish brown [2.5YR3/4], light
blue green [5BG6/6]; moderately lithified; 80% red
brown siltstone; 20% blue gray siltstone; trace
gypsum; reaction to acid: moderate
230 - 240 TRm sandy siltstone; dark reddish brown [2.5YR3/4], light subangular chips to
blue green [5BG6/6]; moderately lithified; 75% red 0.4in
brown siltstone; 20% blue gray siltstone; 5%
gypsum needle crystals; platy; reaction to acid:
strong
240 - 250 TRm sandy siltstone; light blue green [5BG6/6], dark subangular chips to
reddish brown [2.5YR3/4]; moderately lithified; 60% 0.4in
blue gray siltstone; 40% red brown siltstone; trace
gypsum; reaction to acid: strong
250 - 260 TRm sandy siltstone; dark reddish brown [2.5YR3/4], light subangular chips to
blue green [5BG6/6]; moderately lithified; 50% red 0.4in
brown siltstone; 25% blue gray siltstone; 20% blue
gray fine-grained sandstone; 5% gypsum; reaction
to acid: strong
260 - 270 TRm sandy siltstone; dark reddish brown [2.5YR3/4], light subangular chips to

blue green [5BG6/6]; moderately lithified; 90% red
brown siltstone; 10% blue gray fine-grained
sandstone; trace gypsum; reaction to acid: strong

04in
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TABLE A-11. LITHOLOGIC DESCRIPTIONS FOR

Page 4 of 5

DRILL CUTTINGS FROM MONITOR WELL M-61 [55-9718648]

CCR MONITOR WELLS
ARIZONA PUBLIC SERVICE CHOLLA POWER PLANT
DEPTH
INTERVAL
(feet) FORMATION GENERAL DESCRIPTION SECONDARY FEATURES COMMENTS

270 - 280 TRm sandy siltstone; dark reddish brown [2.5YR3/4], subangular chips to
reddish gray [2.5YR6/1]; moderately to well lithified; 0.4in
80% red brown siltstone; 20% gray fine-grained
sandstone; reaction to acid: strong

280 - 290 TRm sandy siltstone; dark reddish brown [2.5YR3/4], subangular chips to
reddish gray [2.5YR6/1]; moderately to well lithified; 0.6in
90% red brown siltstone; 10% gray fine-grained
sandstone; reaction to acid: moderate

290 - 300 TRm sandy siltstone; dark reddish brown [2.5YR3/4], subangular chips to
reddish gray [2.5YR6/1]; moderately to well lithified; 0.6in
90% red brown siltstone; 10% gray fine-grained
sandstone; reaction to acid: moderate

300 - 310 TRm sandy siltstone; reddish brown [2.5YR4/3], light gray subangular to
[2.5Y7/2], light blue green [5BG6/6]; moderately to ;
well lithified; 50% red brown sandy siltstone; 40% subrounded chips to
light brown fine-grained sandstone; 10% blue gray 0.4in
fine-grained sandstone; reaction to acid: moderate

310 - 320 TRm sandy siltstone; reddish brown [2.5YR4/3]; well subrounded chips to
lithified; red brown fine-grained sandstone; reaction 0.3in
to acid: none '

320 - 330 TRm sandy siltstone; reddish brown [2.5YR4/3]; well subrounded chips to
lithified; red brown fine-grained sandstone; reaction 0.3in
to acid: none

330 - 340 TRm sandy siltstone; reddish brown [2.5YR4/3]; well subrounded chips to
lithified; red brown fine-grained sandstone; reaction 0.4in
to acid: none '

340 - 348 TRm sandy siltstone; dark reddish brown [2.5YR3/4]; well subangular to
lithified; dark red brown fir!e- to very fine-grained subrounded chips to
sandstone; reaction to acid: none .

0.4in
348 - 350 TRm sandy siltstone; gray [5YRG6/1]; well lithified; grayish subangular chips to

tan very fine- to fine-grained sandstone; reaction to
acid: none

PERMIAN COCONINO SANDSTONE (Pc)

350 - 360

Pc

fine sandstone; pale yellow [2.5Y7/3]; moderately
lithified; buff sandstone (very fine- to fine-grained;
rounded, well sorted/uniform quartz grains);
reaction to acid: none

0.6in

mostly pulverized,
very fine to fine sand
size; round chips to
0.3in

S:\DATASTORE\GINT\GINT PROJECT\897\897_CCR_3.GPJ / S:\DATASTORE\GINT\GINT LIBRARIES\OVERHAUL _LIBRARIES\OVERHAUL _LIBRARY2014.GLB / GrfcTb:HARDROCK_LITHLOG_PORT / 1/21/2015 3:59:58 PM




DEPTH
INTERVAL
(feet)

TABLE A-11. LITHOLOGIC DESCRIPTIONS FOR

Page 5 of 5

DRILL CUTTINGS FROM MONITOR WELL M-61 [55-9718648]

FORMATION

CCR MONITOR WELLS
ARIZONA PUBLIC SERVICE CHOLLA POWER PLANT

GENERAL DESCRIPTION

SECONDARY FEATURES

COMMENTS

360 - 370

370 - 380

380 -390

390 - 400

400 -410

410 -420

Pc

Pc

Pc

Pc

Pc

Pc

fine sandstone; white [5Y8/1]; moderately lithified;
buff sandstone (very fine- to fine-grained; rounded,
well sorted/uniform quartz grains); reaction to acid:
none

fine sandstone; white [5Y8/1]; moderately lithified;
buff sandstone (very fine- to fine-grained; rounded,
well sorted/uniform quartz grains); reaction to acid:
none

fine sandstone; white [5Y8/1]; moderately lithified;
buff sandstone (very fine- to fine-grained; rounded,
well sorted/uniform quartz grains); reaction to acid:
none

fine sandstone; white [5Y8/1]; moderately lithified;
buff sandstone (very fine- to fine-grained; rounded,
well sorted/uniform quartz grains); reaction to acid:
none

fine sandstone; white [5Y8/1]; moderately lithified;
buff sandstone (very fine- to fine-grained; rounded,
well sorted/uniform quartz grains); reaction to acid:
none

fine sandstone; white [5Y8/1]; moderately lithified;
buff sandstone (very fine- to fine-grained; rounded,
well sorted/uniform quartz grains); reaction to acid:
none

pulverized very fine to
fine sand size chips

pulverized very fine to
fine sand size chips

mostly pulverized,
very fine to fine sand
size; round chips to
0.1in

pulverized very fine to
fine sand size chips

pulverized very fine to
fine sand size chips

pulverized very fine to
fine sand size chips
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DEPTH BELOW

Note: All PVC blank and slotted casing is
Schedule 80; slot size is 0.020 inches.
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WELL: M-54 (BAM-1U) NORTHING: 1440088.61
EXPLANATION REGISTRATION: 55-918646 EASTING: 665508.13
l Depth to Water Level COUNTY: Navajo, Arizona MP Elevation: 5070.71 feet amsl|
= DATE COMPLETED: 10/02/15 DATUM: NAD83, State Plane 1983
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0

(1994) 30V44NS ANY1 MO39 HLd3A

MP Elevation: 5136.002 feet amsl|
DATUM: NAD83, State Plane 1983

SCHEMATIC DIAGRAM OF CONSTRUCTION

NORTHING: 1440604.73
EASTING: 664161.36

FOR COCONINO WELL M-59
APS CHOLLA POWER PLANT

DATE COMPLETED: 10/21/15

REGISTRATION: 55-918647
COUNTY: Navajo, Arizona

WELL: M-59 (BAM-1D)

ing is
is 0.020 inches.
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Note: All PVC blank and slotted cas
Schedule 80; slot size
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DATE COMPLETED: 11/13/15

COUNTY: Navajo, Arizona
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FOR COCONINO WELL M-61
APS CHOLLA POWER PLANT

2016

FIGURE A-11
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APPENDIX B
WOOD TECHNICAL MEMORANDUM DOCUMENTING AN ALTERNATIVE SOURCE
DEMONSTRATION FOR LITHIUM AT THE BAP



Technical Memorandum

To: Michele Robertson, RG File No: 14-2018-2040
Pamela Norris

From: Emily LoDolce, PE Reviewed by: Natalie Chrisman Lazarr, PE
Date: June 6, 2019 Carla Landrum, PhD

Subject: ALTERNATIVE SOURCE DEMONSTRATION FOR LITHIUM AT THE BAP
Arizona Public Service Cholla Power Plant — Navajo County, Arizona

1.0 INTRODUCTION

This technical memorandum (memo) documents an Alternative Source Demonstration (ASD) for lithium in
groundwater downgradient of the Bottom Ash Pond (BAP), an existing coal combustion residuals (CCR) unit
located at the Arizona Public Service Company (APS) Cholla Power Plant (Site) in Navajo County, Arizona.
The memo is an appendix to a report documenting an Assessment of Corrective Measures for the Fly Ash
Pond and Bottom Ash Pond (the Main Report) prepared by Wood Environment & Infrastructure Solutions,
Inc. (Wood).

A full description of the Site location and background, CCR monitoring system, and historical operations is
contained within the 2018 Annual Groundwater Monitoring and Corrective Action Report (Wood, 2019). The
BAP is one of four CCR units at the Site. It is a 2,300-acre-foot surface impoundment used to store slurried
bottom ash generated at the plant. It was placed into service in 1978. The BAP dam was constructed of
earth fill with a central clay core. The BAP is unlined and constructed on alluvium and underlying Moenkopi
mudstone (considered an aquitard between the alluvial aquifer and the lower, confined Coconino Sandstone
aquifer).

Statistical analyses of Appendix IV constituent data collected from downgradient BAP monitoring wells
declare that lithium and cobalt concentrations exhibit exceedances of their respective Groundwater
Protection Standards (GWPSs) at statistically significant levels (SSLs). Pursuant to 40 Code of Federal
Regulations (CFR) Section (§)257.94(e)(2), the owner/operator is allowed to demonstrate that a source, other
than the CCR unit, caused the apparent SSI within 90 days of the official SSI declaration. Potential sources
include sampling and analysis errors, statistical method inadequacies and/or natural variation in
groundwater quality. Each of these sources are explored within the scope of this memo.

The ASD documented herein only addresses lithium at the BAP and was prepared in association with an
assessment of corrective measures; preparation of the ASD within 90 days of declaring an exceedance of
the GWPS was not possible because analysis of recently available characterization information was
necessary to support this ASD. Cobalt remains a constituent of concern at the BAP.

Wood's approach to conducting the ASD was to systematically review the potential alternative sources
noted above to evaluate if any of these causes resulted in the apparent GWPS exceedances of lithium in
groundwater downgradient of the BAP.

4600 East Washington Street, Suite 600
Phoenix, Arizona 85034-1917

Tel: (602) 733-6000

Fax: (602) 733-6100

www.woodplc.com



Alternate Source Demonstration
for Lithium at the BAP

2.0 SAMPLING AND LABORATORY CAUSES

To assess potential sampling and laboratory causes, Wood reviewed sampling and analysis procedures as
well as the results of laboratory data validation.

Based on a review of sampling procedures, Wood concluded that APS has conducted field sampling
activities in accordance with the Groundwater Sampling and Analysis Plan (SAP) developed for the Site
(Montgomery & Associates, 2015) to comply with the CCR Rule. On the basis that the SAP is sufficiently
detailed and contains appropriate procedures for groundwater level measurement, groundwater sample
collection, sample control, laboratory analysis, and data validation, no apparent sampling causes for lithium
exceedances were noted.

Wood also reviewed laboratory data validation reports for the CCR groundwater monitoring program.
Following receipt of final laboratory reports of analysis, APS contracted with Montgomery & Associates to
evaluate the reports and associated sample data collected during detection and assessment monitoring for
quality assurance purposes. The scope of the effort was a US Environmental Protection Agency Stage 2A
validation. On the basis of Wood's review, there are no apparent issues with field forms or laboratory
analyses that would explain the GWPS exceedances for lithium downgradient of the BAP.

3.0 ANTHROPOGENIC SOURCES

Wood reviewed surrounding property uses, historical property uses, and upgradient land uses to evaluate
any potential anthropogenic sources for lithium exceedances. The surrounding land uses are undeveloped,
rural land. On this basis, there is insufficient evidence to conclude that surrounding anthropogenic sources
are the source to the GWPS exceedances for lithium downgradient of the BAP.

4.0 STATISTICAL EVALUATION CAUSE

A statistical evaluation cause refers to the possibility that the current statistical method is invalid for
performing statistical comparisons, thereby resulting in a falsely declared GWPS exceedance for lithium.
Currently, the Cholla BAP groundwater monitoring system is designed to perform interwell statistical
comparisons. An interwell comparison is one where samples collected from two different geographic
locations within the same water bearing unit are used to perform the statistical evaluation. One geographic
location represents background, or baseline groundwater conditions we expect to see if the BAP is not
impacting groundwater, and the other geographic location represents compliance monitoring wells
downgradient of the BAP. Sample data collected from the two geographic locations are then statistically
compared to assess site compliance. In general, interwell comparisons perform poorly in cases where an
adequate and representative background location cannot be established for one or more sample
constituents. Factors leading to inadequate or non-representative background can include, for example,
spatial heterogeneity in groundwater conditions or discontinuous lithologies between background and
compliance monitoring well locations. These inadequacies can cause an interwell statistical comparison to
be meaningless and result in false positive or false negative statistical results.

The GWPS for lithium was developed using the data collected from the background monitoring well (M-
64A) for the BAP, which was installed in February 2017. The baseline monitoring period for this well spans
from February 2017 to September 2018 (for both Appendix III and Appendix IV constituents) plus two
rounds of assessment monitoring (for Appendix IV constituents) in February 2018 and May 2018 (Wood,
2018a). The statistical evaluation of the lithium data in the background well resulted in a calculated
background threshold value equal to 0.31 milligrams per liter (mg/L) and this value represents the GWPS
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for this constituent (Wood, 2018a). The statistical methods used to derive this value are detailed in the
Statistical Data Analysis Work Plan for the Cholla Power Plant (Wood, 2018b). The background well exhibits
lithium concentrations that range between 0.25 mg/L and 0.28 mg/L between February 2017 and May 2018.

The observed lithium concentrations in downgradient compliance wells, which were sampled over a
relatively longer period, starting in November 2015 and ending in May 2018, vary by compliance well
location and exhibit lithium concentrations ranging between less than 0.2 mg/L (non-detectable
concentrations) to 0.78 mg/L. The range of lithium concentrations in the compliance wells are the same
order of magnitude as concentrations observed in background.

Several factors can explain the discrepancy in the range of sample concentrations between background and
compliance wells at the BAP. For example, previous work underscores that high sampling frequencies (e.g.,
bi-monthly in some cases) over a relatively shorter sampling period can be one source to the narrow range
of lithium concentrations observed in the background well (Wood, 2018b). A high sampling frequency (e.g.,
less than quarterly) can bias the variability in sample concentrations because each sample is temporally
correlated to the next, meaning the sample background data do not represent the true range of variability
in background lithium concentrations. Furthermore, the lithium concentrations vary spatially between all
monitoring well locations, suggesting that the groundwater system exhibits natural variation in lithium
concentrations with respect to geographic location.

The natural variation argument that follows is rooted in the premise that spatial heterogeneity in lithium
concentrations at the Site is not adequately represented by data collected from the background well and,
as such, the underlying interwell assumptions for lithium are invalid. Therefore, the interwell statistical
comparison method for lithium is unreliable in detecting leakage from the BAP. The following section
presents statistical and non-statistical lines of evidence that support the conclusion that the lithium
concentrations within the alluvial aquifer system beneath the BAP exhibit natural spatial variation and is the
cause of the GWPS exceedance for lithium at the BAP.

5.0 NATURAL VARIATION CAUSE

Lithium is naturally present in soil and groundwater, particularly in arid environments, where it is associated
with evaporites and precipitates (Cannon et al., 1975). To evaluate natural variation as the cause of the
lithium exceedances, three different approaches to reviewing site data were applied. First, a statistical
evaluation of lithium and select other constituents was performed to assess variability in observed
concentrations. Second, the spatial distribution of lithium was compared to the spatial distribution of a
constituent known to be associated with CCR in groundwater downgradient of the BAP (i.e., boron). Finally,
the concentration of lithium measured from a surface water sample collected from the BAP was compared
to the concentrations of lithium observed in CCR monitoring system groundwater monitoring wells.

5.1 Statistical Evaluation of Natural Variation

The objective of this statistical evaluation was to assess the variability in lithium concentrations, and other
constituent concentrations, within the alluvial aquifer downgradient of the BAP. It is hypothesized that the
GWPS exceedance declaration for lithium results from the intrinsic spatial variability of naturally-occurring
lithium concentrations within the alluvial groundwater.
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5.1.1 Data Inputs

Data from six groundwater monitoring wells (M-52A, M-53A, M-55A, W-305, W-306, and W-314) and one
background well (M-64A) were used to complete this statistical evaluation. The sampling duration begins
in the fourth quarter of 2015 and ends in the second quarter of 2019. The sampling duration is shorter, and
the relative sample count is therefore lower, for M-64A because it was installed in 2017. The sampling
frequency is inconsistent and ranges between monthly to quarterly.

This evaluation includes five constituents: lithium, cobalt, chloride, sulfate, and pH. Not all constituents were
sampled concurrently between wells, which results in sampling gaps for this evaluation depending on the
well and the constituent. Non-detect concentrations represent the corresponding reporting limit value.

5.1.2 Methods

The statistical methods employed to evaluate the variability in the data are a review of basic statistics,
development of box and whisker plots, and a principal component analysis.

Basic Statistics - Table 1 summarizes the basic statistics for each monitoring well and constituent. Basic
statistics are useful for assessing sample counts and making relative comparisons between statistical
measures, particularly the range in sample concentrations, the central tendencies (mean and median), and
sample standard deviation. Constituents with a range and standard deviation close to zero are generally
indicative of wells that sample a high frequency of non-detectable concentrations. Except for cobalt, the
variability in the central tendencies between constituents and monitoring wells vary on the same order of
magnitude.

Box and Whisker Plots - Figures 1 through 5 illustrate the box and whisker plots for each constituent and
well grouping. The box and whisker plots are useful for visually comparing the relative distribution of
constituent concentrations between wells and provide a good indication of spatial heterogeneity in
constituent concentrations between well locations. For each constituent, except for pH, the box plots
generally position uniquely according to their central tendency (thick black line within the box) and the
range of observed concentrations (area spanning between whiskers flanking the box) between wells. Unique
position and lack of general overlap between box and whisker plots between different wells is an indication
of spatial heterogeneity within the aquifer system.

The relative constituent concentrations for monitoring wells M-52A and W-306 are notable, particularly the
inverse relationship between pH and chloride and cobalt for M-52A and a positive relationship between
lithium and sulfate in W-306. These observations are congruent with lithium being associated with
evaporates and precipitates and with increased cobalt solubility at lower pH values.

Principal Component Analysis — Principal component analysis (PCA) is a multivariate analysis that
integrates all available data to simultaneously study correlations and associations between wells and their
constituents (Everitt et al., 2011; James et al., 2013; Jolliffe, 2013). The correlations and associations can lend
insight into the spatial heterogeneity of the alluvial aquifer system as it relates to broader geochemistry and
other inferential aquifer characteristics that might impact constituent concentrations within the aquifer
system (e.g., screened depths and lithologies, etc.).

Since the sample five constituents vary in their magnitude of concentration, the data were standardized
prior to performing PCA to account for these differences.
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Figures 6 and 7 present the results of the PCA. PCA plots, in general, illustrate how the sample data cluster.
The color-coding is used to indicate which monitoring well the data are derived from. Wells that cluster
together exhibit synergies in their underlying statistical variation, suggesting the groundwater observed by
these wells derive from, or is influenced by the same in situ properties, mechanisms and/or processes. The
vectors (arrows) represent each sample constituent. The constituent groupings and their vector magnitudes
help explain the correlations between constituents and their overall importance. Using this information as
a collective, it is possible to interpret the sources of statistical variation observed in the monitoring well
clusters.

The baseline PCA scenario is shown in Figure 6, which includes all constituents and monitoring wells. In the
baseline PCA scenario, lithium and sulfate strongly associate with sample data within W-306. Monitoring
wells M-53A, M-55A, M-64A, and W-314 plot in gradient order along the same vector line (extrapolated)
relative to their sulfate and lithium concentrations in comparison to W-306. It is notable that M-55A and
M-64A (the background well) plot closest to W-306. Cobalt and chloride cluster together and are inversely
related to pH. This inverse relationship indicates that higher cobalt and chloride concentrations associate
with lower pH values and vice versa. Cobalt is known to become more mobile in the presence of lower pH
values, which helps explain the inverse relationship observed between these two constituents. Data
collected from M-52A dominates in explaining this relationship.

A second PCA scenario excludes W-306 to understand well clustering and constituent groupings in the
absence of any masking effects produced by this well. Figure 7 illustrates the results of this PCA scenario.
Lithium and sulfate group together and plot closely to the M-55A and M-64A (background well) clusters.
Lithium is known to associate with evaporites and precipitates and the occurrence of these constituents
plotting closely to M-64A suggests naturally occurring lithium concentrations should be expected within
the alluvial groundwater system. It is possible the lithium concentrations observed in W-306 are due to its
proximity to a localized pocket of evaporites and precipitates within the aquifer system. Cobalt plots
inversely to pH and associates most with data collected from M-52A. Groundwater monitoring data
collected from W-314, M-53A, and W-305 associate with pH and inversely associate with cobalt, and to a
degree, chloride. Notably, data collected from M-64A do not strongly associate with cobalt or pH in this
scenario, suggesting the mechanism driving this described behavior for pH and cobalt might not be intrinsic
to what is observed in background aquifer conditions.

5.2 Spatial Distribution

Boron is often used as a potential indicator for CCR because it is typically present in CCR unit leachate, it is
non-reactive and mobile in common hydrogeologic environments, and it is not a common anthropogenic
contaminant. Boron has been historically present in BAP downgradient monitoring wells at detectable
concentrations, and the BAP is suspected to be the source of these concentrations. Figure 8 shows the
spatial distribution of boron concentrations measured in monitoring wells at the site in December 2018.
The concentration of boron measured in the BAP in March 2019 was 4.8 mg/L, higher than the
concentrations shown in downgradient wells. Wells with the highest concentrations of boron are closest to
the BAP, and wells with the lowest concentrations of boron in groundwater tend to be more distant from
the BAP.

Lithium is also non-reactive and mobile in common hydrogeologic environments. In contrast to the spatial
distribution of boron, the spatial distribution of lithium concentrations measured in monitoring wells at the
site in December 2018 (Figure 9) show no apparent correlation to proximity to the BAP. Concentrations of
lithium in monitoring wells in the Tanner Wash alluvial aquifer (where the BAP is located) are all within the
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same order of magnitude, and ranged from less than 0.2 mg/L to 0.43 mg/L with the exception of the
sample collected at W-306, which indicated a slightly higher concentration of 0.73 mg/L. The shading in
Figure 9 identifies areas of the alluvial aquifer where the concentration of lithium was above the GWPS of
0.31 mg/L. Notable wells with concentrations below the GWPS include monitoring wells M-53A and M-52A,
both located adjacent to the south side of the BAP dam.

5.3 Concentrations in the BAP and Downgradient Aquifer

An exceedance of the GWPS is unlikely to be due to release from the facility if the concentration of the
constituent in water collected from the CCR unit is not higher than the concentrations in downgradient
wells. To evaluate this possibility, APS collected a water sample from the BAP on March 30, 2019 and sent
it to TestAmerica Laboratories, Inc. (TestAmerica) located in Phoenix, Arizona, for analysis. TestAmerica is
an Arizona Department of Health Services-licensed laboratory (AZ0728). The results of the analysis indicate
that the lithium concentration in water collected from the BAP is less than the laboratory reporting limit of
0.20 mg/L, which is lower than the GWPS of 0.31 mg/L and lower than the concentration in many of the
monitoring wells shown on Figure 9. This is a secondary line of evidence to suggest that the potential
exceedance for lithium is not due to a release from the BAP. At this time there is only one water quality
sample from the BAP with results for lithium. Including lithium in the list of analytes for future samples
collected from the BAP would increase the sample size of representative data and potentially lend
confidence to these results.

6.0 FINDINGS AND RECOMMENDATIONS

Natural variation in the aquifer is declared to be the cause of the GWPS exceedance for lithium at the BAP.
The primary lines of evidence for this conclusion include:

e The multivariate statistical analysis of lithium and other compounds in the alluvial aquifer which
points to the existence of spatial heterogeneity within the alluvial system; and

e The spatial distribution of lithium in the Tanner Wash alluvial aquifer is not consistent with a lithium
source area located at the BAP.

Secondary lines of evidence include:

e The water quality sampling results that show concentrations of lithium in the BAP may be lower
than lithium concentrations in the downgradient monitoring wells.

These lines of evidence support this ASD prepared in accordance with 40 CFR §257.95(g)(3)(ii) and support
the position that the GWPS exceedance for lithium declared on November 14, 2018 was not due to a release
from the BAP. Therefore, no further action (i.e, corrective measures analysis) is warranted for this
constituent.

Wood recommends developing intrawell statistical comparisons for lithium and any other Appendix IIl and
IV constituents that are determined to be influenced by aquifer heterogeneity at the BAP in the future.
Intrawell comparisons are an industry accepted and recommended alternative to interwell comparisons
(USEPA, 2009). Intrawell statistical comparisons are detailed in the USEPA Unified Guidance (2009) and in
the Statistical Data Analysis Work Plan for the Cholla Power Plan (Wood, 2018b).
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Table 1. Basic Statistics for Select Wells and Constituents

M-52A Monitoring Well

Units Sample Count| Mean Standard Deviation | Median | Minimum | Maximum | Range
Lithium mg/L 19 0.26 0.03 0.25 0.21 0.32 0.11
Cobalt mg/L 19 0.05 0.01 0.05 0.03 0.07 0.04
Chloride mg/L 17 4058.82 523.28 4000 3200 5100 1900
Sulfate mg/L 17 2782.35 184.51 2700 2400 3100 700
pH S.U. 16 7.06 0.19 7 6.8 7.5 0.7
M-53A Monitoring Well

Units Sample Count| Mean Standard Deviation | Median | Minimum | Maximum | Range
Lithium mg/L 19 0.2 0 0.2 0.2 0.21 0.01
Cobalt mg/L 19 0.02 0 0.02 0.01 0.02 0.01
Chloride mg/L 17 2435.29 136.66 2400 2200 2800 600
Sulfate mg/L 17 2976.47 251.32 3000 2500 3400 900
pH S.U. 16 7.5 0.09 7.5 7.4 7.7 0.3
M-55A Monitoring Well

Units Sample Count| Mean Standard Deviation | Median | Minimum | Maximum | Range
Lithium mg/L 16 0.36 0.03 0.36 0.31 0.43 0.12
Cobalt mg/L 16 0.001 0.0009 0.0008 0.0005 0.004 0.035
Chloride mg/L 14 3521.43 540.91 3650 2300 4300 2000
Sulfate mg/L 14 3571.43 143.73 3500 3400 3800 400
pH S.U. 13 7.42 0.13 7.4 7.3 7.7 0.4
M-64A Background Well

Units Sample Count| Mean Standard Deviation | Median | Minimum | Maximum | Range
Lithium mg/L 13 0.26 0.01 0.26 0.25 0.29 0.04
Cobalt mg/L 13 0.0008 0.0005 0.0006 0.0005 0.002 0.0015
Chloride mg/L 11 4381.82 464.37 4400 3500 5100 1600
Sulfate mg/L 11 4381.82 289.2 4400 3700 4800 1100
pH S.U. 11 7.42 0.11 7.4 7.3 7.6 0.3
W-305 Monitoring Well

Units Sample Count| Mean Standard Deviation | Median | Minimum | Maximum | Range
Lithium mg/L 19 0.21 0.01 0.21 0.2 0.23 0.03
Cobalt mg/L 19 0.02 0 0.02 0.01 0.02 0.01
Chloride mg/L 17 2352.94 162.47 2300 2100 2700 600
Sulfate mg/L 17 2388.24 131.73 2400 2200 2800 600
pH S.U. 16 7.41 0.16 7.4 7.05 7.7 0.65
W-306 Monitoring Well

Units Sample Count| Mean Standard Deviation | Median | Minimum | Maximum | Range
Lithium mg/L 19 0.66 0.09 0.68 0.43 0.8 0.37
Cobalt mg/L 19 0 0.01 0 0 0.03 0.03
Chloride mg/L 17 1941.18 173.42 1900 1800 2400 600
Sulfate mg/L 17 10982.35 2487.03 12000 3600 13000 9400
pH S.U. 16 7.82 0.24 7.9 7.02 8.2 1.18
W-314 Monitoring Well

Units Sample Count| Mean Standard Deviation | Median | Minimum | Maximum | Range
Lithium mg/L 19 0.32 0.02 0.32 0.29 0.35 0.06
Cobalt mg/L 19 0.01 0 0.01 0.01 0.02 0.01
Chloride mg/L 17 2776.47 125.15 2800 2600 3000 400
Sulfate mg/L 17 2241.18 106.41 2200 2100 2500 400
pH S.U. 16 7.44 0.13 7.4 7.3 7.7 0.4

G:\Environmental-Development\2018 Projects\14-2018-2040 APS Cholla Compliance Support\5.0_Technical\5.1_Reports_Deliverables\5.1.10_CMA_Report\Appendix A - BAP Lithiun
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Technical Memorandum

To: Natalie Chrisman Lazarr, PE File No: 14-2018-2040
Byron Conrad, PE
Pamela Norris

From: Dane Andersen Reviewed by: Emily LoDolce, PE
Date: January 31, 2020 Bruce Wielinga

Subject: ALTERNATIVE SOURCE DEMONSTRATION
FOR ARSENIC AND COBALT AT THE FAP
Arizona Public Service Cholla Power Plant — Navajo County, Arizona

1.0 INTRODUCTION

This technical memorandum (Tech Memo) documents an Alternative Source Demonstration (ASD) for the
Fly Ash Pond (FAP) located at the Arizona Public Service Company (APS) Cholla Power Plant (Cholla) in
Navajo County, Arizona (the Site). The ASD was prepared pursuant to Coal Combustion Residuals (CCR)
Rule requirements for groundwater monitoring and corrective action detailed in 40 Code of Federal
Regulations (CFR) Sections (§8) 257.90 through 257.98 (Federal Register, 2018).

Site background, CCR groundwater monitoring system, and historical operational information is presented
in the Annual Groundwater Monitoring and Corrective Action Report for 2018 (Wood Environment &
Infrastructure Solutions, Inc. [Wood], 2019a). The FAP is one of four CCR units at the Site. The FAP is a surface
impoundment that receives fly ash slurry from Cholla. The FAP is approximately 438 acres in aerial extent
and was placed into service in 1978. The FAP was constructed by damming an ephemeral tributary to the
Little Colorado River. The unlined impoundment is primarily underlain by the Moqui member of the
Moenkopi Formation, although alluvial sediments are present both upgradient and downgradient of the
FAP dam. The uppermost aquifer downgradient of the FAP occurs in these localized, shallow alluvial
sediments. The predominant groundwater flow direction through the alluvial sediments at the toe of the
FAP dam is along the direction of surface water flow in the former wash, i.e,, to the west-southwest. Farther
downgradient, groundwater merges with the Little Colorado River alluvial aquifer, where the predominant
groundwater flow direction follows the direction of surface water flow, i.e., to the west.

A statistical evaluation of Appendix IV constituent data collected from FAP compliance monitoring wells
(i.e., M-50A, M-51A, W-123, and M-64A) declared exceedances at statistically significant levels (SSLs) over
the respective groundwater protection standards (GWPSs) for lithium in M-50A, M-51A, and W-123; for
arsenic and cobalt in M-51A; and for molybdenum in W-123 (Wood 2018b). The periods of evaluation for
the statistical evaluation that declared the SSLs are December 2015 through May 2018 for M-50A, M-51A,
and W-123 and February 2017 through May 2018 for M-64A.

To address these exceedances and satisfy CCR Rule requirements, a Corrective Measures Assessment (CMA)
was prepared by Wood in 2019. Groundwater characterization efforts conducted as part of the CMA
concluded that the distributions of cobalt and arsenic in the alluvial aquifer downgradient of the FAP are
not consistent with other FAP COCs (i.e. fluoride, lithium, molybdenum) or boron, a CCR indicator
constituent (Wood 2019c¢). Accordingly, the CMA recommended performing an ASD to determine if a source
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other than the FAP is responsible for the declared cobalt and arsenic GWPS exceedances at site CCR well
M-51A.

Pursuant to 40 CFR §257.95(g)(3)(ii) of the CCR Rule, the owner/operator of a CCR unit can demonstrate
that a source other than the CCR unit caused the apparent exceedance over the GWPS. Potential sources
include sampling and laboratory errors, statistical method inadequacies, and/or natural variation in
groundwater quality. Wood's approach to this ASD was to systematically review these potential alternative
sources to evaluate if any of these causes resulted in the GWPS exceedances declared at M-51A.

The ASD documented herein addresses the cobalt and arsenic exceedances at the FAP and was prepared in
association with the CMA for the FAP. Preparation of the ASD within 90 days of declaring exceedances of
the GWPSs was not possible because analysis of recently available characterization information was
necessary to support this ASD.

2.0 EVALUATION OF POTENTIAL ALTERNATIVE SOURCES
2.1 Alternative Source Evaluation of the Cobalt Exceedance

As documented in the CCR Groundwater Assessment Monitoring Statistical Analysis and Results for the Fly
Ash Pond (Wood, 2018b), the GWPS exceedance for cobalt was associated with an elevated laboratory
reporting limit that was used in the non-parametric method required to evaluate the subject data set in
accordance with established statistical methods. The elevated laboratory reporting limit exceeded the
alternative risk based GWPS for cobalt of 0.006 milligrams per liter (mg/L). Given that all reportable
concentrations of cobalt detected in groundwater downgradient of the FAP have been less than the GWPS,
the exceedance is attributable to the inadequate maintenance of sufficiently low and consistent laboratory
reporting limits. It is recommended that to the extent practicable, the analytical laboratory achieve reporting
limits below the GWPS for Appendix IV constituents and maintain a constant reporting limit for each analyte
over time for all monitoring wells.

2.2 Alternative Source Evaluation of the Arsenic Exceedance

2.2.1 Sampling and Laboratory Causes

To assess potential sampling and laboratory causes for the arsenic exceedance, Wood reviewed sampling
and analysis procedures, the results of laboratory data validation, and laboratory data qualifiers.

Based on a review of sampling procedures, Wood concluded that APS has conducted field sampling
activities in accordance with the groundwater Sampling and Analysis Plan (SAP) developed for the Site
(Montgomery & Associates, 2015) to comply with the CCR Rule. On the basis that the SAP is sufficiently
detailed and contains appropriate procedures for groundwater level measurement, groundwater sample
collection, sample control, laboratory analysis, and data validation, no apparent sampling causes for the
arsenic exceedance were noted.

Wood also reviewed the results of laboratory report data validation for FAP compliance monitoring well
samples collected during the period of interest. The scope of data validation activities was a US
Environmental Protection Agency (USEPA) Stage 2A validation. Based on Wood's review, field and
laboratory quality control data did not indicate an issue that would contribute to the exceedance of arsenic
over the GWPS at M-51A.
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2.2.2 Statistical Method Cause

A statistical method cause refers to the possibility that the method used to statistically evaluate collected
data is inappropriate for the statistical comparisons performed. The method is generally inappropriate for
making a defensible statistical comparison in instances where the sample data violate the method
assumption(s).

Currently, the FAP groundwater monitoring system is designed to perform interwell statistical comparisons
(Wood, 2018a). An interwell comparison is one where samples collected from two different geographic
locations within the same water bearing unit are used to perform the statistical evaluation. One geographic
location represents background, or expected, groundwater conditions if the FAP is not impacting
groundwater, and the other geographic location represents groundwater conditions downgradient of the
FAP. Sample data collected from the two geographic locations are then statistically compared to assess site
compliance. The interwell comparison method assumes that background groundwater conditions are
representative of groundwater conditions observed by the compliance wells. In general, interwell
comparisons perform poorly in cases where it is not possible to establish an adequate and representative
background location for one or more sample constituents. Factors leading to inadequate or non-
representative background can include, for example, spatial heterogeneity in groundwater conditions or
discontinuous lithologies between background and compliance monitoring well locations. These
inadequacies can cause an interwell statistical comparison to be meaningless and result in false positive or
false negative statistical results. The USEPA's Unified Guidance presents the basis for implementing the
interwell statistical comparison method (USEPA, 2009).

Spatial heterogeneity in groundwater is a recognized phenomenon at the Site and has been used as a line
of evidence for ASDs for fluoride at the Bottom Ash Monofill (Wood, 2019d) and lithium at the Bottom Ash
Pond (BAP) (Wood, 2019b). Arsenic concentrations measured during the April 2019 sampling event in
compliance wells downgradient of the FAP vary by location and range between 0.0017 and 0.032 mg/L (the
GWPS for arsenic at the FAP is the USEPA’'s maximum contaminant level for arsenic of 0.010 mg/L).

The concentrations of arsenic at the compliance wells show a distribution pattern inconsistent with the
expected pattern if the source of arsenic was the water in the FAP. Arsenic concentrations decrease by an
order of magnitude along the inferred groundwater flow path from M-51A towards downgradient well MW-
65A, then increase by an order of magnitude from MW-65A to downgradient well MW-67A (Figure 1). In
comparison, concentrations of boron (a constituent used to indicate the presence of CCR in groundwater
at the Site) decline along the same inferred groundwater flow path. If the source of arsenic was the FAP, it
is expected that arsenic concentrations would decrease along the inferred groundwater flow path, similar
to boron. The observed distribution pattern suggests that the groundwater system downgradient of the
FAP exhibits spatial heterogeneity with respect to arsenic, which could render the interwell statistical
comparison invalid. Potential causes of spatial heterogeneity are examined in Section 2.2.3.

2.2.3 Natural Variation Cause

The natural variation cause examines if natural variations in groundwater chemistry could cause the
exceedance for arsenic at M-51A and/or the unexpected distribution of arsenic along the inferred
groundwater flow path. Two separate lines of evidence are examined: groundwater chemistry and alluvial
spatial heterogeneity.
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Groundwater Chemistry

Arsenic is a naturally-occurring element whose solubility and mobility can be affected by groundwater pH
and redox conditions. A primary mechanism for increased arsenic concentrations in groundwater is the
dissolution/desorption of arsenic from oxide minerals in the aquifer matrix (Smedley and Kinniburgh, 2001).
Dissolution/desorption of arsenic is promoted in:

e Groundwater with high pH (e.g. >8.5 Standard Unit [SU]) under oxidizing conditions; or

e Reduced groundwater environments.

The unexpected distribution of arsenic along the inferred groundwater flow path suggests that natural
variations in pH and/or redox conditions may be affecting arsenic concentrations at wells downgradient of
the FAP, especially when compared to the spatial distribution of boron, which is not sensitive to pH or redox
conditions. Concentrations of both constituents are depicted on Figure 1.

To determine if natural variations in groundwater chemistry are responsible for the arsenic exceedance at
M-51A and/or the observed arsenic distribution at wells downgradient of the FAP, pH and redox conditions
were compared to arsenic concentrations measured from groundwater samples collected from M-51A,
MW-65A, and MW-67A. The period of examination for M-51A is from February 2018 through November
2019, while the period of examination for MW-65A and MW-67A is from February 2019 through November
2019.

Redox conditions were assessed by reviewing field parameter data such as dissolved oxygen (DO) and
oxidation-reduction potential (ORP). Typically, reducing conditions correlate to lower DO and ORP values,
while oxidizing conditions correlate to higher DO and ORP values. It should be noted that field parameter
data is collected in the field during the groundwater sampling event, and as such, the data quality of field
parameters (in particular DO and ORP) is not subject to the rigorous quality assurance/quality control
procedures used to evaluate laboratory analytical data. However, these data can provide a rough
approximation of the groundwater redox conditions assuming proper field instrument calibration and
operation.

Table 1 summarizes the arsenic, pH, and field parameter data from the samples in question. Values of pH
range from 6.7 to 7.3 SU, indicting circumneutral pH groundwater conditions that are not likely affecting
arsenic mobility. DO and ORP measurements collected at M-51A range from 1.7 mg/L to 4.5 mg/L and 31.5
millivolts (mV) to 236.6 mV, respectively. The DO measurement from the November 2019 sampling event
reported as percent oxygen was 0.45%.

The DO and ORP measurements from the May 2018 and February 2019 sampling events at M-51A appear
contradictory. For instance, the DO concentration from the May 2018 sampling event was recorded as 4.4
mg/L, while the corresponding ORP value was recorded as 31.5 mV. In contrast, the April 2019 sampling
event recorded DO and ORP as 1.7 mg/L and 190.1 mV, respectively. DO and ORP values should vary
proportionally as indicators of oxidizing or reducing conditions, and the discrepancy reinforces the fact that
field parameter data should not be solely relied upon as indicators of redox conditions in groundwater.

Regardless of the discrepancy, the majority of field parameter data collected at M-51A from February 2018
to November 2019 do not suggest reducing conditions are present in groundwater at this well. Additionally,
concentrations of arsenic in FAP water sampled in March 2019 were reported at 0.17 mg/L, an order of
magnitude greater than concentrations measured at M-51A. On this basis, it is more likely that seepage
from the FAP is causing the arsenic exceedance at M-51A.
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Field parameter data collected at MW-65A and MW-67A during the period of examination suggest slight
differences in redox conditions at the two wells. DO and ORP concentrations measured at MW-65A ranged
from 3.7 to 4.2 mg/L and 93.2 to 162.2 mV, respectively. At MW-67A, the DO and ORP values are lower,
ranging from 2.0 to 2.6 mg/L and 38.8 to 82.5 mV, respectively. DO measurements from the November 2019
sampling event reported as percent oxygen were 0.33% and 0.19% at MW-65A and MW-67A, respectively.
The lower redox indicators measured at MW-67A may indicate that groundwater at MW-67A is reduced
relative to MW-65A, which could explain the anomalous arsenic concentrations observed at MW-67A.
However, as noted above, field parameters often do not provide a robust analysis of groundwater redox
conditions, and recommendations for analytical testing that could support a more definitive evaluation of
groundwater redox conditions are provided in Section 3.0.

Alluvial Spatial Heterogeneity
To evaluate if the unusual distributions of arsenic along the groundwater flow path are the result of spatial
heterogeneity in the alluvium, results of the MW-65A and MW-68M well installations were examined.

Alluvial monitoring well MW-65A was installed in November 2018 to help define the extent of CCR
constituents downgradient of the FAP. A review of the MW-65A boring log and well construction diagram
indicates that the well screen was installed from 9 to 19 feet (ft) below ground surface (bgs), approximately
1.5 ft above the Moqui member. Alluvial deposits adjacent to the well screen consist of silty clay (5.5 to 13.5
ft bgs) and sandy elastic silt (13.5 to 20.5 ft bgs). Lenses of coarse-grained sand were noted at 16.5, 17.5,
and 19 ft bgs. The boring log and well construction diagram for MW-65A is presented in Appendix A.

During the attempted development of MW-65A, groundwater production from the well was minimal; water
level recovery after bailing approximately 4 gallons from the well was too slow to allow for continued
development. The poor groundwater production indicates that the MW-65A well screen is not in
communication with relatively transmissive zones in the alluvial aquifer.

MW-68M was installed approximately 60 ft northeast of MW-65A in September 2019 to investigate
potential groundwater migration in the Moqui (Wood, 2019¢e). The MW-68M well screen was installed from
approximately 30 to 50 ft bgs in the Moqui member, which was observed to be dry from 26 ft bgs to 50 ft
bgs. Observations made during the MW-68M borehole advancement suggest that groundwater migration
at this location occurs primarily within a 2-ft thick deposit of poorly graded sand with gravel and silty sand
located directly above the Moqui member (Wood, 2019e). The boring log and well construction diagram
for MW-68M is presented in Appendix A.

Following well installation, MW-68M was pumped to remove the alluvial groundwater introduced into the
Moqui member during borehole advancement and well installation. The well was pumped for 199 minutes
at flow rates ranging from 0.8 to 2.4 gallons per minute. A total of approximately 303 gallons were removed
and the pumping water level stabilized at approximately 34 ft bgs. During the pumping activities, it became
apparent that the annular seal failed to prevent the migration of alluvial groundwater to the well screen,
which necessitated immediate well abandonment.

A comparison of the volume of water produced during the MW-68M pumping activities to the volume
produced during the attempted development of MW-65A indicates that MW-68M was in communication
with a more transmissive zone than MW-65A. Due to its proximity to MW-68M, it is feasible that the
transmissive zone encountered at the base of the alluvium in MW-68M extends laterally to the MW-65A
location. However, because the bottom of the MW-65A well screen is located approximately 1.5 ft above
the contact between the alluvium and the Moqui, MW-65A may not be in communication with this zone,
which may explain the lower arsenic concentrations observed at this well. Alternatively, it is possible that

Cholla Power Plant
Navajo County, Arizona January 31, 2020 Page 5



Alternate Source Demonstration
for Arsenic and Cobalt at the FAP

the transmissive zone encountered at MW-68M does not extend laterally to MW-65A as a result of spatial
heterogeneity in the alluvium. Recommendations for assessing both possibilities are discussed in Section
3.0.

2.2.4 Anthropogenic Sources

Wood reviewed historical property uses, surrounding property uses, and upgradient land uses to evaluate
whether there are any potential anthropogenic sources (including and other than the FAP) for the arsenic
exceedance declared at M-51A or the unusual arsenic concentrations along the inferred groundwater flow
path. The surrounding land uses are undeveloped, rural land with the exception of the power plant and
associated infrastructure. Surface irrigation and a stock pond are present on privately-owned land
southwest of Interstate 40 (Figure 2), creating a localized area with relatively shallow depth-to-groundwater
and increased vegetation, similar to a wetland. Organic matter associated with wetland environments can
promote reducing conditions and increased arsenic mobility in alluvial groundwater within the wetland
(LANL, 2014). If alluvial groundwater beneath the irrigated land/stock pond southwest of the FAP is reduced,
mobilization of naturally occurring arsenic sorbed to oxide minerals and clay minerals in the aquifer matrix
could occur, thus resulting in the increased arsenic concentrations at wells located within or downgradient
of this area.

The irrigated land/stock pond is located hydraulically downgradient of M-51A. Therefore, any infiltration
from this area does not have the potential to influence geochemical conditions or arsenic concentrations at
this well. On this basis, there is adequate evidence to eliminate anthropogenic sources as the cause of the
GWPS exceedance for arsenic at M-51A. However, the irrigated land/stock pond is located upgradient of
CCR well MW-67A, which, as described in Section 2.2, shows arsenic concentrations inconsistent with the
expected pattern if the source of arsenic was water from the FAP. Additionally, arsenic concentrations
measured at well MW-66A (located directly upgradient of the irrigated land/stock pond) are an order of
magnitude less than concentrations measured at MW-67A, further suggesting that the wetland may be
affecting the redox conditions and arsenic mobility in alluvial groundwater at MW-67A. If this is the case,
the arsenic concentrations observed at MW-67A may be attributable to infiltration from the irrigated
land/stock pond, and the lateral extent of arsenic due to seepage from the FAP may be defined by existing
CCR wells downgradient of the FAP. Recommendations for analytical testing that could assess this possibility
are provided in Section 3.0.

3.0 FINDINGS AND RECOMMENDATIONS

The analysis documented herein concludes that the exceedance declared at the FAP for cobalt is not
attributable to the FAP. Rather, the exceedance is a false positive resulting from the inadequate maintenance
of sufficiently low and consistent laboratory reporting limits. This primary line of evidence supports this ASD
prepared in accordance with 40 CFR §257.95(g)(3)(ii) and supports the position that the GWPS exceedance
for cobalt declared on October 15, 2018 was not due to a release from the FAP.

The ASD for the arsenic exceedance over the GWPS at M-51A is currently inconclusive. Wood did not
identify a line of evidence supporting an alternative source for the arsenic exceedance at M-51A. However,
delineation of the downgradient extent of arsenic attributable to the FAP may be supported by assessing
redox conditions in wells downgradient of the FAP. The redox indicators examined in this ASD indicate that
natural variations in groundwater chemistry could be affecting arsenic concentrations downgradient of the
FAP, particularly at MW-67A. On this basis, Wood recommends the following:
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e Laboratory analyses of groundwater samples collected at wells M-46A, M-51A, MW-65A, MW-66A,
and MW-67A for ammonia, nitrate, dissolved manganese, dissolved iron, total organic carbon, and
dissolved organic carbon, and field analysis for iron(Il) and iron(lll) using colorimetric field sampling
methods. These parameters can indicate the presence of redox conditions and the speciation of
trace metals relevant to arsenic mobilization.

Depending on the results of the proposed redox analysis, the wetland-like conditions at the downgradient
privately-owned property may warrant further characterization, as this area has the potential to impact both
the delineation of the arsenic exceedance attributable to the FAP and the effectiveness of a future remedy.
Additionally, further investigation may be warranted to assess the possibility that MW-65A is not in
communication with a potential preferential pathway for arsenic transport in the alluvial aquifer. However,
Wood recommends evaluation of the proposed redox investigation to guide any further characterization
efforts for arsenic at the FAP.

Because the ASD for arsenic is currently inconclusive, the lateral extent of arsenic downgradient of the FAP
remains undefined pending the results of the analyses recommended above. Wood recommends
monitoring groundwater for arsenic at downgradient supplementary wells DM-04R, M-43A, M-46A, and M-
63A to provide delineation of the arsenic concentrations above the GWPS.
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Table 1
Comparison of Arsenic Concentrations to pH and Field Parameters

M-51A

MW-65A

MW-67A

Constituent/Field
Parameter

2/14/2018

5/21/2018

10/24/2018

2/13/2019

4/10/2019

11/25/2019

2/14/2019

4/11/2019

11/26/2019

2/14/2019

4/11/2019

11/26/2019

Arsenic (mg/L)

0.015

0.022

0.032

0.025

0.032

0.018

0.0017

0.0018

<0.00099

0.016

0.016

0.015

pH (SU)

7.3%

7.1

7.3

7.1

7.2

7.2

7.2

7.2

71

6.7*

6.9

6.8

DO (mg/L or % oxygen)

4.5

4.4

2.7

1.7

3.1

0.45**

4.2

3.7

0.33**

2.6

2.0

0.19**

ORP (mV)

100.2

31.5

211.4

190.1

236.6

170.5

139

93.2

162.2

38.8

82.5

45.8

Notes:
* pH measured in field

** DO reported in percent oxygen

DO - dissolved oxygen
mg/L - milligrams per liter
mV - millivolts

ORP - oxidation/reduction potential

SU - Standard Unit
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LITHOLOGIC LOGS AND WELL CONSTRUCTION DIAGRAMS
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B b 15", nonlithified, effervescent, wet, low to Dedicated submersible pump
o E medium plasticity, soft firmness,
L i medium density, no stains, no odors
| | note: at 14' calcium carbonate nodules
absent; i
i 1 11-14-18 note: lenses of coarse grained sand ROSRISIILy
L 1 : (50%) present at 16.5', 17.5', 19' 25 5% sl——— Pea Gravel from 19' to 20'
(11:35) 00,00 .04
5006.24 20 20 -eDe—saliesalie
GROUNDWATER
DEPTH(ft bgs) | HOUR DATE (Continued Next Page)
AVA 13.7 11:55 11/14/18
A 4 14.1 10:30 11/17/18
N4
Y




Environment & Infrastructure Solutions, Inc.
4600 East Washington Street, Suite 600
Phoenix, Arizona 85034

BORING LOG I.D.:

MW-65A
Page 2 of 2

PROJECT:

APS Cholla Power Plant CCR Compliance

PROJECT LOCATION:

APS Cholla Power Plant

ADWR REG. #:

55-922299

PROJECT FEATURE:

Fly Ash Pond

Elevation in Feet

Depth in Feet
Graphical
Log

Sample ID.
or

Date (Time)
PID

Meter
Reading (ppm)
Unified Soil
Classification

VISUAL CLASSIFICATION
(Color, Moist, % by wt., Plasticity, Dilatancy,
Toughness, Dry Strength, Consistency)

Depth in Feet

WELL INFORMATION
(Construction Details and/or Drilling Remarks)

r4991.2 -

N

o
—
—

f—
<
T

note: at 20.5' olive brown staining near
basal gradational contact
SANDY ELASTIC SILT, continued

11-14-18

XX X X X X X|
XX XXX X X|
EAVEVEVEVEVY

(11:45)
25

Trmhm - Moqui Member of Moenkopi
Formation (mid-unit), mudstone, 60%
clay, 30% silt, 10% fine grained sand,
dark reddish brown (5YR 3/4) with
considerable olive brown staining (2.5Y
4/4), thin laminae (<0.5 mm),
effervescent, wet, medium plasticity,
medium stiff, ductile, no odors

note: from 20.5' to 23' core sample is
more compact in diameter

note: from 22' to 23' gypsum nodules
(<5 mm) present near sharp basal
contact

30

Trmhm - Moqui Member of Moenkopi
Formation (mid-unit), silty mudstone,
55% clay, 40% silt, 5% fine grained
sand, dark reddish-brown (5YR 4/4),
some filaments of gypsum (at about 23'),
predominant lenses of gypsum (23.5' to
25'), thin laminae (<1 mm), weakly
cemented, slightly moist, low to medium
plasticity, hard, medium dry strength,
friable, no odors

35

40

Total Depth = 25'

N
o

25

(Continued)

r«—— Bentonite Chips from 20’ to 25'

Total Depth = 25'

45

GROUNDWATER

DEPTH(ft bgs) | HOUR DATE
13.7 11:55 11/14/18
14.1 10:30 11/17/18

METHOD Not Applicable

45




METHOD N/A

BORING LOG I.D.: MW-68M (abandoned)
Environment & Infrastructure Solutions, Inc.
4600 East Washington Street, Suite 600 Page 1 of 5
Phoenix, Arizona 85034
PROJECT: APS Cholla Plant Hydrogeologic Investigation PROJECT LOCATION: APS Cholla Power Plant
LOGGED BY: D. Andersen PROJECT FEATURE: Fly Ash Pond
DRILLER: D. Cervantez WOOD PROJECT #: 14-2018-2040
DRILLER FIRM: Boart Longyear ADWR REG. #: 55-923346
RIG I.D.: LT4634 STATION/OFFSET: N/A
RIG TYPE: Sonic REFERENCE: N/A
BORING TYPE: N/A BORING DIA.: 8" COORDINATES: N1429535.367, E668309.992
ORIENTATION: 90° COORDINATE SYS: NAD83
HAMMER TYPE: N/A SURFACE ELEV. (FT): 5026.45
HAMMER CALIBRATION-ENERGY TRANSFER RATIO: N/A VERTICAL DATUM: NAVD88
START DATE: 9/16/2019 START TIME: 12:20 COMPLETION DATE: 9/16/2019 | COMPLETION TIME: | 17:32
ko)
(0}
£ e = VISUAL CLASSIFIC