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GROUNDWATER MONITORING AND CORRECTIVE ACTION  
PROGRAM OVERVIEW 

Facility Name: Arizona Public Service Cholla Power Plant Annual Report 
Date: 

1/31/2021 

Location: Navajo County, Arizona Reporting Period: 1/1/2020 – 
12/31/2020 

Groundwater Monitoring Program Status 

CCR Unit 
Status at Beginning of 

Reporting Period 
Status at End of 

Reporting Period 

Date(s) of Any 
Program 

Transitions  Comments 
Fly Ash Pond (FAP) Assessment Monitoring Assessment Monitoring  2/12/2018 Progressing Activities 

Supporting Remedy 
Selection 

Bottom Ash Pond (BAP) Assessment Monitoring Assessment Monitoring 2/12/2018 Progressing Activities 
Supporting Remedy 

Selection 
Sedimentation Pond (SEDI) Assessment Monitoring Assessment Monitoring 5/16/2018 - 
Bottom Ash Monofill 
(BAM) 

Detection Monitoring Detection Monitoring N/A - 

Groundwater Monitoring Statistical Analysis Summary 

CCR Unit 

Appendix III 
Constituent(s) with 

SSIs over Background 

Monitoring Wells 
where SSIs over 

Background have 
been Observed 

Appendix IV 
Constituent(s) 

Present at SSL(s) 
above GWPSs 

Monitoring Wells 
where SSLs above 
GWPSs have been 

Observed‡ 
Fly Ash Pond (FAP) B, Ca, Cl, F, pH M-50A, M-51A, 

W-123 
As, Co*, F, Li, Mo, M-50A, M-51A,  

W-123 
Bottom Ash Pond (BAP) B, Ca, F, pH, SO4, TDS M-52A, M-53A, 

W-305, W-306, W-314 
Co, Li* M-52A, M-53A,  

W-305, W-306, W-314 
Sedimentation Pond (SEDI) B, pH, SO4 M-56A, M-57A None None 
Bottom Ash Monofill 
(BAM) 

None None None None 

Corrective Action Summary 

CCR Unit 

Dates when the ACM 
was Initiated and 

Completed 

Date of Public 
Meeting Discussing 

the ACM 

Date when 
Remedy was 

Selected 

Dates when 
Remedy was 
Initiated and 
Completed 

Fly Ash Pond (FAP) 2/13/2019; 6/14/2019 N/A N/A N/A 
Bottom Ash Pond (BAP) 2/13/2019; 6/14/2019 N/A N/A N/A 
Sedimentation Pond (SEDI) N/A N/A N/A N/A 
Bottom Ash Monofill 
(BAM) 

N/A N/A N/A N/A 

Abbreviations: 
ACM – Assessment of Corrective Measures  * Removed as a constituent of concern based on a successful  
CCR – Coal Combustion Residuals     Alternative Source Demonstration 
GWPS – Groundwater Protection Standard                               ‡ Only includes wells where statistical analyses have been performed  
SSI – statistically significant increase                                            (i.e., CCR Monitoring Wells) 
SSL – statistically significant level 
N/A – Not Applicable 
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1.0 INTRODUCTION 
 
This Annual Groundwater Monitoring and Corrective Action Report for 2020 (Annual Report) was prepared 
on behalf of Arizona Public Service (APS) by Wood Environment & Infrastructure Solutions, Inc. (Wood) for 
the Cholla Power Plant (Cholla or the Site) 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 and corrective action requirements detailed in 40 Code of Federal 
Regulations (CFR) Sections (§) 257.90 through 257.98 (herein referred to as the CCR Rule) (Federal 
Register, 2020).  
 
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 2020 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 2021. 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 during the last half of 2020. 
 
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 a coal-fired power plant that had three electric generating units (Units 1, 3, 
and 4) in operation during 2020. Units 1 and 3 with a combined nameplate capacity of 425.9 megawatts are 
owned and operated by APS. PacifiCorp owns Unit 4 with a nameplate capacity of 414 megawatts; this unit 
was retired as of December 24, 2020. 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 Cholla Reservoir, a cooling pond for Unit 1 and water storage reservoir 
for the plant that was originally constructed in the early 1900s by the Joseph City Irrigation Company 
(Shilling, 2005) but was more recently configured in its current location and design by APS in 1961. 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 I-40 (Figure 1-2). The SEDI was the first of the CCR Units placed 
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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 
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 (2017), 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 average 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 intermittent reaches 
in 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): 
 

• 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. 

• 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. 

• 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. 

• 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.  

• 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 2017) 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, Tanner Wash, 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 along natural surface water channels. 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.  
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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 
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 generally 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. Investigations recently 
conducted by APS have indicated limited saturation occurs in the uppermost portions of the Moqui 
downgradient of the BAP and FAP.  
 
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: 
 

• 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. The FAP 
dam has a clay core that extends through the alluvium to bedrock where the alluvium was less than 
20 ft thick at the time of dam construction. In the middle where the alluvium was greater than 20 ft 
thick, a cutoff wall was constructed that generally extended to bedrock. Groundwater at the toe of 
the FAP dam flows west-southwest primarily through 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. Localized saturation also occurs in the uppermost 
portion of the Moenkopi Moqui near the FAP dam. 

• BAP (Tanner Wash Alluvium): The BAP is located in the Tanner Wash drainage area. The northern 
and western abutments of the BAP dam are constructed on the Moenkopi Formation, whereas the 
length of the southern portion of the dam is constructed predominantly 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 primarily through the Tanner Wash Alluvium to its confluence with the 
Little Colorado River Alluvium. Near the southern BAP dam, groundwater flows within the 
weathered uppermost portion of the Moenkopi Moqui.   

• 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 River Alluvium. 
Groundwater near the SEDI flows parallel to the direction of Little Colorado River surface flows, 
approximately to the southwest. 
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1.2 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. 
 
Installation of these networks is summarized in the 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, 2017). 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, 2017):  
 

• 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, 2017) 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.   

• 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. 

• 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. 
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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 CCR Monitoring Wells. A total of 17 CCR compliance wells are in place at the site to monitor 
the downgradient groundwater conditions of each CCR unit (Table 1-2). Twelve of these monitoring wells 
are installed in either the Little Colorado River or Tanner Wash Alluvium. Two of these monitoring wells, W-
123 and M-52A, were previously identified as alluvial monitoring wells but are now inferred to be partially 
completed in the Moqui Member of the Moenkopi Formation based on site investigations conducted in 
2019 and 2020 (Section 3.3). The three remaining downgradient wells are completed in the Coconino 
Sandstone. The grouping of monitoring wells, spatial density, and coverage of the monitoring well network 
is assumed representative and adequate until proven otherwise (Figure 1-2). These wells are grouped by 
respective CCR unit, as described below:  
 

• 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. 
The three downgradient boundary wells are named W-123, M-50A, and M-51A. A cone 
penetrometer test investigation conducted at the FAP during the reporting period suggests that 
W-123 is partially completed in the Moqui Member of the Moenkopi Formation (Section 3.3). In 
2018, three additional wells were installed to evaluate groundwater conditions downgradient of the 
FAP. These wells are identified as MW-65A, MW-66A, and MW-67A. With the exception of W-123, 
the FAP downgradient wells are screened within the Little Colorado River Alluvium. 

• 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. 

• BAP Downgradient Wells (Tanner Wash Alluvium and Moenkopi Moqui): 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, but a drilling investigation conducted in 2019 indicated 
that M-52A is partially completed in the weathered upper portion of the Moenkopi Moqui (Wood, 
2020a). 

• 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. 
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1.2.2 Implemented Changes to Monitoring System 
 
Although not identified as monitoring wells, four new extraction wells were installed at the southeastern 
toe of the FAP in December 2020 that will provide additional groundwater quality information in this vicinity. 
The new wells will be incorporated into the FAP seepage intercept system. The new extraction wells are 
discussed further in Section 3.3.  
 
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 
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 III of the CCR Rule) that are the more mobile constituents associated 
with CCR and therefore represent indicators of possible impacts from CCR in groundwater. If statistically 
significant increases (SSIs) over Appendix III constituent background threshold values (BTVs) are detected 
in the downgradient 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. Table 2-
1 summarizes the Appendix III constituent BTVs established for site CCR units.  
 
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 III 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. Table 
2-1 summarizes the Appendix IV constituent GWPSs established for site CCR units.  
 
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 in 2020 to address CCR Rule requirements is as follows: 
 

• Documentation of Groundwater Monitoring Activities Conducted in 2019 - 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 
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for 2019 (Wood, 2020a), 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).   

• 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 III constituents at 
CCR units where statistical analysis of Appendix III constituent data do not indicate an SSI over 
background. Section 2.2 summarizes detection monitoring activities conducted during the 
reporting period. 

• Statistical Analyses of Appendix III 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 SSIs over background of Appendix III constituents no later than 90 days after completing the 
associated sampling and analysis. During the reporting period, APS performed two statistical 
analyses using updated analytical data for Appendix III constituents at BAM monitoring wells. The 
statistical analyses are summarized in Section 2.3.1.  

• 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 III and detected Appendix IV constituents at CCR units where statistical 
analysis of Appendix III constituents indicate an SSI over background. Section 2.2 summarizes 
assessment monitoring activities conducted during the reporting period. 

• Statistical Analyses of 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 of Appendix IV constituents no later than 90 days after completing 
the 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. 

• Characterization of the Nature and Extent of Releases from the FAP and the 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 
characterization activities performed during the reporting period to address this requirement. 

• Pre-Design Studies Necessary for Remedy Selection – During the reporting period, APS performed 
several pre-design studies necessary to support the selection and design of remedies for the FAP 
and the BAP. The pre-design studies are summarized in Section 3.3. 

• Preparation of a Semiannual Progress Report on Remedy Selection for the FAP and the BAP - 40 
CFR §257.97(a) requires the preparation of semiannual reports which document the progress of 
remedy selection for CCR units that have impacted groundwater. During the reporting period, APS 
prepared the third semiannual report to fulfill this requirement in July 2020 (Section 3.6). 

• Initiation of SEDI Closure – During the reporting period, APS initiated closure of the SEDI pond in 
accordance with 40 CFR §257.101. Closure activities included a revision of the closure plan, the 
construction of a SEDI replacement tank, cessation of flows to the SEDI, and partial excavation of 
CCR from the SEDI. The SEDI closure activities are discussed further in Section 3.7.  

• Preparation of an Alternative Closure Demonstration – APS plans to cease coal-fired boiler 
operations at the Plant no later than April 2025 and close the FAP and BAP by October 17, 2028. 
Pursuant to 40 CFR §257.103(f)(2), APS prepared a demonstration supporting a site-specific 
deadline to initiate closure of the FAP and BAP during the reporting period. The demonstration, 
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which documents that all applicable criteria are met for qualification under the alternative closure 
provision, was submitted to the United States Environmental Protection Agency (USEPA) on 
November 30, 2020. 

2.1.2 Problems Encountered and Resolutions to Problems 
 
Problems encountered during the reporting period and associated resolutions include: 
 

• Elevated Reporting Limits for Lithium at the SEDI – For the second quarterly CCR groundwater 
monitoring event at the SEDI, the analytical laboratory did not achieve lithium reporting limits 
below the GWPS established for lithium at the SEDI. To resolve this issue, APS has communicated 
the minimum requirements for reporting limits to the analytical laboratory and will ensure the 
laboratory achieves adequate reporting limits during future analyses of groundwater samples.   

2.1.3 Groundwater Monitoring Program Transitions 

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

2.1.4 Alternative Source Demonstrations 
 
No alternative source demonstrations (ASDs) were performed during the reporting period. 
 
2.2 Monitoring Data Collected 
 
APS conducted two CCR groundwater monitoring events at Cholla during the reporting period in 
accordance with the Sampling and Analysis Plan (SAP) developed for the Site (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. 
APS also collected supplementary groundwater and seep water samples as part of pre-design studies 
performed during the reporting period (Section 3.3) which include: 

• Groundwater samples collected during aquifer tests at FAP monitoring wells (Section 3.3); 
 

• Seepage water samples collected from seepage collection sumps and seepage extraction wells at 
the FAP (Section 3.3); 
 

• A seep water sample collected from Tanner Wash Seep at the BAP. 

As with the CCR groundwater samples, the additional samples were collected and analyzed using industry-
standard procedures and in accordance with the SAP.  
 
The following sections summarize results of the monitoring activities conducted in 2020. 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 III 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 III constituents on a semiannual basis (40 CFR §257.95[d][1]). 
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2.2.1 Water Level Monitoring 
 
Figures 2-1 and 2-2 present potentiometric surface maps created using water-level measurements collected 
prior to the second quarter (April 2020) and fourth quarter (October 2020) groundwater monitoring events. 
Groundwater elevations collected from monitoring wells at each CCR unit are evaluated and plotted 
independently based on the CSM. The estimated flow directions inferred from the groundwater elevation 
data are depicted on the figures. As indicated, groundwater in the alluvium appears to flow 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 groundwater generally flows to the west (consistent with surface 
water flows). Groundwater in the C-aquifer underlying the BAM flows to the north. 
 
Appendix A presents hydrographs of groundwater elevations measured at CCR compliance wells over time. 
The groundwater elevations measured during the reporting period are relatively stable and consistent with 
historical observations. In general, seasonal fluctuations are apparent from the water-level data, with higher 
water levels occurring in the spring (e.g., March through May) and lower water levels occurring in late-
summer through fall (e.g., August through October).  
 
Notable observations for groundwater conditions at each CCR unit are discussed below. 
 

• FAP: There is a fairly steep hydraulic gradient at the edges of the FAP dam where no cutoff wall is 
present. Farther downgradient, groundwater elevations in M-46A, MW-67A, and MW-63A indicate 
that the hydraulic gradient begins to flatten with increased distance from the FAP. Wells M-49A 
and W-127 were noted to be dry in April and October 2020.  

• BAP: Groundwater elevations at M-53A (located at the western abutment of the southern BAP dam) 
and W-314 (located downgradient of the eastern side of the BAP dam) are 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), indicating a steep hydraulic gradient near the edge of 
the BAP. A decreasing trend in water levels is occurring at W-314 relative to the other BAP wells.  

• BAM: Groundwater elevations in the C-aquifer monitoring wells continue to indicate a slightly 
increasing trend over time. 

• SEDI: The hydraulic gradient beneath the SEDI is relatively flat in comparison to the FAP and the 
BAP, and a slightly increasing trend in groundwater elevations is apparent from the water-level 
data.  

2.2.2 Groundwater Flow Rate Estimation  

The CCR Rule requires that groundwater flow rates beneath CCR units be estimated during each monitoring 
event. The water levels measured in April and October 2020 (Figures 2-1 and 2-2) 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 USEPA website (USEPA, 2014). 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, hydraulic conductivities, and porosities used in the analysis and presents the calculated 
groundwater flow directions, gradients, and flow velocities.  
 
For the Tanner Wash Alluvium downgradient of the BAP, the hydraulic gradient was relatively consistent 
during the reporting period, ranging from 0.015 to 0.016 ft per ft. The direction of groundwater flow from 
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the BAP was south (185 to 186 degrees from north), and the corresponding groundwater flow rate for both 
monitoring events was 0.11 ft per day. 
 
For the alluvial aquifer downgradient of the FAP, the hydraulic gradient and flow direction were also 
relatively stable. The hydraulic gradient ranged from 0.021 and 0.022 ft per ft and the direction of 
groundwater flow was to the southwest towards the Little Colorado River (240 to 242 degrees from north). 
The corresponding groundwater flow rates for April and October 2020 were 0.0052 and 0.0054 ft per day, 
respectively. The hydraulic conductivity value of 0.0032 ft per day for the FAP which was used in the 
groundwater flow rate calculation will be evaluated and potentially updated in 2021 based on the results of 
aquifer testing conducted at the FAP in 2020 and 2021 (Section 3.3). 
 
For the Little Colorado River Alluvium downgradient of the SEDI, the hydraulic gradients and flow directions 
were 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 0.0006 to 0.001 ft per ft during the reporting period, and the direction of groundwater flow was 
generally west to southwest towards the Little Colorado River (230 to 274 degrees from north). The 
corresponding groundwater flow rates were 0.28 to 0.52 ft per day for April and October 2020, respectively.  
 
For the C-Aquifer underlying the BAM, the hydraulic gradient and flow direction were stable during the 
reporting period. The magnitude of the hydraulic gradient was 0.0086 ft per ft and the direction of 
groundwater flow for April and October 2020 was to the north (358 degrees from north). The corresponding 
groundwater flow rate for April and October 2020 was 1.8 ft per day. 

2.2.3 Sample Collection  

APS collected, labeled, preserved, and shipped groundwater samples per the SAP (Montgomery & 
Associates, 2015). In accordance with 40 CFR §257.93(i), groundwater samples collected for statistical 
analysis of Appendix III and IV constituents 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 Eurofins 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, while Radiation Safety performed radium analyses. Both 
TestAmerica and Radiation Safety are Arizona Department of Health Services-licensed laboratories (AZ0728 
and AZ0462, respectively). Appendix B presents the associated Laboratory Reports of Analysis organized by 
CCR unit.  
 
Table 2-1 identifies the analytes evaluated during each monitoring event and field investigation. Analytes 
varied based on the monitoring program (i.e., detection vs. assessment monitoring) or field investigation. 
The SAP identifies Appendix III 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 C presents the 2020 Data Validation Report which 
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documents these reviews. There were no notable data validation qualifiers or reason codes added to the 
2020 data. All data qualifiers and reason codes are included in 2020 Data Validation Report (Appendix C). 

2.2.5 Sample Results 
 
Appendix D presents the groundwater sampling results for 2020 along with historical groundwater quality 
data for the site. The groundwater quality data collected during the reporting period are discussed further 
in Section 3.1. 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 
 
Statistical analyses of Appendix III and Appendix IV constituent data were conducted during the reporting 
period 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 
(SDAWP) developed for the Site (Wood, 2018). 
 
2.3.1 Evaluation of Appendix III Constituent Data 
 
The BAM was the only site CCR unit that remained in the detection monitoring program at the end of 2019 
and required statistical evaluations of Appendix IIII constituent data during the reporting period.  
 
A statistical analysis of Appendix III constituent data collected at the BAM through October 2019 was 
completed in April 2020 (Appendix E). The statistical analysis indicated no SSIs over Appendix III constituent 
BTVs. An initial exceedance identified in 2019 for pH at CCR well M-59 was declared statistically insignificant 
based on a 1 of 2 resampling strategy, thereby nullifying the initial exceedance.  
 
A statistical analysis of Appendix III constituent data collected at the BAM through May 2020 was completed 
in October 2020 (Appendix F). The statistical analysis identified initial exceedances over the fluoride BTV at 
CCR wells M-59, M-60, and M-61. In accordance with the SDAWP, APS resampled these wells using the 1 
of 3 resampling strategy during the October 2020 detection monitoring event at the BAM. The initial 
exceedances will be evaluated as part of a statistical analysis for the BAM to be completed in the first quarter 
of 2021.  
 
2.3.2 Evaluation of Appendix IV Constituent Data 
 
The SEDI was the only site CCR unit that remained in the assessment monitoring program without declared 
exceedances of GWPSs at the end of 2019 and required statistical evaluations of collected Appendix IV 
constituent data during the reporting period.  
 
APS performed two statistical analyses of Appendix IV constituent data collected from SEDI wells through 
November 2019 and April 2020 (Appendices G and H, respectively). Both analyses indicated that no GPWSs 
were exceeded at SSLs. On the basis that one or more Appendix III constituents continued to exceed BTVs 
and the statistical assessment indicated that Appendix IV constituent concentrations did not exceed 
applicable GWPSs at SSLs, 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 on 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.  
 
APS documented initial efforts to address the requirements of 40 CFR §257.95(g)(1) in the Hydrogeologic 
Investigation of the Fly Ash Pond and Bottom Ash Pond (Wood, 2020b). However, due to duration required 
to adequately characterize complex groundwater impacts, work supporting characterization of potential 
releases from CCR units is ongoing. Activities conducted during the reporting period to address CCR Rule 
release characterization requirements downgradient of the FAP and BAP include: 

• The collection of groundwater quality data from FAP and BAP monitoring wells (Section 2.2);  

• Delineation of the nature and extent of releases from the FAP and BAP in the form of plume maps 
and geologic cross sections derived from the groundwater sampling results. 

 
Findings from the characterization activities are summarized as follows and discussed in the following 
sections. 
 

• Arsenic, fluoride, lithium, and molybdenum are present at concentrations above respective GWPSs 
in groundwater downgradient of the FAP, with the inferred extent of each constituent depicted on 
Figures 3-1 through 3-4 respectively. Fluoride, lithium, and molybdenum all exceed the respective 
GWPSs in groundwater beneath downgradient properties. Although the plumes have migrated 
beyond the extent of APS property directly adjacent to the FAP, the plumes have migrated back 
onto APS property where the downgradient extent has been defined. Arsenic, fluoride, lithium, and 
molybdenum are present in pond water in the FAP at concentrations exceeding the GWPSs. The 
approximate extent of inferred groundwater impacts resulting from the FAP is also depicted on 
geologic cross sections included as Figures 3-5 through 3-8.  
 

• Cobalt is present at concentrations above the GWPS in groundwater downgradient of the BAP, with 
the inferred extent of cobalt depicted on Figure 3-9. Cobalt is elevated above the GWPS in 
groundwater beneath downgradient properties. Although the plume has migrated beyond the 
extent of APS property directly adjacent to the BAP, the plumes are defined by wells located on 
downgradient APS property. The cobalt concentration in pond water in the BAP is below both the 
GWPS and concentrations observed in groundwater (Section 3.3). The approximate extent of 
inferred groundwater impacts resulting from the BAP is also depicted on geologic cross sections 
included as Figures 3-10 through 3-14. 
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An increase in lithium concentrations was noted in groundwater samples collected from FAP downgradient 
wells M-50A, M-51A, W-123, W-126, MW-65A, MW-66A, and BAP downgradient wells W-306, W-308, W-
309, W-314 during the April 2020 monitoring event. The cause of the lithium increase is unknown but may 
be related to a longer duration of low-flow sampling during the April 2020 sampling event. The longer 
sampling duration was necessary for the collection of supplemental water samples for a groundwater 
oxidation/reduction (redox) evaluation (Section 3.3). It is possible that the longer low-flow pumping 
duration created an atypical hydraulic gradient which accessed zones in the aquifer that are not normally 
interrogated during typical low-flow sampling.  

3.2 Exposure Pathway Analysis and Risk Mitigation Plan 
 
During the reporting period, APS prepared an exposure pathway analysis for impacted groundwater 
downgradient of the FAP and BAP and completed a risk evaluation to assess potential human health risks 
if exposure pathways were to become complete. Potential exposure pathways include a surface water 
pathway, an alluvial groundwater pathway, and a C-Aquifer groundwater pathway. These exposure 
pathways are currently incomplete (i.e., no receptors are being exposed to contamination), and APS plans 
to implement risk mitigation measures to ensure they will remain incomplete. The exposure pathway 
analysis, risk evaluation, and risk mitigation measures are presented in the Risk Mitigation Plan for the Fly 
Ash Pond and the Bottom Ash Pond (Risk Mitigation Plan) (Wood, 2020c).  

One of the risk mitigation measures outlined in the Risk Mitigation Plan includes an ongoing quarterly 
review of the Arizona Department of Water Resources (ADWR) Wells 55 database to assess if groundwater 
production wells have been installed in impacted aquifers downgradient of the FAP and the BAP. The first 
two ADWR Wells 55 database reviews occurred on October 15, 2020 and January 15, 2021 and are 
documented as Appendix I. 

3.3 Corrective Measures Pre-Design Studies 
 
In response to GWPS exceedances at the FAP and the BAP and pursuant to 40 CFR §257.96(a), APS prepared 
an Assessment of Corrective Measures in 2019 (ACM) (Wood, 2019b) to evaluate the performance of several 
combined corrective measures to address groundwater impacts resulting from the FAP and the BAP. Since 
completing the ACM, APS has conducted several pre-design studies to support the selection and design of 
remedies for the FAP and the BAP. The pre-design studies completed to date are described below. 
 

• Moenkopi Moqui Investigation at the FAP. To investigate potential saturation in the Moqui member 
of the Moenkopi Formation downgradient of the FAP, a well (MW-68M) was drilled into the Moqui 
near CCR well MW-65A in 2019. Observations made during the MW-68M drilling indicated the 
Moqui is unsaturated in this area, and that groundwater primarily flows within relatively permeable 
alluvial sediments located directly above the alluvial-bedrock contact. 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 well seal failed to prevent migration of alluvial water into the 
well screen, and the well was subsequently abandoned. Documentation of the MW-68M well 
installation is provided in the 2019 GMCAR (Wood, 2020a). 
 

• Preparation of Alternative Source Demonstrations for Arsenic and Cobalt at the FAP. An ASD to 
evaluate GWPS exceedances for arsenic and cobalt at the FAP was prepared in 2019 and is 
documented in the 2019 GMCAR (Wood, 2020a). The ASD concluded that the cobalt exceedance 
was a false positive because the statistical method used to evaluate the cobalt data had to rely on 
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the use of an elevated laboratory reporting limit value which exceeded the cobalt GWPS as the 
criterion for comparison to the GWPS. The ASD for arsenic was inconclusive but suggested that the 
inconsistent spatial distribution of arsenic downgradient of the FAP may be related to redox 
reactions in groundwater. Accordingly, a groundwater redox evaluation was performed during the 
reporting period, which is discussed below.  
 

• Preparation of an Alternative Source Demonstration for Lithium at the BAP. An ASD was prepared in 
2019 to evaluate an exceedance of the lithium GWPS at the BAP. The ASD determined that the 
GWPS exceedance was not due to a release from the BAP. Rather, the exceedance resulted from 
natural spatial variations in groundwater quality.  
 

• Pre-Design Studies Report for the FAP. Appendix J presents a report which summarizes several pre-
design studies conducted during the reporting period necessary for the selection and design of 
remedies for the FAP. The pre-design studies include the following: 
 

o Groundwater Redox Evaluation at the FAP. An investigation was conducted to assess 
whether reducing conditions in groundwater are causing the inconsistent concentrations 
of arsenic observed at CCR well MW-67A. Groundwater samples collected from FAP 
monitoring wells were analyzed for several constituents which are useful in assessing 
groundwater redox conditions, including iron, manganese, ammonia, nitrate, nitrite, and 
organic carbon. The evaluation indicates that reducing conditions in groundwater near 
MW-67A (likely associated with localized surface water infiltration upgradient of the well) 
are causing the mobilization of arsenic from aquifer sediments. The evaluation also 
indicated that the reducing conditions (and associated elevated arsenic concentrations) are 
not caused by seepage from the FAP. The arsenic iso-concentration contour map (Figure 
3-1) was updated during the reporting period accordingly. 

 
o Aquifer Testing Downgradient of the FAP. Aquifer tests were conducted at FAP 

downgradient wells W-123, W-126, and MW-66A in March 2020. Aquifer properties such 
as hydraulic conductivity and transmissivity were calculated from the aquifer test data. 
Water-level data collected during the aquifer tests noted a connection between the 
operation of seepage extraction well Hunt B and water levels at W-126.  

 
o Cone Penetrometer Test Investigation at the FAP. A cone penetrometer test (CPT) 

investigation was conducted along the toe of the FAP during the reporting period to 
identify preferential flow paths in the alluvial aquifer and evaluate the depth to bedrock. 
Vibrating wireline piezometers were also installed along the toe of the FAP to collect pore 
pressure and potentiometric surface data. The results of the CPT study assisted in the siting 
of four new extraction wells which were installed in December 2020 (discussed below) and 
indicated that CCR compliance well W-123 is partially completed in the Moenkopi Moqui.  

 
o Seepage Intercept System Evaluation, Optimization, and Testing. The existing seepage 

intercept system at the FAP was inspected during the reporting period to evaluate the 
influence the system has on intercepting seepage discharges and to assess seepage system 
optimization strategies. Results of the evaluation indicate limited effectiveness of the 
Geronimo seepage extraction wells, which led to the installation of the four extraction wells 
discussed below.  
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• Installation and Aquifer Testing of Extraction Wells Downgradient of the FAP. In December 2020, APS 
installed four new extraction wells along the southeastern toe of the FAP to contain seepage from 
the FAP and evaluate an extraction well network as part of the potential remedy for the FAP. The 
wells were sited at locations where the CPT investigation identified zones of increased sand and 
gravel and artesian pressures in the predominantly clayey alluvial aquifer downgradient of the FAP. 
Aquifer testing of the wells occurred in January 2021 to evaluate local aquifer properties, specific 
capacity data, and the radius of influence from pumping each well. The wells will be converted to 
extraction wells in 2021 (Section 3.4), and the well installation activities and aquifer tests will be 
documented in a Well Completion Report in 2021 (Section 4.0). 
 

• Stratified Water Sampling and Cobalt Leaching Evaluation at the BAP. To investigate potential causes 
of elevated cobalt concentrations in groundwater downgradient of the BAP, APS collected depth-
specific pond water samples from the BAP and solid matrix samples of bottom ash, alluvium, and 
Moenkopi Moqui in December 2019. Analyses of the collected samples suggest that the pond water 
in the BAP is not directly a source of elevated cobalt concentrations in groundwater downgradient 
of the BAP. Instead, reducing conditions promoted by introducing seepage to the aquifer from the 
BAP may be mobilizing cobalt from solid matrices into groundwater. To evaluate the groundwater 
redox conditions at the BAP, samples collected from BAP monitoring wells during the reporting 
period were analyzed for the same redox-sensitive constituents analyzed during the FAP redox 
evaluation discussed above. The cobalt leaching evaluation is included as Appendix K, and an 
evaluation of the collected redox data will be performed in 2021. 

• Bottom Ash Pond Dewatering Projection. A Water Balance Model was developed during the 
reporting period to project pond dewatering at the BAP. The Water Balance Model was prepared 
to evaluate the duration of time after operations cease until the BAP no longer has ponded water 
and seepage from the BAP has declined to a steady state level. The water balance of the BAP 
accounts for precipitation, evaporation, and natural seepage through the foundation of the BAP 
dam. The Water Balance Model predicts that the BAP will continue to drain down to steady state 
seepage rates for up to 10 years using conservative assumptions. The water balance technical 
memorandum is included as Appendix L. 

Additional pre-design studies planned for 2021 are discussed in Section 4.0. 

3.4 Interim Response Measures 
 
While additional pre-design studies necessary for remedy selection are being progressed, APS plans to 
implement several interim response measures at the FAP and the BAP to limit groundwater impacts in the 
interim. The interim response measures will also help to evaluate the effectiveness of potential remedial 
technologies. The interim response measures planned for implementation in 2021 are outlined in the Risk 
Mitigation Plan (Wood, 2020c) and summarized below. 
 

• Operation of Extraction Wells at the FAP – The four new wells installed downgradient of the FAP in 
December 2020 (Section 3.3) will be converted to extraction wells to capture seepage from the 
FAP before it discharges to groundwater. The wells will be incorporated into the existing Geronimo 
Seepage Collection System prior to July 2021.  
 

• Evaluation of FAP Dewatering Strategies – APS is evaluating several dewatering strategies for the 
FAP in order to close the CCR unit as soon as technically feasible. Dewatering strategies may 
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include extraction, treatment, and reuse of free water from the FAP. Progress of FAP dewatering 
will be documented in the Annual Report for 2021.  
 

• Installation of Extraction Wells at the BAP – Potential extraction wells are planned for installation 
downgradient of the BAP in the first half of 2021. Aquifer testing will be performed at the new BAP 
wells after installation to determine local aquifer properties, specific capacity data, and the radius 
of influence from pumping each well. The wells will help to evaluate the effectiveness of an 
extraction well network as a part of a potential remedy for the BAP and if the wells perform well, 
they will be converted to extraction wells to capture seepage from the BAP near the dam. 

 
• Evaluation of In-Situ Remedial Technologies for the BAP – APS will conduct laboratory- and field-

scale evaluations of in-situ groundwater remedial technologies to address the elevated cobalt 
concentrations in groundwater downgradient of the BAP.  

 
3.5 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) in 2019. The notifications were placed in the facility’s operating 
record in accordance with 40 CFR §257.105(h)(8). During the reporting period, APS notified the Bureau of 
Land Management that groundwater underlying public property adjacent to the BAP is impacted (Appendix 
M). As noted in the 2019 Annual Report, APS inadvertently notified the incorrect agency responsible for 
managing public property adjacent to the BAP due to an error in county assessor records.  

APS has also initiated property ownership reviews on a quarterly basis to ensure that the correct property 
owners are notified of Appendix IV exceedances in groundwater should property ownership change.  

3.6 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 a semiannual report on July 15, 2020 which describes the progress of remedy 
selection for the FAP and the BAP and is presented as Appendix N.  
 
This Annual GMCAR for 2020 fulfills the requirements of 40 CFR §257.97(a) for a subsequent semiannual 
progress report by providing updates on remedy selection for the FAP and BAP as discussed in Section 3.3. 
 
3.7 CCR Unit Closure Activities 
 
During the reporting period, APS revised the closure plan for and initiated closure of the SEDI. The closure 
plan revision (published on November 4, 2020) was made to update the closure schedule for the unit given 
recent amendment of 40 CFR §257.101 which requires existing unlined CCR surface impoundments to close 
as soon as technically feasible, but no later than April 11, 2021. On October 30, 2020, APS provided notice 
of its intent to cease placement of waste in the SEDI and close the unit (see Appendix L for a copy of the 
notice).  
 
The closure plan for the SEDI (AECOM, 2020) includes closure by removal of CCR solids in accordance with 
40 CFR §257.102(c). CCR removal includes dewatering the pond, removing CCR deposits using conventional 
excavators and loaders, consolidation of the CCR deposits in another site CCR unit, and refilling the 
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excavation with clean backfill material. Since the power plant will continue to operate after SEDI closure,  , 
APS initiated construction of a new 60,000-gallon concrete tank system in August 2020 to fulfill the function 
of the SEDI. Closure activities were coordinated with construction of the new tank system because it is 
located in the northwest corner of the SEDI footprint. During the reporting period, flows to the SEDI were 
temporarily rerouted, the unit was dewatered, and CCR deposits were excavated from the region where the 
new tank system was to be constructed. CCR removal activities at the SEDI were ongoing at the end of the 
reporting period and are scheduled to be complete in October 2021. 
 
4.0 KEY ACTIVITIES FOR 2021 
 
During 2021, the following key activities will likely be conducted to support CCR groundwater monitoring 
and corrective action compliance at the site: 
 

• Preparation of an Annual Groundwater Monitoring and Corrective Action Report for 2021 – Per 40 
CFR §257.90(e), APS will prepare an annual report documenting groundwater monitoring and 
corrective action activities in 2021 no later than January 31, 2022.  
 

• Continued Detection Monitoring at the BAM with Ongoing Statistical Evaluation for SSIs Over 
Background – Per 40 CFR §257.94(b), detection monitoring (including analysis of collected samples 
for Appendix III 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]).  
 

• 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 III constituent, an assessment monitoring program must be established. 
 

• 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 III 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 III and IV constituents exceed background values per 40 CFR §257.95(f) 
or closure of the unit occurs. 
 

• Preparation of a Well Completion Report Documenting Extraction Well Installation and Testing at 
the FAP – A well completion report documenting the installation and testing of the four new 
extraction wells downgradient of the FAP will be prepared in 2021.  
 

• Preparation of a Groundwater Redox Evaluation for the BAP – A technical memorandum 
documenting the results of the groundwater redox sampling conducted at the BAP during the 
reporting period will be prepared in 2021. 
 

• Preparation of a Seepage System Evaluation Tech Memo for the BAP – A technical memorandum 
documenting the inspection and evaluation of the existing seepage collection system at the BAP 
will be prepared in 2021.  
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• Updates to the Numerical Groundwater Model – APS will update the existing numerical 
groundwater model for the site to assist in the evaluation and selection of remedies for the FAP 
and BAP. 
 

• Development and Implementation of a Work Plan for Pre-Design Studies at the BAP – APS will 
develop and implement a Work Plan to evaluate potential remedial approaches for the BAP in 2021. 
The Work Plan will describe proposed field investigations to further evaluate: the nature and extent 
of elevated cobalt concentrations in groundwater, geochemical characterization of potential cobalt 
sources and treatability, and aquifer properties related to the suitability of an extraction well 
network.    
 

• Initiation of Interim Response Measures at the FAP and BAP – In tandem with additional field 
investigations, APS will begin implementing the interim response measures outlined in Section 3.4 
to limit the groundwater impacts from the FAP and BAP while remedies are being evaluated and 
selected. 
 

• 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 ACM for the FAP and the BAP at least 30 days prior to 
selecting remedies for each CCR unit. 
 

• 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). 
 

• 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 nature of corrective actions 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 2021; this list is not comprehensive.  
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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.
- Discharges to the SEDI ceased as of October 2020.

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.

Source:
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.

Abbreviations:
amsl - above mean sea level FAP - Fly Ash Pond
BAP - Bottom Ash Pond FGD - flue gas deulfurization

BAM - Bottom Ash Monofill SEDI - Sedimentation Pond
CCR - Coal combustion residuals

Table 1-1
Description of Coal Combustion Residual Units

APS Cholla Power Plant
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Table 2-1

Appendix III Constituent BTVs and Appendix IV Constituent GWPSs for Cholla CCR Units

Constituent
BTV

[mg/L] Reference
BTV

[mg/L]
GWPS
[mg/L] Reference

BTV
[mg/L]

GWPS
[mg/L] Rerference

BTV
[mg/L]

GWPS
[mg/L] Reference

Boron 0.55 5 0.23 1 1.3 1 1.3 1

Calcium 100 5 600 1 740 1 740 1

Chloride 1,600 1 3,700 1 5,700 1 5,700 1

Fluoride 1.4 (M-59)
1.5 (M-60, M-61)

1
6 0.8 1 0.8 1 0.8 1

pH1 7.3 to 7.8 5 7.5 1 7.4 1 7.4 1

Sulfate 380 5 630 1 5,100 1 5,100 1

TDS 3,200 5 7,800 1 15,000 1 15,000 1

Antimony 0.05 0.05 4 0.004 0.006 3 0.004 0.006 2

Arsenic 0.004 0.01 4 0.004 0.01 3 0.004 0.01 2

Barium 0.08 2 4 0.05 2 3 0.05 2 2

Beryllium 0.001 0.004 4 0.001 0.004 3 0.001 0.004 2

Cadmium 0.002 0.005 4 0.0004 0.005 3 0.0004 0.005 2

Chromium 0.004 0.1 4 0.004 0.1 3 0.004 0.1 2

Cobalt 0.002 0.006 4 0.002 0.006 3 0.002 0.006 2

Fluoride 0.8 4 4 0.8 4 3 0.8 4 2

Lead 0.01 0.015 4 0.002 0.015 3 0.002 0.015 2

Lithium 0.2 0.2 4 0.31 0.31 3 0.31 0.31 2

Mercury 0.0002 0.002 4 0.0002 0.002 3 0.0002 0.002 2

Molybdenum 0.011 0.1 4 0.0061 0.1 3 0.0061 0.1 2

Selenium 0.01 0.05 4 0.002 0.05 3 0.002 0.05 2

Thallium 0.0004 0.002 4 0.0014 0.002 3 0.0014 0.002 2

Combined Radium2 1.1 5 4 1.6 5 3 1.6 5 2

Notes and Abbreviations: References:
1Units are standard units
2Units are picocuries per liter
BAM - Bottom Ash Monofill
BAP - Bottom Ash Pond
BTV - Background Threshold Value
FAP - Fly Ash Pond
GWPS - Groundwater Protection Standard
mg/L - milligrams per liter
N/A - not applicable
SEDI - Sedimentation Pond

6 - Wood, 2020. CCR Groundwater Detection Monitoring Statistical Analysis and Results for the Bottom Ash Monofill Appendix III Constituent Data Collected through May 2020 . 
Arizona Public Service Cholla Power Plant - Navajo County, Arizona. Technical Memorandum dated October 13, 2020.

1 - Montgomery & Associates, 2018. Cholla Power Plant Coal Combustion Residuals Program – Statistical Analysis of Baseline Groundwater Monitoring Data November 2015 
through September 2017 . Prepared for Arizona Public Service. January 12, 2018. Revised May 22, 2018.

2 - Wood Environment & Infrastructure Solutions, Inc. (Wood), 2018. CCR Groundwater Assessment Monitoring Statistical Analysis and Results for the Bottom Ash Pond.  Arizona 
Public Service Cholla Power Plant – Navajo County, Arizona. Technical Memorandum. Prepared on behalf of Arizona Public Service. October 15, 2018.

3 - Wood, 2018. CCR Groundwater Assessment Monitoring Statistical Analysis and Results for the Fly Ash Pond.  Arizona Public Service Cholla Power Plant – Navajo County, 
Arizona. Technical Memorandum. Prepared on behalf of Arizona Public Service. October 15, 2018.

4 - Wood, 2019. CCR Groundwater Assessment Monitoring Statistical Analysis and Results for the Sedimentation Pond.  Arizona Public Service Cholla Power Plant – Navajo 
County, Arizona. Technical Memorandum. Prepared on behalf of Arizona Public Service. January 14, 2019.

5-  Wood, 2019. 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 Arizona Public Service. April 15, 2019.
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Table 2-2
Monitoring Event Summary for 2020

Mar 5, 2020
(Characterization)

Apr 16, 2020
(Assessment)

Apr 16-19, 2020
(Assessment)

May 4-7, 2020
(Assessment)

May 7, 2020
(Detection)

May 8, 2020
(Characterization)

July 21, 2020
(Characterization)

Oct 20-21, 2020
(Assessment) 

Oct 21, 2020
(Detection) 

Oct 21-26, 2020
(Assessment)

M-52A CCR Well --- --- X --- --- --- --- --- --- X 2
M-53A CCR Well --- --- X --- --- --- --- --- --- X 2
M-55A Supplementary Well --- --- X --- --- --- --- --- --- X 2

M-64A(a) CCR Well --- --- --- X --- --- --- --- --- X 2
MW-69A Supplementary Well --- --- X --- --- --- --- --- --- X 2
MW-70M Supplementary Well --- --- X --- --- --- --- --- --- X 2
W-301 Supplementary Well --- --- X --- --- --- --- --- --- X 2
W-302 Supplementary Well --- --- X --- --- --- --- --- --- X 2
W-303 Supplementary Well --- --- X --- --- --- --- --- --- X 2
W-304 Supplementary Well --- --- X --- --- --- --- --- --- X 2
W-305 CCR Well --- --- X --- --- --- --- --- --- X 2
W-306 CCR Well --- --- X --- --- --- --- --- --- X 2
W-307 Supplementary Well --- --- X --- --- --- --- --- --- X 2
W-308 Supplementary Well --- --- X --- --- --- --- --- --- X 2
W-309 Supplementary Well --- --- --- X --- --- --- --- --- X 2
W-314 CCR Well --- --- X --- --- --- --- --- --- X 2
W-317 CCR Well --- --- X --- --- --- --- --- --- X 2

Tanner Wash Seep Surface Water Seep --- --- --- --- --- X --- --- --- --- 1
M-54 CCR Well --- --- --- --- X --- --- --- X --- 2
M-59 CCR Well --- --- --- --- X --- --- --- X --- 2
M-60 CCR Well --- --- --- --- X --- --- --- X --- 2
M-61 CCR Well --- --- --- --- X --- --- --- X --- 2

M-56A CCR Well --- X --- --- --- --- --- X --- --- 2
M-57A CCR Well --- X --- --- --- --- --- X --- --- 2
M-58A CCR Well --- X --- --- --- --- --- X --- --- 2
M-62A CCR Well --- X --- --- --- --- --- X --- --- 2
M-43A Supplementary Well --- --- --- X --- --- --- --- --- X 2
M-44D Supplementary Well --- --- --- X --- --- --- --- --- X 2
M-46A Supplementary Well --- --- --- X --- --- --- --- --- X 2
M-50A CCR Well --- --- --- X --- --- --- --- --- X 2
M-51A CCR Well --- --- --- X --- --- --- --- --- X 2
M-65A CCR Well --- --- --- X --- --- --- --- --- X 2
M-66A CCR Well X(d) --- --- X --- --- --- --- --- X 16
M-67A CCR Well --- --- --- X --- --- --- --- --- X 2
W-123 CCR Well --- --- --- X --- --- --- --- --- X 2
W-125 Supplementary Well --- --- --- X --- --- --- --- --- X 2
W-126 Supplementary Well --- --- --- X --- --- --- --- --- X 2

Geronimo B Seepage Extraction Well X --- --- --- --- --- --- --- --- --- 1
Geronimo C Seepage Collection Sump X --- --- --- --- --- X --- --- --- 2
Geronimo D Seepage Collection Sump --- --- --- --- --- --- X --- --- --- 1

Hunt B Seepage Extraction Well X --- --- --- --- --- --- --- --- --- 1

App III, App IV, 
Additional 

Constituents

App III and 
App IV

App III and 
Detected App IV

App III and 
Detected App IV App III

App III, App IV, 
Additional 

Constituents

App III, App IV, 
Additional 

Constituents

App III and Detected 
App IV App III App III and 

App IV 87

Notes and Abbreviations:
X - Well Monitored App - Appendix BAP - Bottom Ash Pond FAP - Fly Ash Pond N/A - Not Applicable

(b) Well scheduled for monitoring but not monitored. --- - Well Not Monitored BAM - Bottom Ash Monofill CCR - coal combustion residuals ID - Identification SEDI - Sedimentation Pond
(c) Totals exclude field duplicate samples.
(d) 14 samples collected at this well during March 2020 aquifer test.

Number of Field 
Original Samples 

Collected in 2020(c)

(a) Background well for both the BAP and FAP.

Analyzed Constituents

Monitoring Location Type

BAM

FAP

SEDI

BAP

Sampling Date (Monitoring Program)

Monitoring LocationCCR UNIT

APS Cholla Power Plant
Navajo County, Arizona January 31, 2021 Page 1 of 1
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CCR Units and Monitoring
System Summary

Arizona Public Service
Cholla Power Plant

Navajo County, Arizona

The map shown here has been created with all due and reasonable care and is strictly for use with
Wood Environment & Infrastructure Solutions, Inc. Project Number 1420182040.  This map has not

been certified by a licensed land surveyor, and any third party use of this map comes without warranties of
any kind.  Wood Environment & Infrastructure Solutions, Inc. assumes no liability, direct or indirect,

whatsoever for any such third party or unintended use.
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Potentiometric Surface Map
April 2020

Arizona Public Service
Cholla Power Plant

Navajo County, Arizona

The map shown here has been created with all due and reasonable care and is strictly for use
with Wood Project Number 14-2018-2040.  This map has not been certified by a licensed land

surveyor, and any third party use of this map comes without warranties of any kind.  Wood assumes
no liability, direct or indirect, whatsoever for any such third party or unintended use.
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Notes and Abbreviations:
MW-65A Well Identification
5013.08 Alluvial/ Moenkopi Moqui Groundwater 

Elevation (ft amsl)
4997.32 C-Aquifer/Moenkopi Wupatki 

Groundwater Elevation (ft amsl)
* Well not used in potentiometric surface 

mapping
NM Not Measured

ft amsl Feet above mean sea level
CCR Coal Combustion Residuals
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Notes and Abbreviations:
MW-65A Well Identification
5011.53 Alluvial/ Moenkopi Moqui Groundwater 

Elevation (ft amsl)
4994.33 C-Aquifer/Moenkopi Wupatki 

Groundwater Elevation (ft amsl)
* Well not used in potentiometric surface 

mapping
NM Not Measured

ft amsl Feet above mean sea level
CCR Coal Combustion Residuals

Potentiometric Surface Map
October 2020

Arizona Public Service
Cholla Power Plant

Navajo County, Arizona

The map shown here has been created with all due and reasonable care and is strictly for use
with Wood Project Number 14-2018-2040.  This map has not been certified by a licensed land

surveyor, and any third party use of this map comes without warranties of any kind.  Wood assumes
no liability, direct or indirect, whatsoever for any such third party or unintended use.
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Arsenic Iso-Concentration Map
for the Fly Ash Pond

Arizona Public Service
Cholla Power Plant

Navajo County, Arizona

The map shown here has been created with all due and reasonable care and is strictly for use with
Wood Project Number 14020182040.  This map has not been certified by a licensed land surveyor,

and any third party use of this map comes without warranties of any kind.  Wood assumes no liability,
direct or indirect, whatsoever for any such third party or unintended use.
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Notes:
W-123 Well Identification

5036.99 Alluvial/Moenkopi Moqui Groundwater 
elevation (ft amsl) measured in October 2020

4994.34 C-Aquifer/Moenkupi Wupatki Groundwater 
elevation (ft amsl) measured in October 2020

NM Not Measured
* Well not used in potentiometric surface 

mapping
0.0012 Arsenic concentration (mg/L) 

(Bolded values exceed GWPS)
NS Not Sampled

ft amsl Feet above mean sea level
mg/L Milligrams per liter
CCR Coal Combustion Residuals

GWPS Groundwater Protection Standard

Date Conc
May2020 NS
Oct2020 0.0057

M-44D
4998.04*

Date Conc
May2020 NS
Oct2020 NS

M-44S
4985.15*

Date Conc
May2020 NS
Oct2020 NS

M-45A
4989.21

Date Conc
Oct2018 <0.002

Cholla Reservoir

Date Conc
May2020 NS
Oct2020 NS

M-43A
NM

Date Conc
May2020 0.015
Oct2020 0.028

M-51A
5031.81

Date Conc
May2020 NS
Oct2020 NS

M-63A
4986.24

Date Conc
May2020 0.0013
Oct2020 0.0038

M-46A
4998.19

Date Conc
May2020 0.017
Oct2020 0.018

MW-67A
4990.2

Date Conc
May2020 0.0016
Oct2020 0.0064

5011.53
MW-65A

Date Conc
Dec2016 0.25

Fly Ash Pond

Date Conc
May2020 0.0017
Oct2020 0.0019

MW-66A
5003.35

Date Conc
May2020 0.0014
Oct2020 0.002

W-126
5026.81

Date Conc
May2020 0.0027
Oct2020 0.0043

M-50A
5018.61

Date Conc
May2020 NS
Oct2020 0.0073

W-125
4994.34*

Date Conc
May2020 NS
Oct2020 NS

W-124
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Date Conc
May2020 0.0012
Oct2020 0.0056

W-123
5036.99
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Fluoride Iso-Concentration Map
for the Fly Ash Pond

Arizona Public Service
Cholla Power Plant

Navajo County, Arizona

The map shown here has been created with all due and reasonable care and is strictly for use with
Wood Project Number 14020182040.  This map has not been certified by a licensed land surveyor,

and any third party use of this map comes without warranties of any kind.  Wood assumes no liability,
direct or indirect, whatsoever for any such third party or unintended use.
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Notes:
M-44D Well Identification

4998.04 Alluvial/Moenkopi Moqui Groundwater 
elevation (ft amsl) measured in October 2020

4994.34 C-Aquifer/Moenkupi Wupatki Groundwater 
elevation (ft amsl) measured in October 2020

NM Not Measured
* Well not used in potentiometric surface 

mapping
0.81 Fluoride concentration (mg/L)

(Bolded values exceeded GWPS)
NS Not Sampled

ft amsl Feet above mean sea level
mg/L Milligrams per liter
CCR Coal Combustion Residuals

GWPS Groundwater Protection Standard

Date Conc
Oct2018 0.51

Cholla Reservoir

Date Conc
Dec2016 55

Fly Ash Pond

Date Conc
May2020 NS
Oct2020 NS

M-44S
4985.15*

Date Conc
May2020 0.81
Oct2020 0.71

M-44D
4998.04*

Date Conc
May2020 NS
Oct2020 NS

M-45A
4989.21

Date Conc
May2020 < 0.8
Oct2020 0.51

M-46A
4998.19

Date Conc
May2020 2.3
Oct2020 2.2

M-50A
5018.61

Date Conc
May2020 NS
Oct2020 NS

NM
M-43A

Date Conc
May2020 5.6
Oct2020 5.9

M-51A
5031.81

Date Conc
May2020 1.8
Oct2020 2.6

MW-65A
5011.53

Date Conc
May2020 1.1
Oct2020 1.4

MW-66A
5003.35

Date Conc
May2020 0.95
Oct2020 0.47

MW-67A
4990.2

Date Conc
May2020 4.8
Oct2020 3.6

W-123
5036.99

Date Conc
May2020 NS
Oct2020 NS

4994.33*
W-124

Date Conc
May2020 < 0.8
Oct2020 0.53

W-125
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Date Conc
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Date Conc
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Lithium Iso-Concentration Map
for the Fly Ash Pond

Arizona Public Service
Cholla Power Plant

Navajo County, Arizona

The map shown here has been created with all due and reasonable care and is strictly for use with
Wood Project Number 14020182040.  This map has not been certified by a licensed land surveyor,

and any third party use of this map comes without warranties of any kind.  Wood assumes no liability,
direct or indirect, whatsoever for any such third party or unintended use.

1420182040
MBH
1/28/2021
1"= 800'

Job No.
PM:
Date:
Scale:

Figure
3-3

Notes:
M-46A Well Identification

4998.19 Alluvial/Moenkopi Moqui Groundwater 
elevation (ft amsl) measured in October 2020

4994.34 C-Aquifer/Moenkupi Wupatki Groundwater 
elevation (ft amsl) measured in October 2020

NM Not Measured
* Well not used in potentiometric surface 

mapping
0.25 Lithium concentration (mg/L)

(Bolded values exceed GWPS) 
NS Not Sampled

ft amsl Feet above mean sea level
mg/L Milligrams per liter
CCR Coal Combustion Residuals

GWPS Groundwater Protection Standard

Date Conc
May2020 NS
Oct2020 NS

M-44S
4985.15*Date Conc

May2020 NS
Oct2020 0.035

M-44D
4998.04*

Date Conc
May2020 NS
Oct2020 NS

M-45A
4989.21

Date Conc
May2020 0.35
Oct2020 0.25

M-46A
4998.19

Date Conc
May2020 0.55
Oct2020 0.48

M-50A
5018.61

Date Conc
May2020 NS
Oct2020 NS

NM
M-43A

Date Conc
May2020 0.65
Oct2020 0.47

M-51A
5031.81

Date Conc
May2020 0.67
Oct2020 0.57

MW-65A
5011.53

Date Conc
May2020 0.25
Oct2020 0.18

MW-67A
4990.2

Date Conc
May2020 0.83
Oct2020 0.62

W-123
5036.99

Date Conc
May2020 NS
Oct2020 NS

4994.33*
W-124

Date Conc
May2020 NS
Oct2020 0.029

W-125
4994.34*

Date Conc
May2020 1.1
Oct2020 0.74

W-126
5026.81

Date Conc
Dec2016 2.4

Fly Ash Pond

Date Conc
Oct2018 < 0.2

Cholla Reservoir

Date Conc
May2020 NS
Oct2020 NS

M-63A
4986.24 Date Conc

May2020 0.68
Oct2020 0.49

MW-66A
5003.35
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Molybdenum
Iso-Concentration Map
for the Fly Ash Pond

Arizona Public Service
Cholla Power Plant

Navajo County, Arizona

The map shown here has been created with all due and reasonable care and is strictly for use with
Wood Project Number 14020182040.  This map has not been certified by a licensed land surveyor,

and any third party use of this map comes without warranties of any kind.  Wood assumes no liability,
direct or indirect, whatsoever for any such third party or unintended use.
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Job No.
PM:
Date:
Scale:

Figure
3-4

Notes:
MW-67A Well Identification
4990.2 Alluvial/Moenkopi Moqui Groundwater 

elevation (ft amsl) measured in October 2020
4994.34 C-Aquifer/Moenkupi Wupatki Groundwater 

elevation (ft amsl) measured in October 2020
NM Not Measured

* Well not used in potentiometric surface 
mapping

0.0047 Molybdenum concentration (mg/L)
(Bolded values exceed GWPS) 

NS Not Sampled
ft amsl Feet above mean sea level
mg/L Milligrams per liter
CCR Coal Combustion Residuals

GWPS Groundwater Protection Standard

Date Conc
May2020 NS
Oct2020 NS

M-44S
4985.15*Date Conc

May2020 NS
Oct2020 0.0018

M-44D
4998.04*

Date Conc
May2020 NS
Oct2020 NS

M-45A
4989.21

Date Conc
May2020 0.0068
Oct2020 0.0093

M-46A
4998.19

Date Conc
May2020 0.0065
Oct2020 0.014

M-50A
5018.61

Date Conc
May2020 NS
Oct2020 NS

NM
M-43A

Date Conc
May2020 0.09
Oct2020 0.12

M-51A
5031.81

Date Conc
May2020 0.065
Oct2020 0.22

MW-65A
5011.53

Date Conc
May2020 0.0043
Oct2020 0.0047

MW-67A
4990.2

Date Conc
May2020 0.3
Oct2020 0.66

W-123
5036.99

Date Conc
May2020 NS
Oct2020 NS

4994.33*
W-124

Date Conc
May2020 NS
Oct2020 0.026

W-125
4994.34*

Date Conc
Dec2016 0.43

Fly Ash Pond

Date Conc
Oct2018 0.0038

Cholla Reservoir

Date Conc
May2020 NS
Oct2020 NS

M-63A
4986.24

Date Conc
May2020 0.22
Oct2020 0.22

W-126
5026.81

Date Conc
May2020 0.014
Oct2020 0.017

MW-66A
5003.35
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Cobalt Iso-Concentration Map
for the Bottom Ash Pond

Arizona Public Service
Cholla Power Plant

Navajo County, Arizona

The map shown here has been created with all due and reasonable care and is strictly for use with
Wood Project Number 14020182040.  This map has not been certified by a licensed land surveyor,

and any third party use of this map comes without warranties of any kind.  Wood assumes no liability,
direct or indirect, whatsoever for any such third party or unintended use.
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Date:
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Figure
3-9

Notes:
W-302 Well Identification

5003.92 Groundwater elevation (ft amsl) measured in 
October 2020

NM Not Measured
* Well not used in potentiometric surface 

mapping
0.0052 Cobalt concentration (mg/L) 

(Bolded values exceed GWPS)
NS Not Sampled

ft amsl Feet above mean sea level
mg/L Milligrams per liter
CCR Coal Combustion Residuals

GWPS Groundwater Protection Standard

Date Conc
Apr2020 < 0.0025 
Oct2020 0.0011

M-62A
4982.27

Date Conc
Apr2020 0.021
Oct2020 0.022

W-301
5001.9

Date Conc
Apr2020 0.0064
Oct2020 0.0052

W-302
5003.92

Date Conc
Apr2020 0.027
Oct2020 0.021

W-303
5022.43*

Date Conc
Apr2020 0.003
Oct2020 0.0029

W-304
5012.85

Date Conc
Apr2020 0.02
Oct2020 0.018

W-305
5027.3

Date Conc
Apr2020 < 0.0025 
Oct2020 0.003

W-306
5029.89

Date Conc
Apr2020 0.084
Oct2020 0.069

W-307
5023.28

Date Conc
Apr2020 < 0.0025 
Oct2020 0.0027

W-308
5027.67

Date Conc
May2020 < 0.0005 
Oct2020 < 0.001

W-309
5028.62

Date Conc
May2020 0.022
Oct2020 0.024

W-314
5041.34

Date Conc
Apr2020 < 0.0025 
Oct2020 < 0.002

W-317
4982.75

Date Conc
Apr2020 0.014
Oct2020 0.011

M-53A
5040.92

Date Conc
Apr2020 0.039
Oct2020 0.067

M-52A
5030.63*

Date Conc
Apr2020 < 0.0025 
Oct2020 < 0.001

M-55A
5028.89

Date Conc
Apr2020 < 0.0025 
Oct2020 < 0.001

M-56A
4982.15

Date Conc
Apr2020 0.0028
Oct2020 0.0028

M-57A
4981.98

Date Conc
Apr2020 < 0.0025 
Oct2020 < 0.001

M-58A
4981.95

Date Conc
Apr2020 0.027
Oct2020 0.025

MW-69A
5033.66

Date Conc
Apr2020 0.025
Oct2020 0.022

MW-70M
5030.29*
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GROUNDWATER ELEVATION DATA AND HYDROGRAPHS



Appendix A ‐ Groundwater Elevation Data and Hydrographs
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Appendix A ‐ Groundwater Elevation Data and Hydrographs

Date of 
Measurement

Measuring Pt 
Elevation
[ft AMSL]

Water 
Level

[ft bmp]

GW 
Elevation
[ft AMSL]

Well TD

11/30/2015 5038.18 18.95 5019.23
3/8/2016 5038.18 18.47 5019.71
5/5/2016 5038.18 18.46 5019.72
8/24/2016 5038.18 19.32 5018.86
9/21/2016 5038.18 19.33 5018.85
2/20/2017 5038.18 18.81 5019.37
4/11/2017 5038.18 18.66 5019.52
4/24/2017 5038.18 18.62 5019.56
5/18/2017 5038.18 18.77 5019.41
5/24/2017 5038.18 18.81 5019.37
6/29/2017 5038.18 19.13 5019.05
7/26/2017 5038.18 19.33 5018.85
9/5/2017 5038.18 19.37 5018.81
12/7/2017 5038.18 19.36 5018.82
2/13/2018 5038.18 19.13 5019.05
5/18/2018 5038.18 18.99 5019.19
8/2/2018 5038.18 19.65 5018.53

10/22/2018 5038.18 19.23 5018.95
2/13/2019 5038.18 19.03 5019.15
4/8/2019 5038.18 18.79 5019.39

10/21/2019 5038.18 19.94 5018.24
4/16/2020 5038.18 19.07 5019.11
10/20/2020 5038.18 19.57 5018.61

Maximum Observed: 5019.72 ft AMSL

Minimum Observed: 5018.24 ft AMSL

Range: 1.48 ft 

M‐50A
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Appendix A ‐ Groundwater Elevation Data and Hydrographs

Date of 
Measurement

Measuring Pt 
Elevation
[ft AMSL]

Water 
Level

[ft bmp]

GW 
Elevation
[ft AMSL]

Well TD

11/30/2015 5041.77 9.47 5032.30
3/8/2016 5041.77 9.23 5032.54
5/5/2016 5041.77 9.37 5032.40
8/24/2016 5041.77 9.62 5032.15
9/21/2016 5041.77 9.63 5032.14
2/20/2017 5041.77 9.29 5032.48
4/11/2017 5041.77 9.42 5032.35
4/24/2017 5041.77 9.48 5032.29
5/18/2017 5041.77 9.57 5032.20
5/24/2017 5041.77 9.66 5032.11
6/29/2017 5041.77 9.91 5031.86
7/26/2017 5041.77 9.68 5032.09
9/5/2017 5041.77 9.7 5032.07
12/7/2017 5041.77 9.58 5032.19
2/13/2018 5041.77 9.33 5032.44
5/18/2018 5041.77 9.64 5032.13
8/2/2018 5041.77 10.01 5031.76

10/22/2018 5041.77 9.44 5032.33
2/13/2019 5041.77 9.28 5032.49
4/8/2019 5041.77 9.3 5032.47

10/21/2019 5041.77 9.78 5031.99
4/16/2020 5041.77 8.97 5032.8
10/20/2020 5041.77 9.96 5031.81

Maximum Observed: 5032.80 ft AMSL

Minimum Observed: 5031.76 ft AMSL

Range: 1.04 ft 

M‐51A
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Appendix A ‐ Groundwater Elevation Data and Hydrographs

Date of 
Measurement

Measuring Pt 
Elevation
[ft AMSL]

Water 
Level

[ft bmp]

GW 
Elevation
[ft AMSL]

Well TD

11/30/2015 5039.84 1.97 5037.87
3/8/2016 5039.84 1.73 5038.11
5/5/2016 5039.84 1.90 5037.94
8/24/2016 5039.84 2.02 5037.82
9/21/2016 5039.84 2.35 5037.49
2/20/2017 5039.84 1.74 5038.10
4/11/2017 5039.84 1.86 5037.98
4/24/2017 5039.84 1.85 5037.99
5/18/2017 5039.84 1.87 5037.97
5/24/2017 5039.84 1.88 5037.96
6/29/2017 5039.84 2.11 5037.73
7/26/2017 5039.84 2.12 5037.72
9/5/2017 5039.84 2.25 5037.59
12/7/2017 5039.84 2.43 5037.41
2/13/2018 5039.84 2.34 5037.50
5/18/2018 5039.84 2.53 5037.31
8/2/2018 5039.84 2.82 5037.02

10/22/2018 5039.84 2.60 5037.24
2/13/2019 5039.84 2.53 5037.31
4/8/2019 5039.84 2.24 5037.60

10/21/2019 5039.84 2.78 5037.06
4/16/2020 5039.84 2.01 5037.83
10/20/2020 5039.84 2.85 5036.99

Maximum Observed: 5038.11 ft AMSL

Minimum Observed: 5036.99 ft AMSL

Range: 1.12 ft 

W‐123
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Appendix A ‐ Groundwater Elevation Data and Hydrographs

Date of 
Measurement

Measuring Pt 
Elevation
[ft AMSL]

Water 
Level

[ft bmp]

GW 
Elevation
[ft AMSL]

Well TD

2/15/2019 5027.86 14.67 5013.19
4/8/2019 5027.86 14.45 5013.41

10/21/2019 5027.86 15.21 5012.65
4/15/2020 5027.86 14.78 5013.08
10/20/2020 5027.86 16.33 5011.53

Maximum Observed: 5013.41 ft AMSL

Minimum Observed: 5012.65 ft AMSL

Range: 0.76 ft 

MW‐65A
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Appendix A ‐ Groundwater Elevation Data and Hydrographs

Date of 
Measurement

Measuring Pt 
Elevation
[ft AMSL]

Water 
Level

[ft bmp]

GW 
Elevation
[ft AMSL]

Well TD

2/15/2019 5033.35 28.93 5004.42
4/8/2019 5033.35 28.36 5004.99

10/21/2019 5033.35 30.05 5003.30
4/15/2020 5033.35 28.2 5005.15
10/20/2020 5033.35 30 5003.35

Maximum Observed: 5004.99 ft AMSL

Minimum Observed: 5004.42 ft AMSL

Range: 0.57 ft 

MW‐66A
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Appendix A ‐ Groundwater Elevation Data and Hydrographs

Date of 
Measurement

Measuring Pt 
Elevation
[ft AMSL]

Water 
Level

[ft bmp]

GW 
Elevation
[ft AMSL]

Well TD

2/15/2019 5025.38 34.32 4991.06
4/8/2019 5025.38 33.54 4991.84

10/21/2019 5025.38 35.36 4990.02
4/15/2020 5025.38 32.88 4992.5
10/20/2020 5025.38 35.18 4990.2

Maximum Observed: 4991.84 ft AMSL

Minimum Observed: 4991.06 ft AMSL

Range: 0.78 ft 

MW‐67A
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Appendix A ‐ Groundwater Elevation Data and Hydrographs
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Appendix A ‐ Groundwater Elevation Data and Hydrographs

Date of 
Measurement

Measuring Pt 
Elevation
[ft AMSL]

Water 
Level

[ft bmp]

GW 
Elevation
[ft AMSL]

Well TD

11/30/2015 5049.36 19.13 5030.23
3/8/2016 5049.36 18.49 5030.87
5/5/2016 5049.36 18.28 5031.08
8/24/2016 5049.36 19.80 5029.56
9/21/2016 5049.36 20.02 5029.34
2/20/2017 5049.36 19.05 5030.31
4/11/2017 5049.36 18.81 5030.55
4/24/2017 5049.36 18.78 5030.58
5/18/2017 5049.36 18.88 5030.48
5/24/2017 5049.36 18.99 5030.37
6/29/2017 5049.36 19.91 5029.45
7/26/2017 5049.36 20.12 5029.24
9/5/2017 5049.36 20.41 5028.95
12/7/2017 5049.36 19.88 5029.48
2/13/2018 5049.36 19.46 5029.90
5/18/2018 5049.36 19.58 5029.78
10/22/2018 5049.36 19.52 5029.84
2/15/2019 5049.36 18.10 5031.26
4/15/2019 5049.36 18.28 5031.08
7/31/2019 5049.36 19.89 5029.47
10/21/2019 5049.36 19.89 5029.47
4/14/2020 5049.36 18.73 5030.63
10/19/2020 5049.36 21.01 5028.35

Maximum Observed: 5031.26 ft AMSL

Minimum Observed: 5028.95 ft AMSL

Range: 2.31 ft 

M‐52A
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Appendix A ‐ Groundwater Elevation Data and Hydrographs

Date of 
Measurement

Measuring Pt 
Elevation
[ft AMSL]

Water 
Level

[ft bmp]

GW 
Elevation
[ft AMSL]

Well TD

11/30/2015 5044.68 4.49 5040.19
3/8/2016 5044.68 4.32 5040.36
5/5/2016 5044.68 4.27 5040.41
8/24/2016 5044.68 4.99 5039.69
9/21/2016 5044.68 5.19 5039.49
2/20/2017 5044.68 4.33 5040.35
4/11/2017 5044.68 4.23 5040.45
4/24/2017 5044.68 4.28 5040.40
5/18/2017 5044.68 4.49 5040.19
5/24/2017 5044.68 4.57 5040.11
6/29/2017 5044.68 5.21 5039.47
7/26/2017 5044.68 4.99 5039.69
9/5/2017 5044.68 5.28 5039.40
12/7/2017 5044.68 4.72 5039.96
2/13/2018 5044.68 4.58 5040.10
5/18/2018 5044.68 4.67 5040.01
10/22/2018 5044.68 4.67 5040.01
2/15/2019 5044.68 4.17 5040.51
4/15/2019 5044.68 4.08 5040.60
7/31/2019 5044.68 4.91 5039.77
10/21/2019 5044.68 4.85 5039.83
4/14/2020 5044.68 3.76 5040.92
10/19/2020 5044.68 5.76 5038.92

Maximum Observed: 5040.92 ft AMSL

Minimum Observed: 5038.92 ft AMSL

Range: 2.00 ft 

M‐53A
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Appendix A ‐ Groundwater Elevation Data and Hydrographs

Date of 
Measurement

Measuring Pt 
Elevation
[ft AMSL]

Water 
Level

[ft bmp]

GW 
Elevation
[ft AMSL]

Well TD

11/30/2015 5046.80 19.69 5027.11
3/8/2016 5046.80 19.15 5027.65
5/5/2016 5046.80 18.97 5027.83
8/24/2016 5046.80 20.25 5026.55
9/21/2016 5046.80 20.52 5026.28
2/20/2017 5046.80 19.83 5026.97
4/11/2017 5046.80 19.61 5027.19
4/24/2017 5046.80 19.53 5027.27
5/18/2017 5046.80 19.68 5027.12
5/24/2017 5046.80 19.77 5027.03
6/29/2017 5046.80 20.47 5026.33
7/26/2017 5046.80 20.74 5026.06
9/5/2017 5046.80 20.92 5025.88
12/7/2017 5046.80 20.61 5026.19
2/13/2018 5046.80 20.22 5026.58
5/18/2018 5046.80 20.04 5026.76
10/22/2018 5046.80 19.91 5026.89
2/15/2019 5046.80 19.19 5027.61
4/15/2019 5046.80 19.03 5027.77
7/31/2019 5046.80 20.29 5026.51
10/21/2019 5046.80 20.62 5026.18
4/14/2020 5046.80 19.5 5027.3
10/19/2020 5046.80 21.46 5025.34

Maximum Observed: 5027.83 ft AMSL

Minimum Observed: 5025.34 ft AMSL

Range: 2.49 ft 

W‐305
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Appendix A ‐ Groundwater Elevation Data and Hydrographs

Date of 
Measurement

Measuring Pt 
Elevation
[ft AMSL]

Water 
Level

[ft bmp]

GW 
Elevation
[ft AMSL]

Well TD

11/30/2015 5046.74 17.50 5029.24
3/8/2016 5046.74 16.53 5030.21
5/5/2016 5046.74 16.53 5030.21
8/24/2016 5046.74 17.94 5028.80
9/21/2016 5046.74 18.27 5028.47
2/20/2017 5046.74 17.32 5029.42
4/11/2017 5046.74 17.03 5029.71
4/24/2017 5046.74 16.83 5029.91
5/18/2017 5046.74 17.07 5029.67
5/24/2017 5046.74 17.08 5029.66
6/29/2017 5046.74 17.58 5029.16
7/26/2017 5046.74 17.92 5028.82
9/5/2017 5046.74 18.22 5028.52
12/7/2017 5046.74 18.06 5028.68
2/13/2018 5046.74 17.66 5029.08
5/18/2018 5046.74 17.21 5029.53
10/22/2018 5046.74 17.81 5028.93
2/15/2019 5046.74 16.85 5029.89
4/15/2019 5046.74 16.52 5030.22
7/31/2019 5046.74 17.68 5029.06
10/21/2019 5046.74 18.2 5028.54
4/14/2020 5046.74 16.85 5029.89
10/19/2020 5046.74 18.67 5028.07

Maximum Observed: 5030.22 ft AMSL

Minimum Observed: 5028.07 ft AMSL

Range: 2.15 ft 

W‐306
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Appendix A ‐ Groundwater Elevation Data and Hydrographs

Date of 
Measurement

Measuring Pt 
Elevation
[ft AMSL]

Water 
Level

[ft bmp]

GW 
Elevation
[ft AMSL]

Well TD

11/30/2015 5051.10 8.39 5042.71
3/8/2016 5051.10 7.32 5043.78
5/5/2016 5051.10 6.97 5044.13
8/24/2016 5051.10 8.79 5042.31
9/21/2016 5051.10 9.23 5041.87
2/20/2017 5051.10 8.69 5042.41
4/11/2017 5051.10 8.52 5042.58
4/24/2017 5051.10 8.38 5042.72
5/18/2017 5051.10 8.75 5042.35
5/24/2017 5051.10 8.92 5042.18
6/29/2017 5051.10 9.84 5041.26
7/26/2017 5051.10 10.36 5040.74
9/5/2017 5051.10 10.37 5040.73
12/7/2017 5051.10 10.86 5040.24
2/13/2018 5051.10 10.43 5040.67
5/18/2018 5051.10 10.84 5040.26
10/22/2018 5051.10 11.43 5039.67
2/15/2019 5051.10 10.15 5040.95
4/15/2019 5051.10 9.47 5041.63
7/31/2019 5051.10 11.49 5039.61
10/21/2019 5051.10 12.25 5038.85
4/14/2020 5051.10 9.76 5041.34
10/19/2020 5051.10 12.97 5038.13

Maximum Observed: 5044.13 ft AMSL

Minimum Observed: 5038.13 ft AMSL

Range: 6.00 ft 

W‐314

Page A‐13



Appendix A ‐ Groundwater Elevation Data and Hydrographs
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Appendix A ‐ Groundwater Elevation Data and Hydrographs

Date of 
Measurement

Measuring Pt 
Elevation
[ft AMSL]

Water 
Level

[ft bmp]

GW 
Elevation
[ft AMSL]

Well TD

6/29/2017 4991.90 27.39 4964.51
12/7/2017 4991.90 25.18 4966.72
2/13/2018 4991.90 25.59 4966.31
5/18/2018 4991.90 25.53 4966.37
8/2/2018 4991.90 26.01 4965.89

10/22/2018 4991.90 25.75 4966.15
2/13/2019 4991.90 25.24 4966.66
4/15/2019 4991.90 24.89 4967.01
7/31/2019 4991.90 25.46 4966.44
10/21/2019 4991.90 25.81 4966.09
4/15/2020 4991.90 25.35 4966.55
10/20/2020 4991.90 26.27 4965.63

Maximum Observed: 4967.01 ft AMSL

Minimum Observed: 4964.51 ft AMSL

Range: 2.50 ft 

M‐64A
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Appendix A ‐ Groundwater Elevation Data and Hydrographs
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Appendix A ‐ Groundwater Elevation Data and Hydrographs

Date of 
Measurement

Measuring Pt 
Elevation
[ft AMSL]

Water 
Level

[ft bmp]

GW 
Elevation
[ft AMSL]

Well TD

11/30/2015 5023.17 43.52 4979.65
3/8/2016 5023.17 43.09 4980.08
5/5/2016 5023.17 43.06 4980.11
8/24/2016 5023.17 43.12 4980.05
9/21/2016 5023.17 43.21 4979.96
2/20/2017 5023.17 42.58 4980.59
4/11/2017 5023.17 42.09 4981.08
4/24/2017 5023.17 42.01 4981.16
5/18/2017 5023.17 42.02 4981.15
5/24/2017 5023.17 41.97 4981.20
6/29/2017 5023.17 42.09 4981.08
7/26/2017 5023.17 42.16 4981.01
9/5/2017 5023.17 42.18 4980.99
12/7/2017 5023.17 42.32 4980.85
2/13/2018 5023.17 42.23 4980.94
5/18/2018 5023.17 42.11 4981.06
8/2/2018 5023.17 42.42 4980.75

10/22/2018 5023.17 42.09 4981.08
2/15/2019 5023.17 41.59 4981.58
4/17/2019 5023.17 41.18 4981.99
8/9/2019 5023.17 41.52 4981.65

10/21/2019 5023.17 41.75 4981.42
4/14/2020 5023.17 41.02 4982.15
10/19/2020 5023.17 41.78 4981.39

Maximum Observed: 4982.15 ft AMSL

Minimum Observed: 4979.65 ft AMSL

Range: 2.50 ft 
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Appendix A ‐ Groundwater Elevation Data and Hydrographs

Date of 
Measurement

Measuring Pt 
Elevation
[ft AMSL]

Water 
Level

[ft bmp]

GW 
Elevation
[ft AMSL]

Well TD

11/30/2015 5023.82 44.24 4979.58
3/8/2016 5023.82 43.84 4979.98
5/5/2016 5023.82 43.75 4980.07
8/24/2016 5023.82 43.89 4979.93
9/21/2016 5023.82 43.90 4979.92
2/20/2017 5023.82 43.31 4980.51
4/11/2017 5023.82 42.86 4980.96
4/24/2017 5023.82 42.78 4981.04
5/18/2017 5023.82 42.79 4981.03
5/24/2017 5023.82 42.86 4980.96
6/29/2017 5023.82 42.86 4980.96
7/26/2017 5023.82 42.93 4980.89
9/5/2017 5023.82 42.97 4980.85
12/7/2017 5023.82 43.08 4980.74
2/13/2018 5023.82 42.97 4980.85
5/18/2018 5023.82 42.87 4980.95
8/2/2018 5023.82 43.21 4980.61

10/22/2018 5023.82 42.81 4981.01
2/15/2019 5023.82 42.34 4981.48
4/17/2019 5023.82 41.89 4981.93
8/9/2019 5023.82 42.24 4981.58

10/21/2019 5023.82 42.52 4981.30
4/14/2020 5023.82 41.84 4981.98
10/19/2020 5023.82 42.50 4981.32

Maximum Observed: 4981.98 ft AMSL

Minimum Observed: 4979.58 ft AMSL

Range: 2.40 ft 
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Appendix A ‐ Groundwater Elevation Data and Hydrographs

Date of 
Measurement

Measuring Pt 
Elevation
[ft AMSL]

Water 
Level

[ft bmp]

GW 
Elevation
[ft AMSL]

Well TD

11/30/2015 5023.84 44.25 4979.59
3/8/2016 5023.84 43.88 4979.96
5/5/2016 5023.84 43.82 4980.02
8/24/2016 5023.84 43.95 4979.89
9/21/2016 5023.84 43.94 4979.90
2/20/2017 5023.84 43.39 4980.45
4/11/2017 5023.84 42.91 4980.93
4/24/2017 5023.84 42.8 4981.04
5/18/2017 5023.84 42.81 4981.03
5/24/2017 5023.84 42.78 4981.06
6/29/2017 5023.84 42.88 4980.96
7/26/2017 5023.84 42.97 4980.87
9/5/2017 5023.84 42.95 4980.89
12/7/2017 5023.84 43.18 4980.66
2/13/2018 5023.84 43.02 4980.82
5/18/2018 5023.84 42.93 4980.91
8/2/2018 5023.84 43.28 4980.56

10/22/2018 5023.84 42.88 4980.96
2/15/2019 5023.84 42.35 4981.49
4/17/2019 5023.84 41.99 4981.85
8/9/2019 5023.84 42.34 4981.50

10/21/2019 5023.84 42.62 4981.22
4/14/2020 5023.84 41.89 4981.95
10/19/2020 5023.84 42.55 4981.29

Maximum Observed: 4981.95 ft AMSL

Minimum Observed: 4979.59 ft AMSL

Range: 2.36 ft 
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Appendix A ‐ Groundwater Elevation Data and Hydrographs

Date of 
Measurement

Measuring Pt 
Elevation
[ft AMSL]

Water 
Level

[ft bmp]

GW 
Elevation
[ft AMSL]

Well TD

11/30/2015 5020.87 41.13 4979.74
3/8/2016 5020.87 40.65 4980.22
5/5/2016 5020.87 40.56 4980.31
8/24/2016 5020.87 40.69 4980.18
9/21/2016 5020.87 40.69 4980.18
2/20/2017 5020.87 40.09 4980.78
4/11/2017 5020.87 39.62 4981.25
4/24/2017 5020.87 39.53 4981.34
5/18/2017 5020.87 39.56 4981.31
5/24/2017 5020.87 39.49 4981.38
6/29/2017 5020.87 39.61 4981.26
7/26/2017 5020.87 39.71 4981.16
9/5/2017 5020.87 39.62 4981.25
12/7/2017 5020.87 39.98 4980.89
2/13/2018 5020.87 39.84 4981.03
5/18/2018 5020.87 39.64 4981.23
8/2/2018 5020.87 39.89 4980.98

10/22/2018 5020.87 39.63 4981.24
2/15/2019 5020.87 34.08 4986.79
4/17/2019 5020.87 38.23 4982.64
8/9/2019 5020.87 38.99 4981.88

10/21/2019 5020.87 39.30 4981.57
4/14/2020 5020.87 38.60 4982.27
10/19/2020 5020.87 39.26 4981.61

Maximum Observed: 4982.64 ft AMSL

Minimum Observed: 4979.74 ft AMSL

Range: 2.90 ft 

M‐62A

Note: 2/15/2019 reading not included in maximum observed due to 

probable error in field measurement
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Appendix A ‐ Groundwater Elevation Data and Hydrographs
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Appendix A ‐ Groundwater Elevation Data and Hydrographs

Date of 
Measurement

Measuring Pt 
Elevation
[ft AMSL]

Water 
Level

[ft bmp]

GW 
Elevation
[ft AMSL]

Well TD

11/30/2015 5070.71 127.99 4942.72
3/8/2016 5070.71 125.69 4945.02
5/5/2016 5070.71 127.73 4942.98
8/24/2016 5070.71 128.52 4942.19
9/21/2016 5070.71 128.46 4942.25
2/20/2017 5070.71 124.13 4946.58
4/11/2017 5070.71 124.72 4945.99
4/24/2017 5070.71 125.37 4945.34
5/18/2017 5070.71 126.04 4944.67
5/24/2017 5070.71 126.10 4944.61
6/29/2017 5070.71 126.42 4944.29
7/26/2017 5070.71 127.53 4943.18
9/5/2017 5070.71 127.89 4942.82
12/7/2017 5070.71 124.96 4945.75
5/18/2018 5070.71 126.71 4944.00
10/22/2018 5070.71 126.54 4944.17
4/8/2019 5070.71 124.91 4945.80

10/22/2019 5070.71 126.57 4944.14
4/14/2020 5070.71 123.80 4946.91
10/19/2020 5070.71 125.32 4945.39

Maximum Observed: 4946.91 ft AMSL

Minimum Observed: 4942.19 ft AMSL

Range: 4.72 ft 
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Appendix A ‐ Groundwater Elevation Data and Hydrographs

Date of 
Measurement

Measuring Pt 
Elevation
[ft AMSL]

Water 
Level

[ft bmp]

GW 
Elevation
[ft AMSL]

Well TD

11/30/2015 5136.00 197.78 4938.22
3/8/2016 5136.00 195.67 4940.33
5/5/2016 5136.00 197.83 4938.17
8/24/2016 5136.00 198.71 4937.29
9/21/2016 5136.00 198.62 4937.38
2/20/2017 5136.00 194.12 4941.88
4/11/2017 5136.00 194.83 4941.17
4/24/2017 5136.00 195.54 4940.46
5/18/2017 5136.00 196.28 4939.72
5/24/2017 5136.00 196.28 4939.72
6/29/2017 5136.00 196.72 4939.28
7/26/2017 5136.00 197.75 4938.25
9/5/2017 5136.00 198.15 4937.85
12/7/2017 5136.00 195.11 4940.89
5/18/2018 5136.00 196.97 4939.03
10/22/2018 5136.00 196.59 4939.41
4/8/2019 5136.00 195.13 4940.87

10/22/2019 5136.00 196.78 4939.22
4/14/2020 5136.00 193.97 4942.03
10/19/2020 5136.00 195.42 4940.58

Maximum Observed: 4942.03 ft AMSL

Minimum Observed: 4937.29 ft AMSL

Range: 4.74 ft 

M‐59
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Appendix A ‐ Groundwater Elevation Data and Hydrographs

Date of 
Measurement

Measuring Pt 
Elevation
[ft AMSL]

Water 
Level

[ft bmp]

GW 
Elevation
[ft AMSL]

Well TD

11/30/2015 5151.18 226.92 4924.26
3/8/2016 5151.18 224.78 4926.40
5/5/2016 5151.18 226.71 4924.47
8/24/2016 5151.18 227.51 4923.67
9/21/2016 5151.18 227.61 4923.57
2/20/2017 5151.18 223.39 4927.79
4/11/2017 5151.18 224.02 4927.16
4/24/2017 5151.18 224.64 4926.54
5/18/2017 5151.18 225.28 4925.90
5/24/2017 5151.18 225.28 4925.90
6/29/2017 5151.18 225.73 4925.45
7/26/2017 5151.18 226.69 4924.49
9/5/2017 5151.18 227.09 4924.09
12/7/2017 5151.18 224.58 4926.60
5/18/2018 5151.18 225.91 4925.27
10/22/2018 5151.18 225.98 4925.20
4/8/2019 5151.18 224.19 4926.99

10/22/2019 5151.18 226.32 4924.86
4/15/2020 5151.18 223.12 4928.06
10/19/2020 5151.18 224.76 4926.42

Maximum Observed: 4928.06 ft AMSL

Minimum Observed: 4923.57 ft AMSL

Range: 4.49 ft 

M‐60
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Appendix A ‐ Groundwater Elevation Data and Hydrographs

Date of 
Measurement

Measuring Pt 
Elevation
[ft AMSL]

Water 
Level

[ft bmp]

GW 
Elevation
[ft AMSL]

Well TD

11/30/2015 5127.58 195.93 4931.65
3/8/2016 5127.58 193.88 4933.70
5/5/2016 5127.58 196.05 4931.53
8/24/2016 5127.58 196.84 4930.74
9/21/2016 5127.58 196.87 4930.71
2/20/2017 5127.58 192.34 4935.24
4/11/2017 5127.58 193.07 4934.51
4/24/2017 5127.58 193.75 4933.83
5/18/2017 5127.58 194.46 4933.12
5/24/2017 5127.58 194.31 4933.27
6/29/2017 5127.58 194.89 4932.69
7/26/2017 5127.58 195.91 4931.67
9/5/2017 5127.58 196.31 4931.27
12/7/2017 5127.58 193.48 4934.10
5/18/2018 5127.58 195.23 4932.35
10/22/2018 5127.58 194.99 4932.59
4/8/2019 5127.58 193.34 4934.24

10/22/2019 5127.58 195.25 4932.33
4/14/2020 5127.58 192.3 4935.28
10/19/2020 5127.58 193.73 4933.85

Maximum Observed: 4935.28 ft AMSL

Minimum Observed: 4930.71 ft AMSL

Range: 4.57 ft 

M‐61
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APPENDIX C 

2020 DATA VALIDATION REPORT 







































































































































































































































 

 

APPENDIX D 

GROUNDWATER QUALITY DATA TABLES  



























































 

 

APPENDIX E 

WOOD TECHNICAL MEMORANDUM DOCUMENTING THE STATISTICAL ANALYSIS 
OF APPENDIX III CONSTITUENT DATA COLLECTED FROM THE BAM THROUGH 

OCTOBER 2019































































































































































































































 

 

APPENDIX F 

WOOD TECHNICAL MEMORANDUM DOCUMENTING THE STATISTICAL ANALYSIS 
OF APPENDIX III CONSTITUENT DATA COLLECTED FROM THE BAM THROUGH 

MAY 2020









































































































































































 

 

APPENDIX G 

WOOD TECHNICAL MEMORANDUM DOCUMENTING THE STATISTICAL ANALYSIS 
OF APPENDIX IV CONSTITUENT DATA COLLECTED FROM THE SEDI THROUGH 

NOVEMBER 2019



















































































































































































































































































































































































































































 

 

APPENDIX H 

WOOD TECHNICAL MEMORANDUM DOCUMENTING THE STATISTICAL ANALYSIS 
OF APPENDIX IV CONSTITUENT DATA COLLECTED FROM THE SEDI THROUGH 

APRIL 2020



































































































































































































































 

 

APPENDIX I 

ADWR WELLS 55 REGISTRY DATABASE REVIEWS FOR 2020









































 

 

APPENDIX J 

WOOD REPORT DOCUMENTING CORRECTIVE MEASURES PRE-DESIGN STUDIES AT 
THE FAP
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Source: Cholla Steam Electric Generating Station, Cholla Ash Ponds, Groundwater Interpretative Report #1, June, 1984. Report prepared by APS with John L. Boyer as the principal investigator
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