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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. 18-094-GW, this 2023 

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

groundwater monitoring activities at the Alabama Power Company (APC) Plant Barry Ash Pond (Site) and 

to satisfy the requirements of 40 CFR § 257.90(e), ADEM Admin. Code r. 335-13-15-.06(1)(e), and Part E 

of AO 18-094-GW.  Semi-annual monitoring and associated reporting for Plant Barry Ash Pond is 

performed in accordance with the monitoring requirements 40 CFR § 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 40 CFR § 257.98 and ADEM 

Admin. Code r. 335-13-15-.06(9).  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 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 40 CFR § 257.96, ADEM Admin. Code r. 335-13-15-.06(7), and 

AO 18-094-GW. A public meeting to discuss the ACM was held on June 30, 2020. 

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

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

to meet the requirements of 40 CFR § 257.97, ADEM Admin. Code r. 335-13-15-.06(8), and Part C of AO 

No.18-094-GW and submitted to ADEM on October 29, 2021. Subsequently, within 90 days of remedy 

selection, a Corrective Action Groundwater Monitoring Program was developed and submitted to ADEM 

on January 27, 2022, for review. 

The Corrective Action Groundwater Monitoring Program was prepared to meet 40 CFR § 257.98 and 

ADEM Admin. Code r. 335-13-15-.06(9) to detect potential downgradient changes in groundwater quality 

and assess the efficacy of the selected groundwater corrective action remedies. The Monitoring Program 

has been developed to meet the requirements of 40 CFR § 257.98(a)(1) and ADEM Admin. Code r. 335-
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13-15-.06(9)(a)(1) and will supplement the ongoing CCR compliance groundwater monitoring currently 

being performed at the Site. 

Statistical evaluation of assessment monitoring data identified SSL of Appendix IV parameters arsenic and 

cobalt during the first and second semi-annual monitoring events of 2023. The following summarizes results 

and activities conducted during the first and second semi-annual monitoring periods of 2023: 

 Submitted the 2022 Annual Groundwater Monitoring and Corrective Action Report on January 31, 

2023. 

 Completed the Laboratory Treatability Studies for geochemical manipulation using injection, which 

was selected as one of the corrective measures described in the Groundwater Remedy Selection Report. 

The Laboratory Treatability Study Results for the Plant Barry Ash Pond is included as Appendix F. 

The laboratory treatability studies included the following tasks: 

- Sampling and characterization (analysis) of aquifer soil and groundwater. 

- Batch testing to evaluate removal of constituents of interest (COI), and selection of the optimum 

reagents and doses for column tests. 

- Column testing to evaluate removal of COI by mixing treatment reagents with site-specific 

impacted groundwater and applying to site-specific soils (aquifer solids) in columns. Appendix 

III and IV constituents were measured in the column effluents to determine the reduction of COI 

in groundwater, and to evaluate any unintended consequences of treatment (e.g., release of 

constituents from soils). 

- Selective sequential extraction of post-column (treated) soils to help determine the sequestration 

mechanisms and stability of the COIs and their host solids. 

 Completed the first semi-annual groundwater sampling event between April 3, 2023 and April 24, 2023, 

and submitted the first 2023 Semi-Annual Groundwater Monitoring and Corrective Action Report to 

ADEM on July 31, 2023. 

 Completed the second semi-annual groundwater sampling event between August 7, 2023 and August 

16, 2023. 

 Continued real-time collection and evaluation of groundwater data from multi-parameter monitoring 

instrumentation at select wells installed in January and February 2022 for evaluating groundwater 

conditions during closure activities and between sampling events. 



Plant Barry Ash Pond 
2023 Annual Groundwater Monitoring and Corrective Action Report 

 

iii 

The CCR unit concluded the monitoring period 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 submitted to ADEM.  The following corrective action 

and monitoring-related activities are planned for the CCR unit: 

 Prepare a preliminary design investigation field work plan in preparation for potentially implementing 

a geochemical injection pilot study, which was selected as one of the corrective measures described in 

the Groundwater Remedy Selection Report.  

 Conduct an Alternate Source Demonstration (ASD) for site monitoring well BY-AP-MW-17V, which 

has exhibited elevated concentrations of combined radium 226 + 228, that will be included in the 

subsequent report following completion of the ASD. 

 Conduct the first semi-annual monitoring event in the spring of 2024 and submit the Semi-Annual 

Groundwater Monitoring and Corrective Action Report summarizing the findings to ADEM by July 

31, 2024. 

Pursuant to 40 CFR § 257.90(e)(6), a Monitoring Period Summary Table has been prepared to describe 

the status of groundwater monitoring and corrective action during the monitoring period for this report. 
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Monitoring Period 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 ADEM Administrative Order (AO) No. 18-094-GW, this 2023 

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

groundwater monitoring activities at the Plant Barry Ash Pond. Semi-annual monitoring and associated 

reporting for Plant Barry Ash Pond is performed in accordance with the monitoring requirements in 40 CFR 

§ 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 (January 27, 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 40 CFR § 257.94(e) and ADEM Admin. Code r. 335-13-15-

.06(5)(e), APC implemented assessment monitoring in January 2018.  SSI of Appendix III and SSL of 

Appendix IV parameters were identified at the Plant Barry Ash Pond during sampling events conducted in 

2018.  Alternate Source Demonstrations (ASD) were not completed for all Appendix IV constituents 

exceeding the GWPS; therefore, pursuant to 40 CFR § 257.95(g)(3)(i) and ADEM Admin. Code r. 335-13-

15-.06(6)(g)4.(i), APC completed an assessment of corrective measures (ACM) in accordance with 40 CFR 

§ 257.96, ADEM Admin. Code r. 335-13-15-.06(7), and ADEM AO No. 18-094-GW. The ACM was 

completed June 12, 2019, and a public meeting was held to discuss the ACM on June 30, 2020. 

A Groundwater Remedy Selection Report was prepared to meet the requirements of 40 CFR § 257.97, 

ADEM Admin. Code r. 335-13-15-.06(8), and Part C of AO No.18-094-GW and submitted to ADEM on 

October 29, 2021. Subsequently, within 90 days of remedy selection, a Corrective Action Groundwater 

Monitoring Program plan was developed and submitted to ADEM on January 27, 2022, for review. 

The Corrective Action Groundwater Monitoring Program was prepared to meet 40 CFR § 257.98 and 

ADEM Admin. Code r. 335-13-15-.06(9) to detect potential downgradient changes in groundwater quality 

and assess the efficacy of the selected groundwater corrective action remedies. The Monitoring Program 

has been developed to meet the requirements of 40 CFR § 257.98(a)(1) and ADEM Admin. Code r. 335-

13-15-.06(9)(a)(1) and will supplement the ongoing CCR compliance groundwater monitoring currently 

being performed at the Site. 

In accordance with 40 CFR § 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 SSL. APC will continue 

implementation of the selected groundwater remedies identified in the Groundwater Remedy Selection 

Report and the Corrective Action Groundwater Monitoring Program submitted to ADEM.   
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3.0  SITE LOCATION AND DESCRIPTION 

The Alabama Power Company (APC) James M. Barry Electric Generating Plant (Plant Barry) is in 

northeastern Mobile County, Alabama, approximately 23 miles north of Mobile, AL and 1 mile east of the 

city of Bucks, AL.  The physical address is 15300 U.S. Highway 43 North, Bucks, Alabama 36512.  Plant 

Barry lies in Section 36 of Township 1 North, Range 1 West, Sections 31 and 32 of Township 1 North, 

Range 1 East, Section 1 of Township 1 South, Range 1 West, and Sections 5 and 6 of Township 1 South, 

Range 1 East.  Section/Township/Range data are based on visual inspection of USGS topographic 

quadrangle maps and GIS maps (USGS, 1980, 1982a, 1982b, 1983). The Ash Pond is located east-southeast 

of the main plant, between the Mobile River and Plant Barry barge canal.  Figure 1, Site Location Map, 

depicts the location of the Plant and Ash Pond with respect to the surrounding area.  

 PHYSICAL SETTING 

Plant Barry is located within the Southern Pine Hills and the Alluvial-deltaic Plain districts of the East Gulf 

Coastal Plain physiographic section.  The Alluvial-deltaic Plain district is composed of alluvium and terrace 

deposits of the Mobile River delta and is characterized by very little topographical relief (Gillet et al., 2000).  

The Southern Pine Hills district is a southward sloping plain developed on Miocene Series clay, sand, and 

gravel deposits.  The Southern Pine Hills district is dissected by surface water features, and near Plant 

Barry, displays gentle topographic relief (Davis, 1987).  Local site elevations near the Ash Pond range from 

approximately 0 to 50 feet above mean seal level (MSL).  The embankment elevations that form the 

perimeter of the Ash Pond reside between 26 and 20 feet MSL.  Figure 2, Site Topographic Map, provides 

the topography of the Site. 

 SITE GEOLOGY AND HYDROGEOLOGY 

The geology of the site is characterized by sedimentary deposits ranging in age from Tertiary to Quaternary.  

The Pliocene age Citronelle formation, while present regionally, was not encountered at the site.  

Sedimentary alluvial and terrace deposits of the Quaternary Period overlie largely unconsolidated Tertiary 

deposits in and adjacent to the flood plains of the Mobile River.  At the site, Holocene age alluvial and low 

terrace deposits overlie undifferentiated Miocene Series sediments.  Miocene Series sediments were 

primarily deposited in a regressive marine depositional environment.  The Miocene Series is composed of 

fine to very coarse-grained sand with interbedded sandy clays, silts, and shell fragments (Walter and Kidd, 



Plant Barry Ash Pond 
2023 Annual Groundwater Monitoring and Corrective Action Report 

 

4 

1979).  Siliciclastic sediments of the Miocene Series are often micaceous and pyritic, and contain wood 

fragments, shell debris, and heavy minerals (Chandler et al., 1985).  Alluvial, low terrace, and coastal 

deposits reflect estuarine, deltaic, lagoonal, and shoreface deposition in lowland areas from late Pleistocene 

to Holocene time.  These deposits consist of fine to coarse sand, which can be rich in heavy detrital minerals 

(Hsu, 1960), silt, sandy clay, clay, and shell fragments (Chandler et al., 1985).  Figure 3, Site Geologic 

Map, illustrates the surface geology at the site and neighboring areas.  Figure 4A, Geologic Cross-Section 

A-A’, Figure 4B, Geologic Cross-Section B-B', and Figure 4C, Geologic Cross-Section C-C, provide 

illustrations of well screen intervals with respect to stratigraphy and elevation at the Site. 

Around the site, the uppermost stratigraphic layer varies from approximately 5 to 20 feet and is defined as 

fill material composed of sandy and silty lean clays that were placed during the construction of the Ash 

Pond.  Beneath the fill material, generalized near-surface stratigraphy of the site, in descending order, 

consists of (Unit 1) an organic-rich fat clay to lean clay, (Unit 2) a sandy lean clay to clayey sand with 

interbedded silty sand, (Unit 3) a poorly graded sand with lenses of sandy lean clay and gravel, and (Unit 

4) a pale greenish gray or blue, interbedded fat clay, lean clay, and silty sand.  The stratigraphy of the site 

displays vertical and horizontal heterogeneity common with alluvial, low terrace, and coastal deposits.  

 Unit 1 is described as a mottled gray to dark gray and red fat clay with some interlayered sandy 

lean clays.  Unit 1 extends from the base of fill materials to elevations of approximately -10 to -25 

feet mean sea level (MSL).  

 Unit 2 consists of mottled light gray, brownish yellow, and red sandy lean clay with medium 

plasticity and trace amounts of interlayered sand.  Lenses of clayey sands and silty sands are also 

present within this unit.  Unit 2 extends from the base of the organic clay layer to elevations of 

approximately -30 to -40 feet MSL grading into sand of Unit 3. 

 Unit 3 is described as a pale brown or light gray poorly graded sand with silt content.  Fine gravel 

appears in the lower portion of Unit 3.  Lenses of sandy clay and clayey sand are present in the 

upper portions of Unit 3 but are not prevalent. 

 Unit 4 likely corresponds to the transition to Miocene Series sediments and is described as a pale 

greenish gray or blue, interbedded fat clay, lean clay, and silty sand. The top of Unit 4 generally 

appears between 90 and 120 feet below ground surface at the Site (-65 to -100 ft MSL) and select 

borings (BY-AP-MW-8V, BY-AP-MW-12V, BY-AP-MW-12VM, BY-AP-MW-15VM) indicate 
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a thickness of 10 to 20 feet.  Unit 4 clays display a very low average hydraulic conductivity of 3.0 

x 10-7 cm/s. 

3.2.1 Uppermost Aquifer 

The uppermost aquifer beneath the site generally corresponds to Unit 2 and 3 sands, which are part of the 

Watercourse Aquifer system. The Watercourse Aquifer system is bounded by low permeability Unit 1 and 

Unit 4.  At the site, the Watercourse Aquifer generally consists of fine to medium grained sands with 

discrete gravelly, coarse sand and gravel.  Clay beds and lenses are prevalent in Unit 2 especially to the 

west and south-southeast. Clay nodules, lenses, and stringers are present within Unit 3 but are not prevalent.  

Depth to the top of the Watercourse Aquifer generally ranges between 45 and 70 feet below ground surface 

(BGS).  Groundwater recharge to the Watercourse Aquifer is largely accomplished by infiltration of 

precipitation and subsequent percolation down to the water table.  Regionally, the Watercourse and 

Miocene-Pliocene Aquifers are considered to be hydraulically connected due to the discontinuous nature 

of clay aquitards.  However, locally semi-confined to confined conditions may be present when a sufficient 

aquitard separates the aquifers or sand units.  

3.2.2 Flow Interpretation 

Groundwater flow at the site is a subdued replica of the natural topography where gravity is the dominant 

force driving flow.  Groundwater flows from higher topographic elevations west of the Ash Pond to lower 

topographic elevations to the east.  Groundwater elevations, potentiometric surfaces, and geologic cross-

section indicate that the Watercourse Aquifer beneath the Site is not in communication with the discharge 

canal. Groundwater flow is accomplished by porous or Darcian flow mechanics through sands of the 

Watercourse Aquifer. Groundwater elevations fluctuate in response to rainfall and Mobile River stage. 

During seasonal flood events from rising river stages, groundwater flow direction temporarily changes and 

water flows from the river towards the aquifer, resulting in temporary groundwater level rise in the vicinity 

of the riverbanks. 

Seasonal variations of 5 to 7 feet are typical at the Site. These fluctuations are consistent in monitoring 

wells across the Site. Potentiometric surface maps are referenced in Section 4.0. 
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 GROUNDWATER MONITORING SYSTEM 

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

groundwater monitoring well network to monitor groundwater quality within the uppermost aquifer.  The 

certified groundwater monitoring system for the Plant Barry Ash Pond is designed to monitor groundwater 

passing the waste boundary of the CCR unit.  Wells were located to serve as upgradient or downgradient 

monitoring locations based on groundwater flow direction as determined by the potentiometric surface 

elevation contour maps.   

Monitoring wells were screened in the Watercourse Aquifer.  The Watercourse Aquifer is composed of 

Quaternary alluvial and low terrace deposits consisting of interbedded sand, gravel, and clay.  The 

monitoring systems are designed to monitor water quality as groundwater flows laterally from south to 

north across the site.  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. Monitoring well locations are presented on Figure 5, Monitoring Well Location 

Map. Table 1a, Compliance Monitoring Well Network Details, Table 1b, Delineation Well Network 

Details, and Table 1c, Piezometer Well Network Details, summarize the monitoring well construction 

details and design purpose for the Plant Barry Ash Pond.   

3.3.1.1 Upgradient Wells 

Data used to establish background water quality or selection of upgradient wells include: (1) review of 

groundwater elevation data and potentiometric surface contour maps to determine groundwater flow 

direction and (2) screening of Appendix III CCR indicator parameters (chiefly calcium, sulfate, and boron) 

for apparently elevated concentrations.  
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Historically, monitoring wells BY-AP-MW-2 through BY-AP-MW-4 have served as upgradient 

monitoring wells.  These wells were selected as upgradient based on low concentrations of CCR indicator 

parameters and groundwater flow direction.  Following discussions with ADEM, these wells were re-

designated as compliance monitoring wells and not used for “background” purposes.  

To establish a clear and distinct background, monitoring well locations BY-GSA-MW-1 through BY-GSA-

MW-4 now serve as upgradient locations for the Ash Pond.  Groundwater generally flows semi-radially 

across the Ash Pond from the southwest to northeast with a northerly and southerly flow component.  

Upgradient wells are located south of the Gypsum Pond as determined by water level monitoring and 

potentiometric surface maps constructed for the Site.  This re-designation of well locations was detailed in 

the revised groundwater monitoring plan submitted to ADEM on April 15, 2020 and resubmitted on August 

24, 2020. Upgradient wells BY-GSA-MW-1 through BY-GSA-MW-4 are now being labeled as BY-UP-

MW-1 through BY-UP-MW-4 by field and lab personnel to distinguish as upgradient locations for both the 

Barry Gypsum Pond and Barry Ash Pond. Table 1a summarizes the monitoring well construction details 

and design purpose.   

3.3.1.2 Downgradient Wells 

Monitoring well locations BY-AP-MW-1 through BY-AP-MW-16 are used as downgradient compliance 

monitoring locations for the Ash Pond.  Downgradient monitoring well details are included 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 18-094-GW, 

additional delineation wells were installed to characterize the horizontal and vertical extent of GWPS 

exceedances identified during assessment monitoring.  Two phases of field investigation since late 2018 

explored potential impacts to groundwater. Phase I was conducted between December 2018 and December 

2019. Seven vertical delineation wells (BY-AP-MW-1V, BY-AP-MW-5V, BY-AP-MW-7V, BY-AP-MW-

8V, BY-AP-MW-10V, BY-AP-MW-12V, and BY-AP-MW-15V) and seven horizontal delineation wells 

(BY-AP-MW-17H, BY-AP-MW-18H, BY-AP-MW-19H, BY-AP-MW-20H, BY-AP-MW-22H, BY-AP-

MW-23H, and BY-AP-MW-24H), were installed and sampled to assess the lateral extent of groundwater 

impact in the directions of groundwater flow away from the facility. 
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A Groundwater Investigation Report was submitted on December 15, 2019, summarizing Phase I 

groundwater investigation findings, and including a work plan for a Phase II investigation. Field work for 

Phase II was conducted between February 2020 and June 2020. Eight deep vertical delineation wells (BY-

AP-MW-13V, BY-AP-MW-14V, BY-AP-MW-16V, BY-AP-MW-17V, BY-AP-MW-20V, BY-AP-MW-

23V, and BY-AP-MW-25V) and one horizontal delineation well (BY-AP-MW-25H) were installed to 

complete delineation activities at the Site.   

Additionally, two Type III (double-cased) deep vertical delineation well borings (BY-AP-MW-12VM and 

BY-AP-MW-15VM) were advanced to vertically delineate the low-permeability Unit 4 interbedded fat 

clay, lean clay, and silty sand. Boring logs indicate thicknesses of greater than 25 feet (BY-AP-MW-12VM) 

and 15 feet (BY-AP-MW-15VM) of Unit 4 clays and a very low average hydraulic conductivity of 3.0 x 

10-7 cm/s. Subsequently, soil boring BY-AP-MW-12VM was abandoned prior to well installation and BY-

AP-MW-15VM was installed as a water level-only piezometer. 

All delineation wells are sampled semi-annually as part of the semi-annual assessment groundwater 

monitoring program.  A semi-annual progress and groundwater delineation report summarizing findings 

was submitted to ADEM on September 30, 2020.  

Unlike compliance wells, which are installed on top of the Ash Pond dike, many delineation wells are 

installed at the base of the dike and surrounding lower-lying areas.  During the wet season or after rainy 

periods, some delineation wells can be either temporarily inaccessible for sampling or unsafe to sample.  In 

that case, another sampling event will be attempted after a drying period or during the next semi-annual 

sampling event. Delineation wells are identified on Figure 5 and detailed on Table 1b.  All delineation 

wells are sampled semi-annually as part of the semi-annual assessment groundwater monitoring program.    

3.3.1.4 Piezometers 

Phase II delineation location BY-AP-MW-15VM is used as a water level-only piezometer.  This location 

is separated from the Watercourse Aquifer (Unit 2/3 sands) by a lower confining layer (Unit 4) of sufficient 

thickness to justify water level-only monitoring at this location.  BY-AP-MW-15VM encountered greater 

than 15 feet of clay and demonstrated a groundwater separation of 1.38 feet and 0.78 feet from paired 

Watercourse Aquifer well BY-AP-MW-15 during the first Phase II delineation sampling event conducted 

on June 15, 2020, and second semi-annual sampling event conducted on August 31, 2020.  The groundwater 
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elevations observed in well BY-AP-MW-15VM also indicate an upward vertical gradient (i.e., groundwater 

flowing upwards), providing further support for a piezometer designation. Table 1c summarizes the water-

level only piezometer construction details. 

3.3.1.5 Monitoring Well Replacement and Abandonment 

Monitoring well replacement or abandonment activities were not performed during the first or second 2023 

semi-annual monitoring periods. 

 GROUNDWATER MONITORING HISTORY 

In accordance with 40 CFR § 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 March 2016 to June 2017.  Groundwater 

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

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 January 2018, within 90 days of initiating the assessment monitoring program. 

Statistical evaluations of 2018 assessment monitoring data identified SSL 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 18-094-GW, additional monitoring 

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

exceedances identified during assessment monitoring in two phases of groundwater investigations between 

December 2018 and June 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, additional data collection has occurred independent of routine compliance 

sampling events to support continuing assessment activities at the site. 
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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 3.2.2.  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. 

 GROUNDWATER SAMPLING AND ANALYSIS  

Site compliance wells are sampled semi-annually. The spacing between sampling events is sufficient to 

yield independent groundwater samples and a general representation of the different climatic or 

meteorological seasons that create a degree of natural variability in groundwater quality.   
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During routine semi-annual monitoring events, all compliance and delineation network wells are sampled 

and analyzed for Appendix III and Appendix IV constituents. The following subsections summarize the 

sequential steps and process for the sampling, handling and 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 40 CFR § 257.93(a) and ADEM Admin. Code r. 335-13-15-.06(4)(a).  All monitoring 

wells at Plant Barry are equipped with a dedicated pump.  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 10 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 

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.  



Plant Barry Ash Pond 
2023 Annual Groundwater Monitoring and Corrective Action Report 

 

12 

3.5.2 Sample Preservation and Handling 

Groundwater samples were collected in 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.  All samples were handled under strict COC procedures beginning in the field.  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) in Greensburg, Pennsylvania.  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 assessment 

monitoring constituents analyzed from site groundwater samples.  Lab reports and COC records for the 

monitoring period are presented in Appendix C. 

3.5.5 Monitoring Period Sampling Events Summary 

As required by 40 CFR § 257.90(e) and ADEM Admin. Code r. 335-13-15-.06(1)(e), the following 

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

monitoring event was conducted between April 3 and April 24, 2023.  

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

the monitoring event. Additionally, general chemistry and monitored natural attenuation monitoring 

parameters are sampled and analyzed for each monitoring event. 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: 
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 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 performed the laboratory analyses of Radium-226 and Radium-228 (reported combined). APCEL 

performed the remaining Appendix III and Appendix IV analyses. Analytical data from the groundwater 

monitoring event are included as Appendix C in accordance with the requirements of 40 CFR § 

257.90(e)(3) and ADEM Admin. Code r. 335-13-15-.06(1)(f)3. 
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4.0 GROUNDWATER ELEVATIONS 

During the first semi-annual (April 2023) sampling event, a potentiometric surface map was not generated 

due to flood conditions and construction dewatering activities. In response, a comprehensive site-wide 

monitor well gauging event was conducted on June 11, 2023. During the June 2023 gauging event, 

groundwater elevations ranged from 6.03 to 0.89 feet NAVD88 from west (near Gypsum Pond) to east 

(Ash Pond).  Figure 6A, Potentiometric Surface Contour Map (June 11, 2023), depicts groundwater 

elevations and inferred groundwater flow direction during the June 2023 monitor well gauging event.  

During the second semi-annual sampling event (August 2023) groundwater elevations ranged from 5.50 to 

1.37 feet NAVD88 from west (near Gypsum Pond) to east (Ash Pond).  Figure 6B, Potentiometric Surface 

Contour Map (August 7, 2023), depicts groundwater elevations and inferred groundwater flow direction 

during the second semi-annual sampling event.  

Many vertical delineations wells (denoted with a “V”) installed deeper within Unit 3 sands display 

groundwater elevations higher than the more shallow, paired location.  This indicates some level of 

confining conditions between the two zones in some locales and indicates an upward vertical gradient in 

which deeper groundwater is flowing upwards towards more shallow intervals.  

As shown on Figures 6A and 6B, groundwater flows from south to north across the Site, consistent with 

previous events.  Tidal influences in river stage likely influence groundwater elevations, especially in closer 

proximity to the river. River stages varied from approximately 1.1 feet to 1.4 feet elevation during the June 

11, 2023 gauging event and from approximately 1.5 feet to 1.93 feet elevation during the August 7, 2023 

gauging event. River stages are reflected in groundwater elevations presented north and east of the Ash 

Pond. A convergence of flow from the north and south in the vicinity of well BY-AP-MW-14 is apparent, 

as presented on Figures 6A and 6B.  

Recent groundwater elevation data have been tabulated and included in Table 3, Groundwater Elevations. 

All available historical groundwater elevation data recorded since 2016 has been tabulated and included in 

Appendix B. 
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 GROUNDWATER FLOW VELOCITY CALCULATIONS 

Groundwater flow rates at the site were calculated based on hydraulic gradients, hydraulic conductivity 

from aquifer pump test results, and an estimated effective porosity of the screened horizon.  Slug testing 

provided horizontal hydraulic conductivities for the Watercourse Aquifer (Unit 3) between 2.1 x 10ିଶ 

cm/sec and 6.75 𝑥10ିଷ  cm/sec with an average of 1.0 𝑥10ିଶ cm/sec at the Ash Pond.  Long duration pump 

testing of the Watercourse Aquifer revealed an average hydraulic conductivity of 3.3 𝑥10ିଷ  cm/sec.  The 

pumping test hydraulic conductivity value of 3.3 x 10-3 cm/sec or 9.4 ft/day was used because the larger 

volume of aquifer allows averaging of small-scale heterogeneities, while slug tests are smaller in scale and 

could allow some results to skew an average.  An effective porosity of 25% was used based on the default 

values for effective porosity recommended by EPA for a silty sand-type soil (U.S. USEPA, 1996).  The 

hydraulic gradient was calculated between well pairs shown in Appendix D, Horizontal Groundwater 

Flow Velocity Calculations. 

Horizontal flow velocity was calculated using the commonly used derivative of Darcy’s Law:  

𝑉 =  
𝐾 ∗ 𝑖

𝑛௘
 

   Where: 

    𝑉 = Groundwater flow velocity  ቀ
௙௘௘௧

ௗ௔௬
ቁ 

    𝐾 = Average permeability of the aquifer ቀ
௙௘௘௧

ௗ௔௬
ቁ  

    i = Horizontal hydraulic gradient  

    𝑛௘= Effective porosity  

 

Appendix D presents the estimated horizontal flow velocity calculated using groundwater elevation data 

from the first and second 2023 semi-annual sampling events.   
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5.0 EVALUATION OF GROUNDWATER QUALITY DATA 

During each sampling event, quality assurance/quality control samples (QA/QC) were 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. 

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

the sample and duplicate sample is calculated as: 

2/)21(

21

ConcConc

ConcConc
RPD





 

Where: 

 RPD = Relative Percent Difference (%) 

 Conc1 = Higher concentration of the sample or field duplicate 

 Conc2 = Lower concentration of the sample or field duplicate 

Where RPD is 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 (RPD) Calculations 

provides the RPDs for sample and sample duplicates during the first semi-annual monitoring event of 2023. 

All RPDs were below 20% for the first and second 2023 semi-annual monitoring events. 

Analytical data reviewed provided low-level or trace detections in field and/or equipment blanks during the 

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

level detections observed during the first and second 2023 semi-annual monitoring events. Each of these 

detections was estimated concentrations, above the MDL but below the RL, and qualified in the laboratory 
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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. 

 STATISTICAL METHODOLOGY AND TESTS 

Sanitas software is used to perform statistical analyses of 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 

Intrawell prediction limits, combined with a 1-of-2 verification strategy, are used for pH and sulfate to 

determine whether there has been a statistically significant increase (SSI) over background groundwater 

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

calcium, chloride, fluoride, and TDS.  Intrawell prediction limits use screened historical data within a given 

well to establish limits for parameters at that well.  The most recent sample from the same well is compared 

to its respective background to identify SSI over background.  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 SSI.   

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

Statistical Analysis Plan, which was updated in the September 2019 data screening evaluation and also 

included in the revised Statistical Analysis Plan (August 2020). 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.  
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According to the Unified Guidance, the following adjustments are considered part of the statistical analysis 

program: 

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

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

 When data contain between 15% and 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 monitoring, Appendix IV constituents are sampled semi-annually, and 

concentrations are statistically 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 (UTL) 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 upon 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 the GWPS is:  

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

(3) Background levels for constituents where the background level is higher than the MCL or rule-

specified GWPS. 

In corrective action monitoring, when the Lower Confidence Limit (LCL), or the entire confidence 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 generally occurring after the second semi-annual sampling event of each biennial year.  

Data from upgradient wells collected in between updates may still be used to support ASDs if merited.  

 STATISTICAL EXCEEDANCES 

Analytical data from the first and second 2023 semi-annual monitoring events were statistically analyzed 

in accordance with the professional engineer (PE)-certified Statistical Analysis Plan (October 2017 and 

revised in August 2020) 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 E, Statistical Analyses, 

Appendix III constituents have not returned to background levels. 

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 E. 
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5.3.2.1 First Semi-Annual Groundwater Monitoring Event 

Statistical analysis of Appendix IV data identified the following SSL over GWPS at the listed wells during 

the first 2023 semi-annual monitoring event: 

 BY-AP-MW-1: Arsenic. 

 BY-AP-MW-5: Arsenic. 

 BY-AP-MW-7: Arsenic. 

 BY-AP-MW-9: Arsenic. 

 BY-AP-MW-10: Arsenic. 

 BY-AP-MW-11: Arsenic. 

 BY-AP-MW-12: Arsenic. 

 BY-AP-MW-14: Arsenic. 

 BY-AP-MW-15: Arsenic, Cobalt. 

 BY-AP-MW-16: Arsenic. 

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

detected constituents for the first 2023 semi-annual monitoring event.  

5.3.2.2 Delineation Wells 

Analytical data derived from delineation wells are not statistically analyzed. A review of analytical data 

derived from delineation wells identified the following GWPS exceedances during the first 2023 semi-

annual monitoring event: 

 BY-AP-MW-12V: Arsenic.     

 BY-AP-MW-15V: Arsenic, Cobalt. 

 BY-AP-MW-16V: Cobalt. 

 BY-AP-MW-17H: Arsenic. 

 BY-AP-MW-17V: Cobalt, Combined Radium 226 + 228. 

 BY-AP-MW-20H: Arsenic. 

 BY-AP-MW-22H: Arsenic. 

 BY-AP-MW-23V: Cobalt. 
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 BY-AP-MW-24H: Arsenic. 

5.3.2.3 Second Semi-Annual Groundwater Monitoring Event 

Statistical analysis of Appendix IV data identified the following SSL over GWPS at the listed wells during 

the second 2023 semi-annual monitoring event: 

 BY-AP-MW-1: Arsenic. 

 BY-AP-MW-5: Arsenic. 

 BY-AP-MW-7: Arsenic. 

 BY-AP-MW-9: Arsenic. 

 BY-AP-MW-10: Arsenic. 

 BY-AP-MW-11: Arsenic. 

 BY-AP-MW-12: Arsenic. 

 BY-AP-MW-13: Arsenic. 

 BY-AP-MW-14: Arsenic. 

 BY-AP-MW-15: Arsenic, Cobalt. 

 BY-AP-MW-16: Arsenic. 

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

all detected constituents for the second 2023 semi-annual sampling event.  

5.3.2.4 Delineation Wells 

Analytical data derived from delineation wells are not statistically analyzed. A review of analytical data 

derived from delineation wells identified the following GWPS exceedances during the second 2023 semi-

annual monitoring event: 

 BY-AP-MW-12V: Arsenic.     

 BY-AP-MW-15V: Arsenic, Cobalt. 

 BY-AP-MW-17H: Arsenic. 

 BY-AP-MW-17V: Cobalt. 

 BY-AP-MW-20H: Arsenic. 
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 BY-AP-MW-20V: Arsenic, Cobalt. 

 BY-AP-MW-22H: Arsenic. 

 BY-AP-MW-23V: Cobalt. 

 BY-AP-MW-24H: Arsenic. 

The analytical result for combined radium 226 + 228 in well BY-AP-MW-17V on May 25, 2022, provided 

a result of 5.37 pCi/L. This result exceeded the GWPS, and upon an initial review of historical data, was 

notably different than the historical concentration range (Non-Detect – 2.94 pCi/L). Monitoring well BY-

AP-MW-17V has exhibited increasing concentrations of combined radium 226 + 228 exceeding GWPS 

between May 2022 and April 2023 ranging from 5.37 pCi/L to 9.59 pCi/L. However, the combined radium 

226 + 228 concentration in monitoring well BY-AP-MW-17V (3.64 pCi/) was below GWPS during the 

most recent sampling event conducted on August 8, 2023. Additionally, analytical results for combined 

radium 226 + 228 ranged from non-detect in two pore-water samples to 0.474 pCi/L in one pore water 

sample, and has not been detected above GWPS in any other Site monitoring wells. An ASD for combined 

radium 226 + 228 in site monitoring well BY-AP-MW-17V will be conducted and included in the 

subsequent report following completion of the ASD.  



Plant Barry Ash Pond 
2023 Annual Groundwater Monitoring and Corrective Action Report 

 

23 

6.0 GROUNDWATER ASSESSMENT 

As required by Part E of the Order (AO 18-094-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 was 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 had been 

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

groundwater remedy selection plan. 

 CHRONOLOGY OF DELINEATION ACTIVITIES 

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

September.  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 now provides ADEM with a discussion of delineation results and corrective action 

activities in each semi-annual groundwater monitoring and corrective action report (July; January) until 

released in writing. 

6.1.1 Delineation Wells 

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

groundwater impacts where Appendix IV constituents are identified at SSL above the GWPS.  Using the 

conceptual site model (CSM) and analytical results as a guide, horizontal delineation wells were installed 

to assess lateral extent of groundwater impact in the direction of groundwater flow away from the facility 

to the Watercourse Aquifer within the Unit 2 and 3 sands. Vertical delineation wells were also installed at 

the base of the Watercourse Aquifer (Unit 3 sands), just above the Unit 4 clay, to assess vertical extent of 

groundwater impacts to the Watercourse Aquifer. The follow sections describe monitoring wells installed 

to delineate impacts to groundwater: 
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Phase I – Groundwater Investigation (December 2018 to December 2019) 

Phase I was conducted between December 2018 and December 2019. Table 1b and Figure 5 present details 

and locations of onsite delineation wells. The following summarizes all activities that were completed 

during Phase I of groundwater delineation at the Site: 

 Installed six vertical delineation wells (BY-AP-MW-1V, BY-AP-MW-5V, BY-AP-MW-7V, BY-

AP-MW-8V, BY-AP-MW-10V, and BY-AP-MW-12V), three horizontal delineation wells (BY-

AP-MW-17H, BY-AP-MW-18H, and BY-AP-MW-24H), and three ash pore-water piezometers 

(BY-AP-PW-24, BY-AP-PW-25, and BY-AP-PW-26) between December 11, 2018 and January 4, 

2019. The remaining scope of delineation well installations described in the Facility Plan could not 

be achieved at the time due to flooded or wet conditions and were installed in July 2019.  

 Collected nine ash samples for waste characterization analyses.   

 Developed the six vertical delineation wells and three horizontal delineation wells between 

December 20, 2018, and January 8, 2019.  Horizontal delineation well BY-AP-MW-18H could not 

be developed until March 20, 2019, due to persistent flood conditions over low-lying areas.  

 Collected samples from each delineation and characterization well, except BY-AP-MW-17H, 

between January 7, 2019, and March 21, 2019. BY-AP-MW-17H was sampled July 31, 2019.  

 Submitted a preliminary Groundwater Investigation Technical Memo to ADEM on May 13, 2019. 

Submitted an Assessment of Corrective Measures for the Ash Pond to ADEM on July 11, 2019, as 

required by Part C of the Order.  

 Installed the four remaining horizontal delineation wells (BY-AP-MW-19H, BY-AP-MW-20H, 

BY-AP-MW-22H, AND BY-AP-MW-23H) and one vertical delineation well (BY-AP-MW-15V) 

in July 2019.  Previously proposed horizontal delineation well BY-AP-MW-21H located south of 

the Ash Pond and monitor well BY-AP-MW-14 had not been installed due to pervasive wet and 

unsafe conditions for drilling and therefore, could not be safely accessed to install as planned.  

 Developed and sampled the four horizontal delineation wells and one vertical delineation well 

between July 28, 2019, and August 2, 2019.  

 Submitted Groundwater Investigation Report on December 15, 2019, to ADEM summarizing 

Phase I groundwater investigation findings and including a work plan for a Phase II investigation.  
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 Provided ADEM with a response on December 30, 2019, for comments received from ADEM on 

November 14, 2019, regarding previously submitted CCR documents. 

 Submitted the 2019 Annual Groundwater Monitoring and Corrective Action Report on January 31, 

2020. 

Phase II – Groundwater Investigation (February 2020 to June 2020) 

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

was proposed to ADEM in the Groundwater Investigation Report submitted December 15, 2019. The 

review of delineation results discussed in preceding sections indicated that an additional phase of 

investigation was warranted to complete delineation in certain areas of the Site. Phase II was conducted 

between February 2020 and June 2020. The following summarizes all activities that were completed during 

Phase II of groundwater delineation at the Site:  

 

 Completed the semi-annual assessment groundwater sampling event between March 30, 2020, and 

April 1, 2020. 

 Installed seven deep vertical delineation wells (BY-AP-MW-13V, BY-AP-MW-14V, BY-AP-

MW-16V, BY-AP-MW-17V, BY-AP-MW-20V, BY-AP-MW-23V, and BY-AP-MW-25V) and 

one horizontal delineation well (BY-AP-MW-25H) between March 25, 2020, and April 13, 2020.  

 Advanced two Type III (double-cased) deep vertical delineation well borings (BY-AP-MW-12VM, 

and BY-AP-MW-15VM,) between March 28, 2020, and April 23, 2020. BY-AP-MW-12VM was 

abandoned and BY-AP-MW-15VM was installed as a water level only piezometer. 

 Developed eight delineation wells and one piezometer between May 4, 2020, and May 19, 2020. 

Partial development by airlifting was also employed while the drilling team was onsite in March 

2020. 

 Sampled the eight delineation wells between June 15, 2020, and June 17, 2020.  

 NATURE AND ESTIMATED QUANTITY OF RELEASE 

Part B of the Order requires 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, leachability 

testing of nine ash samples and sampling of ash pore-water at three locations was conducted. Leachability 
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testing was conducted for EPA Resource and Recovery Act (RCRA) heavy metals, while 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.  

 DISCUSSION OF DELINEATION RESULTS 

Two phases of delineation investigation have been completed at the site and the horizontal and vertical 

delineation of Appendix IV SSL arsenic and cobalt is largely complete.  Additional delineation to define 

the horizontal extent of arsenic occurrences to the south of the Ash Pond is not practical, as the extent is 

constrained by surface waters. Sufficient data have been collected for the assessment of corrective measures 

and to develop a groundwater corrective action plan. Cross-sections and isoconcentration maps have been 

included to convey horizontal and vertical spatial distribution of arsenic and cobalt concentrations.  

Lithium was identified at vertical delineation well BY-AP-MW-7V on January 9, 2019, during delineation 

efforts for arsenic and cobalt. However, during the nine subsequent sampling events, lithium in well BY-

AP-MW-7V was not detected, indicating that the initial occurrence of lithium was likely the result of 

sampling or analytical error.  An additional re-sample was collected on December 2, 2019, and the result 

for lithium was non-detect. Additional delineation is not required in the area of this delineation well at this 

time. Lithium was detected above GWPS in well BY-AP-MW-7 (0.0882 mg/L) one time during the first 

2021 semi-annual groundwater sampling event but has remained below GWPS (0.04 mg/L) since. 

Additionally, a lithium concentration of 0.0484 mg/l was detected at vertical delineation well BY-AP-MW-

13V slightly above the GWPS for the first time during the second 2021 semi-annual groundwater sampling 

event. Lithium concentration in delineation well BY-AP-MW-13V have remained below GWPS during the 

2022 and 2023 semi-annual sampling events. Historically, lithium has been detected above GWPS one time 

in three site wells (BY-AP-MW-7V, BY-AP-MW-7, and BY-AP-MW-13V).  

Analytical results from horizontal and vertical delineation wells identified concentrations above GWPS of 

EPA Appendix IV constituents: arsenic and cobalt during the first and second 2023 semi-annual monitoring 

events. 

Figure 7A, Arsenic Isoconcentration Map (April 2023) and Figure 7C, Arsenic Isoconcentration Map 

(August 2023), illustrate the horizontal extent of arsenic impacts to groundwater from the first and second 
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2023 semi-annual sampling events. Figure 8A, Arsenic Concentrations Along Geologic Cross Section 

A-A’ (April 2023), Figure 8B, Arsenic Concentrations Along Geologic Cross Section B-B’ (April 

2023), Figure 8C, Arsenic Concentrations Along Geologic Cross Section A-A’ (August 2023), and 

Figure 8D, Arsenic Concentrations Along Geologic Cross Section B-B’ (August 2023), illustrate the 

vertical extent of arsenic impacts to groundwater from the first and second 2023 semi-annual monitoring 

events.  

Figure 7B, Cobalt Isoconcentration Map (April 2023) and Figure 7D, Cobalt Isoconcentration Map 

(August 2023), illustrate the horizontal extent of cobalt from the first and second 2023 semi-annual 

monitoring events. Figure 9A, Cobalt Concentrations Along Geologic Cross Section A-A’ (April 2023), 

Figure 9B, Cobalt Concentrations Along Geologic Cross Section A-A’ (August 2023), and Figure 9C, 

Cobalt Concentrations Along Geologic Cross Section B-B’ (August 2023), illustrate the vertical extent 

of cobalt impacts to groundwater from the first and second 2023 semi-annual monitoring events. 

Isoconcentration lines shown on Figures 7A through 7D are data-driven contours derived from the spatial 

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

correlated (i.e., objects close together with similar characteristics are compared), mathematical interpolation 

can be used to predict quantities between the objects.  In this case, the Geostatistical Analyst tool within 

ArcGIS was used to interpolate constituent concentrations between well locations within the area where 

concentrations were above laboratory method detection limits.    

In cases where concentrations decrease below the GWPS between well pairs, the extent of groundwater 

impacts is interpreted from the interpolated (predicted) data set. This takes into account the spatial pattern 

of decreasing concentrations observed in nearby wells. 

The location and spacing of delineation wells are largely 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 SSL 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. 
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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 1b, 22 delineation wells and 1 piezometer have been installed at the site to assess 

horizontal and vertical potential impacts.  

Compliance (assessment) monitoring and delineation sampling events have shown elevated arsenic and 

cobalt in the Watercourse Aquifer beneath the Site. Arsenic is the most widely distributed of these 

constituents and this spatial distribution generally mimics the groundwater flow direction across the Site as 

shown on Figures 6A and 6B. Groundwater flow can generally be described as from west to east across 

the site with bends to the north and southeast conforming to the shape of the Mobile River. A truly radial 

flow pattern is not evident at the site because the Ash Pond is directly underlain by a low permeability, 

organic clay (Unit 1) of sufficient thickness to form an aquitard between the Ash Pond and underlying 

Watercourse Aquifer. While piezometric data (groundwater elevations) presented on potentiometric 

surfaces are generally above the base of ash, this does not mean ash is in direct communication with the 

Watercourse Aquifer, because piezometric elevations (groundwater elevations) are representative of the 

potential head in wells tapping the aquifer and not the vertical elevation in which groundwater occurs. 

Beneath the Ash Pond, the Unit 1 clay physically and hydraulically separates ash pore water and 

Watercourse Aquifer groundwater and therefore, constituent migration occurs slowly across the Unit 1 clay 

and is driven by higher hydraulic heads (vertical gradient) in the Ash Pond relative to the underlying 

Watercourse Aquifer.  

Horizontal delineation efforts at the site are restricted to a high degree by physical site conditions. Year-

round wet conditions exist a short distance from the base of the Ash Pond dike in many areas around the 

Ash Pond. Except for areas to the far north of the pond, all other areas are inaccessible during the wet season 

and during the timeframe it takes to dry out post-wet season. Vertical delineation efforts largely focused 

near the base of the Unit 3 sand and above the Unit 4 clays.  
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6.3.1 Arsenic Delineation 

The most recent 2023 semi-annual sampling results from 22 Phase I and Phase II delineation wells show 

that arsenic concentrations above the GWPS (0.01 mg/L) extend proximal to the river and include one 

horizontal delineation well to the north (BY-AP-MW-17H), one horizontal delineation well (BY-AP-MW-

20H) and two vertical delineation wells (BY-AP-MW-12V and BY-AP-MW-20V) to the southeast, and 

two horizontal delineation wells (BY-AP-MW-22H and BY-AP-MW-24H) and one vertical delineation 

well (BY-AP-MW-15V) to the southwest of the Ash Pond in the direction of groundwater flow. In general, 

groundwater impacted by arsenic is distributed spatially into two lobes: (1) a smaller lobe that underlies the 

very northwestern corner of the Ash Pond and extends in the direction of groundwater flow north-northwest 

to the plant proper and (2) an eastern lobe that extends south and east of the Ash Pond.  

These two lobes are separated by a north to north-northeast trending wedge of un-impacted groundwater 

between the western boundary (between wells MW-1 and MW-5) and the northern boundary (between well 

pair MW-17H/17V and well MW-18H) as shown on Figures 7A and 7C. It is not understood exactly why 

this wedge exists, but wells within this area also display different geochemical facies than surrounding 

downgradient wells (calcium-chloride to sodium-chloride water vs calcium-magnesium bicarbonate to 

calcium-sodium bicarbonate water). 

Arsenic concentrations over the GWPS did not extend to any of the vertical delineation wells (BY-AP-

MW-5V, BY-AP-MW-7V, BY-AP-MW-8V, BY-AP-MW-17V, BY-AP-MW-23V, and BY-AP-MW-

25V) and horizontal delineation well BY-AP-MW-23H, located to the north, northwest, or northeast of the 

Ash Pond. Horizontal delineation well BY-AP-MW-25H and vertical delineation well BY-AP-MW-25V 

were installed to define the extent of arsenic impacts to the west of BY-AP-MW-17H/V and northwest of 

BY-AP-MW-5 and have historically been non-detect (Appendix A and Tables 6 and 7). Arsenic 

concentrations over the GWPS did not extend to delineation wells BY-AP-MW-10V and BY-AP-MW-19H 

to the northeast, BY-AP-MW-13V and BY-AP-MW-14V to the southeast, or BY-AP-MW-16V, BY-AP-

MW-1V, and BY-AP-MW-5V to the west.  

Arsenic concentrations exceed the GWPS in horizontal delineation well BY-AP-MW-17H located at the 

property boundary (Mobile River) northwest of the Ash Pond. Arsenic concentrations exceed the GWPS in 

horizontal delineation wells BY-AP-MW-20H, BY-AP-MW-22H and BY-AP-MW-24H located southeast 

and southwest of the Ash Pond. To the southeast, south, and southwest of the Site, additional horizontal 
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delineation wells could not be installed proximal to the property boundary due to wet or unsafe access 

conditions.  

Vertically, arsenic concentrations are delineated within the Unit 3 sands. Arsenic concentrations were 

detected above the GWPS in one well, BY-AP-MW-15V, southwest of the Ash Pond and one well, BY-

AP-MW-12V, located along the southeast side of the Ash Pond.  

Figure 8C depicts the most recent spatial extent of arsenic SSL along the “western dike.” The general 

spatial pattern matches the interpretation of groundwater flow at the Site. SSL are observed to the northwest 

along section A-A’ and near the middle of the Ash Pond dike extending southwest. These impacts are 

observed where groundwater elevation contours bend semi-radially to the northwest and southeast to 

conform to the geometry of the Mobile River and obliquely cross the western dike.  

To the northwest, arsenic impacts to groundwater historically begin near well BY-AP-MW-5 and extend to 

delineation well BY-AP-MW-17H. Arsenic concentrations over the GWPS previously observed in the 

vicinity of BY-AP-MW-5 extend down to approximately -50 feet NAVD88 and are delineated vertically 

downward to base of Unit 3 as observed in BY-AP-MW-5V and BY-AP-MW-17V. To the southwest, 

arsenic impacts initially are confined to sands of Unit 2 near BY-AP-MW-1 but slope down to the base of 

Unit 3 near well BY-AP-MW-15V and are delineated vertically with the installation of BY-AP-MW-

15VM. 

Phase II delineation location BY-AP-MW-15VM was designated as a water-level only piezometer. This 

location appears separated from the Watercourse Aquifer (Unit 2/3 sands) by a lower confining layer (Unit 

4) of sufficient thickness to justify water level-only monitoring. Boring log BY-AP-MW-15VM exhibits 

greater than 15 feet of the Unit 4 clays and recent groundwater elevation differences of 1.06 feet and 0.55 

feet respectively from paired Watercourse Aquifer well BY-AP-MW-15 (Figures 6A and 6B). The 

groundwater elevations observed in well BY-AP-MW-15VM indicate an upward vertical gradient (i.e., 

groundwater flowing upwards), providing further support for a piezometer designation.   

Figure 8D depicts the most recent arsenic concentrations proximal to the eastern margin of the site 

following the same geometry as the Mobile River. Figure 8D shows that arsenic SSL in groundwater are 

generally contained within the Unit 3 sands with some possible limited impacts to the very base of Unit 2. 
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Arsenic impacts do not extend to the base of Unit 3 near BY-AP-MW-8V, BY-AP-MW-10V, BY-AP-MW-

13V, or BY-AP-MW-14V.  

The most recent arsenic concentrations that do extend down to the base of Unit 3 as shown on Figures 8C 

and 8D are confined by Unit 4, which displays sufficient clay thickness and low hydraulic conductivity 

(ranging from 1.15 x 10-7 cm/sec to 3.76 x 10-8 cm/sec) to serve as a lower confining unit. A piezometer 

(BY-AP-MW-15VM) installed in Unit 5 sands (Miocene) also displays an upward hydraulic gradient that 

prohibits downward vertical migration. 

6.3.2 Cobalt Delineation 

The most recent 2023 semi-annual delineation wells sampling results show that cobalt concentrations above 

the GWPS (0.0157 mg/L) are limited to small, localized areas northwest (BY-AP-MW-17V), north (BY-

AP-MW-23V), southeast (BY-AP-MW-20V), and southwest (BY-AP-MW-15V) of the Ash Pond. 

Compliance well BY-AP-MW-15, located along the southwest side of the Ash Pond, exhibited cobalt above 

the GWPS (Figure 7B). 

  

Cobalt concentrations over the GWPS do not extend to BY-AP-MW-7/7V, BY-AP-MW-8/8V, BY-AP-

MW-18H, and BY-AP-MW-25H/V to the north; BY-AP-MW-5/5V to the northwest and BY-AP-MW-

1/1V to the west; BY-AP-MW-10/10V, BY-AP-MW-19H, and BY-AP-MW-12/12V to the east; BY-AP-

MW-13/13V and BY-AP-MW-14/14V to the southeast; or BY-AP-MW-22H to the south of BY-AP-MW-

15.  

Vertically, cobalt concentrations above the GWPS are delineated within the Unit 3 sands and extend to the 

base of Unit 3 sands at vertical delineation wells BY-AP-MW-17V and BY-AP-MW-23V to the north of 

the ash pond and BY-AP-MW-15V and BY-AP-MW-20V along the southwest and southeast sides of the 

Ash Pond respectively.  

No other vertical wells at the Site returned cobalt concentrations above the GWPS during the most recent 

monitoring event. Vertically, cobalt concentrations are delineated as defined by the previously discussed; 

thickness of the Unit 4 clay provides sufficient vertical separation between the Unit 3 aquifer and deeper 

Miocene sand units, permeameter testing values ranging from 1.15 x 10-7 cm/sec to 3.76 x 10-8 cm/sec, and 

calculated groundwater elevations indicating an upward vertical gradient.  



Plant Barry Ash Pond 
2023 Annual Groundwater Monitoring and Corrective Action Report 

 

32 

Cobalt has effectively been delineated at the Site and was not detected in ash pore-water samples. This, 

combined with the isolated occurrences of cobalt over GWPS, indicates potential for a natural source either 

driven by minor changes in lithology or changes in geochemistry. As shown on Figures 9A through 9C, 

cobalt exceedances typically occur at greater depths within Unit 3 where the lithology can change (more 

gravel) and geochemistry changes to a more favorable environment for cobalt mobilization. Cobalt 

occurrences over the GWPS will be evaluated for an alternate source. 

 STATUS OF DELINEATION 

A plan was executed to investigate potential impacts to groundwater at the Plant Barry ash pond. Two 

phases of delineation investigation have been completed at the site, and the horizontal and vertical 

delineation of Appendix IV SSL arsenic and cobalt is largely complete.  Additional delineation to define 

the horizontal extent of arsenic occurrences to the south of the Ash Pond is not practical, as the extent is 

constrained by surface waters. Additional vertical delineation of Unit 4 clays confirmed thicknesses of 

greater than 20 feet, and vertical hydraulic conductivity (Kz) values ranging from 5.91 x 10-7 cm/sec to 2.16 

x 10-8 cm/sec (1.7 x 10-3 ft/d to 6.1 x 10-5 ft/d) demonstrated that Unit 4 clays do display sufficiently low 

permeability to be considered confining.  

  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 October 2021, and a 

Corrective Action Groundwater Monitoring Program document submitted in January 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 

10/2021 
Formal selection and detailed description of 

groundwater remedies selected for 
implementation at the site. 
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Corrective Action Groundwater 
Monitoring Program 

01/2022 

Plan document to describe process and program 
for implementation and monitoring of 

groundwater remedies selected at the site. 

 

6.5.1 Groundwater Remedy Selection 

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 Site. 

 Geochemical manipulation by injection in areas of relatively high concentrations of COI to remove 

them from groundwater and immobilize them in situ. 

 Monitored natural attenuation (MNA) over the entire Site.  

Closure of the CCR Unit, including dewatering, consolidation, and capping, will greatly reduce source 

contributions to groundwater. Geochemical manipulation was selected because of its effectiveness, ease of 

implementation, versatility (ability to treat more than one COI with the same treatment solution), ability to 

implement in areas with limited working space, and no byproducts that would require further treatment or 

disposal. MNA was selected because substantial evidence indicates that it is currently occurring at the Site. 

6.5.2 Corrective Action – Groundwater Monitoring Program 

The Corrective Action Groundwater Monitoring Program describes early plans for implementation and 

monitoring of groundwater remedies described above. The Corrective Action Groundwater Monitoring 

Program will be performed at the Site in two stages. 

 Stage 1 will include ongoing compliance monitoring, remedial effectiveness monitoring for 

geochemical manipulation (injection treatment) pilot studies, MNA performance monitoring, 

sentinel and 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. 
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 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. 

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. 

Geochemical Injection  

1. Complete laboratory treatability studies 
to evaluate reagent composition, dosing, 
effectiveness, and sequencing for in situ 
groundwater treatment of constituents 
of interest (COI) by injection. Results 
from the treatability studies would be 
incorporated into an Underground 
Injection Control (UIC) permit 
application for the Site. 

2. Implementation of geochemical 
injection pilot tests using data collected 
from the laboratory treatability studies 
and issuance of an UIC permit. 
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Source Control/Closure Activities 

1. Evaluation of geochemical changes in 
groundwater with respect to transient 
closure activities, such as excavation 
and de-watering. 

2. Implementation of field data collection 
instruments and 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. 

 

Implementation of Monitored Natural Attenuation 

MNA sampling parameters were added to the sampling plans and analyzed in the laboratory beginning with 

the May 2022 sampling event (Tables 6 and 7). These parameters, in addition to field parameters, Appendix 

III, and Appendix IV parameters, are used 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. 

Geochemical Injection Pilot Testing Program 

Laboratory treatability studies are currently being conducted using Site aquifer media and impacted 

groundwater to evaluate reagent composition, dosing, effectiveness, and sequencing (if applicable) for in 

situ groundwater treatment of COIs by injection. Treatability tests include the following tasks and 

procedures prior to field implementation of an injection treatment pilot study: 

 Selection and formulation of reagent solutions based on previous similar studies. 

 Batch testing using multiple treatment solutions to determine the most effective formulations to 

carry forward to column testing. 

 Column testing to better simulate field conditions, determine effectiveness, and evaluate potential 

release of COIs due to treatment (unintended consequences). 

 Post-column testing, using selective sequential extraction, on treated soils to determine the long-

term stability of the accumulated COIs. 

Results from the treatability studies are included in Appendix F. 
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The tentative schedule for this initial foundation phase is: 

 Aquifer solids (soils) and groundwater sample collection from the selected pilot test areas: first and 

second quarters of 2022 (complete). 

 Laboratory batch and column testing, and selective sequential extraction of treated soil: fourth 

quarter 2022 to third quarter 2023 (complete). 

 Pre-Design Investigation field work in pilot test study injection area locations (TBD). 

 Underground Injection Permit application (TBD). 

 Geochemical Injection Pilot Program: TBD, pending requisite documents and approvals supporting 

the injection program. 

To facilitate further understanding of trends and correlating relationships, Aqua TROLL instrumentation is 

being used at select key Site observation and monitoring well locations for the near-continuous monitoring 

of field parameters. These additional data will allow for a better understanding of the degree of changes 

driven by dewatering and construction closure activities, the response of site flow systems, and possible 

correlations or changes noted in semi-annual monitoring data.  

Aqua TROLL instrumentation was installed during the first quarter of 2022 in previous dewatering pilot 

testing observation wells at these locations along the northeast and northwest sides of the ash pond in the 

areas where closure construction is occurring: 

 PRW-E1 

 APT-OB-ED1S 

 APT-OB-ED2D 

 APT-OB-ED5S 

 APT-OB-WD1S 

 APT-OB-WD1D 

 APT-OB-WD3S 

 APT-OB-WD3D 
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6.5.3 Groundwater Quality Changes and Trends 

Important groundwater quality changes or trends have been noted in Section 6.3. The key findings include: 

 Compliance monitoring well BY-AP-MW-8 exhibited arsenic concentrations below GWPS during 

the first and second 2023 semi-annual monitoring events. Arsenic concentrations have decreased 

from 0.0668 mg/L in October 2021 to 0.0024 mg/L in August 2023 and appear to be attributable 

to targeted closure construction dewatering efforts. 

 Arsenic concentrations in horizontal delineation well BY-AP-MW-23H have remained below 

GWPS for the last five semi-annual monitoring events and have continued to decrease since the 

September 2020 sampling event. 

 Arsenic concentrations have decreased in horizontal delineation well BY-AP-MW-18H to below 

GWPS during the last three semi-annual monitoring events in October 2022, April 2023, and 

August 2023. 

 Vertical delineation well BY-AP-MW-13V exhibited an arsenic concentration below GWPS during 

the last three semi-annual monitoring events in October 2022, April 2023, and August 2023.  

 Arsenic was not detected above GWPS in any vertical delineation wells located north, northeast, 

northwest, or west of the ash pond and levels above GWPS are limited to three vertical delineation 

wells, BY-AP-MW-12V and BY-AP-MW-20V to the southeast and BY-AP-MW-15V to the 

southwest of the ash pond. 

 Cobalt concentrations in compliance monitoring well BY-AP-MW-7 have decreased to below 

GWPS during the last three semi-annual monitoring events in October 2022, April 2023, and 

August 2023. 

 Cobalt concentrations in vertical delineation well BY-AP-MW-16V decreased to below GWPS 

(0.0149 mg/L) during the second 2023 monitoring event. 

 Cobalt concentrations in compliance well BY-AP-MW-4 have remained below GWPS during the 

last five sampling events and have exhibited concentrations above GWPS in only two monitoring 

events historically. 
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 Cobalt concentrations were detected above GWPS in only one compliance well (BY-AP-MW-15) 

and four vertical delineation wells – BY-AP-MW-15V to the southwest, BY-AP-MW-20V to the 

southeast, and BY-AP-MW-17V and BY-AP-MW-23V to the north of the ash pond – during the 

second 2023 semi-annual monitoring event. 

  Lithium concentrations were not detected in any monitoring wells above GWPS during the first or 

second 2023 monitoring events. 

 Historically, lithium has been detected above GWPS one time in three Site wells: BY-AP-MW-7V 

(January 2019), BY-AP-MW-7 (May 2021), and BY-AP-MW-13V (October 2021). 

Groundwater quality changes and trends are related to closure construction activities and will continue to 

be observed throughout the closure process. Many of the trends appear to be associated with ash pond 

closure activities, specifically the halt to sluicing and ash dewatering. Trends and groundwater quality 

changes will continue to be monitored throughout closure to evaluate assessment needs and to better inform 

groundwater remedy plans. 
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7.0 SUMMARY AND CONCLUSIONS 

Statistical evaluations of groundwater analytical data collected during the first and second 2023 monitoring 

events identified SSL of Appendix IV constituents above the GWPS.  To address previously identified SSL, 

a Groundwater Remedy Selection Report was prepared and submitted to ADEM on October 29, 2021 and 

a Corrective Action Groundwater Monitoring Program plan on January 27, 2022. The Corrective Action 

Groundwater Monitoring Program plan was prepared to detect potential downgradient changes in 

groundwater quality and assess the efficacy of the selected groundwater corrective action remedies. The 

Monitoring Program will supplement the ongoing CCR compliance groundwater monitoring currently 

being performed at the Site.  

The following future actions will be taken or are recommended for the site: 

 Prepare a preliminary design investigation field work plan in preparation for potentially implementing 

a geochemical injection pilot study, which was selected as one of the corrective measures described in 

the Groundwater Remedy Selection Report.  

 Conduct an ASD for site monitoring well BY-AP-MW-17V that has exhibited elevated concentrations 

of combined radium 226 + 228, that will be included in the subsequent report following completion of 

the ASD. 

 Conduct the first semi-annual monitoring event in the spring of 2024 and submit the Semi-Annual 

Groundwater Monitoring and Corrective Action Report summarizing the findings to ADEM by July 

31, 2024. 



Plant Barry Ash Pond 
2023 Annual Groundwater Monitoring and Corrective Action Report 

 

40 

8.0 REFERENCES 

Alabama Department of Environmental Management (ADEM), 2018, Solid Waste Program, Division 13, 
ADEM Admin. Code r. 335-13-15.  

Anchor QEA, June 2019, Assessment of Corrective Measures Plant Barry Ash Pond. 

Anchor QEA, June 2021, Semi-Annual Remedy Selection and Design Progress Report Plant Greene 
County Ash Pond. 

Anchor QEA, October 2021, Remedy Selection Report Plant Barry Ash Pond. 
 
Anchor QEA, January 2022, Corrective Action Groundwater Monitoring Program Plant Barry Ash 

Pond. 

ASTM Standard D5092, 2004(2010)e1, Standard Practice for Design and Installation of Groundwater 
Monitoring Wells, ASTM International, West Conshohocken, PA, DOI 10.1520/D5092-04R10E01, 
www.astm.org. 

Chandler, R.V., Moore, J.D., and Gillet, B., 1985, Ground-water chemistry and salt-water encroachment, 
southern Baldwin County, Alabama: Alabama Geological Survey Bulletin 126, p. 166. 

Davis, M.E., 1987, Stratigraphic and Hydrogeologic Framework of the Alabama Coastal Plain, U.S. 
Geological survey, Water-Resources Investigations Report 87-4112. 

Gillet, B., Raymond, D.E., Moore, J.D., and Tew, B.H., 2000, Hydrogeology and Vulnerability to 
Contamination of Major Aquifers in Alabama: Area 13, Geological Survey of Alabama. 

Hsu, K.J., 1960, Texture and mineralogy of the recent sands of the Gulf Coast, Journal of Sedimentary 
Petrology, vol. 30, p 380-403. 

USEPA. 2009. Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities, Unified 
Guidance. 

USEPA. 2015. Federal Register. Volume 80. No. 74. Friday April 17, 2015. Part II. Environmental 
Protection Agency. 40 CFR Parts 257and 261. Hazardous and Solid Waste Management System; 
Disposal of Coal Combustion Residuals from Electric Utilities; Final Rule. [EPA-HQ-RCRA-2009-
0640; FRL–9919–44–OSWER]. RIN–2050–AE81. April. 

United States Geological Survey (USGS), 1980 (Photorevised 1985), The Basin Alabama Quadrangle, 
7.5 Minute Series Topographic Map. 

United States Geological Survey (USGS), 1982a (Photorevised 1985), Creola Alabama Quadrangle, 7.5 
Minute Series Topographic Map. 



Plant Barry Ash Pond 
2023 Annual Groundwater Monitoring and Corrective Action Report 

 

41 

United States Geological Survey (USGS), 1982b, Mount Vernon Alabama Quadrangle, 7.5 Minute Series 
Topographic Map. 

United States Geological Survey (USGS), 1983, Stiggins Lake Alabama Quadrangle, 7.5 Minute Series 
Topographic Map. 

Walter, G.R., and Kidd, R.E., 1979, Ground-water management techniques for the control of salt-water 
encroachment in Gulf Coast aquifer, a summary report: Geological Survey of Alabama open-file 
report, p. 84. 



 

 

 

Figures  



ASH POND

MOBILE RIVER

£¤43

LEGEND
Property Boundary (Approximate)
Ash Pond Boundary

PLANT
BARRY

OVERVIEW MAP

0 13
Miles

±

0 4,000
Feet

Projection: NAD 1983 State Plane Alabama West FIPS 0102 Feet
Base Map: Maxar Vivid Advanced, 10/21/2022

SCALE

DATE

DRAWN BY

CHECKED BY

1:24,000
10/18/2023

KWR
AWH

SITE LOCATION MAP
PLANT BARRY ASH POND

FIGURE 1

DRAWING TITLE:

FIGURE NO.




