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1. INTRODUCTION

1.1 Purpose

The purpose of this report is to provide an evaluation and certification of the revised groundwater 
monitoring network for the existing coal combustion residuals (CCR) Landfill at Public Service 
Company of Oklahoma’s (PSO’s) Northeastern Power Station (NPS). PSO is a business unit of 
American Electric Power (AEP). The groundwater monitoring network was previously assessed 
and certified by Terracon Consultants, Inc. (Terracon) (Terracon 2017b, 2018) and more recently 
was revised at the request of the Oklahoma Department of Environmental Quality (ODEQ) to 
incorporate two new background monitoring wells (Geosyntec Consultants, Inc. [Geosyntec] 
2022a). This revised groundwater monitoring network was approved by ODEQ in January 2023 
(ODEQ 2023a). ODEQ subsequently provided notice that the newly incorporated background 
wells (MW-18 and MW-19) were not suitable background wells for the Landfill (ODEQ 2023b). 
ODEQ agreed with PSO’s recommendation to remove MW-18 and MW-19 from the network and 
include both SP-4 and SP-5R as background wells for the Landfill (ODEQ 2024).  

The revised groundwater network with background monitoring wells SP-4 and SP-5R was 
evaluated by Geosyntec to assess compliance with Oklahoma Administrative Code (OAC) 
252:517-9-2, which sets out the regulatory requirements for design and construction of 
groundwater monitoring systems for CCR disposal units. The results of this evaluation are 
presented herein. 

1.2 Organization of Report 

This report is organized as follows: 

 Section 2 presents background information on the NPS and the Landfill;

 Section 3 presents an evaluation of the revised groundwater monitoring network; and

 Section 4 provides lists of references used to develop this report.

Supporting documentation is provided in Appendices A through E. The certification of the revised 
groundwater monitoring system by a qualified Professional Engineer (PE) is provided in 
Appendix F. 

1.3 Coordinate System and Datum 

The horizontal coordinate values provided in this report are based upon the North American Datum 
of 1983 (NAD83), Oklahoma North Zone. The vertical datum utilized for reporting the elevations 
within this report is the North American Vertical Datum of 1988 (NAVD88). 
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2. BACKGROUND INFORMATION 

Except where noted, the primary source of the background information presented in Sections 2.1 
to 2.3 is Terracon (2018). 

2.1  Facility Location Description 

The NPS is located southeast of the junction of U.S. Highway 169 and Oklahoma Highway 88 
approximately one mile south of Oologah, Rogers County, Oklahoma (Figure 1). The facility 
property consists of an approximately 1,230 acres located in Sections 3 and 4, Township 22 North, 
Range 15 East, and Sections 33 and 34, Township 23 North, Range 15 East (I.M.) in Rogers 
County, Oklahoma (Site). Four electric generating Units are present at the facility. Units 1 and 2 
are gas-fired, while Units 3 and 4 are coal-fired units. Unit 4 ceased operation in April 2016. A 
site map showing the location of the NPS and the relative positions of the Landfill and the Bottom 
Ash Pond, the other regulated CCR unit at the facility, is presented in Figure 2. 

2.2 Landfill Description 

2.2.1 Construction and Operational History 

The Landfill was permitted by the Oklahoma State Department of Health in March 1978 
(Oklahoma State Department of Health, 1978). The Landfill permit has subsequently been 
modified and re-issued through the ODEQ. The Landfill currently operates under Permit No. 
3566010 issued January 4, 2016.  

The Landfill was constructed in a depression where gravel pit mining or limestone quarrying 
operations took place historically. Portions of the upper limestone rock appear to have been 
removed, primarily within the western portion of the Landfill. The permitted footprint of the 
Landfill includes a 44-acre CCR disposal area with a total disposal capacity of 2.463 million cubic 
yards. The total footprint of the Landfill includes a stormwater collection basin (Basin C), and a 
leachate impoundment between the Landfill and the basin (Figure 2). 

A dike structure was constructed along the south boundary of the Landfill to contain the waste and 
isolate the Landfill from the Verdigris River. This dike was initially built to an elevation of 610 
feet above mean sea level (ft amsl) with a crest width of 10 to 12 feet and 3:1 side slopes when the 
NPS was constructed (Terracon, 2012). An additional construction event raised the dike to the 
current crest elevations of greater than 630 ft amsl, with a crest width of approximately 25 feet, 
3:1 interior slopes, and exterior side slopes ranging from approximately 4:1 to 2.5:1. The dike 
materials consist of red-brown clay with limestone gravel mixed with varying amounts of ash 
material and larger rock. Limestone with some thin shale beds, followed by shale, underlies the 
constructed dike.  

To control seepage of groundwater flowing beneath the Landfill and into the Verdigris River, a 
2,200-foot long slurry wall and 1,400-foot long grout curtain was installed within the constructed 
dike on the southeast side of the Landfill (Terracon 2017a). The slurry cutoff wall was constructed 
by excavating an approximately 3-foot-wide trench to the top of limestone bedrock (typically 20 
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to 25 feet below ground surface [ft bgs]) along the southern edge of the Landfill and pumping a 
slag-cement-bentonite (SCB) slurry into the trench. The grout curtain was installed by injecting 
grout to a maximum depth of approximately 40 ft bgs into 3-inch borings spaced as needed to 
effectively prevent seepage through approximately 1,400 feet of the 2,200-foot-long slurry cutoff 
wall. The construction of these features was completed in 2013. 

In 2012, a 60-mil high-density polyethylene (HDPE) geomembrane intermediate liner and an 
overlying leachate collection system were installed over intermediate grades of previously placed 
waste to limit infiltration of precipitation through the waste mass. The intermediate liner system 
extends across approximately 33 acres of the Landfill (Terracon 2012) and slopes downward from 
west to east (towards the leachate impoundment) at grades from approximately 645 ft to 615 ft 
amsl. As of November 2024, waste was being placed in Cell 1 of the Landfill and the remainder 
of the Landfill (inactive Cells 2 to 4) was covered with a temporary geomembrane cover (rainflap) 
and temporary Wind Defender® geotextile cover (GEI Consultants, Inc. [GEI] 2024). The extent 
of temporary cover as of the date of the most recent satellite imagery (December 2023) is shown 
in Figure 3. 

2.2.2 Surface Water Control 

OAC 252:517-13-2 requires the owner of operator of a CCR landfill to design, construct, operate, 
and maintain run-on and run-off controls to manage and control the peak stormwater discharge 
from a 24-hour, 25-year storm event. As described by Terracon (2021), the built-up perimeter dike 
and roadways provide topographic controls to prevent run-on from outside the landfill footprint. 
Further, the Landfill perimeter drainage channels inside the diked area were designed to manage 
the run-off from operating and closed landfill areas. The drainage channels are generally sloped to 
drain to the northeast portion of the Landfill towards Basin C (Figure 2). As designed, the run-on 
and run-off control systems are capable of managing and controlling a 24-hour, 25-year storm 
event. Discharges of stormwater collected in Basin C is managed as part of the facility Oklahoma 
Pollutant Discharge Elimination System (OPDES) program under Permit No. OK0034380.  

2.3 Hydrogeologic Setting 

2.3.1 Climate and Water Budget 

The average annual precipitation in Rogers County is approximately 45.92 inches, with monthly 
totals averaging between about 1.98 inches in the driest months (January and February) to about 
6.07 inches in the wettest month (May). Average temperatures range from highs in the low 80s 
Fahrenheit in July and August to highs in the mid to high 30s Fahrenheit in December and January1.  

2.3.2 Regional Geologic Setting 

Shallow bedrock in Rogers County consists predominantly of Pennsylvanian-age limestones, 
shales, and sandstones of the Marmaton Group, underlain by the Cherokee Group (Oklahoma 

 

1 https://climate.ok.gov/index.php/climate/climate_normals_by_county/my_county_or_town accessed April 14, 
2025. 
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Geological Survey [OGS] 2022; OGS 2008; Woodruff and Cooper 1928). The generalized 
stratigraphic column of the regional geology in the Site vicinity is summarized below: 
 

Series Group Formation 

 

 

Desmoinesian 

 

Marmaton 

Oologah 

Labette 

Fort Scott Limestone 

 

Cherokee 

Senora 

Boggy 

Savanna 

 

The surficial geology of the Site and surrounding area is shown in Figure 4.  

Regional geologic mapping information (OGS 2022) indicates that the majority of the Site is 
underlain by the Oologah Formation, which is generally characterized as a medium to dark gray, 
massive to thinly bedded argillaceous limestone with a small amount of fissile shale (Oakes 1952; 
OGS 2022). The limestone is typically dense to moderately crystalline and unjointed. In the Site 
vicinity, the Oologah Formation is approximately 80 to 100 feet thick. 

The Oologah Formation conformably overlies the Labette Formation, a grayish brown to dark 
gray, laminated clayshale. The clayshale contains some zones of weakly calcareous shale, and 
multiple horizons of sandy shale to sandstone. Concretions composed of hematite and/or siderite 
usually occur throughout the formation (OGS 2022). The thickness of the Labette Formation 
typically ranges from approximately 180 to 250 feet thick (Oakes 1952).  

The Labette Formation is underlain by the Fort Scott Formation which consists of three members, 
in descending order: the Higginsville Limestone; the Little Osage Shale; and the Blackjack Creek 
Limestone. The Fort Scott Formation limestone members consist primarily of a light gray, thin to 
medium, wavy-bedded fossiliferous wackestone and mudstone (OGS 2004). 

2.3.3 Regional Hydrogeologic Setting 

The Oklahoma Water Resources Board (OWRB) defines major and minor aquifers as follows 
(OWRB 2025): 

“Major groundwater basin (aquifer) is defined as a distinct underground body of water 
overlain by contiguous land and having substantially the same geological and hydrological 
characteristics and from which groundwater wells yield at least fifty (50) gallons per minute 
on the average basin wide if from a bedrock aquifer and at least one hundred fifty (150) 
gallons per minute on the average basin wide if from an alluvium and terrace aquifer, or as 
otherwise designated by the Board.” 
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“Minor groundwater basin (aquifer) is defined as a distinct underground body of water 
overlain by contiguous land and having substantially the same geological and hydrological 
characteristics and which is not a major groundwater basin.” 

Regional geologic mapping information (OWRB 2025) indicates that the Site is located within the 
Cherokee Group (CG) groundwater basin (minor bedrock aquifer) and in the vicinity of the 
Verdigris River groundwater basin (minor alluvial aquifer). The CG basin rock units include shale; 
well cemented, fine to very fine-grained sandstones; and unjointed limestones characterized as 
dense to moderately crystalline and thin to massively bedded (Belden 1996). The Cherokee Group 
minor aquifer is not a major source of water in Rogers County due to poor-yielding wells and the 
readily available water from lakes and rivers2. 

The CG basin contains three sandstone units (the Warner Sandstone, the Blue Jacket Sandstone, 
and the Chelsea Sandstone) that provide the only significant bedrock sources of groundwater in 
Rodgers County (Belden 1996; Osborn and Hardy, 1999). All three sandstone units underlie the 
Labette Formation. In many areas, the yields from these CG sandstones are typically too small to 
supply enough water for household use (Osborn and Hardy, 1999). 

Groundwater encountered within the limestone in the CG basin generally occurs in secondary 
openings such as joints, fractures, and solution cavities. Yields in the shale and limestone 
formations are locally dependent upon the connectivity of these secondary features (Osborn and 
Hardy, 1999). The average yield of wells in the Pennsylvanian and Mississippian Age rocks is 
estimated to be 0.5 gallons per minute (Marcher and Bingham, 1971). 

2.3.4 Regional Hydrology 

The Verdigris River generally flows to the south and defines the southeast border of the Landfill 
(Figure 2). The surface elevation of the Verdigris River at a gauging station south of the Landfill 
is approximately 544 ft amsl3. The river flow is controlled by the Oologah Dam located 
approximately 1 mile north and east of the Site (Figure 1). The dam was constructed to create 
Oologah Lake, with an approximate elevation of 638 ft amsl4. Fourmile Creek flows generally 
south and joins the Verdigris River at a point south of the landfill. 

The Verdigris River Groundwater Basin is divided into the upper reach (north of Oologah Lake) 
and the southern reach (south of Oologah Lake). The southern reach has an average thickness of 
approximately 40 feet, and a mean saturated thickness of 10 to 18 feet (Belden 1996). 

2.3.5 Groundwater Resources and Usage 

Based on the OWRB on-line well database, there are no known private or public groundwater 
wells within one mile of the Landfill (https://www.owrb.ok.gov/maps/pmg/owrbdata_GW.html 
accessed April 14, 2025). The closest wells are two private wells located approximately 2 miles 

 

2 https://www.cityoftulsa.org/government/departments/water-and-sewer/water-supply/ accessed April 14, 2025. 
3 https://waterdata.usgs.gov/monitoring-location/07176000/ accessed April 14, 2025. 
4 https://www.swt-wc.usace.army.mil/OOLO.lakepage.html accessed April 14, 2025. 
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from the Landfill. The well located approximately 2 miles north of the Landfill was plugged in 
2010 (Figure 5). The well located approximately 2 miles south of the Landfill is a historic well. 
Additional information on the wells is provided as Appendix A. The Site is not located over the 
groundwater recharge area for a principal bedrock aquifer (Terracon 2018). Groundwater quality 
in the uppermost hydrostratigraphic unit (limestone) that underlies the Landfill area is generally 
fair to poor (Terracon 2018).  

2.4 Previous Investigations and Studies 

Several site groundwater, environmental, and geotechnical investigations and studies have been 
conducted at the NPS during its operational history. More recent efforts for the Landfill have 
focused on the evaluation of the groundwater monitoring network (Terracon 2018; Geosyntec, 
2022a), and the development of a groundwater monitoring network that meets the requirements of 
OAC 252:517-9-2.  

In 2018, ODEQ stated that monitoring wells MW-7D and MW-8D, located north of the Landfill, 
were not suitable as representative background wells due to the high concentrations of chloride 
and salts and the observed groundwater mounding within the Landfill (ODEQ 2018). All 
monitoring well locations for the CCR units at the NPS are shown in Figure 6. Terracon (2018) 
subsequently certified a groundwater monitoring network that included 15 compliance wells. 
However, ODEQ requested that replacement background wells also be included in the network. 
AEP evaluated monitoring wells SP-6 and SP-7 as potential background monitoring wells, but 
ODEQ determined they were also not suitable due to elevated concentrations of total dissolved 
solids (TDS) and chloride (ODEQ 2019). 

Additional investigations were conducted by Geosyntec pursuant to a Hydrogeologic and 
Geotechnical Drilling Plan (Drilling Plan), submitted by AEP in February 2020 and approved by 
ODEQ in June 2020, to continue an evaluation for a suitable background well location (AEP 2020). 
The investigations were performed to evaluate the hydraulic connectivity of wells in the vicinity 
of the Landfill, assess the lithology of the downgradient and proposed upgradient locations, and 
characterize the direction and magnitude of groundwater flow across the Site. Pumping tests 
performed by Geosyntec in October 2020 indicated minimal response in wells across the Landfill 
to pumping, suggesting most of the wells are not hydraulically connected.  

In 2021, Geosyntec advanced five borings (LF-01-2021 to LF-05-2021) in the vicinity of the 
Landfill to depths ranging from approximately 100 to 149 ft bgs. Rock core samples were collected 
from each of the five borings for petrographic analysis, x-ray diffraction, x-ray fluorescence, and 
cation exchange capacity analysis. Downhole geophysics were also performed in four of the 
borings to assess the lithology, detect and characterize fractures, and assess the vertical migration 
of groundwater.  

During the downhole geophysical logging, the depth at which water was encountered varied from 
approximately 6 to 60 ft bgs. The presence of water in some wells, but not others along a similar 
horizon, suggests that groundwater is not laterally continuous across the site. This was further 
supported by a colloidal borescope evaluation completed by Geosyntec in 2022 which found either 
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no significant groundwater movement or potential flow in varying directions at different 
groundwater monitoring wells. These results were documented in the Site Investigation Report 
submitted to ODEQ in June 2022 (Geosyntec 2022b).  

Monitoring wells MW-18 and MW-19 were installed in August 2022 as background monitoring 
wells for the Landfill (Figure 6), with subsequent approval from ODEQ in January 2023 (ODEQ 
2023a). However, following submittal of the first several rounds of groundwater data from MW-
18 and MW-19, ODEQ determined that MW-19 and MW-19 also do not appear to be appropriate 
background monitoring wells due to the elevated chloride and TDS concentrations at both 
locations. ODEQ instead recommended inclusion of SP-5R, which is a background monitoring 
well for the Bottom Ash Pond (ODEQ 2023b; ODEQ 2023c). PSO submitted documentation 
showing that they disagreed with the characterization of MW-18 and MW-19 as inappropriate for 
background monitoring locations; however, PSO also provided evidence that SP-5R and SP-4, 
which are both background monitoring locations for the Bottom Ash Pond (Terracon 2017b), had 
similar geochemical composition as MW-18 and MW-19 and could serve as acceptable 
background monitoring locations for the Landfill (AEP 2024). ODEQ accepted the use of SP-4 
and SP-5R as background monitoring locations for the Landfill in October 2024 (ODEQ 2024). 
Communications between ODEQ and PSO related to the selection of the background monitoring 
locations are provided in Appendix B. 
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3. MONITORING NETWORK EVALUATION 

The current monitoring well network for the Landfill certified by Geosyntec (2022a), excluding 
previous background wells MW-18 and MW-19 and adding new background monitoring wells 
SP-4 and SP-5R, was evaluated in accordance with OAC 252:517-9-2 to determine if the wells 
included in this revised network could accurately represent the quality of background and 
downgradient groundwater. In addition, the revised well network was evaluated with respect to the 
appropriateness of the number, locations, and depths of wells. This included characterizing the 
site-specific hydrogeologic conditions listed in OAC 252:517-9-2(b) that can affect the design of 
the monitoring network.  

3.1 Hydrostratigraphic Units 

The Oologah limestone unit underlying the Landfill is the primary hydrostratigraphic unit of 
interest. Slug testing conducted in the limestone unit indicates a geometric mean hydraulic 
conductivity of 2.2×10-5 cm/sec (data collected by Terracon).  

3.1.1 Horizontal and Vertical Position Relative to CCR Unit 

Groundwater at the Site is unconfined and is encountered within the fractured limestone of the 
Oologah Formation and in the shale deposits of the Labette Formation. Geologic data from soil 
borings collected at the Site indicate that the first geological unit encountered is a limestone unit 
of the Oologah formation; the ash was placed in the Landfill directly above the limestone. 
Although quarrying of the limestone occurred within the current footprint of the Landfill, the 
thicknesses of the limestone unit beneath the Landfill still ranges from 80 feet to 90 feet. The 
limestone unit conformably overlies the shale unit. The full depth of the shale unit was not 
determined at the Site during monitoring well installation or advancement of borings LF-01-2021 
through LF-05-2021. Literature estimates its thickness at 180 ft to 250 ft (Oakes, 1952). Geologic 
cross-sections illustrating the general depth of the water-bearing formations are provided in 
Appendix C.  

3.1.2 Overall Flow Conditions 

The wide range of groundwater elevations and the fact that several wells do not consistently yield 
water indicate that groundwater within the uppermost aquifer occurs sporadically and is likely 
associated with small discontinuous fractures, joints, or cavities in the limestone (Geosyntec 
2022a). Several of the monitoring wells at the Landfill have been dry for their operational life, 
despite their position at the same general horizon as other wells that contain water. Pump testing 
completed by Terracon found that multiple wells in the vicinity of the Landfill were incapable of 
producing a minimum yield of 150 gallons per day (Terracon 2017a). The groundwater 
potentiometric contour map from November 2024 (Figure 7) indicates a variety of groundwater 
flow directions, suggesting that the limited groundwater occurrence within the wells is likely 
associated with localized fractures and other void spaces within the rock. There also appears to be 
seasonal and temporal fluctuations in the groundwater flow directions. 
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The depth to water in monitoring wells at the Landfill, including background wells SP-4 and SP-
5R, has ranged from 3.4 to 77.5 ft bgs. Available groundwater elevations are summarized in Table 
1. Field observations, including the colloidal borescope study described in Section 2.4, indicate 
there is little interconnected groundwater at the Site. Establishing a unified groundwater flow 
direction (for the purpose of establishing upgradient wells) is therefore difficult due to lack of 
water and a general lack of pore space within the rock. The limited data suggest that groundwater 
flow is variable across the Site, but likely flows toward either the Verdigris River or Fourmile 
Creek, depending on the proximity of the well to the waterbody. 

3.2 Uppermost Aquifer 

3.2.1 Regulatory Definition  

The term “uppermost aquifer” is defined in OAC 252:517-1-3 as: “the geologic formation nearest 
the natural ground surface that is an aquifer, as well as lower aquifers that are hydraulically 
interconnected with this aquifer within the facility’s property boundary. Upper limit is measured 
at a point nearest to the natural ground surface to which the aquifer rises during the wet season.” 
Aquifer is defined as “a geologic formation, group of formations, or portion of a formation capable 
of yielding usable quantities of groundwater to wells or springs.” “Usable” groundwater is not 
defined in OAC 252:517. 

3.2.2 Identified Onsite Hydrostratigraphic Unit(s) – Uppermost Aquifer 

As previously discussed, the hydrostratigraphy in the vicinity of the Landfill is characterized by a 
water-bearing system comprised of Pennsylvanian-age limestones and shales of the Oologah and 
Labette Formations and the Quaternary alluvium. Observational data indicate groundwater occurs 
mainly along small discontinuous fractures, joints, or cavities in the limestone. For the purpose of 
specifying the uppermost aquifer, the on-site hydrostratigraphic unit in the area of the Landfill is 
identified to be the Oologah Limestone unit first encountered at approximately 610-620 ft amsl. 
The SCB slurry wall/grout curtain along the southern edge of the Landfill has established a 
groundwater flow boundary condition, impeding groundwater flow toward the Verdigris River in 
the limestone unit that is present in that area.  

3.3 Overview of Groundwater Monitoring System Regulatory Requirements 

According to OAC 252:517-9-2, a groundwater monitoring system must consist of a sufficient 
number of appropriately located wells in order to yield groundwater samples from the uppermost 
aquifer that accurately represent both the quality of groundwater passing the waste boundary of 
the CCR unit and the quality of background groundwater that has not been affected by leakage 
from the CCR unit. Upgradient background wells must be located beyond the upgradient extent of 
potential contamination, whereas downgradient wells should monitor contaminants leaking into 
the groundwater and must be located at the downgradient perimeter of the CCR unit. The 
groundwater monitoring system must include a minimum of one upgradient and three 
downgradient monitoring wells, though additional monitoring wells should be installed as 
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necessary based upon site-specific technical information (e.g., aquifer thickness, groundwater flow 
rates and direction). 

3.4 Previous Monitoring Network 

The original groundwater monitoring network proposed to comply with OAC 252:517-9-2 
consisted of background monitoring locations MW-7D and MW-8D and downgradient (i.e., 
compliance) monitoring locations MW-3D, MW-6D, MW-9D, and MW-15 (Terracon 2017b). At 
the request of ODEQ, the certified network was expanded to include all deep wells surrounding 
the unit (Terracon 2018) and exclude MW-7D and MW-8D as background monitoring wells. 
ODEQ also requested installation of new potential background monitoring wells due to the  
concentrations of chloride and salts and the observed groundwater mounding within the Landfill 
(ODEQ 2018). Two background monitoring wells, MW-18 and MW-19 were incorporated into 
the groundwater monitoring network in 2022. However, ODEQ determined that MW-18 and MW-
19 were not suitable background wells due to their elevated chloride and TDS concentrations 
(ODEQ 2023b). Relevant well locations are shown in Figure 6.  

3.5 Review of Revised Monitoring Network 

3.5.1 Overview 

The current groundwater monitoring well network certified by Geosyntec (2022a) consists of 15 
groundwater wells used for compliance monitoring: MW-1D, MW-2D, MW-3D, MW-4D, MW-
5D, MW-6D, MW-9D, MW-10D, MW-11D, MW-12D, MW-13D, MW-14, MW-15, MW-16, and 
MW-17. The revised monitoring network consists of the 15 existing compliance wells listed above, 
two new background monitoring wells (SP-4 and SP-5R), and two groundwater level observation 
wells (MW-7D and MW-8D). The locations of these groundwater monitoring wells are shown in 
Figure 8. 

The monitoring wells were installed in a 4-inch borehole and have 2-inch diameter PVC casings, 
10-ft long screens, and a 0.01-inch slot size. The screen interval for all wells is situated in the 
limestone unit. A well construction table that summarizes the location, ground surface elevation, 
borehole depth, installation data, and associated well construction details for the monitoring well 
network is included in Table 2. The associated boring logs and well construction diagrams are 
provided in Appendix D and Appendix E, respectively. 

3.5.2 Compliance Assessment 

Review of the groundwater monitoring well network in relation to the geologic and hydrogeologic 
conditions in the area of the NPS Landfill indicates that it consists of a sufficient number of wells 
installed at the appropriate locations and depths to yield groundwater samples from the uppermost 
aquifer that accurately represent the quality of background groundwater and groundwater passing 
the waste boundary of the Landfill. The groundwater monitoring well network is also capable of 
providing a system for detection of potential contamination in the uppermost aquifer nearest the 
waste boundary. In particular, the downgradient groundwater monitoring wells are appropriately 
positioned based on their close proximity to the downgradient waste boundary of the Landfill and 
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the documented hydrogeology and groundwater flow directions at the Site. From on the above 
review, the groundwater monitoring network around the NPS Landfill meets the requirements of 
OAC 252:517-9-2. Certification of the groundwater monitoring network for the NPS Landfill by 
a qualified Professional Engineer is provided in Appendix F.  
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Table 1. Groundwater Elevation Data
Northeastern Power Station Landfill

Geosyntec Consultants, Inc. 

Date MW-1D MW-2D MW-3D MW-4D MW-5D MW-6D MW-7D MW-8D MW-9D

3/2008 597.19 595.14 583.00

7/2008 592.76 594.65 581.80

10/2008 588.30 594.20 581.35

11/2008 587.02 589.20 594.10 581.57 591.89 600.51 586.54 569.47

11/2008 581.61 593.71 593.81 581.38 586.31 600.59 574.25 567.12

3/2009 585.17 583.06 593.70 582.02 616.25 599.49 581.24 574.67

6/2009 585.83 585.66 593.74 581.44 616.29 599.98 577.00 576.20

9/2009 582.60 585.41 593.53 581.47 615.95 599.83 574.77 574.36

12/2009 582.84 585.68 593.44 578.48 615.14 599.76 575.28 577.70

3/2010 580.25 585.37 593.70 582.28 618.54 599.98 575.28 576.87

6/2010 583.91 595.40 593.52 581.76 616.35 600.27 575.28 587.94 586.32

9/2010 581.71 580.27 593.04 581.08 612.95 599.53 575.28 575.19 585.01

12/2010 582.60 578.73 593.16 581.34 612.64 599.45 575.28 571.56 583.30

3/2011 -- 583.30 593.29 582.01 614.51 599.61 575.28 578.62 583.56

6/2011 583.31 584.39 593.04 581.41 614.65 599.98 575.28 584.69 584.97

9/2011 582.54 582.41 594.45 581.20 613.82 600.18 575.28 586.35 584.25

12/2011 583.63 586.47 593.70 581.69 616.03 600.48 575.28 590.51 584.96

3/2012 584.68 587.19 593.52 581.98 613.47 600.45 575.28 603.46 584.08

6/2012 582.23 582.77 593.42 581.42 613.31 600.39 575.28 602.35 584.45

9/2012 583.23 577.91 593.30 581.37 611.00 600.01 575.28 592.89 582.42

12/2012 583.72 579.40 593.34 581.60 611.77 600.39 575.28 595.63 582.16

3/2013 584.34 579.46 593.38 582.06 614.66 600.78 575.28 600.19 582.33

6/2013 583.02 588.22 593.42 581.74 615.37 601.38 575.28 604.77 582.71

9/2013 583.73 582.71 593.36 581.42 614.04 601.93 575.28 599.83 583.58

12/2013 584.28 581.38 593.37 583.76 610.97 601.91 575.28 597.83 582.28

3/2014 581.73 578.89 593.44 582.02 611.96 601.49 575.28 606.54 581.95

6/2014 582.46 587.92 593.65 581.96 612.38 601.90 575.28 603.14 581.17

9/2014 582.99 582.89 593.51 581.31 613.56 601.90 575.28 598.66 582.00

3/2015 584.03 580.88 593.76 582.01 612.72 601.85 575.28 599.14 581.43

6/2015 584.65 591.00 593.81 582.09 619.73 604.26 575.28 589.88 582.32

9/2015 585.24 586.64 593.51 581.55 615.86 603.82 575.28 590.94 583.04

12/2015 585.76 598.04 593.78 581.98 615.29 603.43 575.28 585.16 581.41

3/2016 586.65 584.14 592.57 581.94 612.75 601.75 575.28 596.93 581.63

5/2016 587.10 583.74 593.61 582.05 616.09 603.02 575.28 586.54 581.35

7/2016 -- -- -- -- -- -- 575.28 583.39 --

9/2016 587.68 578.79 592.95 581.59 611.55 602.91 575.28 577.05 581.02

3/2017 584.74 579.38 593.50 582.08 612.34 601.86 575.28 582.44 579.45

7/2017 -- -- 592.63 -- -- 602.60 575.28 568.45 576.68

5/2018 584.03 583.06 593.58 581.85 614.64 602.71 575.28 606.96 580.01

7/2018 583.30 577.88 -- 581.58 607.46 -- 575.28 -- --

8/2018 583.51 577.93 -- 581.33 605.79 -- 575.28 -- --

10/2018 -- -- 593.56 581.59 594.92 602.32 575.28 596.60 580.44

1/2019 584.01 588.59 593.96 582.10 611.46 602.61 575.28 597.59 580.52

8/2019 585.36 580.28 593.31 581.27 612.64 603.83 575.28 606.19 583.49

6/2020 586.79 580.55 593.42 581.19 614.40 603.92 575.28 620.43 610.81

10/2020 587.11 578.02 593.02 581.13 607.19 602.85 575.28 598.07 581.22

4/2021 584.65 583.32 593.46 581.56 615.09 602.71 575.28 595.20 586.17

12/2021 585.65 578.04 592.18 581.14 611.19 602.28 575.28 594.91 579.43

6/2022 586.39 590.96 592.45 581.24 614.33 601.80 575.28 603.56 581.09

11/2022 586.86 577.40 592.74 580.93 609.92 601.82 575.28 597.07 581.51

12/2022 584.42 579.09 -- -- -- -- -- -- 580.46

1/2023 582.13 -- -- -- -- -- -- -- 579.89

2/2023 581.41 583.55 -- -- -- -- -- -- 578.41

3/2023 581.53 583.24 -- -- -- -- -- -- 578.16

4/2023 581.76 581.67 -- -- -- -- -- -- 580.95

5/2023 582.03 580.43 -- -- -- -- -- -- 580.73

6/2023 582.30 579.06 592.52 580.97 611.67 601.93 614.75 605.98 579.76

10/2023 581.78 578.78 592.74 580.98 609.90 602.26 614.80 599.29 582.01

4/2024 582.87 581.48 592.85 581.20 611.57 602.18 614.72 610.44 586.01

8/2024 -- -- 592.72 580.72 611.21 602.44 -- -- 592.14

10/2024 583.73 577.38 592.85 580.80 606.78 602.43 613.21 601.40 592.11
Notes:
1. Groundwater elevations are in feet above mean sea level
-- : not measured
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Table 1. Groundwater Elevation Data
Northeastern Power Station Landfill

Geosyntec Consultants, Inc. 

Date

3/2008

7/2008

10/2008

11/2008

11/2008

3/2009

6/2009

9/2009

12/2009

3/2010

6/2010

9/2010

12/2010

3/2011

6/2011

9/2011

12/2011

3/2012

6/2012

9/2012

12/2012

3/2013

6/2013

9/2013

12/2013

3/2014

6/2014

9/2014

3/2015

6/2015

9/2015

12/2015

3/2016

5/2016

7/2016

9/2016

3/2017

7/2017

5/2018

7/2018

8/2018

10/2018

1/2019

8/2019

6/2020

10/2020

4/2021

12/2021

6/2022

11/2022

12/2022

1/2023

2/2023

3/2023

4/2023

5/2023

6/2023

10/2023

4/2024

8/2024

10/2024

MW-10D MW-11D MW-12D MW-13D MW-14 MW-15 MW-16 MW-17 SP-4 SP-5R

568.21 578.10 609.56 587.19

568.18 -- 604.83 577.93

-- -- 604.16 575.18

-- -- 605.84 574.22

568.53 -- 606.56 582.72 607.21

-- -- 605.78 576.90 611.11

569.18 578.19 608.52 602.42 623.29

569.57 578.20 610.64 579.21 619.31

569.97 578.22 606.33 581.63 624.58 623.86

570.28 578.31 604.03 577.57 615.45 621.55

570.56 578.40 604.53 575.42 623.94 623.87

570.86 578.55 607.36 578.37 617.19 625.73

569.07 578.71 608.69 580.37 619.48 625.48

568.31 578.30 606.49 581.38 625.83 623.97

569.86 578.94 605.50 579.81 626.87 625.06

570.13 579.03 604.06 579.17 627.12 625.72

570.49 579.11 608.19 576.62 619.27 625.94

570.81 -- 606.40 578.46 625.71 623.83

571.40 -- 605.72 577.07 626.37 627.35

571.29 -- 605.48 580.87 614.66 624.76

572.07 579.69 607.93 604.84 -- --

572.33 579.75 615.49 582.68 614.43 627.42

572.71 579.88 607.16 581.85 565.11 582.77 576.97 578.89 626.17 624.94

572.93 579.97 607.09 587.31 564.73 581.72 577.08 581.64 625.64 626.14

-- -- -- -- 565.87 577.33 576.85 584.02 -- 622.81

573.33 -- 603.41 580.00 566.86 576.57 576.15 586.96 626.64 622.21

573.28 -- 604.96 577.78 603.60 573.39 575.02 586.60 618.65 625.45

-- -- -- -- 563.26 577.90 575.65 579.49 607.38 624.68

571.00 580.59 608.05 584.28 568.68 581.86 575.97 584.41 624.71 624.18

570.02 580.00 603.58 573.11 567.46 -- 575.30 583.07 618.75 622.64

570.11 580.02 603.71 573.27 566.25 -- 575.76 581.46 -- --

-- -- 603.82 -- -- 576.91 -- -- -- --

570.55 580.01 610.53 573.65 565.59 587.29 577.24 582.14 -- --

571.36 580.16 605.01 581.64 572.07 577.99 574.66 585.63 614.16 624.78

572.43 580.54 605.56 581.91 574.49 578.15 574.58 589.96 614.33 623.76

572.81 580.64 604.38 576.55 572.29 576.32 575.11 591.11 619.87 622.62

569.49 580.77 608.59 586.53 566.38 581.97 574.57 592.76 609.43 625.62

570.38 580.92 604.69 581.03 570.98 576.45 -- 594.34 626.80 624.24

571.01 581.02 610.95 587.20 572.16 590.44 573.45 594.99 624.52 626.15

571.46 581.05 604.13 580.03 575.42 575.97 573.39 595.35 624.86 621.78

570.60 579.37 -- 576.44 570.86 -- 573.68 582.53 -- --

-- -- -- -- 569.77 -- -- -- -- --

-- 579.54 -- 573.37 565.65 -- 573.95 582.01 -- --

-- 579.54 -- 574.02 565.73 -- 573.83 579.29 -- --

-- 579.57 -- 573.72 563.90 -- 573.84 579.72 -- --

-- 579.57 -- 573.69 563.37 -- 573.83 580.18 -- --

-- 579.65 605.00 575.10 564.08 577.20 573.71 580.68 625.58 623.89

-- 579.68 604.96 573.92 565.51 576.96 573.92 582.11 624.67 623.27

-- 579.79 606.69 574.55 572.30 580.06 574.55 584.33 626.26 625.66

-- -- 606.56 -- -- 577.25 -- -- -- --

-- 579.94 604.28 580.66 581.18 575.96 574.03 586.36 628.15 621.34
Notes:
1. Groundwater elevations are in feet above mean sea level
-- : not measured
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Table 2. Monitoring Well Construction Details
Northeastern Power Station Landfill

Geosyntec Consultants, Inc.

Well Northing Easting Well Type
Well Installation 

Date

Ground Surface 
Elevation
(ft amsl)

TOC Elevation
(ft amsl)

Depth of Boring
(ft bgs)

Top of Screen 
Depth
(ft bgs)

Bottom of Screen 
Depth
(ft bgs)

Top of Screen 
Elevation
(ft amsl)

Bottom of Screen 
Elevation
(ft amsl)

MW-1D 523686.304 2645057.265 Compliance 10/23/2008 635.23 638.07 55.00 44.00 54.30 591.23 580.93

MW-2D 522471.781 2645469.122 Compliance 3/4/2008 634.82 638.19 59.00 48.70 59.00 586.12 575.82

MW-3D 523757.544 2646483.016 Compliance 2/21/2008 627.66 630.65 60.00 49.70 60.00 577.96 567.66

MW-4D 524600.354 2647286.261 Compliance 2/22/2008 621.93 625.00 50.00 39.70 50.00 582.23 571.93

MW-5D 522972.588 2645074.989 Compliance 10/23/2008 633.83 636.84 55.00 44.72 55.02 589.11 578.81

MW-6D 523164.691 2645924.793 Compliance 10/23/2008 633.72 636.66 57.00 44.92 55.22 588.80 578.50

MW-7D 524374.436 2646221.476 Groundwater Level Observation 10/22/2008 623.58 626.46 55.00 45.25 55.55 578.33 568.03

MW-8D 524132.607 2644340.341 Groundwater Level Observation 10/21/2008 626.04 629.32 60.00 49.95 60.25 576.09 565.79

MW-9D 522801.582 2645670.148 Compliance 4/6/2010 633.90 637.04 60.00 49.70 60.00 584.20 573.90

MW-10D 523610.582 2644505.475 Compliance 4/12/2010 636.14 639.32 68.00 57.70 68.00 578.44 568.14

MW-11D 522957.409 2644691.687 Compliance 4/14/2010 625.97 628.27 48.00 37.70 48.00 588.27 577.97

MW-12D 522602.404 2644852.955 Compliance 4/19/2010 620.91 623.67 42.00 31.70 42.00 589.21 578.91

MW-13D 522278.258 2645126.061 Compliance 4/20/2010 616.11 619.06 45.00 34.70 45.00 581.41 571.11

MW-14 523973.970 2645004.652 Compliance 3/1/2016 637.61 640.89 76.00 65.50 75.90 572.11 561.71

MW-15 522514.178 2645493.825 Compliance 2/23/2016 634.34 637.71 71.00 61.05 71.45 573.29 562.89

MW-16 522854.903 2645701.422 Compliance 2/25/2016 634.34 637.26 61.00 50.80 61.20 583.54 573.14

MW-17 583877.724 2644536.271 Compliance 2/29/2016 634.06 636.52 56.00 45.50 55.90 588.56 578.16

SP-4 526097.286 2644600.665 Background 4/6/2011 636.16 639.16 35.00 25.00 35.30 611.16 600.86

SP-5R 528122.598 2643903.251 Background 4/11/2012 628.17 631.17 75.00 34.70 75.00 593.47 553.17

Notes:
1. Information for wells MW-1D through MW-17 provided by Terracon (2018).
2. Information for wells SP-4 and SP-5R provided by Terracon (2017b).
3. Northing and Easting are in NAD83 State Plane OK North. Elevations are based on NAVD88.
4. The Northing and Easting measurements were taken at the top of casing (TOC).
5. MW-7D and MW-8D are former background wells that are currently only monitored for water level.
 ft amsl = feet above mean sea level
 ft bgs = feet below ground surface
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Notes
1. Monitoring well coordinates provided by AEP.
2. The extent of the temporary cover is estimated based on the aerial imagery.
3. Satellite imagery provided by ESRI (December 2023). AEP Northeastern Power Plant - Landfill

Oologah, Oklahoma

Extent of Temporary Cover



AEP Northeastern Power Station 
Oologah, Oklahoma

4
February 2025



Nearest Domestic Well Location 
AEP Northeastern Power Station 

Oologah, Oklahoma

5January 2025

- Groundwater well data from OWRB, 4/14/2025
- No water wells identified within 1 mile.
- A historic well located approximately 2 miles to the south is

not shown due to insufficient information.



\\annarbor-01\data\Projects\AEP\2025 - Northeastern LF GWMN\GIS Files\MXD\AEP-Northeastern_SiteLayout_2025-0109\AEP-Northeastern_SiteLayout_2025-0109.aprx\Groundwater Monitoring Locations 4/15/2025 3:29 PM (ASoltero)

Figure

April 2025Columbus, Ohio

AEP Northeastern Power Plant - Landfill
Oologah, Oklahoma

Groundwater Monitoring Well Locations

6

³

Notes
- Approximate site property boundary provided by AEP.
- Aerial imagery obtained  from ESRI (December 2023).
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Figure
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Notes
1. Monitoring well coordinates and water level data (collected October
22, 2024) provided by AEP.
2. Wells not used for contouring are highlighted in gray.
3. Groundwater elevation units are feet above mean sea level (ft amsl).
4. MW-9D (592.11 ft amsl) was not used for contouring due to an
anomalous reading.
5. River water elevation was 532.62 ft amsl on October 22, 2024 (USGS
07178452).
6. Satellite imagery provided by ESRI (December 2023).

AEP Northeastern Power Plant - Landfill
Oologah, Oklahoma

Potentiometric Map - Uppermost Aquifer
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Geosyntec Consultants,  2039 Centre Pointe 
Boulevard, Suite 103, Tallahassee, Florida 32308 
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American Electric Power 
P.O. Box 220  
Oologah, OK 74053 

   

 AEP.com 

 

May 29, 2024 

 

Via electronic mail 

 

Ms. Hillary Young 

Oklahoma Department of Environmental Quality (ODEQ) 

707 North Robinson, P.O. Box 1677 

Oklahoma City, OK 73101-1677 

 

Re: Response to Background Wells Landfill; 2023 Annual Groundwater Monitoring Report 

Public Service Company of Oklahoma-Northeastern Power Station Ash Landfill  

Rogers County 

Solid Waste Permit No. 3566010 

   

Dear Ms. Young, 

 

On November 7, 2023, Oklahoma Department of Environmental Quality (ODEQ) requested 

addition information for the upgradient wells MW-18 and MW-19 and recommended the use of 

SP-5R as the background well for the Northeastern Power Station (NPS) Ash Landfill (Landfill) 

by Public Service Company of Oklahoma (PSO).  

 

Below is a discussion comparing the chemical evaluation for MW-18, MW-19, and SP-5R and 

an explanation for the elevated chloride and TDS concentrations in MW-18 and MW-19. A figure 

is attached showing the location of the bottom ash pond monitoring well locations (Figure 3) and 

the landfill monitoring well locations (Figure 4). 

 

A Piper Diagram is generated by calculating the relative proportions of the major anions 

(carbonate + bicarbonate alkalinity, chloride, and sulfate) and cations (calcium, magnesium, and 

sodium + potassium) for each sample of interest. The relative samples are then plotted on the 

three components of the Diagram: 

 

 Cation triangle: The bottom left triangle represents the dominant cations in each sample.   

 Anion triangle: The bottom right triangle represents the dominant anions in each sample.  

 Central diamond: The cation and anion distribution are combined to represent the 

relative major ion composition of the different samples.   



The nearer samples plot together on the triangles or central diamond, the more similar their 

geochemical compositions are. Samples which have different compositions will plot in separate 

portions of the cation and anion triangles.  

 

A Piper Diagram was generated to illustrate groundwater composition for the following wells: 

Well IDs Classification Piper Diagram Symbology 

SP-5R Existing background well for 
the BAP 

Hollow orange symbol   

MW-18, MW-19 Recently installed 
background monitoring wells 
for the LF 

Hollow red symbols 

MW-7D, MW-8D Original background wells for 
the LF network which were 
removed at the request of 
DEQ1 

Hollow pink symbols 

MW-3D, MW-6D, MW-9D, 
MW-15 

Downgradient wells included 
in the LF network since 2017 

Dark blue filled symbols 

MW-4D, MW-5D, MW-12D Downgradient wells added to 
the LF network in 2019 when 
sufficient background data 
was available 

Light blue filled symbols 

Leachate Samples Two samples collected in 
2017 to represent Landfill 
Leachate 

Partially filled gray symbols 

 

The most recent sample with all major cation and anion data for each of the locations above is 

shown on the Piper Diagram. The input concentrations for each sample are provided in Table 1. 

The analytical laboratory report for the 2017 leachate samples is also attached.   

 

A review of the Piper Diagram provided in Figure 1 finds that the samples generally cluster into 

three types: 

 Downgradient wells, including both the original network wells and the additional 

background wells added in 2019 

 All background locations, including SP-5R, the wells originally identified for the LF 

background (MW-7D and MW-8D) and the more recently installed background locations 

(MW-18 and MW-19) 

 Landfill leachate 

The cation composition of the Landfill leachate is dominated by monovalent cations (sodium + 

potassium), as shown by the location of the gray symbols in the bottom right corner of the cation 

triangle. A review of the input concentration shows that sodium concentrations in the leachate 

are over two orders of magnitude greater than the other cations (calcium and magnesium) in the 

leachate. Similarly, the Landfill leachate anion composition is dominated by sulfate, as shown by 

 
1 ODEQ. 2014. Trend Analysis for MW-8D, Public Service Company of Oklahoma, Northeastern Power Station Ash 

Landfill, Rogers County, Permit No. 3566010. July 25.  



the concentrations of sulfate relative to the other anions in Table 1 and the location of the gray 

symbols in the top corner of the anion triangle.   

 

The Leachate samples are distinct from both the upgradient and downgradient groundwaters, 

as evidenced by the three different clusters of samples on the Piper Diagram. This suggests 

that any differences between upgradient and downgradient groundwater quality are not 

necessarily attributed to impacts from the Landfill. The background wells generally have a 

slightly greater contribution of calcium and magnesium to groundwater compared to leachate, 

as illustrated by the location of the orange/red symbols closer to the center of the cation triangle 

than leachate. Likewise, the anion distribution of the background wells is generally dominated 

by high relative concentrations of chloride. One exception is the anion distribution at MW-7D, 

which appears anomalously low in chloride and elevated in alkalinity and sulfate compared to 

the other background wells.  As described below, the high chloride concentrations in the 

background wells appears to be driven by the relative abundance of the shale lenses within the 

bedrock lithology. While the measured concentrations of anions may vary between background 

locations, with SP-5R having lower chloride than MW-18 or MW-19, the tightness of the 

distribution of the background locations on the Piper Diagram suggests they are composed of a 

similar groundwater which is affected by dilution.  

 

The downgradient samples have a higher relative abundance of divalent cations (calcium and 

magnesium) than either the background wells or the leachate. This is illustrated by the 

distribution of the blue symbols in the center of the cation triangle. The relative abundance of 

anions in the downgradient wells is more variable, with low abundances of chloride and 

changing contributions of sulfate and alkalinity. This is illustrated by the distribution of the blue 

symbols along the left edge of the anion triangle. These results suggest a greater influence of 

limestone bedrock (composed largely of calcium carbonate, calcite [CaCO3]) on groundwater 

composition at the downgradient locations than the background wells, which are more 

influenced by shale.    

 

One outlier for the downgradient locations is MW-12D, which is very similar to the background 

locations in both cation and anion composition (note the location of the blue yield sign near the 

background red/orange symbols on the Piper Diagram). This is likely due to the variable 

abundance of interbedded shale within the limestone lithology at that location.  

 

As shown on the Piper diagram (Figure 1), the anionic composition of MW-18 and MW-19 is 

predominantly chloride. While the reported chloride values at MW-18 and MW-19 are higher 

than the other background wells (Table 1), these concentrations are not anomalous for natural 

waters.  

 

Nearly the entire anion component of average MW-18 and MW-19 groundwater consists of 

chloride (97% for MW-18 and 98% for MW-19 by milliequivalents per liter). TDS is calculated by 

summing the total concentration of dissolved substances in water. The ionic composition of a 

water sample consists almost entirely of major ions (major cations and major anions), therefore 

nearly half of the TDS value in these monitoring wells is determined by chloride concentrations 



(with the other half consisting of the combined major cations). Elevated TDS values are an 

artifact of the high chloride values observed in the background monitoring wells. These chloride 

concentrations are likely a function of natural geochemistry. As such, the elevated TDS values 

are also a function of natural geochemistry.  

 

The source of chloride within MW-18 and MW-19 groundwater likely originates from the 

lithologies present in the screened interval and the depositional history of those lithologies. PSO 

previously demonstrated findings to DEQ that the screened interval of monitoring wells MW-18 

and MW-19 contain significant amounts of organic matter and thin shale lenses among 

limestone, similar to the Landfill compliance wells.  

 

MW-18 and MW-19 are screened within interbedded limestone and shale which comprise the 

Pawnee Limestone member of the Pennsylvanian Oologah Formation. The Oologah Formation 

consists of marine limestones and shales. The Pawnee Limestone member of the Oologah 

Formation specifically represents a cyclic depositional sequence which featured transgressive 

and regressive periods which cause the deposition of interbedded sequences of limestone and 

shale2. In such depositional environments, fine grained shales are deposited and cyclically 

exposed to high ionic strength marine waters which are concentrated in chloride. Fine-grained 

marine shales specifically are known to retain this chloride for long periods, resulting in elevated 

concentrations in formation water3. Transgression-regression cycling creates sequences in 

which saline marine waters saturate open pore space in these sediments, which are then in turn 

retained due to the subsequent deposition of and burial by additional fine-grained sediment, 

trapping the marine water at the time of deposition. While the original water within the pore 

space is typically replaced by meteoric recharge early after deposition, the dissolved ions (i.e., 

chloride) in the water are typically retained by membrane filtration as an effect of the clay 

mineralogy of the shales4. In addition to the retention of marine water within the pore space of 

fine-grained sedimentary rocks, deposited sediment in cyclic marine environments also become 

impregnated with soluble salts like halite (crystalline sodium chloride, NaCl) or sylvite 

(crystalline potassium chloride, KCl), which contain chloride in the crystal structure2. These 

evaporites are known to be highly soluble and subject to dissolution during pore fluid evolution. 

Dissolution of these salts results in further increases to the concentrations of aqueous chloride 

in pore fluid from rocks of coastal marine origin, regardless of whether the evaporite minerals 

are still present currently. 

 

Due to the specific depositional environment associated with the screened lithologies of MW-18 

and MW-19, elevated chloride concentrations would be expected and are associated with 

cyclical saturation of sediment with marine waters during deposition and early burial. These 

 
2 Price, R.C. 1984. Stratigraphy and depositional environments of the Pawnee Limestone, Middle Pennsylvanian 

(Desmoinesian), in Mid-Continent North America and Equivalent Strata (Oologah Limestone) in Northern 

Oklahoma. In Limestones of the Mid-Continent, p. 377-391. 
3 Hem, J.D. 1985. Study and interpretation of the chemical characteristics of natural water. United States Geological 

Survey Water-Supply Paper 2254. Third edition. 
4 Drever, J. 1988. The geochemistry of natural waters. Englewood Cliffs, N.J., Prentice Hall. 
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Table 1. Geochemical Data Summary
Northeastern Landfill

Geosyntec Consultants, Inc. 

Total 
Alkalinity Calcium Chloride Magnesium pH Potassium Sodium Sulfate

Charge 
Imbalance 

Error
mg/L mg/L mg/L mg/L SU mg/L mg/L mg/L %

BAP Background SP-5R 3/25/2020 328 49.2 790 33 8.8 2.96 449 0.8 -6.4
Updated Network MW-12D 10/10/2023 133 59.1 12.5 6.85 8.09 1.62 212 489 0.3
Original Network MW-15 10/10/2023 155 122 15.7 37.1 8.02 1.85 144 619 -1.6
LF Background MW-18 10/10/2023 517 1120 16600 533 6.82 30.3 8290 114 -1.8
LF Background MW-19 10/10/2023 514 642 18100 439 7.28 28.1 7750 9 -12.6

Original Network MW-3D 10/10/2023 362 113 12.8 37.4 7.55 1.63 54.3 174 7.9
Updated Network MW-4D 10/10/2023 366 166 32.5 20.6 7.1 1.53 73.3 282 5.5
Updated Network MW-5D 10/10/2023 717 241 50.3 78.7 7.43 1.78 67 278 9.2
Original Network MW-6D 10/10/2023 361 168 27 30.7 7.61 2.64 119 454 0.9
Original Network MW-9D 10/10/2023 338 186 25.5 76.3 8.32 3.97 137 783 -3.2

LF Original Background MW-7D 10/4/2017 702 297 418 74.2 7.16 15.2 1050 1257 18.5
LF Original Background MW-8D 9/13/2017 526 479 12331 342 6.89 41 3970 126 -23.3

LF Leachate n/a 6/5/2017* 765 189 174 20 - 173 12200 40000 -25.9
LF Leachate n/a 8/23/2017 580 80.4 200 1.24 - 180 15500 46700 -21.9

Notes:
*Total sulfate and chloride data were not available.  Dissolved sulfate and chloride were used for the analysis. 
LF: Landfill
mg/L: milligrams per liter
n/a: not applicable
SU: standard units
%: percent

Classification Well ID Sample Date
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Figure 1. Piper Diagram
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Geologic Cross Sections 
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AEP Northeastern Power Plant - Landfill
Oologah, Oklahoma

Cross Section Locator

C-1

³

Notes
- Approximate monitoring well locations and site property
boundary provided by AEP.
- Aerial imagery obtained from ESRI (December 2023).
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AEP Northeast Power Station
Oologah, Oklahoma

Lithologic Cross Section A-A’

Figure

1
February 2025Columbus, OH

Legend
Legend Item 1
Legend Item 2
...

Notes
1-Vertical exaggeration = 10x
2-Borings projected up to 10 feet from section line.
3-Topographic data obtained from United States Geologic Survey
national topographic dataset digital elevation model.
Accessed January 2025.
4-Lithology generated via interpolation of boring log lithology inputted
into three dimensional model.
5-Borings are shown from top of casing to bottom of borehole.

Legend
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        Approximate Groundwater Elevation (October 2024)
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AEP Northeast Power Station
Oologah, Oklahoma

Lithologic Cross Section B-B’

Figure

2
February 2025Columbus, OH

Legend
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        Approximate Groundwater Elevation (October 2024)

        Well Screen

Landfill

Slurry Wall

Grout Curtain

Notes
1-Vertical exaggeration = 10x
2-Borings projected up to 10 feet from section line.
3-Topographic data obtained from United States Geologic Survey
national topographic dataset digital elevation model. Accessed January 2025.
4-Lithology generated via interpolation of boring log lithology inputted into three dimensional model.
5-Borings are shown from top of casing to bottom of borehole.
6-Landfill, slurry wall, and grout curtain locations are approximate.
7-Slurry wall and grout curtain widths are exaggerated.
8-Bottom of landfill grading information obtained from Permit Modification
Drawings (Terracon Consultants, Inc., November 10, 2011).

Landfill
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AEP Northeast Power Station
Oologah, Oklahoma

Lithologic Cross Section C-C’

Figure

3
February 2025Columbus, OH
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        Approximate Groundwater Elevation (October 2024)
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Grout Curtain

Notes
1-Vertical exaggeration = 10x
2-Borings projected up to 10 feet from section line.
3-Topographic data obtained from United States Geologic Survey
national topographic dataset digital elevation model. Accessed January 2025.
4-Lithology generated via interpolation of boring log lithology inputted into three dimensional model.
5-Borings are shown from top of casing to bottom of borehole.
6-Landfill, slurry wall, and grout curtain locations are approximate.
7-Slurry wall and grout curtain widths are exaggerated.
8-Bottom of landfill grading information obtained from Permit Modification
Drawings (Terracon Consultants, Inc., November 10, 2011).
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APPENDIX D 
Well Boring Logs 
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Total Depth of Boring at 76' bgs

0'-6' SILTY CLAY W/ LIMESTONE GRAVEL

6' - 76' logged by cuttings

BORING NO.:

DESCRIPTION
N: E:

FIELD BORING LOG
PAGE:

TOTAL DEPTH:                 FEET BELOW GROUND SURFACE (BGS)
CLIENT: PROJECT:
JOB NO.:
LOGGED BY:
DATE DRILLED: RIG TYPE:

SAMPLING METHOD:
DRILLING METHOD:

DRILLER:
DRILLING CO.:

0

G.S. ELEV.

20

Depth
BGS

Litho.
Symbol Remarks

40

60

10

30

50

70

25809 I-30 South BRYANT, AR. 72022
FAX. (501) 847-9210PH. (501) 847-9292

Consulting Engineers and Scientists

80

NANANA
5' CONTINUOUS SAMPLER, LOGGED BY CUTTINGS

HSA / AIR ROTARY

CME 75 BUGGY

GARY MOYERS

ANDERSON ENGINEERING

03/01/2016

RAH

216-001-35157183

NE - CCR WELL INSTALLAMERICAN ELECTRIC POWER

76'

1 of 1MW-14D

tan and gray clay w/intermittent gravel

6'-43' SILTY CLAY W/ LIMESTONE GRAVEL

43'-76' SHALE

crystalline to micritic

light gray to gray, hard

fracture @ 67' w/ moist cuttings

Boring terminated @ 76'



Total Depth of Boring at 71' bgs

0'-11' SILTY, GRAVELLY, CLAY FILL

30' - 71' logged by cuttings

brown and red

11'-15' ASH

15'-27' SILTY CLAY W/ ZONES OF GRAVELLY

tan, fine and dry

stiff, brown, dry

BORING NO.:

DESCRIPTION
N: E:

FIELD BORING LOG
PAGE:

TOTAL DEPTH:                 FEET BELOW GROUND SURFACE (BGS)
CLIENT: PROJECT:
JOB NO.:
LOGGED BY:
DATE DRILLED: RIG TYPE:

SAMPLING METHOD:
DRILLING METHOD:

DRILLER:
DRILLING CO.:

0

G.S. ELEV.

20

Depth
BGS

Litho.
Symbol Remarks

40
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50

70

25809 I-30 South BRYANT, AR. 72022
FAX. (501) 847-9210PH. (501) 847-9292

Consulting Engineers and Scientists

80

NANANA
5' CONTINUOUS SAMPLER, LOGGED BY CUTTINGS

HSA / AIR ROTARY

CME 75 BUGGY

GARY MOYERS

ANDERSON ENGINEERING

02/23/2016

RAH

216-001-35157183

NE - CCR WELL INSTALLAMERICAN ELECTRIC POWER

71'

1 of 1MW-15D

water not encountered while drilling

Boring terminated @ 71'

CLAY

27'-30' WEATHERED L.S. W/ GRAVELLY CLAY

30'-41' LIMESTONE

crystalline, hard, light gray to gray

41'-71' SHALE

hard, gray to dark gray



Total Depth of Boring at 61' bgs

0'-10' SILTY CLAY W/ SOME GRAVEL

28' - 61' logged by cuttings

dark brown

10'-26' ASH

26'-27' SILTY CLAY

tan, fine

dark gray to black

fractures w/ moist cuttings @ 30' and 52'

Boring terminated @ 61'

27'-28'

28'-61' SHALE

dark gray, hard

clay w/ bentonite slurry greenish gray, dry

moisture beginning @ 19'

BORING NO.:

DESCRIPTION
N: E:

FIELD BORING LOG
PAGE:

TOTAL DEPTH:                 FEET BELOW GROUND SURFACE (BGS)
CLIENT: PROJECT:
JOB NO.:
LOGGED BY:
DATE DRILLED: RIG TYPE:

SAMPLING METHOD:
DRILLING METHOD:

DRILLER:
DRILLING CO.:

0

ELEV:Depth
BGS Interval

Litho.
Symbol Comments

25809 I-30 South BRYANT, AR. 72022
FAX. (501) 847-9210PH. (501) 847-9292

Consulting Engineers and Scientists

Sample

5

10

15

20

25

30

35

40

45

50

55

60

65

NANANA
5' CONTINUOUS SAMPLER, LOGGED BY CUTTING

HSA / AIR ROTARY

CME 75 BUGGY

GARY MOYERS

ANDERSON ENGINEERING

02/25/2016

RAH

216-001-35157183

NE - CCR WELL INSTALLAMERICAN ELECTRIC POWER

61'

1 of 1MW-16D



Total Depth of Boring at 56' bgs

0'-12' SILTY, GRAVELLY CLAY FILL

25' - 56' logged by cuttings

red and brown

12'-13' ASH

13'-25' SILTY CLAY W/ L.S. GRAVEL

tan, fine and dry

brown

fractures w/ moist cuttings @ 39', 43', 50'

Boring terminated @ 56'

25'-30' LIMESTONE

30'-31' CLAY-FILLED ZONE

moist

hard, light gray

BORING NO.:

DESCRIPTION
N: E:

FIELD BORING LOG
PAGE:

TOTAL DEPTH:                 FEET BELOW GROUND SURFACE (BGS)
CLIENT: PROJECT:
JOB NO.:
LOGGED BY:
DATE DRILLED: RIG TYPE:

SAMPLING METHOD:
DRILLING METHOD:

DRILLER:
DRILLING CO.:

0

ELEV:Depth
BGS Interval

Litho.
Symbol Comments

25809 I-30 South BRYANT, AR. 72022
FAX. (501) 847-9210PH. (501) 847-9292

Consulting Engineers and Scientists

Sample

5

10

15

20

25

30

35

40

45

50

55

60

65

NANANA
5' CONTINUOUS SAMPLER, LOGGED BY CUTTING

HSA / AIR ROTARY

CME 75 BUGGY

GARY MOYERS

ANDERSON ENGINEERING

02/29/2016

RAH

216-001-35157183

NE - CCR WELL INSTALLAMERICAN ELECTRIC POWER

56'

1 of 1MW-17D

31'-56' SHALE

dark gray









 
 
 

 
  

  

APPENDIX E 
Well Completion Reports 









































 
 
 

 
  

  

APPENDIX F 
Certification by a Qualified Professional Engineer 
 



Northeastern Power Station Landfill 
Groundwater Monitoring Network Evaluation Report 

Certification by Qualified Professional Engineer 

I certify that, based on my review of the available information, the groundwater monitoring system 
proposed herein for the NPS Landfill has been designed and constructed to meet the requirements 
of OAC 252:517-9-2.  

Beth Ann Gross
Printed Name of Licensed Professional Engineer 

_______________________________________ 
Signature 

79864 Oklahoma
License Number Licensing State 

April 28, 2025 
Date  

. 

Geosyntec Consultants        
2039 Centre Pointe Boulevard, Suite 

103 Tallahassee, Florida 32308 

Oklahoma Firm Certificate of 
Authorization No. 1996 Exp. 6/30/2026 
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