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EXECUTIVE SUMMARY 

In accordance with the United States Environmental Protection Agency (EPA) coal combustion residual 

(CCR) rule (40 CFR Part 257, Subpart D), the State of Alabama Department of Environmental Management 

(ADEM) Admin. Code Ch. 335-13-15, and ADEM Administrative Order (AO) No. 18-096-GW, this 2022 

Annual Groundwater Monitoring and Corrective Action Report has been prepared to document 2022 semi-

annual groundwater monitoring activities at the Plant Gorgas Ash Pond (Ash Pond) and to satisfy the 

requirements of § 257.90(e), ADEM Admin. Code r. 335-13-15-.06(1)(e), and Part E of AO No. 18-096-

GW.  Semi-annual monitoring and associated reporting for Plant Gorgas Ash Pond is performed in 

accordance with the monitoring requirements § 257.90 through § 257.98 and ADEM Admin. Code r. 335-

13-15-.06(1) through r. 335-13-15-.06(9).   

The CCR unit began the monitoring period in corrective action pursuant to § 257.98, ADEM Admin. Code 

r. 335-13-15-.06(9), and AO No. 18-096-GW.  Statistically significant increases (SSI) of Appendix III 

constituents over background were identified in the results of the first detection monitoring event, and 

assessment monitoring was initiated in January 2018.  Statistically significant levels (SSL) of Appendix IV 

parameters above groundwater protection standards (GWPS) were identified while in assessment 

monitoring.  Consequently, an assessment of corrective measures (ACM) was initiated on January 13, 2019, 

and completed on June 12, 2019, according to the requirements of § 257.96, ADEM Admin. Code r. 335-

13-15-.06(7), and AO No. 18-096-GW.  The ACM was subsequently submitted to ADEM and posted to 

the Ash Pond (Site) CCR compliance website.  A public meeting to discuss the ACM was held on July 1, 

2020. 

Since the submittal of the ACM extensive Site investigations have been performed to select effective 

corrective measures to address SSLs above GWPS. A Groundwater Remedy Selection Report was prepared 

to meet the requirements of § 257.97, ADEM Admin. Code r. 335-13-15-.06(8), and Part C of AO No.18-

096-GW and submitted December 16, 2021. Subsequently, within 90 days of remedy selection, a Corrective 

Action Groundwater Monitoring Program describing implementation and monitoring of selected remedies 

at the Site was submitted on March 15, 2022. 

SSLs of Appendix IV parameters arsenic, lithium, and molybdenum were detected above GWPS during the 

semi-annual monitoring events of 2022.  The following summarizes results and activities conducted in 

2022:  
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• Submitted 2021 Annual Groundwater Monitoring and Corrective Action Report on January 31, 2022. 

• Submitted the Corrective Action Groundwater Monitoring Program document on March 15, 2022. 

• Completed the first semi-annual groundwater monitoring event between February 7, 2022, and March 

4, 2022, which included the first round of sampling for the nineteen new or replacement compliance 

and delineation wells installed during the Fall of 2021 

• Conducted a re-sampling event for combined radium 226 + 228 at select monitoring locations where 

outliers were suspected. 

• Submitted the 2022 First Semi-Annual Groundwater Monitoring and Corrective Action Report on July 

31, 2022. 

• Collection of well precipitate samples, groundwater samples, and conducted geochemical modeling to 

determine feasibility of implementing geochemical manipulation (injections) north of the dam in the 

vicinity of wells GS-AP-MW-6S, GS-AP-MW-7, and GS-AP-MW-41HD. This approach, if feasible, 

could be used in-conjunction with permeation grouting to remediate area of highest concentration at 

the Site (July-August 2022). 

• Completed the second semi-annual monitoring event between July 18, 2022, and August 11, 2022. 

The CCR unit concluded the monitoring period in corrective action and APC has begun implementing the 

selected groundwater remedies identified in the Groundwater Remedy Selection Report submitted to 

ADEM in December 2021 and as detailed in the Corrective Action Groundwater Monitoring Program 

document.  The following monitoring-related activities are planned for the CCR unit: 

• Continue with phase 1 implementation of the Permeation Grouting Pilot Program for the remediation 

of arsenic, lithium, and molybdenum. 

• Installation of continuous monitoring instrumentation for the monitoring of potential changes in field 

parameter data in response to ash pond closure activities.  

• Evaluation of collected MNA parameter data. 

• Conduct the first semi-annual monitoring event of 2023 and submit the semi-annual groundwater 

monitoring report summarizing the findings to ADEM by July 31, 2023. 
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An Executive Summary Table highlighting program status and significant findings from the most recent 

annual monitoring period has been included on the next page.



Plant Gorgas Ash Pond 

2022 Annual Groundwater Monitoring and Corrective Action Report 

 

iv 

 

Executive Summary Table
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1.0 INTRODUCTION 

In accordance with the United States Environmental Protection Agency (EPA) coal combustion residual 

(CCR) rule (40 CFR Part 257, Subpart D) the State of Alabama Department of Environmental Management 

(ADEM) Admin. Code Ch. 335-13-15, and Administrative Order (AO) No. 18-096-GW this 2022 Annual 

Groundwater Monitoring and Corrective Action Report has been prepared to document 2022 semi-annual 

groundwater monitoring activities at the Plant Gorgas Ash Pond (Ash Pond) and to satisfy the requirements 

of §257.90(e), ADEM Admin. Code r. 335-13-15-.06(1)(e), and Part E AO 18-096-GW.  Semi-annual 

monitoring and associated reporting for the Ash Pond (Site) is performed in accordance with the monitoring 

requirements § 257.90 through § 257.98 and ADEM Admin. Code r. 335-13-15-.06(1) through r. 335-13-

15-.06(9).  

Semi-Annual Groundwater Monitoring and Corrective Action Reports include an update on groundwater 

delineation activities completed since the submittal of the Facility Plan for Groundwater Investigation 

(November 13, 2018) and corrective action activities completed since the submittal of the Corrective Action 

Groundwater Monitoring Program (March 15, 2022).   
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2.0 MONITORING PROGRAM STATUS 

The Site is currently in corrective action and APC will continue implementation of the selected groundwater 

remedies identified in the Groundwater Remedy Selection Report and the Corrective Action Groundwater 

Monitoring Program.  In accordance with § 257.94(e) and ADEM Admin. Code r. 335-13-15-.06(5)(e), 

APC implemented assessment monitoring in January 2018.  SSLs of Appendix IV parameters were 

identified at the Gorgas Ash Pond during assessment sampling events.  Pursuant to § 257.95(g)(3)(i) and 

ADEM Admin. Code r. 335-13-15-.06(6)(g)4.(i), APC completed an ACM in accordance with § 257.96, 

ADEM Admin. Code r. 335-13-15-.06(7), and AO No. 18-096-GW.  The ACM was completed June 12, 

2019, and a public meeting was held to discuss the ACM on July 1, 2020. 

In accordance with § 257.97(a), ADEM Admin. Code r. 335-13-15-.06(8)(a), and Part C of Administrative 

Order No. 18-096-GW, Semi-Annual Remedy Selection and Design Progress Report(s) were submitted 

beginning in December 2019. The semi-annual progress reports were prepared to describe the progress 

made in selecting and designing a remedy for the Site. A Groundwater Remedy Selection Report was 

prepared and submitted on December 16, 2021, to meet the requirements of 40 CFR § 257.97, ADEM 

Admin. Code r. 335-13-15-.06(8), and Part C of AO No. 18-096-GW. Subsequently, within 90 days of 

remedy selection, a Corrective Action Groundwater Monitoring Program was developed and submitted on 

March 15, 2022. 

In accordance with § 257.98 and ADEM Admin. Code r. 335-13-15-.06(9), APC will continue semi-annual 

monitoring, including all monitoring wells in the certified groundwater monitoring system and any well 

installed to characterize the horizontal and vertical extent of SSLs. APC will continue with implementation 

of the groundwater remedies described in the Groundwater Remedy Selection Report and Corrective Action 

Groundwater Monitoring Program document. 
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3.0  SITE LOCATION AND DESCRIPTION 

The Alabama Power Company (APC) William Crawford Gorgas Electric Generating Plant (Plant Gorgas) 

is in southeastern Walker County, Alabama, approximately 15 miles south of Jasper, at 460 Gorgas Road, 

Parrish, AL 35580.  Based on visual inspection of USGS topographic quadrangle maps and GIS plant 

boundary files provided by SCS, the plant occupies portions of Sections 7, 8, 9, 16, 17, 18, 19, 20, 21, 28 

and 29, Township 16 South, Range 6 West and Section 12, 13 and 24, Township 16 South, Range 7 West 

(USGS, 1975; USGS, 1983). The Ash Pond is located southeast of the main plant on the opposite side of 

the Black Warrior River. Figure 1, Site Location Map, depicts the location of the Plant and Ash Pond with 

respect to the surrounding area.  

3.1 PHYSICAL SETTING 

Plant Gorgas is in the Black Warrior River basin, an area typified by moderate relief, with river and stream 

valleys having dendritic drainage patterns.  Elevations at the site range from approximately 260 feet above 

mean sea level (MSL) near the Mulberry Fork to over 600 feet MSL east of the Ash Pond.  The Ash Pond 

occupies a localized, narrow valley where ground elevations are higher to the west, north, and east of the 

Ash Pond.  Ground elevations typically range between 400 and 600 feet MSL and can have steep slopes 

down to the Ash Pond, which historically resides around elevation 380 ft MSL.  Figure 2, Site 

Topographic Map, provides the topography of the Site. 

3.2 SITE GEOLOGY AND HYDROGEOLOGY 

Plant Gorgas lies in the Warrior Basin physiographic region (Sapp and Emplaincourt, 1975), a late 

Paleozoic basin formed as a result of flexure and sediment loading associated with Appalachian and 

Ouachita orogenies.  The bedrock geology is dominated by clastic sedimentary rocks of the Upper Pottsville 

Formation as shown on Figure 3, Site Geologic Map (GSA, 2010b).  The Upper Pottsville formation 

directly underlies Plant Gorgas and extends down to a depth of approximately 2,100 feet below ground 

surface.  This formation is characterized by cyclic sequences (cyclothems) of marginal marine 

shale/claystone, siltstone, sandstone, conglomerates, and individual coal beds.  These depositional 

cyclothems reflect the sediment balance controlled by 4th or 5th order glacial eustasy, continued basin 

evolution, and variations in sedimentation rates (Pashin and Raymond, 2004).  Deeper stratigraphy is 

marked by carbonates, shales, chert, and sandstones of Mississippian to Cambrian age (Raymond et al., 

1988).  
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The Plant Gorgas Ash Pond is directly underlain by rocks belonging to the Pratt Coal Group (Ward II et 

al., 1989) of the Lower Pottsville Formation.  In general, the Pratt Coal Group consists of mudstone, shale, 

fine-grained sandstone, and interbedded coal in fining-upward sequences.  Stratigraphically, at the Site, the 

Pratt Coal Group can generally be characterized as a (1) lower, coal measures interval, (2) a predominantly 

mudstone or shale interval, and (3) an upper sandstone interval. As indicated on geologic cross-sections 

provided in this report, only the lower, coal measures interval and mudstone/shale interval intersect or 

underlie the Ash Pond as the upper sandstone interval (as well as Cobb Group strata) typically forms the 

caprock for ridges on either side of the Ash Pond. 

The Pratt Coal Group generally contains three named coal seams, each separated by 25 to 50 feet of intra-

burden.  In descending order, they are, the Pratt, Nickel Plate, and American coal seams.  Locally, Pratt 

Coal Group strata gently dip to the south and south-southwest. As noted in the Supplemental Site 

Hydrogeological Characterization Report submitted in March 2021 (SCS, 2021) local variations in dip 

direction and magnitude are observed at the site and may be attributable to localized fault displacement, 

elevations at the time of deposition, and potential presence of a synclinal structural feature.  The top of the 

Pratt Coal Group occurs at depths between 70 and 225 feet below ground surface or at elevations between 

350 and 240 feet MSL. Pratt coals generally fit the following patterns: 

 

• Beneath the site, the Pratt coal is generally 3 to 4-ft thick and overlies the Nickel Plate Seam, 

separated by a 10 to 12-ft sequence of claystone grading downward to sandstone.  

• Locally, the Nickel Plate seam is not very prominent and is generally under 1.5 feet in thickness.  

• The American seam generally resides 15 and 25 feet beneath the Nickel Plate Seam and is separated 

primarily by a sandstone bed. The American seam generally thickens towards the south where it 

was underground mined (Maxine Mine).   

 

 Figures 4A-4H, Geologic Cross-Sections, provide an illustration of the Pottsville strata underlying the 

site. 

The Pottsville aquifer system is the primary aquifer in Walker County.  Although on a regional scale there 

are other aquifer systems in the vicinity of Plant Gorgas, the Pottsville aquifer system is the most significant.  

The nearest exposure of the Valley and Ridge aquifer system occurs in central Jefferson County, 

approximately 25 miles east of Plant Gorgas.  The nearest exposure of the Tuscaloosa aquifer system occurs 

in northwesternmost Walker County, approximately 30 miles northwest of Plant Gorgas.  The Tuscaloosa 

aquifer system is not considered a primary source of groundwater in Walker County (Stricklin, 1989). 
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The Pottsville aquifer system is composed primarily of Pennsylvanian-aged sandstones, shales, 

conglomerates, and coal.  Groundwater flow primarily occurs through coal seams or rock fabric 

discontinuities such as bedding planes and fractures.  Groundwater in the Pottsville aquifer system is 

commonly regarded as confined due to large permeability contrasts within the aquifer (Stricklin, 1989).  

Recharge to the Pottsville formation is largely through infiltration of precipitation and to a lesser extent, 

downward seepage of river water at hydraulically favored locations.   

Regionally, recharge is accommodated largely by fracture enhanced permeability.  Major recharge zones 

to the Pottsville Formation are related to major geologic structures such as large fault zones or along 

systematic fold axes (Pashin, 2007).  Although the Pottsville aquifer system is the primary aquifer in Walker 

County, groundwater use is relatively limited.  According to O’Rear et al., 1972, groundwater use accounted 

for approximately 15% of total water use in Walker County in 1966.  By 2005, groundwater use had 

declined to less than 1% of total water use in Walker County, or 1.14 million gallons per day (mgd) of 

groundwater out of a total water use of 969.5 mgd (USGS, 2005). 

3.2.1 Pottsville Formation – Rock Chemistry 

Published data indicate that elevated arsenic concentrations occur in the Southern Appalachian coal strata 

where site monitoring wells are screened.  Numerous publications document elevated trace metals in 

Pottsville and Pottsville coal strata (Kolker et al., 1999, Diehl et al., 2004, Goldhaber et al., 2002).  For 

instance, according to the USGS National Coal Data System (NRCDS), the average concentration of arsenic 

(72 parts per million (ppm)) in the Pottsville coal strata is three times that of the average of other coal basins 

(Bragg et al., 1997).  Of the U.S. coal analyses for arsenic that are at least three standard deviations above 

the mean, approximately 90% are from the coal fields of Alabama (Diehl et al., 2004).  The United States 

Geological Survey (USGS) maintains an inventory of coal quality that includes trace metal concentration 

data.  It shows arsenic concentrations range from 1.08 milligrams per kilograms (mg/kg) to 611.0 mg/kg 

with a mean of 47 mg/kg for Walker County (USGS Coal Quality Database).   

Similarly, 75 Pratt Coal Group samples (Pratt, Nickel Plate, and American coal seams) analyzed by the 

USGS and inventoried in the USGS National Coal Data System (NRCDS) showed the following ranges of 

other trace metals: 

• Boron – 6.3 to 83.6 ppm (average of 35 ppm). 

• Cobalt – 1.6 to 19.8 ppm (average of 8 ppm). 

• Molybdenum – 0.8 to 22.2 ppm (average of 5 ppm). 
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• Lithium – 1.4 to 128 ppm (average of 28 ppm). 

Bulk geochemical analyses of Pottsville stratigraphy from the Site and of the Pratt and American coal seams 

from Plant Gorgas were conducted on recovered core.  The data reflect arsenic concentrations between 4.9 

mg/kg and 32.6 mg/kg in siltstone/mudstones and concentrations of 28.9 and 384.4 mg/kg in two coal seams 

analyzed.  The average arsenic concentration was roughly 34 mg/kg in these samples tested, which is in 

good agreement with data observed in the USGS Coal Quality Database. 

Similarly, 17 Pratt Coal Group samples collected from the Site provided the following ranges of other trace 

metals: 

• Boron – 20.8 to 114 ppm (average of 49 ppm). 

• Cobalt – 4.2 to 18.2 ppm (average of 14 ppm). 

• Molybdenum – 1.0 to 4.4 ppm (average of 2 ppm). 

During the first part of 2022, a robust study of the composition of Pottsville Formation (Pratt, Gillespy, and 

Mine Spoil derivatives) at the nearby Plant Gorgas Gypsum Pond, found the following concentrations in 

rock and mine spoil materials: 

• Lithium – 30 to 367 ppm (average of 128 ppm). 

• Arsenic – 7 to 79 ppm (average of 32 ppm). 

• Molybdenum – 0.67 to 9.8 ppm (average of 3 ppm). 

Trace metal enrichment and pyrite origins have been linked to post-depositional (post-coalification) 

deformation and trace metal laden hydrothermal fluids upwelling during Alleghanian tectonism.  Diehl et 

al., (2004) and Goldhaber et al., (2002) describe “high-pyrite” coals as a source of elevated arsenic and 

other trace metals. In these publications, pyrite occurrence is observed within coal banding, woody cellular 

fill structures, mineral overgrowths, and structural fills such as veins and microfaults. The geogenic lithium 

study at the Plant Gorgas Gypsum Pond (July 2022), observed strong correlations between mica and clay 

mineral abundance and lithium concentrations as well as secondary lithium associated primarily with 

sorption on iron oxides. 

In areas where strip mining occurred (north of ash pond dam, west of the ash pond), the process of strip 

mining and backfilling these materials can increase the availability of trace metals to groundwater. These 

mining processes and practices lead to the physical weakening and enhanced weathering of rock which 

along with changed hydrodynamics can lead to elevated and highly variable concentrations across a historic 
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mine site. Increased acidity in groundwater, when present, can also help to mobilize constituents – 

especially in mine spoil materials. 

3.2.2 Uppermost Aquifer 

The Pottsville aquifer system is the uppermost aquifer beneath the site for groundwater monitoring 

purposes.  Groundwater occurs in the Pratt Coal Group of the Upper Pottsville Formation at the site.  The 

primary occurrences of groundwater in the uppermost aquifer are: (1) coal seams, (2) rock fractures or 

zones of fracture enhanced permeability, and to a lesser extent (3) bedding planes. Fractured intervals are 

sparse across the site as defined by caliper logging and tend to occur with greater density in the upper 100 

feet of rock.  

Groundwater yield at the site is considered low and typical of the Pottsville aquifer system in areas without 

major geologic structures. Wells were generally screened in the Pratt coal seam or across groundwater 

yielding fractures. Depth to groundwater producing zones were highly variable at the site and typically 

ranged from 30 to 240 feet BGS. Caliper, natural gamma, normal resistivity, fluid temperature, fluid 

resistivity logs, and heat pulse flowmeter logs were used to determine groundwater yielding zones. Packer 

testing was used in select borings to further enhance characterization.  

Based on published data, groundwater quality produced from the Pottsville Formation can be characterized 

by high concentrations of sulfate, iron, and other trace metals (Jennings and Cook, 2010). Trace metals in 

Pottsville Formation groundwater are associated with sulfide minerals contained in organic-rich strata (e.g., 

mudstones and coal seams) and siliceous/carbonate healed fractures and joints. Trace element enrichment 

is the result of migrating hydrothermal fluids generated during the late Paleozoic Allegheny orogeny (Diehl 

et al., 2004). Arsenic, antimony, molybdenum, selenium, copper, thallium, and mercury are elevated in 

Warrior Basin coal strata (Goldhaber et al., 2002).  

3.2.3 Flow Interpretation 

Groundwater flow is accomplished primarily by means of fracture flow, where groundwater flows along 

more conductive secondary discontinuities in the rock mass such as joints or cleat fabric in coal seams.  

Fracture flow in complex geologic media such as the heterogenous Pottsville Formation can be complex.  

Groundwater in the Pottsville aquifer is most commonly regarded as confined due to large permeability 

contrasts within the aquifer (Stricklin, 1989).  The Pottsville at the Site is probably better described as a 

series of discrete, confined to semi-confined, groundwater yielding zones where groundwater elevations 



Plant Gorgas Ash Pond 

2022 Annual Groundwater Monitoring and Corrective Action Report 

 

8 

can vary significantly laterally and vertically and are governed by the heterogeneity of the lithology and 

degree of fracture network interconnectivity.  

At the Site, the groundwater flow regime is now grouped into three general flow systems: (1) shallow water-

table flow system, (2) Pratt Coal flow system, and (3) American Coal flow system.  At higher stratigraphic 

intervals (water-table flow system), groundwater flows towards the Ash Pond or other surface water bodies. 

This flow system is driven by gravity and mimics the topography of the site. Within deeper rock strata such 

as coals of the Pratt Group (Pratt Coal Group or deep bedrock flow system), groundwater flows radially 

away from the site.  

Based on structural elevations and dip, the American coal seam would intercept the base of the pond 

between the ash pond and splitter dike and the Pratt coal seam would intercept the base of the pond near 

its’ geographic center proximal to wells GS-AP-MW-12 and GS-AP-MW-1. The more permeable coal 

measures underlie the northern half of the ash pond before dipping below its’ base towards the south (the 

southern half of the ash pond is underlain by mudstone/shale interval). Radial flow is interpreted to emanate 

proximal to this intersection. 

Except for the far northern portion of the Ash Pond, conceptually, there is likely to be little hydraulic 

communication with strata deeper than the sandstone unit immediately underlying the American Coal Seam 

(American Coal Flow System). Below this interval, a low permeability mudstone to interbedded mudstone-

sandstone unit likely forms a barrier to vertical migration of groundwater as hydraulic conductivity values 

in the 10-7 centimeter per second (cm/s) range are reported for shales at the site as derived from packer 

testing. This interval reflects the transition to Gillespy Coal Group.  

However, to the north and underlying the Ash Pond dam, strong hydraulic gradients likely force 

groundwater along vertical fractures and bedding planes through the upper part of the Gillespy Coal Group. 

Geophysical and hydrophysical logs obtained in well locations north of the dam suggest that three to four 

discrete bedding planes occurring between 30 and 90 ft BGS transmit groundwater. The most prominent 

typically occurring at a depth of 49 to 56 ft BGS (likely Gillespy equivalent; approximately 100 feet below 

American Coal Seam). These discrete zones occur in the upper part of the Gillespy Coal Group and appear 

to dip approximately 2.1° southwest. Geophysical signatures of flow diminish greatly in between and below 

these intervals. Failed attempts at deeper well locations along with the geophysical logs suggest little or no 

groundwater flow at elevations below 160 feet MSL. Strong upward vertical gradients are observed in 

paired well locations (see groundwater elevations in MW-6S/6D and MW-41HS/HD pairs) installed north 

of the ash pond dam. Potentiometric data suggests upward vertical flows along with northerly lateral flow. 
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Forty-three packer tests were conducted resulting in a range of hydraulic conductivity (k) values from an 

estimated low of 7 x 10-7 cm/sec to a high of 4 x 10-3 cm/sec, with most tests (31) in the moderate range 

(10-5 cm/sec to 10-4 cm/sec), two test results in the more permeable range (10-3 to 10-2 cm/sec), and ten test 

results in the less permeable range (10-6 cm/sec). There is a general trend of decreasing estimated hydraulic 

conductivity with depth.  Packer test results vary over 4 orders of magnitude. Test intervals at the high end 

of the data range are associated with weathered discontinuities (fractures/joints). Moderate values are 

associated with minor fractures or bedding planes. The lowest values are associated with more shale 

intervals without substantial fractures. Test intervals with coal seams are in the moderate to high end of the 

data range. 

3.3 GROUNDWATER MONITORING SYSTEM 

Pursuant to 40 CFR § 257.91 and ADEM Admin. Code r. 335-13-15-.06(2), Plant Gorgas has installed a 

groundwater monitoring system to monitor groundwater within the uppermost aquifer. The certified 

groundwater monitoring system for the Plant Gorgas Ash Pond is designed to monitor groundwater passing 

the waste boundary of the CCR unit within the uppermost aquifer.  Wells were located to serve as 

upgradient, and downgradient monitoring locations based on groundwater flow direction as determined by 

the potentiometric surface elevation contour maps. All groundwater monitoring wells were designed and 

constructed using “Design and Installation of Groundwater Monitoring Wells in Aquifers,” ASTM 

Subcommittee D18.21, as a guideline. 

3.3.1 Monitoring Wells 

Well locations at the site are designated as upgradient, downgradient, piezometer (water-level only), 

vertical delineation, and horizontal delineation. The following subsections provide a summary of well 

designations and if applicable, changes or modifications to the well network or designations. As described 

in the site Groundwater Monitoring Plan, modifications to the well network or designation must first be 

approved by ADEM. 

The location and designation of Site wells are presented in Figure 5, Monitoring Well Location Map. 

3.3.1.1 Upgradient Wells 

To evaluate upgradient well locations at the Site, groundwater elevations and CCR indicator parameters 

were reviewed. As described in Section 3.2.3, there are multiple groundwater flow regimes within the 

Pottsville Formation at the Site: (1) an upper groundwater flow system found at higher elevations (water-
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table flow system) and (2) a deeper groundwater flow system composed of Pratt Coal Group strata that also 

represents the uppermost aquifer beneath the Ash Pond.  

Historically, two upgradient well locations (GS-AP-MW-8 and GS-AP-MW-13) screened in the upper 

groundwater flow system have been used for statistical comparison of groundwater quality.  The upper 

groundwater flow system corresponds to younger or recharging groundwater and groundwater elevations 

are greater than those of the Ash Pond. Groundwater flows towards the Ash Pond or other surface water 

bodies. Spatially, these locations are among downgradient compliance wells but are screened across 

fractures that occur at higher elevations and are not hydraulically connected to downgradient flow away 

from the Ash Pond.  

Appendix III (detection monitoring parameters) constituent concentrations, along with select other 

Appendix IV CCR indicator parameters, were also evaluated as further basis for designating locations GS-

AP-MW-8 and GS-AP-MW-13 as upgradient.  In general, concentrations of CCR indicator parameters 

reported for these well locations are well below published Groundwater Protection Standards (GWPS), 

downgradient wells, and pore-water (source) concentrations.  The absence of elevated concentrations of 

CCR indicator parameters indicates younger, recharging groundwater and groundwater that has not been 

impacted by groundwater flowing away from the Ash Pond.  The data, along with groundwater elevation 

data, support an upgradient designation for locations GS-AP-MW-8 and GS-AP-MW-13. Upgradient 

location GS-AP-MW-13 was abandoned in 2019.  Historical data collected from this location will still be 

used for statistical comparison of groundwater quality data. 

Location GS-AP-MW-17V was originally intended for vertical delineation but was screened at a higher 

elevation due to encountering the underlying Maxine Mine at depth and identifying more shallow 

groundwater flow.  Groundwater elevations at GS-AP-MW-17V indicate this location is upgradient of the 

Ash Pond with groundwater elevations roughly 35 feet higher than the Ash Pond.  This location was 

proposed as an additional upgradient location in an updated Groundwater Monitoring Plan submitted to 

ADEM in April 2020 (revised August 2020 and March 2021).  

During the Fall of 2021, replacement monitoring well GS-AP-MW-18R was installed across a shallow 

water-bearing fracture. Initial groundwater elevations demonstrate that this well location is most suitable 

as an upgradient well location.  
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The above comparison presents average concentrations of key indicator parameters and grouped by (1) potential upgradient wells as defined by 

groundwater elevations, (2) ash pore water that represents a potential source composition for groundwater impacts, (3) downgradient wells by 

hydrogeologic unit, and (4) wells demonstrating exceedances by hydrogeologic unit. This profile shows that potential upgradient wells demonstrate 

a lower concentration profile for boron, calcium, chloride, sulfate, TDS, arsenic, and lithium. Well GS-AP-MW-16S has demonstrated elevated pH 

which profiles favorably as a comparable upgradient location for GS-AP-MW-15 and GS-AP-MW-21 which have also demonstrated elevated pH. 

Additional data will be collected from GS-AP-MW-16S prior to making a final recommendation. Well GS-AP-MW-17V has been incorporated as 

an upgradient well and data used for determination of groundwater protection standards during the Fall 2021 sampling event. 

Table 1a, Compliance Monitoring Well Network Details, summarizes compliance well installation data, including monitoring well construction 

details and the lithology (flow system) adjacent to the screened interval 

 

Boron Calcium Chloride Sulfate TDS pH Arsenic Lithium

GS-AP-MW-17V 0.04322 30.9 3.6 11.1 361 7.61 0.00216 0.06500

GS-AP-MW-16S 0.07487 13.8 4.7 5.9 426 10.10 0.00231 0.07500

4.02 143.3 8.2 282.3 594 0.30033 1.09667

Pottsville Fm - American Strata 0.07124 44.3 86.7 286.3 837 7.81 0.00522 0.08375

Pottsville Fm - Gillespy Transition 0.97841 46.4 9.7 139.8 403 7.16 0.10266 0.17827

Pottsville Fm - Pratt Strata 0.19656 29.7 16.2 81.1 426 8.64 0.00991 0.09119

Pottsville Fm - American Strata 0.08373 56.6 281.1 783.3 2008 8.06 0.01010 0.14625

Pottsville Fm - Gillespy Transition 0.96606 26.2 12.0 166.4 446 7.32 0.14667 0.12667

Pottsville Fm - Pratt Strata 0.44006 40.9 19.9 168.9 560 9.32 0.01706 0.20397

Indicator Parameter Comparison

Average Groundwater Concentration(s) By Hydrogeologic Unit/Category

Hydrogeologic Unit/Category
Potential Upgradient

Source Water

By Major Hydrogeologic Unit (All Wells)

By Major Hydrogeologic Unit (Wells Demonstrating SSLs)

Ash
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3.3.1.2 Downgradient Wells 

Borehole geophysics, hydrophysical logging, and occasional packer testing were used to determine well 

screen intervals.  These logging techniques identify groundwater flow zones in open boreholes and are 

optimally suited for use in low-yielding, fractured rock media.  Heat-pulse flowmeter logging or packer 

testing were often used to assess or further evaluate flow zones indicated by hydrophysical logging tools.  

If multiple flow zones were identified, then paired wells were often installed to screen both zones. 

Preferential groundwater flow away from the site, if existing, would occur within zones of enhanced 

permeability such as cleated coals or zones of intersecting rock discontinuities spatially located lateral to 

or beneath the base of the Ash Pond.  Strata of the Pratt Coal Group are the uppermost aquifer lateral to or 

beneath the base of the Ash Pond, as indicated by borehole logging and geophysics.  Downgradient 

monitoring wells are installed in the Pratt Coal Group, and generally across the Pratt or American Coal 

Seam.   

To the north and beneath the Ash Pond dam, Pratt Coal Group strata exist above the ground surface or are 

mined out.  In these areas, downgradient monitoring well locations were installed across the uppermost 

groundwater yielding fractures identified by borehole geophysics and hydrophysical logging and generally 

correspond to the transition from Pratt to Gillespy Coal Groups. 

Downgradient locations GS-AP-MW-9, GS-AP-MW-10, GS-AP-MW-11, GS-AP-MW-13, and GS-AP-

MW-14 were abandoned in 2019.   

Former downgradient piezometer GS-AP-MW-3 was sampled during the first semi-annual sampling event 

of 2021. As discussed in the 2020 Annual Groundwater Monitoring and Corrective Action Report, a low-

yield study (re-evaluation of recharge rate versus depth and field parameters) found that well location GS-

AP-MW-3 produced sufficient yield for low-flow sampling methods. It is uncertain if GS-AP-MW-3 will 

produce sufficient yield year-round or only during the wet season months. Recharge rates and analytical 

data will be evaluated over subsequent sampling events to determine if this location is suitable as a long-

term downgradient compliance well. Presently, the well is being treated as a downgradient location while 

these data can be evaluated. 

During the Fall of 2021, several delineation wells were re-designated as downgradient compliance wells to 

satisfy compliance monitoring needs in the American Flow System. These wells include GS-AP-MW-9V, 

GS-AP-MW-12V, GS-AP-MW-15V, GS-AP-MW-21V. 
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Additional downgradient compliance monitoring wells were installed during the Fall of 2021 as well. These 

locations include GS-AP-MW-1R, GS-AP-MW-3V, GS-AP-MW-5R, GS-AP-MW-9R, GS-AP-MW-10R, 

GS-AP-MW-11R, GS-AP-MW-13R, GS-AP-MW-18VR, GS-AP-MW-46, and GS-AP-MW-47. Well 

construction details and screened lithologies for downgradient wells are summarized in Table 1a. 

3.3.1.3 Delineation Wells 

Pursuant to 40 CFR § 257.95(g)(1), ADEM Admin. Code r. 335-13-15-.06(6)(g)2., and AO 18-096-GW, 

additional monitoring wells have been installed to characterize the horizontal and vertical extent of GWPS 

exceedances identified during assessment monitoring. Three phases of field investigation have occurred 

since late 2018 to explore potential impacts to groundwater.  

Three historic piezometers, GS-AP-PZ-16, GS-AP-PZ-18, and GS-AP-PZ-22 monitor water levels in the 

adjacent Maxine Mine (American coal seam).  These locations were converted to vertical delineation wells 

during the first quarter of 2020. Well GS-AP-PZ-18 was abandoned in the Fall of 2021 to accommodate 

ash pond closure activities.  

Former piezometer, GS-AP-MW-41HS, was sampled during the first semi-annual sampling event of 2021. 

As discussed in the 2020 Annual Groundwater Monitoring and Corrective Action Report, a low-yield study 

(re-evaluation of recharge rate versus depth and field parameters) found that well location GS-AP-MW-

41HS produced sufficient yield for low-flow sampling methods. It is uncertain if GS-AP-MW-41HS will 

produce sufficient yield year-round or only during the wet season months.  

During the Fall of 2021, four additional delineation wells were installed to assess potential groundwater 

impacts. These wells include GS-AP-MW-23V, GS-AP-MW-27HR, GS-AP-MW-37HR, and GS-AP-PZ-

18R.  

Delineation well locations are presented in Figure 5.  Table 1b, Delineation Well Network Details, 

summarizes delineation well installation data, including monitoring well construction details and the 

lithology (flow system) adjacent to the screened interval. 

3.3.1.4 Piezometers 

There are currently 7 piezometers at the site.  Historically, water-level only piezometers are well locations 

that (1) did not yield sufficient groundwater recharge for sampling or (2) encountered underground mine 

workings not suitable for compliance sampling. Table 1c, Piezometer Well Network Details, summarizes 
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piezometer installation data, including piezometer construction details and the lithology (flow system) 

adjacent to the screened interval. 

A study and re-analysis of low-yielding piezometers (GS-AP-MW-1, GS-AP-MW-3, GS-AP-MW-4, GS-

AP-MW-7V, GS-AP-MW-16S, GS-AP-MW-20, GS-AP-MW-27H, GS-AP-MW-30H, GS-AP-MW-

30HS, GS-AP-MW-37H, GS-AP-MW-39H, and GS-AP-MW-41HS) was conducted to assess potential for 

sampling and inclusion into the monitoring well network. This study revealed that two locations, GS-AP-

MW-3 (downgradient) and GS-AP-MW-16S (upgradient), produce sufficient groundwater yield (at least 

seasonally) to be proposed for inclusion into the site groundwater monitoring network. Results and 

discussion of the low-yield study was included in the 2020 Annual Groundwater Monitoring and Corrective 

Action Report and are only summarized above for the purposes of this report. The proposed re-designation 

of these well locations were also included in the March 2020 Revised Groundwater Monitoring Plan 

(GWMP) (see Table 1 of March 2020 GWMP).  

Location GS-AP-MW-16S was also proposed as an additional upgradient location in the Groundwater 

Monitoring Plan submitted in March 2021. At this time, it is unknown if well GS-AP-MW-16S will provide 

sufficient groundwater year-round or only seasonally during wetter periods. The following lines of evidence 

provide support for an upgradient designation:  

(1) Groundwater elevations and flow pattern consistent with uppermost Water-Table Aquifer System 

(see Sections 3.2.3 and 4.1 for detailed discussion of groundwater elevation and flow). This 

indicates that groundwater flow away from GS-AP-MW-16S is towards the ash pond and vertically 

downward, indicating upgradient conditions. 

(2) Low concentrations of key Appendix III indicator parameters. 

Although approved as a potential upgradient well, the plan is to continue to evaluate data from GS-AP-

MW-16S prior to final recommendation. Geochemically, GS-AP-MW-16S shares common traits with wells 

GS-AP-MW-15, GS-AP-MW-15V, and GS-AP-MW-21 (elevated and correlating - pH, lithium). 

Piezometer locations are presented in Figure 5. 

3.3.1.5 Monitoring Well Replacement and Abandonment  

As described in preceding sections numerous well replacements and well replacement activities occurred 

during the Fall of 2021. Replacement wells installed, surveyed, and developed include compliance 

replacement locations: GS-AP-MW-1R, GS-AP-MW-5R, GS-AP-MW-9R, GS-AP-MW-10R, GS-AP-

MW-11R, GS-AP-MW-13R, GS-AP-MW-14R, GS-AP-MW-18R, and GS-AP-MW-18VR. Original 
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locations were abandoned in 2019 and 2021 to allow for the progress of ash pond closure activities. 

Information related to well construction details and screened lithology can be found in Table 1a. 

Additional compliance wells were also installed. These include GS-AP-MW-3V, GS-AP-MW-46, and GS-

AP-MW-47. Information related to well construction details and screened lithology can be found in Table 

1a. Additional or replacement delineation wells were also installed during the Fall of 2021. These locations 

included: GS-AP-MW-23V, GS-AP-MW-27HR, GS-AP-MW-37HR, and GS-AP-MW-PZ-18R. 

Information related to well construction details and screened lithology can be found in Table 1b.  

Table 1d, Abandoned Well Network Details summarizes well construction details and screened lithology 

of wells abandoned at the Site.  

3.4 GROUNDWATER MONITORING HISTORY 

In accordance with § 257.94(b), eight independent samples were collected from each background and 

downgradient well and analyzed for the constituents listed in Appendix III and IV prior to October 17, 

2017.  Background sampling was performed over the period of August 2016 to June 2017. Groundwater 

sampling for the first detection monitoring event after the background period was performed in August 

2017.  

Based on results of the 2017 Annual Groundwater and Corrective Action Monitoring Report, Alabama 

Power initiated an assessment monitoring program on January 15, 2018.  Pursuant to 40 CFR §257.95(a) 

and ADEM Admin. Code r. 335-13-15-.06(6)(a), monitoring wells were sampled for all Appendix IV 

parameters in February 2018, within 90 days of initiating the assessment monitoring program. 

Statistical evaluations of 2018 assessment monitoring data identified SSLs of Appendix IV constituents 

above the GWPS, and the Site entered Assessment of Corrective Measures.  Pursuant to 40 CFR 

§257.95(g)(1), ADEM Admin. Code r. 335-13-15-.06(6)(g)2., and AO 18-096-GW, additional monitoring 

wells (Table 1c, Figure 5) were installed to characterize the horizontal and vertical extent of GWPS 

exceedances identified during assessment monitoring in three phases of groundwater investigations 

between January 2019 and September 2020. These wells, along with the compliance monitoring well 

network, are sampled semi-annually.  

Delineation wells installed at the Site have been sampled concurrently with the compliance monitoring well 

network beginning with the second semi-annual sampling event in September 2020. However, occasionally, 
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additional data collection has occurred independent of routine compliance sampling events to support 

continuing assessment activities at the Site. 

3.4.1 Available Monitoring Data 

Laboratory analytical data is available for the groundwater monitoring history outlined in Section 3.4. 

Tabulated results for Appendix III and Appendix IV constituents by monitoring well are included in 

Appendix A, Analytical Data Summary.  

3.4.2 Historical Groundwater Flow 

Historical groundwater elevations and potentiometric surface maps show that groundwater flow patterns 

are consistent across monitoring events and as described in Section 3.2.3.  As ash pond closure activities 

progress over the years and upon completion of closure, groundwater elevations will likely display 

variability representative of changing site hydrodynamics and eventually, a new set of equilibrium 

conditions. As this timeline progresses, groundwater elevations and trends will be qualitatively reviewed 

against this historical data set. 

Tables summarizing groundwater elevations from all groundwater monitoring events are included in 

Appendix B, Historical Groundwater Elevations Summary.  

3.4.3 Monitoring Variances 

The groundwater monitoring program at the Site is operating under a Variance granted by ADEM on April 

15, 2019, to conform State monitoring requirements under the CCR rule to Federal requirements. The 

variance: 

1. Retains boron as an Appendix III detection monitoring parameter and excludes it as an Appendix 

IV assessment monitoring parameter. 

2. Authorizes the use of Federally-published GWPS of 0.006 milligrams per liter (mg/L) for cobalt, 

0.015 mg/L for lead, 0.040 mg/L for lithium, and 0.100 mg/L for molybdenum in lieu of 

background where those levels are greater than background levels. 

3.5 GROUNDWATER SAMPLING AND ANALYSIS  

Site compliance wells are sampled semi-annually between: (1) late winter – mid spring and (2) early to late 

fall. The temporal spacing between sampling events is sufficient to ensure that sampling events yield 
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independent groundwater samples and, represent different climatic or meteorological seasons which often 

foster a degree of natural variability in groundwater quality.  

During routine semi-annual monitoring events, all compliance and delineation network wells are sampled 

and analyzed for Appendix III and Appendix IV constituents. Additional general chemistry constituents 

(major ions and anions) are now being collected routinely as well. These non-compliance parameters will 

be periodically analyzed to explore seasonal or closure-related changes to geochemical facies to site 

groundwater. 

The following subsections summarize the sequential steps and process for the sampling, handling/transport, 

and analysis of compliance-related groundwater samples at the Site.  

3.5.1 Groundwater Sample Collection   

Prior to recording water levels and collecting samples, each well was opened and allowed to equilibrate to 

atmospheric pressure. Within a 24-hour period, depths to groundwater were measured to the nearest 0.01 

foot with an electronic water level indicator with depth referenced from the top of the inner PVC well 

casing. Groundwater elevations were calculated by subtracting the depth to groundwater from surveyed 

top-of-casing (TOC) elevations. 

Groundwater samples were collected from monitoring wells using low-flow sampling procedures in 

accordance with § 257.93(a) and ADEM Admin. Code r. 335-13-15-.06(4)(a). All monitoring wells in the 

compliance well network are equipped with dedicated pumps.  Monitoring wells were purged and sampled 

using low-flow sampling procedures. In this procedure, field water quality parameters (pH, turbidity, 

conductivity, and dissolved oxygen) are measured to determine stabilization and groundwater samples are 

collected when the following stabilization criteria are met: 

• 0.2 standard units for pH. 

• 5% for specific conductance. 

• 0.2 mg/L or 10% for DO > 0.5 mg/l (whichever is greater). 

• Turbidity measurements less than 5 NTU. 

• Temperature and ORP – record only, no stabilization criteria. 

During purging and sampling, an In-Situ Aqua Troll instrument was used to monitor and record field 

parameters. Once stabilization was achieved, samples were collected and submitted to the laboratory 
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following standard chain-of-custody (COC) protocol. Field data recorded in support of groundwater 

sampling activities are included in Appendix C, Laboratory and Field Records.  

3.5.2 Sample Preservation and Handling 

Groundwater samples were collected within the designated size and type of laboratory-supplied containers 

required for specific parameters. Sample bottles were pre-preserved by the laboratory. 

Where temperature control was required, samples were placed in an ice-packed cooler and cooled to less 

than 6 °C immediately after collection. Blue ice or other cooling packs were not used for cooling samples.  

An ice-packed cooler was on hand when samples were collected.  

3.5.3 Chain of Custody 

A COC record was used to track sample possession from the time of collection to the time of receipt at the 

laboratory. COC records are included with the analytical laboratory reports included in Appendix C. 

3.5.4 Laboratory Analysis 

Laboratory analyses were performed by the APC Environmental Laboratory (APCEL) in Calera, Alabama 

and Pace Analytical Services, LLC (Pace). Both APCEL and Pace are accredited by National 

Environmental Laboratory Accreditation Program (NELAP) and maintain a NELAP certification for all 

parameters analyzed. Table 2, Parameters and Reporting Limits, lists monitoring constituents analyzed 

from site groundwater samples. Lab reports and chain of custody records for the monitoring period are 

presented in Appendix C. 

3.5.5 Monitoring Period Sampling Events 

As required by § 257.90(e) and ADEM Admin. Code r. 335-13-15-.06(1)(e), the following describes 

monitoring-related activities performed during the specified monitoring period.  The first semi-annual 

monitoring event took place between February 7, 2022, and March 4, 2022. A re-sampling event for 

combined radium took place between May 9th and May 12th, 2022, for select wells where outliers were 

suspected. This re-sample included wells: 

• GS-AP-MW-16S 

• GS-AP-MW-17V 

• GS-AP-MW-25HA 
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• GS-AP-MW-36H 

The second semi-annual monitoring event took place between July 18, 2022, and August 11, 2022. 

Groundwater samples were analyzed for the full list of Appendix III and Appendix IV parameters during 

the monitoring event. During the 2022 sampling events, additional general chemistry and monitored natural 

attenuation monitoring parameters were sampled and analyzed. These analytes have been incorporated for 

continued evaluations of geochemical facies and their evolution over time. These analytes will also support 

geochemical modeling and evaluations associated with monitored natural attenuation. These parameters 

include: 

• Calcium (filtered) 

• Iron (total and dissolved) 

• Silicon (total and dissolved) 

• Silica (total and dissolved) 

• Sodium (total and dissolved) 

• Sulfide 

• Potassium 

• Aluminum (total and dissolved) 

• Manganese 

• Magnesium (total and filtered) 

• Nitrate-Nitrite 

• Total Alkalinity, Carbonate Alkalinity, Bicarbonate Alkalinity 

• Total Organic Carbon. 

All groundwater sampling activities were conducted by APC Field and Water Services. Pace Analytical 

Services (Greensburg) performed the laboratory analyses of Radium-226 and Radium-228 (reported 

combined) as well as the MNA parameter sulfide (Pace – New Orleans). APCEL performed the remaining 

Appendix III and Appendix IV analyses. Analytical data from the groundwater monitoring events is 

included as Appendix C in accordance with the requirements of § 257.90(e)(3) and ADEM Admin. Code 

r. 335-13-15-.06(1)(f)3.
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4.0 GROUNDWATER ELEVATIONS AND FLOW 

During the first semi-annual sampling event, groundwater elevations ranged from 128.22 to 534.75 ft MSL. 

feet NAVD88 (feet above reference 1988 North American Vertical Datum). Figure 6A, Potentiometric 

Surface Contour Map (February 7, 2022) – Water Table, Figure 6B, Potentiometric Surface Contour 

Map (February 7, 2022) - Pratt Aquifer, and Figure 6C, Potentiometric Surface Contour Map 

(February 7, 2022) - American Aquifer depict groundwater elevations and inferred groundwater flow 

direction during the first semi-annual sampling event of 2022. 

During the second semi-annual sampling event, groundwater elevations ranged from 132.98 to 534.77 ft 

MSL. feet NAVD88 (feet above reference 1988 North American Vertical Datum). Figure 7A, 

Potentiometric Surface Contour Map (July 18, 2022) – Water Table, Figure 7B, Potentiometric 

Surface Contour Map (July 18, 2022) - Pratt Aquifer, and Figure 7C, Potentiometric Surface Contour 

Map (July 18, 2022) - American Aquifer depict groundwater elevations and inferred groundwater flow 

direction during the second semi-annual sampling event of 2022.   

The obtained depth to water readings and calculated groundwater elevations for piezometers, GS-AP-MW-

7V and GS-AP-MW-39H, are reflective of effectively dry piezometers. These wells did not encounter 

groundwater yielding intervals in the Gillespy and beneath the American coal flow system.  

Figures 6A/7A shows groundwater flow towards the Ash Pond in wells screened in the upper flow system 

and towards Mulberry Fork in the middle to lower portions of the flow system.  Figures 6B/7B show radial 

groundwater flow away from the Ash Pond in the Pratt Coal flow system.  Figures 6C/7C show 

groundwater flow away from the Ash Pond in the deeper American Coal seam flow system. Recent 

groundwater elevation data have been tabulated and included in Table 3, Groundwater Elevation 

Summary. All historical available groundwater elevation data recorded since 2016 have been tabulated 

and included in Appendix B. 

No significant changes in groundwater elevations or flow have been noted at the site as ash pond dewatering 

activities have not been initiated. 

4.1 GROUNDWATER ELEVATION CHANGES 

Groundwater elevations in multiple well locations have been identified as potential lower bound outliers 

based upon historical groundwater elevation data and screening with Interquartile Range (1.5 x IQR) 

statistics. While no significant groundwater flow pattern changes have been noted, these findings suggest 
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that (1) active de-watering of the ash pond might be leading to detectable changes in groundwater levels 

and (2) resumed mining activity to the south (likely dewatering operations) may have had a pronounced 

impact on decreasing groundwater elevations observed during the second semi-annual sampling event of 

2022. Resumed mining activity has not been confirmed at the time of publication. 

Following the second semi-annual monitoring event (July 2022), groundwater elevation data screened 

provided statistically significant decreases from historical records. A review of groundwater elevation data 

identified 17 well locations displaying groundwater elevations below the lower bound threshold. Eleven 

well locations displayed moderate to significant declines and are presented below. 

Well 

Lowerbound GW 

Elevation Threshold 

(IQR) 

GW Elevation 

7/18/2022 

Distance below 

Lowerbound GW 

Elevation 

GS-AP-MW-34HO 262.86 252.45 -10.41 

GS-AP-PZ-16 258.76 252.45 -6.31 

GS-AP-PZ-22 257.77 252.42 -5.35 

GS-AP-MW-21V 329.47 324.13 -5.34 

GS-AP-MW-21 339.05 335.17 -3.88 

GS-AP-MW-15V 289.22 285.35 -3.87 

GS-AP-MW-35HO 285.42 282.35 -3.07 

GS-AP-MW-2 374.97 371.91 -3.06 

GS-AP-MW-36H 291.36 288.45 -2.91 

GS-AP-MW-3 373.47 370.63 -2.83 

GS-AP-MW-12 379.28 376.59 -2.69 

GS-AP-MW-30HA 254.33 252.32 -2.01 

GS-AP-MW-32H 279.39 277.84 -1.55 

GS-AP-MW-20 310.11 308.77 -1.34 

GS-AP-MW-33HO 272.87 271.89 -0.98 

GS-AP-MW-43H 363.21 362.51 -0.70 

GS-AP-MW-31H 350.71 350.18 -0.53 

 

The most significant groundwater elevation decreases observed during the July 2022 monitoring event are 

spatially clustered to the south with the densest cluster occurring south and west of the southern edge of the 

Ash Pond. Here wells tapping the American coal seam or American Maxine Mine (GS-AP-MW-34HO, 

GS-AP-PZ-16, GS-AP-PZ-22) demonstrate the highest order of decrease. This spatial pattern suggests that 

mining operations have resumed southwest or south-southwest of the Site. Additionally, pond closure 
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activities may also be contributing to decreases observed – especially in wells located further north. 

Dewatering operations began at the Site in 2022. 

4.2 GROUNDWATER FLOW VELOCITY CALCULATIONS 

Because the geology at the Ash Pond is not homogeneous or isotropic with respect to groundwater flow, 

groundwater velocity calculations using derivations of Darcy’s Law are not applicable to groundwater at 

the site. The hydrogeologic characteristics of fractured rock typically produce preferential groundwater 

flow paths, so groundwater velocity is much more variable than in uniform porous media such as sand.  

During monitoring well installation, multiple techniques were used to successfully intercept groundwater 

flow paths with the monitoring wells located around the Ash Pond. These flow paths correspond to coal 

cleats and fractures, zones of fracture concentration, bedding planes, and other discontinuities in the rock.  

Therefore, groundwater flow velocity at the site cannot be accurately quantified using existing site data. 

Slug testing provided horizontal hydraulic conductivities for the uppermost aquifer between 1.19 x 10-3 

cm/sec and 1.22 x 10-5 cm/sec with an average of 4.52 x 10-4 cm/sec. A total of 43 packer tests resulted in a 

range of hydraulic conductivity (k) values from an estimated low of 7 x 10-7 cm/sec to a high of 4 x 10-3 

cm/sec, with most tests (31) in the moderate range (10-5 cm/sec to 10-4 cm/sec), 2 test results in the more 

permeable range (10-3 to 10-2 cm/sec), and 10 test results in the less permeable range (10-6 cm/sec).   
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5.0 EVALUATION OF GROUNDWATER QUALITY DATA 

During each sampling event, quality assurance/quality control samples (QA/QC) are collected at a rate of 

one sample per every group of 10 well samples. These QA/QC samples include well duplicates, equipment 

blanks, and field blanks. Routine analyses of field QA/QC samples are a method for evaluating whether 

artificial bias could have been introduced into lab results by ways of sampling activities or equipment. 

5.1 DATA VALIDATION – QUALITY ASSURANCE/QUALITY CONTROL 

Analytical precision is measured through the calculation of the relative percent difference (RPD) of two 

data sets generated from a similar source. Here, a comparison of results between samples and field duplicate 

samples are used as measure of laboratory precision. Where field duplicates are collected, the RPD between 

the sample and duplicate sample is calculated as: 

 

2/)21(
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+

−
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Where: 

 RPD = Relative Percent Difference (%) 

 Conc1 = Higher concentration of the sample or field duplicate 

 Conc2 = Lower concentration of the sample or field duplicate 

Where the relative percent differences are below 20%, the difference is considered acceptable and no further 

action is needed.  Where an RPD is greater than 20%, further evaluation is required to attempt to determine 

the cause of the difference and potentially result in qualified data.  Table 4a, Relative Percent Difference 

Calculations, provides the relative percent differences for sample and sample duplicates during the 

monitoring period.  Two RPD criteria failures were observed during the first semi-annual sampling event: 

(1) GS-AP-MW-24H for sulfate and (2) GS-AP-MW-28H for fluoride. One RPD criteria failure was 

observed during the second semi-annual sampling event – molybdenum at location GS-AP-PZ-18R.  In all 

instances of RPD criteria failure results reviewed were less than 5 times the RL. In these instances, a 

validation flag of (+) J, (ND), UJ can be applied to the original samples.  
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Analytical data reviewed provided low-level or trace detections in field and/or equipment blanks during the 

monitoring period. Table 4b, Field QC: Blank Detections provides a summary of low-level detections 

observed during the first semi-annual monitoring event. Each of these detections were estimated 

concentrations, above the MDL but below the RL, and qualified in the laboratory analytical reports with “J 

flags.” However, if concentrations are detected above the MDL in field QC samples, original results on the 

(1) date of a blank detection and (2) with a value less than 5 times the field QC detection are flagged with 

a (+) U* and MDL/RL values modified based upon the blank concentration.  

Validated flags do not have an impact on possible statistical analyses due to: (1) low-level concentrations 

flagged during validation and/or (2) constituents flagged are not Site COI. The extent of trace chromium 

detections in blanks can be explained by a low MDL value of 0.000203 mg/L. 

5.2 STATISTICAL METHODOLOGY AND TESTS 

Sanitas software is used to perform statistical analyses on Site data. Sanitas is a decision support software 

package that incorporates the statistical tests required of Subtitle C and D facilities by EPA regulations. 

The analysis complies with the federal rule for the Disposal of Coal Combustion Residuals from Electric 

Utilities (CCR Rule, 2015) as well as with the USEPA Unified Guidance (2009). 

5.2.1 Appendix III Evaluation 

Interwell prediction limits, combined with a 1-of-2 verification strategy, are used to evaluate boron, 

calcium, chloride, fluoride, sulfate, and TDS. Interwell prediction limits pool upgradient well data to 

establish a background limit for an individual constituent. The most recent sample from each downgradient 

well is compared to the background limit to identify SSIs.  

Groundwater Stats Consulting demonstrated that these test methods were appropriate in the October 2017 

Statistical Analysis Plan, which was updated in August 2020 with additional data screening and evaluation. 

Time series plots were used to screen proposed background data for suspected outliers, or extreme values 

that would result in limits that are not conservative from a regulatory perspective. Suspected outliers at all 

wells for Appendix III parameters are formally tested using Tukey’s box plot method and, when identified, 

flagged in the computer database.  

The following adjustments are also applicable to the statistical analysis per the Unified Guidance: 
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• No statistical analyses are required on wells and analytes containing 100% non-detects (EPA 

Unified Guidance, 2009, Chapter 6). 

• When data contain <15% non-detects in the background, simple substitution of one-half the 

reporting limit is utilized in the statistical analysis.  The reporting limit utilized for non-detects is 

the practical quantitation limit (PQL) as reported by the laboratory. 

• When data contain between 15-50% non-detects the Kaplan-Meier non-detect adjustment is applied 

to the background data.  

• Non-parametric prediction limits are used on data containing greater than 50% non-detects. 

5.2.2 Appendix IV Evaluation 

When in corrective action, Appendix IV constituents are sampled semi-annually, and concentrations are 

compared to GWPS. Following the Unified Guidance, spatial variation for Appendix III parameters is tested 

using the ANOVA; this test is not prescribed for Appendix IV constituents.  Unlike the statistical evaluation 

of Appendix III constituents (where single-sample results are compared to the statistical limit), Appendix 

IV analysis uses the pooled results from each downgradient well to develop a well-specific Confidence 

Interval that is compared to the statistical limit.  The statistical limit is either the interwell tolerance limit 

(i.e., background) calculated using the pool of all available upgradient well data (see Chapter 7 of the 

Unified Guidance), or an applicable groundwater protection standard such as the MCL.  Appendix IV 

background data are screened for outliers and extreme trending patterns that would lead to artificially 

elevated statistical limits.   

Parametric tolerance limits (i.e., UTLs) were calculated using pooled upgradient well data for Appendix IV 

parameters with a target of 95% confidence and 95% coverage. The confidence and coverage levels for 

nonparametric tolerance limits are dependent on the number of background samples. The UTLs were then 

used as the GWPS. 

As described in 40 CFR §257.95(h)(1)-(3) and the ADEM Variance (see Section 3.4.3), the GWPS is:  

(1) The maximum contaminant level (MCL) established under 40 CFR §141.62 and 141.66. 

(2) Where an MCL has not been established: 

(i) Cobalt 0.006 mg/L. 

(ii) Lead 0.015 mg/L. 

(iii) Lithium 0.040 mg/L. 

(iv) Molybdenum 0.100 mg/L. 
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(3)  Background levels for constituents where the background level is higher than the MCL or rule-

specified GWPS. 

 

In corrective action, when the Lower Confidence Limit (LCL), or the entire interval, exceeds the GWPS as 

discussed in the USEPA Unified Guidance (2009), the result is recorded as an SSL. GWPS for Appendix 

IV constituents are updated on a biennial schedule. This schedule was initiated in 2019 with updates 

occurring after the second semi-annual sampling event of each biennial year. Data from upgradient wells 

collected between updates may still be used to support ASDs (Alternate Source Demonstrations) if merited. 

5.3 STATISTICAL EXCEEDANCES 

Analytical data from the monitoring period was statistically analyzed in accordance with the Professional 

Engineer (PE)-certified Statistical Analysis Plan (October 2017) and updated in the August 2020 data 

screening evaluation performed by Groundwater Stats Consulting. Appendix III statistical analysis was 

performed to determine if constituents have returned to background levels. Appendix IV monitoring 

parameters were evaluated to determine if concentrations statistically exceeded the established groundwater 

protection standard. 

5.3.1 Appendix III Constituents 

Based on review of the Appendix III statistical analysis presented in Appendix D, Statistical Analyses, 

Appendix III constituents have not returned to background levels. A summary of Appendix III SSIs are 

provided in the Executive Summary Table previously referenced. 

5.3.2 Appendix IV Constituents 

Table 5, Summary of Background Levels and Groundwater Protection Standards summarizes the 

background limit established at each monitoring well and the GWPS.  A summary table of the statistical 

limits accompanies the prediction limits in Appendix D. As discussed in Sections 3.3.1.1 and 5.3, Site 

GWPS were updated after the Fall 2021 sampling event. As a result, the GWPS for lithium has increased 

from 0.04 to 0.0809 mg/L.  

The following subsections describe statistical exceedances during the semi-annual monitoring events of 

2022. 
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5.3.2.1 First Semi-Annual Groundwater Monitoring Event 

During the first semi-annual monitoring event, statistical analysis of Appendix IV data incorporating limits 

defined in the 2019 ADEM Variance (section 3.4.3) identified the following SSLs over GWPS at the listed 

downgradient wells. Using a lithium concentration of 0.0809 mg/L, the following exceedances were noted: 

• GS-AP-MW-6D: Arsenic, Lithium. 

• GS-AP-MW-7: Arsenic, Lithium, Molybdenum. 

• GS-AP-MW-15: Lithium. 

• GS-AP-MW-21: Lithium. 

Although not statistically analyzed due to a limited data set, recently installed downgradient wells GS-AP-

MW-13R and GS-AP-MW-46 demonstrated concentrations above the GWPS for arsenic. Statistical 

analyses will be conducted after a sufficient data set for these wells have been collected. Similarly, recently 

converted to downgradient wells, GS-AP-MW-15V and GS-AP-MW-21V, exhibited lithium 

concentrations above the GWPS. Concentrations over the GWPS but not statistically analyzed: 

• GS-AP-MW-13R: Arsenic 

• GS-AP-MW-46: Arsenic 

• GS-AP-MW-15V: Lithium 

• GS-AP-MW-21V: Lithium 

The combined radium results from GS-AP-MW-16S, GS-AP-MW-17V, GS-AP-MW-25HA, GS-AP-MW-

36HA were noted as likely potential outliers in comparison to historical concentrations. Concentrations 

were significantly higher than previous sampling events. A re-sampling of these wells was conducted 

between May 10 and 11, 2022 and within 90 days of initial sampling. The results confirm that initial results 

from the February-March sampling event were outliers as concentrations from the May resample were more 

similar to historical ranges. This data is summarized below. Re-sample data is included in Appendix C. 
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Well Analyte Units 

May 2022 

Resample 

Result 

February 2022 

Result 

Prior Max 

Concentration 

GS-AP-MW-16S 
Combined Radium 

226 + 228 
pCi/L 0.746 1.23 0.63 

GS-AP-MW-17V 
Combined Radium 

226 + 228 
pCi/L 0.553 7.76 0.738 

GS-AP-MW-

25HA 

Combined Radium 

226 + 228 
pCi/L 0.565 0.763 0.422 

GS-AP-MW-36H 
Combined Radium 

226 + 228 
pCi/L 1.03 7.37 4.33 

 

5.3.2.2 Delineation Wells 

Statistical analyses are not conducted on Site delineation wells. However, a review of analytical data 

derived from delineation wells identified concentrations above GWPS for the following well, parameter 

pairs: 

• GS-AP-MW-6V: Fluoride, Lithium 

• GS-AP-MW-23H: Arsenic 

• GS-AP-MW-26H: Lithium 

• GS-AP-MW-34HO: Lithium 

• GS-AP-MW-41HS: Lithium 

• GS-AP-MW-41HD: Lithium 

Between the Fall 2021 and Spring 2022 sampling events, arsenic concentrations in GS-AP-MW-15V and 

lithium concentrations in GS-AP-MW-29H declined to below GWPS. 

Table 6, First Semi-Annual Monitoring Event Analytical Results Summary, provides a summary of all 

detected constituents for the first semi-annual sampling event.  Statistical reporting output is included as 

Appendix D. 

5.3.2.3 Second Semi-Annual Groundwater Monitoring Event 

During the second semi-annual monitoring event, statistical analysis of Appendix IV data incorporating 

limits defined in the 2019 ADEM Variance (section 3.4.3) identified the following SSLs over GWPS at the 

listed downgradient wells: 
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• GS-AP-MW-6D: Arsenic, Lithium. 

• GS-AP-MW-7: Arsenic, Lithium, Molybdenum. 

• GS-AP-MW-15: Lithium. 

• GS-AP-MW-21: Lithium. 

Although not statistically analyzed due to a limited data set, recently installed downgradient wells GS-AP-

MW-13R and GS-AP-MW-46 demonstrated concentrations above the GWPS for arsenic and GS-AP-MW-

5R demonstrated a lithium concentration above the GWPS. Statistical analyses will be conducted after a 

sufficient data set for these wells have been collected. Similarly, recently converted to downgradient wells, 

GS-AP-MW-15V and GS-AP-MW-21V, exhibited lithium concentrations above the GWPS.  

Concentrations over the GWPS but not statistically analyzed: 

• GS-AP-MW-5R: Lithium 

• GS-AP-MW-13R: Arsenic 

• GS-AP-MW-15V: Lithium 

• GS-AP-MW-46: Arsenic 

• GS-AP-MW-21V: Lithium 

Table 7, Second Semi-Annual Monitoring Event Analytical Results Summary, provides a summary of 

all detected constituents for the second semi-annual sampling event. 

5.3.2.4 Delineation Wells 

Statistical analyses are not conducted on Site delineation wells. However, a review of analytical data 

derived from delineation wells identified concentrations above GWPS for the following well, parameter 

pairs: 

• GS-AP-MW-6V: Fluoride, Lithium 

• GS-AP-PZ-16: Lithium 

• GS-AP-MW-23H: Arsenic 

• GS-AP-MW-25HA: Arsenic 

• GS-AP-MW-26H: Lithium 

• GS-AP-MW-27HR: Lithium 

• GS-AP-MW-29H: Lithium 
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• GS-AP-MW-34HO: Lithium 

• GS-AP-MW-41HS: Lithium 

• GS-AP-MW-41HD: Lithium 

It is important to note that location GS-AP-MW-16S, sampled for the first time during the second semi-

annual monitoring event in 2020, has provided a concentration range for lithium between 0.0574 and 0.140 

mg/L in 6 sampling events. This monitoring location, located hydraulically upgradient from the Ash Pond, 

exhibit elevated lithium concentrations similar to upgradient well GS-AP-MW-17V, and provides a second 

hydraulically upgradient location with lithium concentrations above the Federally derived GWPS 

(described in Section 3.4.3). The lithium concentration of 0.140 mg/L observed in GS-AP-MW-16S is 

higher than that of delineation wells GS-AP-MW-26H, and therefore, may further reduce the count of wells 

over the lithium GWPS after further evaluation and next scheduled update to site GWPS (Fall 2023). This 

along with the discussion provided in the most recent Semi-Annual Progress and Groundwater Delineation 

Report (September 2020) provide strong lines of evidence that naturally occurring lithium exists at elevated 

concentrations.  

Fluoride, detected at concentrations above the GWPS in vertical delineation well GS-AP-MW-6V, is not 

being considered as an impact from the Ash Pond and is not being evaluated for delineation. The following 

lines of evidence support this point: 

(1) Absence of fluoride in pore-water samples (Ash Pond source water) where fluoride concentrations 

were non-detect in 2 of 3 samples and detected at a low-level, estimated concentration in the third 

sample (0.0756 (J) mg/L). This implies that the ash pond is not a source of such high concentrations 

of fluoride. 

(2) No other compliance or delineation wells sampled contained elevated fluoride concentrations. 

Fluoride concentrations in other wells ranged from 0.1 to 2.07 mg/L and averaged 0.34 mg/L. 

(3) Fluoride concentrations in paired wells, GS-AP-MW-6S and GS-AP-MW-6D, provided 

concentrations of 0.164 and 0.108 mg/L, respectively during the first semi-annual monitoring 

event. Concentrations ranged from 0.1 (J) to 0.164 mg/L during the second semi-annual monitoring 

event. 

(4) GS-AP-MW-6V is a relatively new and deeper screened well which can introduce geochemical 

variability due to (1) localized variability or isolated source in the geologic formation and/or (2) a 

temporary disequilibrium caused by the installation of a new well.
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6.0 ALTERNATE SOURCE DEMONSTRATION 

An alternate source demonstration (ASD) was submitted in July 2021 and attached to the 2021 Annual 

Groundwater Monitoring and Corrective Action Report in January 2022.  The alternate source 

demonstration focuses primarily on (1) the contribution elevated pH has on arsenic and lithium 

concentrations in wells GS-AP-MW-15/15V and GS-AP-MW-21 and (2) a comparison of Gorgas AP pore-

water geochemistry to the geochemistry of downgradient wells. This study and previous data obtained 

documenting elevated trace metals in Warrior Basin (Pottsville) coal measures strata provides sufficient 

confidence to determine that many historical exceedances at the site are related to elevated pH and/or 

elevated trace metals in these coal measures. 

The following bullets summarize key lines of evidence documented in the ASD and supporting alternative 

sources: 

• Wells analyzed provided a ratio of lithium to boron different than pore-water samples (source). 

• Wells analyzed provided a different geochemical fingerprint (geochemical facies) from pore-water 

samples. 

• Substantial differences in the relative abundance of boron in comparison to chloride and lithium 

(i.e., conservative ions) in GS-AP-MW-15, GS-AP-MW-15V, and GS-AP-MW-21 compared to 

Ash Pond porewater indicate an alternate source for lithium. 

• High sodium concentrations (+200 mg/L) and alkaline pH (> 10) of groundwater at GS-AP-MW-

15, GS-AP-MW-15V, and GSAP-MW-21 relative to upgradient water and Ash Pond porewater 

indicates the potential for sodium-bentonite and grout contamination; sodium-bentonite may allow 

for cation exchange with lithium. 

• Lithium is naturally occurring and environmentally available in the bedrock at Plant Gorgas, as 

identified by chemical analysis and sequential extraction of rock samples. 

As suggested and described in numerous previous reports (most notably - September 2020 Progress and 

Groundwater Delineation Report), detailed analyses of geochemistry data indicate that impacts to 

groundwater are concentrated north of the ash pond dam. Rock chemistry data as well as published technical 

reports provide sufficient documentation on sources of trace metals. Historical disturbances created by 

mining in and around Gorgas can also contribute to an increase in some constituents. 

Additionally, during the second semi-annual sampling event of 2021, boron isotopic analyses were 

conducted on select well locations to further explore natural or alternative source potential. The following 
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well locations, which exhibited concentrations over GWPS during 2022 sampling events, have boron 

isotopic signatures indicative of natural or alternative sources of COI. 

Well Sample Date δ11B (‰) B (mg/L) 

MW-23H 7/27/2021 3.2-4.2 0.0474 

MW-41HS 7/28/2021 3.6-5.0 1.09 

MW-6V 8/2/2021 13.3 0.1010 

MW-15V 8/3/2021 29.2-31.1 0.0601 

PZ-22 8/3/2021 2.7 0.0478 

MW-34HO 7/27/2021 13.8-18.5 0.106-0.108 

 

Historically, Plant Gorgas has used coals from the Appalachian Basin (Warrior Basin included).  Data 

included in Ruhl et al. (2014) indicate that ash derived from Appalachian Basin coals display a δ11B range 

of -2.7 to -17.6 ‰. In terms of natural occurring sources of boron, (A) groundwater typically displays a 

δ11B range between 2 and 18 ‰, (B) precipitation between 7 and 23 ‰, and soil/rocks between 0 and -5 %. 

Many other wells were not analyzed due to historically low boron concentrations or absence of 

concentration over the GWPS. A geogenic study investigating natural sources of COI at the Site will be 

initiated in 2023 to follow up on the previously submitted ASD as well as geochemical evaluations 

conducted since that have highlighted a likely natural source.  
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7.0 GROUNDWATER ASSESSMENT AND CORRECTIVE ACTION 

As required by Part E of the Order (AO 18-096-GW) and correspondence from ADEM (March 2021), this 

report provides an update on groundwater delineation activities completed since the submittal of the Facility 

Plan for Groundwater Investigation (November 13, 2018).  The primary purpose of this plan and subsequent 

phases of work were to identify the horizontal and vertical extent of groundwater impacts defined by EPA 

Appendix IV groundwater protection standards. 

A comprehensive groundwater delineation report summarizing findings was submitted to ADEM in 

September 2020. The conclusions and results presented indicate that groundwater delineation have been 

completed to a sufficient degree to define spatial extent of groundwater impacts and to inform a 

groundwater remedy selection plan. 

7.1 CHRONOLOGY OF DELINEATION ACTIVITIES 

Beginning in 2019, Semi-Annual Progress Reports have routinely been provided to ADEM in March and 

September, annually. Alabama Power Company (APC) requested approval to combine information 

typically provided in the Semi-Annual Progress Reports with Semi-Annual Groundwater Monitoring and 

Corrective Action Reports on March 15, 2021. ADEM approved this approach and revised timeline for 

submittals on March 16, 2021. APC will now provide the Department with a discussion of delineation 

results and activities in each semi-annual groundwater monitoring and corrective action report (July; 

January) until released in writing. 

7.1.1 Delineation Wells 

Part B of the Order required the installation of additional wells as necessary to define the extent of 

groundwater impacts. The following sections describe monitoring wells installed to delineate impacts to 

groundwater. 

Phase I – Groundwater Investigation (January 2019 – August 2019) 

Phase I was conducted between the dates of January 2, 2019, and August 15, 2019. Table 1b and Figure 5 

present details and locations of delineation wells. The following summarizes all activities that were 

completed during Phase I of groundwater delineation at the Site: 

• Installed nine horizontal delineation wells (GS-AP-MW-23H, GS-AP-MW-24H, GS-AP-MW-

25H, GS-AP-MW-26H, GS-AP-MW-27H, GS-AP-MW-28H, GS-AP-MW-29H, GS-AP-MW-
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30H, and GS-AP-MW-30HS) and four vertical delineation (GS-AP-MW-7V, GS-AP-MW-12V, 

GS-AP-MW-17V, and GS-AP-MW-18V) wells between January 2, 2019 and February 26, 2019.  

• Developed the delineation wells between January 11, 2019, and March 12, 2019. Horizontal 

delineation wells MW-25H, MW-27H, MW-30H, and MW-30HS and vertical delineation well 

MW-7V did not yield sufficient water to be developed or sampled and are utilized as water level 

only piezometers. 

• Sampled the eight successfully developed delineation wells and three pre-existing Ash Pond 

piezometers between February 20, 2019, and March 19, 2019. 

• Submitted a Semi-Annual Progress Report documenting groundwater investigation activities on 

March 30, 2019.  

• Submitted a Groundwater Investigation Report to the Department on May 13, 2019. This report 

recommended a second phase of groundwater investigation to complete delineation of groundwater 

impacts as required by Part B of the Order. 

• Submitted an Assessment of Corrective Measures to the Department on July 11, 2019, as required 

by Part C of the Order.  

• Submitted a Phase II – Groundwater Delineation Plan to the Department on August 15, 2019. This 

plan documented planned activities associated with proposed Phase II delineation efforts. 

Phase II – Groundwater Investigation (September 2019 – March 2020) 

Following a review of data gathered from the Phase I Investigation, additional groundwater investigation 

was proposed to the Department in a Phase II Delineation Plan submitted August 15, 2019, to further 

delineate extent of groundwater impacts. Phase II was conducted between the dates of September 24, 2019, 

and March 27, 2020. Table 1b and Figure 5, present details, and locations of delineation wells and 

piezometers. The following summarizes all activities that were completed during Phase II of groundwater 

delineation at the Site: 

• Completed semi-annual assessment sampling event in September 2019. 

• Installed fifteen horizontal delineation wells (GS-AP-MW-25HA, GS-AP-MW-30HA, GS-AP-

MW-31H, GS-AP-MW-32H, GS-AP-MW-33HO, GS-AP-MW-34HO, GS-AP-MW-35HO, GS-

AP-MW-36H, GS-AP-MW-37H, GS-AP-MW-38H, GS-AP-MW-39H, GS-AP-MW-41HS, GS-

AP-MW-41HD, GS-AP-MW-42H, and GS-AP-MW-43H), three vertical delineation wells (GS-

AP-MW-9V, GS-AP-MW-15V, and GS-AP-MW-21V), and converted three existing deep 



Plant Gorgas Ash Pond 

2022 Annual Groundwater Monitoring and Corrective Action Report 

 

35 

piezometers (GS-AP-PZ-16, GS-AP-PZ-18, and GS-AP-PZ-22) to vertical delineation wells 

between September 24, 2019 and January 31, 2020.  

• Submitted a Semi-Annual Progress Report documenting groundwater investigation activities on 

September 30, 2019.  

• Developed the delineation wells between November 5, 2019, and January 30, 2020. Horizontal 

delineation wells GS-AP-MW-41HS, GS-AP-MW-37H, and GS-AP-MW-39H did not produce 

sufficient water to be developed or sampled and are utilized as water level only piezometers. 

• Sampled the fifteen successfully developed delineation wells and converted piezometers between 

March 16, 2020, and March 27, 2020.  

• On December 30, 2019, provided the Department with a response to comments received from the 

Department on November 14, 2019. 

• Surveyed developed wells in January 2020. 

• Submitted a Semi-Annual Progress Report documenting groundwater investigation activities on 

March 30, 2020.  

Phase III – Groundwater Investigation (April 2020 – September 2020) 

Following a review of data gathered from the Phase I and II Investigations, additional groundwater 

investigation was conducted to address data gaps. Table 1b and Figure 5, present details, and locations of 

delineation wells. The following summarizes all activities that were completed during Phase III of 

groundwater delineation at the Site: 

• Installed two vertical delineation wells north of the Ash Pond (GS-AP-MW-6V and GS-AP-MW-

7VR), one horizontal delineation well west of the Ash Pond (GS-AP-MW-40H), and one off-site 

delineation well (GS-AP-MW-44H0) to the east of the Ash Pond. Onsite well installation activities 

took place between April 15, 2020, and May 1, 2020, and off-site installation between August 11, 

2020 and August 16, 2020.  

• Developed the delineation wells between May 27, 2020, and August 27, 2020. Vertical delineation 

well GS-AP-MW-7VR did not produce sufficient groundwater for well development.  

• Sampled delineation wells in September 2020 along with all other delineation and compliance wells 

as a part of the second semi-annual assessment monitoring event of 2020. Laboratory data will be 

included with the 2020 Annual Groundwater Monitoring and Corrective Action Report.  
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• Conducted a study and re-analysis of low-yielding piezometers (GS-AP-MW-1, GS-AP-MW-3, 

GS-AP-MW-4, GS-AP-MW-7V, GS-AP-MW-16S, GS-AP-MW-20, GS-AP-MW-27H, GS-AP-

MW-30H, GS-AP-MW-30HS, GS-AP-MW-37H, GS-AP-MW-39H, and GS-AP-MW-41HS) to 

assess potential for sampling and inclusion into monitoring well network. A summary memo/report 

will be included with the 2020 Annual Groundwater Monitoring and Corrective Action Report. 

• Submitted a Semi-Annual Progress and Groundwater Delineation Report documenting 

groundwater investigation activities on September 30, 2020.  

• Responded to the February 3, 2021, ADEM Semi-Annual Progress and Groundwater Delineation 

Reports comments letter on March 5, 2021. 

• Responded to the January 20, 2021, ADEM Groundwater Monitoring Plan comments letter and 

included a Supplemental Site Hydrogeologic Characterization Report on March 8, 2021.  

• Submitted the second revised Groundwater Monitoring Plan to the ADEM on March 15, 2021. 

 

Phase IV – Groundwater Investigation (June 2021 – July 2022) 

Phase IV of delineation is focused on (1) addressing potential data gaps in lithium delineation and (2) 

evaluating alternative sources (naturally occurring and/or mine-related) of elevated lithium in wells where 

geologic and geochemical data already indicate the strong potential for an alternate source. Phase IV 

included the following scope: 

• Re-attempting delineation wells GS-AP-MW-27H and GS-AP-MW-37H. 

• Vertical delineation adjacent to well GS-AP-MW-23H. 

• Vertical delineation adjacent to well GS-AP-MW-3 (converted to compliance location) and 

horizontal delineation east of well GS-AP-MW-3. 

• Addressing general data gaps in the American coal flow system. 

• Boron isotope sampling and analyses at selected well locations. 

• Further geochemical study and evaluation of the occurrence of elevated lithium and arsenic. 

During Phase IV numerous (19) replacement, additional compliance, and delineation wells were installed 

and developed. Each of these will add valuable information relevant to assessment. Replacement wells 

installed, surveyed, and developed include compliance replacement locations: GS-AP-MW-1R, GS-AP-
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MW-5R, GS-AP-MW-9R, GS-AP-MW-10R, GS-AP-MW-11R, GS-AP-MW-13R, GS-AP-MW-14R, GS-

AP-MW-18R, and GS-AP-MW-18VR. Additional compliance wells were also installed. These include GS-

AP-MW-3V, GS-AP-MW-46, and GS-AP-MW-47. Information related to well construction details and 

screened lithology can be found in Table 1a. Additional or replacement delineation wells were also 

installed during the Fall. These locations included: GS-AP-MW-23V, GS-AP-MW-27HR, GS-AP-MW-

37HR, and GS-AP-MW-PZ-18R. Information related to well construction details and screened lithology 

can be found in Table 1b. These wells were sampled for the first time during the February-March 2022 

sampling event...  

7.2 NATURE AND QUANTITY OF RELEASE 

Part B of the Order also required collecting data on the nature and estimated quantity of material released. 

To collect data regarding the nature of the source and estimated quantity of material released sampling of 

ash pore-water at three (3) locations was conducted. Ash pore-water was sampled for all EPA Appendix III 

and IV constituents. Groundwater quality data is compared to source water and leachate composition to 

provide a basis for evaluating the degree to which the source area has contributed constituents to 

groundwater.  

7.3 DISCUSSION OF DELINEATION RESULTS 

Groundwater Monitoring and Corrective Action reports for the Plant Gorgas Ash Pond have identified SSLs 

in groundwater for arsenic, lithium, and molybdenum. For the first semi-annual groundwater monitoring 

event, iusoconcentration maps for arsenic, lithium, and molybdenum are presented in Figures 8A, 8B, 9A, 

9B, and 10, respectively. Isococentration maps for the second semi-annual groundwater monitoring event 

are presented in in Figures 11A, 11B, 12A, 12B, and 13. As shown on these figures, SSLs have been 

observed in three distinct flow systems – (1) Pratt Flow System, (2) American Flow System, and (3) 

Gillespy Flow System (north of dam). 

Isoconcentration lines shown on Figures 8A through Figure 13 are data-driven contours derived from the 

spatial distribution of constituent concentrations in the well network. When spatially distributed objects are 

spatially correlated (objects close to together have similar characteristics) interpolation analysis can be used 

to predict “unknowns” between objects. ArcGIS and Geostatistical Analyst are utilized to interpolate 

chemical concentrations between well locations. This process involves the transformation of chemical 

concentration data to log-normal distribution prior to interpolation. In cases where concentrations decrease 

below the GWPS in between well pairs, the extent of groundwater impacts are interpreted from the 
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interpolated (predicted) data set. This method considers the spatial pattern of decreasing concentrations 

observed in nearby wells. Additionally, when applicable, isoconcentration maps have been subdivided by 

major flow system (Pratt or American). 

The location and spacing of delineation wells are based upon the following goals and site factors: 

1. Determine if impacts to groundwater could extend off-site in the direction of groundwater 

flow away from the facility.  

2. Evaluate potential for vertical migration adjacent to compliance wells with SSLs and 

within the context of site hydrogeology. 

3. Address key data gaps between phases – working in from property line or off-site 

depending on gaps. 

4. Ability to safely access locations with drill rig and supporting equipment. 

5. Occurrence of groundwater and sufficient groundwater yield/recharge at locations. 

6. Delineate extent of impacts and capture additional hydrogeologic data necessary to 

evaluate the feasibility of groundwater remediation technologies. 

As shown on Table 1c, 29 delineation wells have been installed at the site to assess potential impacts. 

Additionally, 3 delineation wells were installed but did not produce sufficient groundwater yield to sample 

(Table 1b).  

Arsenic Delineation 

At the site, arsenic has historically exceeded the GWPS at compliance wells GS-AP-MW-6S, GS-AP-MW-

6D, GS-AP-MW-7, and GS-AP-MW-15 and more recently, delineation wells GS-AP-MW-15V, GS-AP-

PZ-18, GS-AP-MW-21V, and GS-AP-MW-23H. Figure 8A shows the extent of arsenic concentrations 

over the 0.01 mg/L GWPS observed in the first semi-annual event data. During the February-March 2022 

sampling event, arsenic exceedances were limited to the Pratt Flow System and Gillespy Flow System. As 

shown on Figure 8B, arsenic concentrations in the American Flow System were below the GWPS. 

Monitoring locations GS-AP-MW-15, GS-AP-MW-15V, and GS-AP-MW-21V have largely exhibited 

downward trends since the September 2020 sampling events and all exhibited concentrations below the 

GWPS for arsenic during the February-March 2022 sampling event. These trends generally correlate to 

decreasing pH or decreasing conductivity. 
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Compliance monitoring well GS-AP-MW-6S has been below the GWPS for arsenic 4 out of the previous 

5 sampling events but was slightly above (0.0106 mg/L) the GWPS during the February-March 2022 

sampling event. DO and ORP have been trending upward since the latter half of 2019 and generally 

correlate with a decreasing arsenic trend in well GS-AP-MW-6S. This trend also overlaps with the ceasing 

of sluiced ash to the ash pond and on-set of closure activities. 

Two recently installed downgradient wells, GS-AP-MW-13R and GS-AP-MW-46, demonstrated arsenic 

concentrations above the GWPS (Figure 8A). These are the first sampling results from these two well 

locations and therefore, (A) concentrations may reflect temporary disequilibrium caused by the well 

installation process and (B) have not been delineated due to this being the first round of sampling results. 

It is recommended that an additional 3-4 sampling events be conducted prior to discussing these specific 

arsenic concentrations as exceedances attributable to the ash pond and in the context of delineation. Nearby 

well, GS-AP-MW-12, presents an example of the potential disequilibrium conditions leading to increased 

arsenic during initial sample events.   The data below shows elevated arsenic during the first sampling event 

followed by a steady decreasing trend. The correlation with conductivity shows that disturbance created by 

disequilibrium may have been the source of elevated arsenic initially. 

Well Date Conductivity 

(uS/cm) 

Arsenic (mg/L) 

GS-AP-MW-12 08-03-2016 668.3 0.11 

GS-AP-MW-12 09-20-2016 644.1 0.0746 

GS-AP-MW-12 10-25-2016 512.6 0.0728 

GS-AP-MW-12 12-13-2016 478.8 0.0538 

GS-AP-MW-12 02-08-2017 522.9 0.0427 

GS-AP-MW-12 03-29-2017 500.4 0.0404 

GS-AP-MW-12 04-26-2017 466.5 0.0372 

GS-AP-MW-12 06-07-2017 458.3 0.0307 

GS-AP-MW-12 02-20-2018 409.9 0.0282 

GS-AP-MW-12 05-15-2018 386.8 0.0253 

GS-AP-MW-12 10-16-2018 375.5 0.0203 

GS-AP-MW-12 04-16-2019 357.9 0.014 

GS-AP-MW-12 09-25-2019 394.56 0.0135 

GS-AP-MW-12 03-18-2020 362.88 0.00693 

GS-AP-MW-12 09-23-2020 324.73 0.00616 

GS-AP-MW-12 02-01-2021 355.4 0.00747 

GS-AP-MW-12 08-09-2021 345.79 0.00308 

GS-AP-MW-12 02-28-2022 342.75 0.0066 

GS-AP-MW-12 07-19-2022 313.53 0.00407 
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Figures 11A and 11B show the extent of arsenic concentrations over the GWPS during the second semi-

annual monitoring event. Key changes observed from the first semi-annual monitoring event include: (1) 

slight increase to arsenic in wells GS-AP-MW-15 and GS-AP-MW-25HA (above GWPS) and (2) slight 

decrease in arsenic in well GS-AP-MW-6S (below GWPS). However, arsenic concentrations in compliance 

wells GS-AP-MW-6S and GS-AP-MW-15 were not determined to be at SSLs. 

As described in Section 6.0, an alternate source demonstration was made for historic SSLs in well GS-AP-

MW-15. This ASD illustrated that elevated pH and potential grout contamination as the primary drivers for 

elevated concentrations. Recent data continues to support this mechanism as increases to arsenic are 

accompanied by similar increases in pH, sodium, potassium, and total alkalinity. It is observed that arsenic 

concentrations over the GWPS are dominated by pH values above 11 SU and classic grout parameters 

exhibit strong positive correlations with arsenic (sodium – R = 0.86/R2 = 0.74; potassium – R = 0.96/R2 = 

0.93; alkalinity – R = 0.7/R2 = 0.49). 

Data from well GS-AP-MW-25HA will continue to be evaluated. Increasing arsenic within this well is 

strongly correlated with ORP (R = -0.83/R2 = 0.69), iron (R = 0.97/R2 = 0.93), sulfate (R = -0.85/R2 = 

0.72), and pH ever so slightly decreasing down to around 8.5 SU (from 8.7 SU). The strong negative 

correlation of arsenic with ORP and sulfate and the strong positive correction with iron suggests that iron-

reducing predominate sulfate-reducing condition, and the occurrence of arsenic may be related to the 

dissolution of iron from hydroxides. 

Spatially, arsenic exceedances appear concentrated to the north of the ash pond dam where strong hydraulic 

gradients create a small area of preferential groundwater flow (Figure 11A). In this area, recent 

concentrations over the GWPS were observed in wells GS-AP-MW-6D, GS-AP-MW-7, and GS-AP-MW-

23H. Compliance wells GS-AP-MW-6D and GS-AP-MW-7 are screened across or proximal to the Gillespy 

coal or equivalent horizon (when absent) and arsenic is horizontally delineated in the same horizon by 

delineation wells GS-AP-MW-41HS and GS-AP-MW-41HD.  

Vertically, arsenic is delineated by GS-AP-MW-6S, GS-AP-MW-6V, GS-AP-MW-23V and the absence 

of groundwater flow beneath the GS-AP-MW-7 screened interval (no yield zones encountered in 

delineation wells attempted at GS-AP-MW-7V and GS-AP-MW-7VR). Arsenic in well GS-AP-MW-6S 

has been below the GWPS during 5 of the last 6 sampling events and correlates to a general increasing 

trend in DO. Unless a significant trend reversal occurs, this location is suitable for the uppermost vertical 

delineation of arsenic. The stratigraphy in this area is detailed in Figure 4F. 
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Additional study is required to determine the source of arsenic in horizontal delineation well GS-AP-MW-

23H. The following lines of evidence suggest the possibility of a source other than the ash pond: 

(1) Screened interval is located above the base of CCR material and approximately 50 feet higher than 

Gillespy or equivalent monitored by GS-AP-MW-6D, GS-AP-MW-7, and GS-AP-MW-41HS/HD. 

(2) Physical location of well appears separated from preferential flow (upslope of valley) and 

groundwater elevations appearing separate from other wells upgradient of GS-AP-MW-23H. 

(3) Low boron concentrations and poor correlation coefficient with boron concentrations 

(4) Low lithium concentrations 

(5) δ11B value of 3.2 to 4.2 ‰ which indicates strongest potential for a natural or meteoric source of 

boron. 

(6) Iron concentrations between 46 and 50 mg/L – which are 5 times higher than the next highest well 

(GS-AP-MW-26H) and much greater than the site average which otherwise ranges from 0.85 to 

1.82 mg/L from 2019 to 2022. 

(7) Low pH range – which is typically observed between 5.8 and 6.3 and much lower than the site 

average which varies between 7.83 and 8.09 SU from 2019 to 2022. 

A secondary cluster of arsenic exceeding the GWPS is located proximal to the central portions of the ash 

pond within the Pratt Flow System (Figure 11A). Here locations GS-AP-MW-13R, GS-AP-MW-46, and 

GS-AP-MW-15 demonstrated concentrations above the GWPS during the July-August sampling event. 

GS-AP-MW-13R and GS-AP-MW-46 have been sampled only twice and therefore, (A) concentrations may 

reflect temporary disequilibrium caused by the well installation process and (B) have not been delineated 

due to this being the first round of sampling results. It is recommended that an additional 2-3 sampling 

events be conducted prior to discussing these specific arsenic concentrations as exceedances attributable to 

the ash pond and in the context of delineation.  

Nearby well, GS-AP-MW-12, presents an example of the potential disequilibrium conditions leading to 

increased arsenic during initial sample events.   The data below shows elevated arsenic during the first 

sampling event followed by a steady decreasing trend. The correlation with conductivity shows potential 

“new well” trauma associated disequilibrium. 
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In summary, arsenic exceedances to the north have been successfully delineated within the Gillespy Flow 

system. Analytical data from future sampling events will be reviewed to determine need for additional 

delineation and/or an alternate source demonstration study to address arsenic at locations GS-AP-MW-13R 

and GS-AP-MW-46. Arsenic concentration in well GS-AP-MW-25HA will be evaluated similarly over the 

next 2-3 sampling events. 

Lithium Delineation 

Lithium exceedances were observed in the American Flow System, Pratt Flow System, and Gillespy Flow 

System during each of the semi-annual monitoring events of 2022.  

Gillespy Flow System 

Figure 9A shows the spatial extent of potential lithium impacts within the Pratt and Gillespy flow systems 

(Figure 9A Inset Map shows Gillespy/Pratt Transition - north of dam only) during the first semi-annual 

groundwater monitoring event. North of the dam and in the Gillespy Flow System, lithium concentrations 

over the GWPS are noted in wells GS-AP-MW-6D, GS-AP-MW-6V, GS-AP-MW-7, GS-AP-MW-41HS, 

and GS-AP-MW-41HD.  

Figure 12A shows the spatial extent of potential lithium impacts within the Pratt and Gillespy flow systems 

(Figure 12A Inset Map shows Gillespy/Pratt Transition - north of dam only) during the second semi-annual 

groundwater monitoring event. Figure 12A shows little appreciable change in lithium concentration 

relative to the first semi-annual groundwater monitoring event (Figure 9A). North of the dam and in the 

Gillespy Flow System, lithium concentrations over the GWPS are noted in wells GS-AP-MW-6D, GS-AP-

MW-6V, GS-AP-MW-7, GS-AP-MW-41HS, and GS-AP-MW-41HD. 

Concentrations in wells demonstrating concentrations over the GWPS generally appear stable over time. 

North of the dam, lithium concentrations are delineated to below GWPS concentrations in the direction of 

groundwater flow by wells GS-AP-MW-23H, GS-AP-MW-23V, GS-AP-MW-24H, and GS-AP-MW-42H. 

As previously described in the September 2020 Progress and Groundwater Delineation Report, no deeper 

flow zones were observed beneath the screened intervals of GS-AP-MW-7, GS-AP-MW-41HD, and GS-

AP-MW-6V. Boring, geophysical, hydrophysical, and “dry” piezometer data indicate that flow to the north 

is accommodated by 2-3 discrete fracture/bedding planes in the Gillespy Coal Group and Pratt-Gillespy 

Coal transition zone. This data suggests little to no groundwater yield beneath these discrete planes. Lower 

than GWPS concentrations in groundwater yielding zones above these discrete zones also correlate with 

preferential flow conditions.  
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Additional delineation locations are not feasible or severely limited due to topography, saturated conditions, 

ash pond closure activities, and utilities. However, sufficient delineation and site hydrogeologic data has 

been studied to understand suitable remedial technologies in these areas. For instance, a permeation 

grouting pilot program, is being evaluated for application across these 2-3 discrete flow zones.  

As shown on Figure 9A and Figure 12A, the highest concentrations of lithium correlate to areas previously 

mined (dashed lines showing Pratt Strip Mines). This observation indicates that historical mining could 

contribute, to some extent, to the elevated lithium concentrations north of the dam.  

As boron and lithium behave similarly in groundwater (largely unreactive), boron isotopic results can 

provide an indication of the source of lithium. Boron isotopes have been studied and implemented as tracer 

for CCR impacts to groundwater (Davidson and Bassett, 1993; Ruhl et al., 2014). These studies have shown 

that coal or CCR sources are definitively identified by a distinctive negative δ11B signature whereas other 

geologic and anthropogenic sources display positive ratios. Historically, Plant Gorgas has used coals from 

the Appalachian Basin (Warrior Basin included).  Data included in Ruhl et al. (2014) indicate that ash 

derived from Appalachian Basin coals display a δ11B range of -2.7 to -17.6 ‰. In terms of natural occurring 

sources of boron, (A) groundwater typically displays a δ11B range between 2 and 18 ‰, (B) precipitation 

between 7 and 23 ‰, and soil/rocks between 0 and -5 %.  

In wells GS-AP-MW-6S and GS-AP-MW-7, boron isotopic results indicate lithium concentrations are 

sourced from coal or CCR. Conversely, corroborating potential mine or natural sources of lithium are boron 

isotope data from wells GS-AP-MW-6V and GS-AP-MW-41HS - which show δ11B values of 13.3 ‰ and 

3.6-5.0 ‰, respectively. These values strongly indicate a source other than the ash pond. Boron isotope 

data is summarized below. 

Well δ11B (‰) Boron Source 

GS-AP-MW-6S -6.2 Coal or CCR 

GS-AP-MW-6D -1.7 Mudstone/Shale 

GS-AP-MW-6V 13.3 Meteoric 

GS-AP-MW-7 -12.8 Coal or CCR 

GS-AP-MW-23H 4.2 Meteoric 

GS-AP-MW-41HS 3.6-5.0 Meteoric 

 

To summarize these results, boron isotopic analyses strongly suggest that pond derived impacts are 

restricted to wells GS-AP-MW-6S, GS-AP-MW-7, and potentially, to well GS-AP-MW-6D. Additional 
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study on the potential geogenic origins of lithium in this area are strongly recommended to clarify the extent 

of lithium impacts. 

Pratt Flow System 

Figure 9A also illustrates lithium exceedances observed in the Pratt Flow System where wells GS-AP-

MW-15 and GS-AP-MW-21 had concentrations above the GWPS during the February-March 2022 

sampling event. The ASD described in Section 6.0 addresses exceedances in wells GS-AP-MW-15 and 

GS-AP-MW-21 as unrelated to the ash pond. In addition to the details provided in Section 6.0, and the 

ASD submitted in July 2021, boron isotope analyses were attempted at these two well locations – however, 

results were below the quantifiable limit.  

Figure 12A illustrates lithium concentrations observed during the second semi-annual groundwater 

monitoring event. During this event, wells GS-AP-MW-15, GS-AP-MW-21, GS-AP-MW-27HR, and GS-

AP-MW-29H demonstrated lithium concentrations above the GWPS. 

In the areas with potential lithium impacts, horizontal delineation to below GWPS concentration can largely 

be derived from nearby wells: GS-AP-MW-46, GS-AP-MW-31H, GS-AP-MW-18VR, GS-AP-MW-

33HO, GS-AP-MW-17, GS-AP-MW-28H, and GS-AP-MW-36H. Southeast of GS-AP-MW-21, dry wells 

GS-AP-MW-30H and GS-AP-MW-20 provide data that shows an absence of groundwater yield in Pratt 

intervals. However, the deeper American Flow System was productive and can be used in the assessment 

of lithium concentrations.  

In terms of vertical delineation, during first semi-annual monitoring event lithium was below the GWPS in 

well GS-AP-MW-15V (installed in deeper American Flow System), and slightly above the GWPS in well 

GS-AP-MW-21V, also installed in the deeper American Flow System (Table 6, Figure 9B). Conversely, 

during the second semi-annual groundwater monitoring event, lithium slightly exceeded the GWPS in well 

GS-AP-MW-15V, and decreased to below the GWPS, in well GS-AP-MW-21V. Both GS-AP-MW-15V 

and GS-AP-MW-21V have exhibited a general decreasing trend and significantly reduced concentrations 

from initial sampling events. Like GS-AP-MW-15 and GS-AP-MW-21, lithium concentrations in well GS-

AP-MW-15V are influenced strongly by elevated pH. 

American Flow System 

Figure 9B shows the spatial extent of potential lithium impacts within the American coal flow system 

during the first semi-annual groundwater monitoring event. Concentrations observed over the GWPS are 

noted for wells GS-AP-MW-26H, GS-AP-MW-21V, and GS-AP-MW-34HO. 
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Figure 12B shows the spatial extent of potential lithium impacts within the American coal flow system 

during the second semi-annual groundwater monitoring event. Concentrations observed over the GWPS 

are noted for wells GS-AP-MW-5R, GS-AP-MW-15V, GS-AP-PZ-16, GS-AP-MW-26H, and GS-AP-

MW-34HO. 

Western Areas 

The lithium exceedance at GS-AP-MW-26H appears to be (1) elevated naturally occurring lithium or (2) 

elevated lithium due to an alternate source. Evidence supporting this: 

1) Absence of lithium exceedances at waste boundary compliance wells upgradient of GS-AP-MW-

29H (in both Pratt and American coal screened wells) 

2) Increasing lithium concentration trend with distance away from the ash pond 

3) Lack of other CCR indicator parameters: 

a. Boron – 87.5% non-detect, highest concentration is a low-level, estimated (j-flagged) 

concentration (0.0334 mg/L (J)) 

b. Molybdenum – 87.5% non-detect or low-level, estimated concentrations 

c. Arsenic – 87.5% non-detect or low-level, estimated concentrations 

4) Well location adjacent to Jacobs Mine permit boundary 

5) Concentration below highest concentration of proposed upgradient well GS-AP-MW-16S 

indicating lithium in normal concentration range for site. 

For these reasons, no further delineation activities are planned near GS-AP-MW-26H for purposes of 

further delineating lithium. Furthermore, horizontal delineation would technically be achieved in this area 

by the below GWPS concentrations observed in GS-AP-MW-40H to the west and GS-AP-MW-38H to the 

south. 

Southern Areas/Maxine Mine 

Figure 9B shows, to the south, lithium exceedances are noted in American coal or Maxine mine screened 

locations GS-AP-MW-21V and GS-AP-MW-34HO during the first semi-annual groundwater monitoring 

event. Figure 12B shows that during the second semi-annual groundwater monitoring event GS-AP-MW-

15V, GS-AP-PZ-16, and GS-AP-MW-34HO exhibit lithium concentrations above the GWPS.  

As presented on these figures, the southern area of the site (south of line from GS-AP-MW-15V to GS-AP-

MW-21V) was previously disturbed by the underground Maxine American Seam Mine. The presence of 
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this mine and its’ large spatial extent makes it difficult to install wells that provide truly representative 

groundwater quality of the American coal flow system.  

As previously described, lithium concentrations in well GS-AP-MW-15V are strongly influenced by 

elevated pH conditions which have ranged between 8.21 and 10.89 standard units (SU). Historical data 

shows that lithium occurs at higher concentrations with elevated groundwater pH (R = 0.87, R2 = 0.76). 

This data also shows that pH conditions have been steadily decreasing since the initial sampling event in 

March 2020. Lithium concentrations have similarly decreased, and most notably, since the initial 3 

sampling events. This data evaluation suggests that the groundwater geochemistry was likely impacted by 

the well installation and construction process. Since installation and the initial sampling event, geochemical 

data suggests that geochemical equilibrium is slowly being restored to more normal conditions. 

Furthermore, low-level and stable concentrations of boron, suggest a source other than CCR leachate. These 

data are inserted below for reference. 

Well Date pH 

(SU) 

Conductivity 

(uS/cm) 

Chloride  

(mg/L) 

Lithium 

(mg/L) 

Boron  

(mg/L) 

GS-AP-

MW-15V 03-18-2020 10.89 1735.33 108 0.208 0.0565(J) 

GS-AP-

MW-15V 09-21-2020 10.07 1858.9 171 0.116 0.0712(J) 

GS-AP-

MW-15V 02-09-2021 9.55 1811.73 197 0.122 0.0722(J) 

GS-AP-

MW-15V 08-03-2021 8.97 1532.78 176 0.0986 0.0601(J) 

GS-AP-

MW-15V 02-16-2022 8.65 1398.52 129 0.0788 0.0579(J) 

GS-AP-

MW-15V 08-02-2022 8.21 1392.92 126 0.096 0.0589(J) 

 

For well GS-AP-MW-15V, the 2022 analytical data sets begin to show concentrations and values similar 

to historical averages for the American flow system beneath the Site.  When pH conditions are confirmed 

to have stabilized, it will be most appropriate to evaluate lithium concentrations as representative and for 

potential groundwater impacts. At a minimum, data collected prior to 2022 appears unrepresentative of Site 

groundwater quality.  

To the southwest, well locations GS-AP-MW-36V, GS-AP-PZ-16, and GS-AP-PZ-22 can be used to 

effectively demonstrate horizontal delineation in the American coal and Maxine Mine. Maxine mine 
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location, GS-AP-PZ-16, was below the lithium GWPS during the first semi-annual sampling event and 

slightly above the GWPS during the second semi-annual sampling event with an average annual 

concentration below GWPS (0.074 mg/L).  

However, due south, horizontal delineation well GS-AP-MW-34HO does exceed the GWPS for lithium but 

also quite notably, appears to present a case as a potential outlier. As shown on Figures 9B and 12B, the 

lithium concentration observed is two or more times higher than observed in wells more proximal to the 

waste boundary.  

Regarding elevated lithium concentrations in delineation well GS-AP-MW-34HO, there are lines of 

evidence supporting an alternate source: 

1) Increasing lithium concentration trend with distance away from the ash pond 

2) Low concentrations of other CCR indicator parameters: 

a. Boron – 0.0827 (J) to 0.109 [mg/L] 

b. Molybdenum – 0.00386 (J) to 0.0143 (J) [mg/L] 

c. Arsenic – 0.00308 (J) to 0.00668 [mg/L] 

3) Chloride concentrations significantly greater than CCR pore-water 

4) Geochemical facies representative of ancient groundwater (sodium-chloride) and different than 

CCR pore-water (calcium-chloride) 

5) Boron isotopic fractionation not representative of CCR signature – where a δ11B value of 13.8 to 

15.7 ‰ suggests a meteoric signature of boron, and thus, lithium. 

6) Well location surrounded by the large-scale, underground Maxine Mine. 

For these reasons, no further delineation activities are planned near GS-AP-MW-34HO for purposes of 

further delineating lithium. 

Well location GS-AP-MW-21V has demonstrated concentrations below the GWPS two of the last three 

sampling events and only slightly exceeded the GWPS during the first semi-annual sampling event of 2022. 

Overall, lithium concentrations in well GS-AP-MW-21V have decreased notably from the results of the 

first three sampling events. Lithium concentration patterns are paralleled by those of groundwater 

conductivity which were significantly elevated during the first three sampling events. Similar to the 

discussion of GS-AP-MW-15V, groundwater geochemistry in well GS-AP-MW-21 may have been 

disturbed by the physical process of well installation and construction. Trends suggest that geochemical 

equilibrium was restored or close to restored beginning with the second semi-annual monitoring event of 
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2021. No additional delineation is planned in the vicinity of GS-AP-MW-21V. Additional activities may 

be planned, pending a review of the July 2021 ASD. 

Northern Areas 

As shown on Figures 9B and 12B, lithium concentrations were well below the GWPS during the first semi-

annual groundwater monitoring event and slightly above during the second semi-annual groundwater 

monitoring event. These two data points represent the first two sampling events obtained from well GS-

AP-MW-5R which was recently installed as a replacement well. Additional sampling events and data are 

needed to evaluate lithium concentrations as representative of Site groundwater quality. Based upon the 

discussion and findings of initial geochemical disequilibrium observed in wells GS-AP-MW-12, GS-AP-

MW-15V, and GS-AP-MW-21V, this evaluation will likely require 6 to 8 sampling events prior to establish 

a sufficient understanding of geochemical behavior and trends. Recommendations will be made upon 

completion of this evaluation. 

Molybdenum Delineation 

Figures 10 and 13 shows the extent of potential molybdenum impacts to groundwater observed during 

2022 sampling events. Molybdenum exceeded at compliance location GS-AP-MW-7 (Gillespy Group) 

located north of the ash pond dam. Horizontally, molybdenum has been delineated on-site by delineation 

wells GS-AP-MW-23H, GS-AP-MW-24H, GS-AP-MW-41HD, and GS-AP-MW-42H. Two vertical 

delineation wells have been attempted in the vicinity of well GS-AP-MW-7. GS-AP-MW-7V was installed 

approximately 200 feet below ground surface (BGS) in a sandstone unit and GS-AP-MW-7VR was 

installed across a thin coal seam encountered at a depth of 145 feet BGS.  Locations GS-AP-MW-7V and 

GS-AP-MW-7VR did not yield sufficient groundwater recharge for well development or low-flow 

groundwater sampling methods.  

Furthermore, borehole geophysical logs reviewed from GS-AP-MW-7, MW-7V, and MW-7VR (chiefly 

fluid resistivity and fluid temperature logs) did not provide robust evidence of groundwater flow zones 

deeper than 88 feet BGS where GS-AP-MW-7 already monitors. The fracture encountered at GS-AP-MW-

7 and noted in geophysical logs acquired in MW-7V and MW-7VR appears to be the basal and most 

prominent flow feature in the area. No additional vertical delineation is proposed in the vicinity of GS-AP-

MW-7.  
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7.4 STATUS OF DELINEATION  

As described in Section 7.1.1, a 4th phase of work and study has recently been conducted. The 19 recently 

installed well locations were generally designed to address these potential data gaps. All newly installed 

and existing wells were sampled for the first time during the spring of 2022. A review of recent data 

identified the potential data gaps, listed below. However, since gaps are primarily associated with newly 

installed wells, or wells where significant signatures of natural/alternate sources are present in the data, the 

recommended plan of action is to: 

(1) Evaluate the occurrence, distribution, and mobility of naturally occurring lithium in subsurface 

geologic materials (generally using recent Gorgas Gypsum Pond study as template). 

(2) Allow for the collection of 4 to 6 additional groundwater samples in recently installed wells prior 

to evaluation. 

(3) Upon review of the above tasks and result, evaluate the need for potential additional delineation 

and assessment. Following 2022 sampling results, potential needs are outlined below. 

Lithium Delineation 

• Pratt Flow System 

o Horizontal delineation (or new compliance well), re-attempt: east and/or southeast of 

GS-AP-MW-21 

• American Flow System 

o Horizontal delineation or new compliance well to the southeast (between GS-MW-30HA 

and GS-AP-MW-34HO). 

Arsenic Delineation 

• Pratt Flow System 

o Potential Future Action: (A) Horizontal delineation west-southwest of GS-AP-MW-11R 

and off-set vertical delineation, (B) Horizontal delineation east of GS-AP-MW-46 and off-

set vertical delineation. These are labeled potential future actions pending the 

recommendation to re-evaluate data and trends after 6-8 sampling events. Rationale for 

this recommendation is provided in the Arsenic Delineation portion of Section 7.1.3. 

The bolded text in the bulleted list above indicates that an ASD has been presented to address these 

exceedances and selected data gaps. A review of the data revealed no data gaps associated with 

molybdenum impacts.  
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7.5 GROUNDWATER REMEDY AND CORRECTIVE ACTION 

An Assessment of Corrective Measures (ACM) for groundwater impacts was conducted and formally 

submitted to ADEM in June 2019. Additional data analyses and investigations conducted since the ACM 

culminated with a more detailed Groundwater Remedy Selection Report, submitted in December 2021, and 

a Corrective Action Groundwater Monitoring Program document submitted in March 2022. 

Submittal Submittal Date Purpose 

Assessment of Corrective 

Measures 
06/2019 

Initial evaluation of the feasibility, performance, 

and implementation of known and emerging 

groundwater remediation technologies against 

site conditions and factors. 

Groundwater Remedy Selection 

Report 
12/2021 

Formal selection and detailed description of 

groundwater remedies selected for 

implementation at the site. 

Corrective Action Groundwater 

Monitoring Program 
03/2022 

Plan document to describe process and program 

for implementation and monitoring of 

groundwater remedies selected at the site. 

7.5.1 Groundwater Remedy Selection 

As described in Section 5 and Section 7.3, geochemical data gathered and analyzed indicates that 

groundwater impacts may be constrained to a small area north of the dam and between wells GS-AP-MW-

6S, GS-AP-MW-7, and GS-AP-MW-41HD. A small footprint of impacted groundwater flowing through 

well defined, discrete bedding provides an opportunity for a very targeted groundwater remediation 

program. The Groundwater Remedy Selection Report described the selected remedies for groundwater 

corrective actions at the site: 

• Source control to include dewatering, consolidation, and capping of the CCR unit, 

• Permeation grouting in areas of higher concentrations of constituents of interest (COI) and/or 

preferential groundwater flow pathways to prevent COI movement, 

• Monitored natural attenuation (MNA) over the entire site. 
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Geochemical manipulation is also being researched for feasibility in application and delivery to these well 

constrained, discrete flow intervals. A scope of work is also being established to guide potential 

compatibility testing. 

Closure of the CCR Unit – including dewatering, consolidation, and capping – will greatly reduce or 

eliminate source contributions to groundwater. Permeation grouting was selected because, as a corollary to 

barrier walls, it impedes groundwater flow and helps prevent the migration of COIs away from the source 

area. Additionally, permeation grouting can also be a viewed as a complementary method to MNA – where 

either the sealing of groundwater flow or the slowing of the flow path away from the source area provides 

longer residence time for MNA processes or geochemically enhanced MNA processes to reduce COI 

concentrations. MNA was selected based upon the evidence gathered during initial investigations - which 

highlighted that these processes are already occurring. 

7.5.2 Corrective Action – Groundwater Monitoring Program 

The Corrective Action Groundwater Monitoring Program describes early plans for implementation and 

monitoring of groundwater remedies described above. This plan chunked the program into two stages. 

• Stage 1 will include ongoing compliance monitoring, remedial effectiveness monitoring for 

permeation grouting, MNA performance monitoring, sentinel/clean-line monitoring (including 

surface water monitoring), and demonstration that Site conditions remain protective of potential 

human and ecological receptors. Prompt action will be taken should data or data trends indicate 

such actions are warranted. 

• Stage 2 monitoring will be implemented upon Site closure, with the first 2 years of Stage 2 

monitoring consisting of background data collection to serve as a baseline. Stage 2 monitoring will 

be composed of ongoing compliance monitoring, additional wells or sampling locations as needed 

to evaluate remedy effectiveness, additional MNA parameters as needed, mass and mass flux 

calculations, additional monitoring associated with permeation grouting (if implemented), re-

evaluation of natural attenuation processes and efficacy every 10 years, and demonstration that Site 

conditions remain protective of potential human and ecological receptors. 
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Stage 1 

The initial phase of Stage 1 has implementation tasks associated with each selected groundwater remedy 

that serve as a foundation for the remainder of Stage 1 and Stage 2: 

 

Selected Remedy Implementation Task(s) 

Monitored Natural Attenuation 

1. Implementation of expanded MNA 

sampling parameters. 

2. Further assessment of MNA monitoring 

network. 

Permeation Grouting Program 

1. Plan, Work Scope development and field 

program for the detailed characterization of 

fracture flow characteristics and data needs 

supporting a permeation grouting pilot 

2. Implementation of Permeation Grouting 

Pilot Program using data collected from 

detailed characterization. 

Source Control/Closure Activities 

1. Evaluation of geochemical changes in 

groundwater with respect to transient 

closure activities (excavation, de-watering, 

etc). 

2. Implementation of field data collection 

instruments/telemetry within key 

monitoring wells to further understand the 

nature of geochemical changes over time 

and with respect to closure activities and 

MNA/geochemical modelling. 
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Implementation of Monitored Natural Attenuation 

MNA sampling parameters were added to the sampling plans and analyzed in the laboratory during the 

February-March 2022 sampling event (Table 6) and continued during the July-August 2022 sampling event 

(Table 7). These parameters in addition to field parameters, Appendix III, and Appendix IV parameters are 

utilized to study the processes that govern or facilitate MNA as well as changes in geochemical conditions. 

Parameters will be included in the site geochemical model. 

Permeation Grouting Program 

An Implementation and Data Requirements Plan – Permeation Grouting Pilot Program is being drafted to 

outline means and methods for the complete geologic and hydrogeologic characterization of the area of the 

site selected for the pilot study. This document provides a plan for the detailed characterization of fracture 

flow through the Pottsville Formation – including standards for core logging, downhole geophysical 

methods, hydrogeophysical methods, and aquifer performance testing. This plan will be executed in the 

field and data analyzed to complete the initial study or foundation phase of the Permeation Grouting Pilot 

Program. 

The tentative schedule for this initial foundation phase is outlined as: 

• Implementation and Data Requirements Plan – Permeation Grouting Pilot Program (1st quarter 

2023). 

• Fracture-Flow Field Study and Data Analyses – 4th quarter 2022 to 2nd quarter 2023 

• Permeation Grouting Pilot Program – TBD, pending requisite documents and approvals supporting 

the injection program. 

 

Source Control/Closure Activities 

The primary task and objectives at the on-set of Stage 1 include: (1) monitoring and reviewing for changes 

in geochemical conditions that would invoke an adaptive trigger, (2) studying transient changes in 

groundwater quality that may be the result of physical closure activities, and (3) determination of primary 

mechanisms and geochemical relationships at play in changing geochemical conditions. The understanding 

of mechanisms and relationships leading to geochemical changes in groundwater provides opportunity to 

further understand natural MNA processes at the site and document benefits/impacts of source control as 

closure progresses. 
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As a part of the Semi-Annual Monitoring Reporting process, groundwater quality is being evaluated with 

respect to: 

1) Concentration Trends 

a) By Analyte 

b) By Locations 

c) In Aggregate 

2) Geochemical Correlations 

3) Concentration Trends/Geochemical Correlations cross-referenced to by recent or active ash pond 

closure activities. 

 

To facilitate further understanding of trends and correlating relationships, AquaTROLL instrumentation is 

being installed at select key monitoring well locations for the near continuous monitoring of field 

parameters. This additional data will allow for a better understanding of the degree of changes driven by 

different types of closure activities, the response of site flow systems, and possible correlations/changes 

noted in semi-annual monitoring data.  

AquaTROLL instrumentation will be installed during the first half of 2023 (pending supply chain issues) 

at the following monitoring locations: 

• GS-AP-MW-6 

• GS-AP-MW-6D 

• GS-AP-MW-6V 

• GS-AP-MW-7 

• GS-AP-MW-18VR 

• GS-AP-MW-23H 

• GS-AP-MW-23V 

• GS-AP-PZ-16 
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7.5.3 Update on Monitoring Period Activities 

Activities focused on corrective action were performed in 2022. The core activities included: 

1) Desktop study for injectability of bedrock and injection treatability studies 

2) Sampling of MNA parameters 

3) Initiation of geogenic evaluation 

The objectives of the hydraulic desktop study for injectability of bedrock are twofold, as follows:  

• Identify a location near the Plant Gorgas Ash Pond most appropriate for conducting an injection 

pilot test. 

• Provide information that will support scoping a pre-pilot test exploratory field program and, 

ultimately, the design and implementation of the pilot test.  

Treatability studies are also being performed to evaluate reagent composition, dosing, effectiveness, and 

sequencing (if applicable) for in situ groundwater treatment of COIs via injection. The following activities 

have been completed: 

• Selection of potential locations where a field pilot test may be appropriate based on stratigraphy, 

COIs at statistically significant levels in groundwater, available bedrock characterization data, and 

physical accessibility 

• Preliminary modeling of the hydraulics of potential reagent injections that may be performed to 

treat COIs in fractured bedrock‒ 

o The input parameters for this modeling include hydraulic gradients and groundwater flow 

directions, depths to groundwater, hydraulic conductivities, mean fracture porosities, and 

potential treatment zone depths. The results of this preliminary modeling include estimates 

of injection rates, durations, and volume and areal extent of treatment solution delivery. 

Work, either ongoing or scheduled, includes the following: 

• Treatability testing to identify suitable reagents that can be used to treat COIs in situ‒This work 

will include an estimate of the mass of precipitated minerals that may form on the fracture surfaces 
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as a result of the injected treatment solution and its impact on the aquifer transmissivities and 

hydraulic conductivities. 

• Bedrock core sample laboratory analysis of geochemistry (cation exchange capacity; aluminum-, 

manganese-, and iron-oxide extractions; bulk chemistry; mineralogy; and microanalysis for COIs 

in fracture fill) and physical parameters (matrix hydraulic conductivity, porosity, and bulk density) 

o The geochemistry results will inform the treatability studies described in the previous 

bullet. The physical parameters will be used in the predictive modeling as detailed in the 

following bullets. Both the geochemical and physical analyses will inform the design and 

implementation of the field pilot tests. 

The results of this desktop study for injectability of bedrock and treatability studies will support the 

following activities: 

• Identify data gaps and develop a scope of exploratory field activities that may be conducted to fill 

those data gaps.  

• Perform additional predictive modeling of pilot test injections to help ensure appropriate injection 

concentration and volume, and monitoring duration and frequency.  

• Design and implement the pilot test. 

7.6 GROUNDWATER QUALITY CHANGES AND TRENDS 

Relatively few groundwater quality trends and changes have been noted to date at the Site. As described in 

Section 4.1, numerous groundwater elevation decreases were noted during the July-August 2022 sampling 

event. The location, screened interval, and magnitude of groundwater elevation change suggests that mining 

operations across the American coal seam to the south are a potential driver of these observed changes.  

However, smaller magnitude changes in Pratt coal wells in more central areas of the Site may be related to 

recent initiation of ash pond dewatering operations. These potential locations include wells GS-AP-MW-2, 

GS-AP-MW-3, and GS-AP-MW-12. 

The lack of obvious or significant trends is likely in part due to (1) dewatering operations not starting until 

the first week of July 2022, (2) the low permeability nature of the subsurface flow systems, and (3) the 

number of wells that have been recently installed or replaced (too few data points for trend analyses). 
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Downward Trends 

By Volume per Well 

A review of downward trend volume shows that wells GS-AP-MW-3 (11), GS-AP-MW-2 (10), GS-AP-

MW-9V (10), and GS-AP-MW-7 (9) show the highest counts of non-statistical downward trends (3 

consecutive decreases). Spatially, these wells are clustered north-central relative to the ash pond. 

Downward trends appear to be most commonly occurring across the following constituents at these 

locations: manganese, barium, boron, calcium, magnesium, lithium, and turbidity.  

Decreasing arsenic trends tend to be negatively correlated with DO and ORP. 

By Volume per Analyte 

A review of downward trend volume shows that analytes barium (14), boron (10), chloride (11), fluoride 

(12), magnesium (10), ORP (10), sulfate (13), and turbidity (12) are currently the most common exhibiting 

downward trends. 

In terms of Appendix IV COI, there are currently (A) 7 downward trends for arsenic, (B) 8 downward 

trends for molybdenum and (B) 4 downward trends for lithium. The most significant of these downward 

trends are: 

• Arsenic: GS-AP-MW-15V 

• Lithium: GS-AP-MW-21, GS-AP-MW-3, GS-AP-MW-34HO 

• Molybdenum: GS-AP-MW-21. 

At the present, downward trends for Appendix IV COI are observed at these well locations: 

• Lithium: GS-AP-MW-2, GS-AP-MW-21, GS-AP-MW-3, GS-AP-MW-36H 

• Arsenic: GS-AP-MW-15V, GS-AP-MW-11R, GS-AP-MW-29H, GS-AP-MW-36H, GS-AP-MW-

40H, GS-AP-MW-41HD, GS-AP-MW-7 

• Molybdenum: GS-AP-MW-21, GS-AP-MW-254HA, GS-AP-MW-3, GS-AP-MW-41HS, GS-AP-

MW-42H, GS-AP-MW-6V, GS-AP-MW-9V, GS-AP=PZ-18R. 

Changes Relative to GWPS – First Semi-Annual Monitoring Period 

The following wells showed concentration decreases to below the GWPS: 
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• GS-AP-MW-3: Lithium 

• GS-AP-MW-15: Arsenic 

• GS-AP-MW-15V: Arsenic, Lithium. 

The following wells showed concentration increases above the GWPS: 

• GS-AP-MW-6S: Arsenic 

• GS-AP-MW-21V: Lithium 

• GS-AP-MW-15V: Arsenic, Lithium. 

Despite the increase, GS-AP-MW-6 has exhibited arsenic concentrations below GWPS 4 out of the most 

recent 5 sampling events and has shown decreasing trend. 

Changes Relative to GWPS – Second Semi-Annual Monitoring Period 

The following wells showed concentration decreases to below the GWPS: 

• GS-AP-MW-6S: Arsenic 

• GS-AP-MW-15V: Arsenic 

• GS-AP-MW-21V: Lithium. 

The following wells showed concentration increases above the GWPS: 

• GS-AP-MW-27HR: Lithium 

• GS-AP-MW-15: Arsenic 

• GS-AP-MW-15V: Lithium. 

• GS-AP-PZ-16: Lithium 

• GS-AP-MW-29H: Lithium 

• GS-AP-MW-25HA: Arsenic. 

 

Aggregate Annual Average Trends 

The following provides a summary of average annual concentrations in compliance wells (upgradient, 

downgradient, abandoned) since the first year of groundwater monitoring. As shown below, annualized 

average concentrations during 2022 for boron, arsenic, lithium, and molybdenum were the lowest since 
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monitoring began. These annualized averages will continue to be evaluated and reviewed each year to 

determine overall trends. Averages presented below could be relational to ash pond closure activities, 

geochemical disequilibrium and return to equilibrium processes, and abandonment/replacement activities. 

Year Boron (mg/L) Arsenic (mg/L) Lithium (mg/L) Molybdenum (mg/L) 

2016 0.4063 0.0272 0.0872 0.0259 

2017 0.3965 0.0270 0.0923 0.0232 

2018 0.3894 0.0265 0.0898 0.0271 

2019 0.3267 0.0237 0.0967 0.0259 

2020 0.2655 0.0259 0.1075 0.0337 

2021 0.2999 0.0243 0.1119 0.0284 

2022 0.2406 0.0193 0.0742 0.0184 
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8.0 SUMMARY AND CONCLUSIONS 

Semi-annual monitoring took place in February/March and July/August 2022. Statistical evaluations of the 

2022 monitoring data identified SSLs of Appendix IV constituents above the GWPS. To address previously 

identified SSLs, a Groundwater Remedy Selection Report was prepared and submitted to ADEM on 

December 16, 2021, and a Corrective Action Groundwater Monitoring Program plan on March 15, 2022. 

Focus on the Site now begins to shift towards planning and implementation of remedies along with 

continued evaluation of assessment and compliance data.  

The following future actions will be taken or are recommended for the Site: 

• Continue with phase 1 implementation of the Permeation Grouting Pilot Program for the remediation 

of arsenic, lithium, and molybdenum. 

• Evaluate technical and implementation feasibility of geochemical manipulation and enhanced MNA 

technologies. 

• Installation of near real-time instrumentation for the monitoring of potential changes in field 

parameter data in response to ash pond closure activities.  

• Evaluation of recently collected MNA parameter data. 

• Conduct the first semi-annual monitoring event and submit the semi-annual groundwater monitoring 

report summarizing the findings to ADEM by July 31, 2023. 
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