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1.0 Introduction 
 
Cox-Colvin & Associates, Inc. (Cox-Colvin) is pleased to provide Cardinal Operating 
Company (Cardinal) with this Groundwater Monitoring System report for the Fly Ash 
Reservoir (FAR) II located at the Cardinal Upland Disposal Facility, 306 County Road 7E, 
Brilliant, Ohio (Figure 1-1). 
 
This report was prepared in accordance with the United States Environmental Protection 
Agency (USEPA) Coal Combustion Residual (CCR) Rule section CCR Rule §257.91. It is 
prepared as a revision to the most recent version of the Groundwater Monitoring Network 
Evaluation (Geosyntec 2017) and incorporates replacement of monitoring well M-GS-3 
with M-GS-3R in order to better represent groundwater quality in the Morgantown 
Sandstone (Cox-Colvin 2022).   
 
This revision incorporates additional monitoring of the Shallow Aquifer.  Water levels in 
the reservoir increased following the initial development of the groundwater monitoring 
system and are presently at an elevation where portions of the Shallow Aquifer could 
potentially be affected by the reservoir.  Closure of FAR II is presently underway and 
includes dewatering that is likely to remove this potential in the future. 
 
The horizontal coordinate values provided in this report are based upon the North American 
Datum of 1927 (NAD27).  The vertical datum utilized for reporting the evaluations within 
this report is National Geodetic Vertical Datum of 1929 (NGVD). 
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2.0 Background Information 
 
Cardinal operates a three-unit, 1,800-megawatt total capacity coal-fired generating station.  
Each generating unit (Units 1, 2, and 3) is equipped with an electrostatic precipitator for 
removal of fly ash particulate matter, a selective catalytic reduction (SCR) system for 
removal of nitrogen oxide, and flue gas desulphurization (FGD) systems for removal of 
sulfur dioxide (Geosyntec 2016a). 
 
The generating unit’s electrostatic precipitators (ESPs) formerly captured fly ash and 
sluiced the ash to Fly Ash Reservoir II (FAR II), which is impounded by Fly Ash Dam 1 
(FAD 1) and Fly Ash Dam 2 (FAD 2).  These are shown in Figure 2-1. 
 
FAR II also received landfill leachate from the adjacent FAR I Residual Solid Waste 
Landfill (FAR I RSW Landfill), until the reservoir initiated closure in July 2021 and ceased 
receiving waste streams.  Waste materials generated by the power plant are now trucked 
from the plant to the FAR I RSW Landfill.  Closure activities, which are presently 
underway, include dewatering FAR II, grading the CCR, and installation of a final cover 
system. 
 

2.1 Description of the CCR Unit 
 
FAR II is currently an inactive wet fly ash disposal reservoir that is located approximately 
one mile north of the plant site and east of FAR I RSW Landfill.  The reservoir is contained 
within Blockhouse Hollow (also referred to as Blockhouse Run in references and drawings) 
by FAD 2 and the decommissioned FAD 1.  In addition to fly ash, FAR II previously 
received stormwater and leachate from the FAR I RSW Landfill.  FAR II has a permitted 
discharge through a NPDES outfall. 
 

2.2 Embankment Configuration 
 
FAD 1, on the southeast (downstream) side, contains FAR II water and ash along the 
downstream slope which is 2.5H:1V.  FAD 1 has a top-of-dam elevation of 1001.5 ft.  
The FAR II maximum design operating pool elevation is 974.0 ft, and the probable 
maximum flood (PMF) elevation is 981.9 ft.  FAD 2 is approximately 1,400-ft long and 
230-ft high and was raised in 2013 from a dam crest elevation of 970.0 ft to a crest elevation 
of 983.0 ft.  The previous dam crest width was approximately 30 ft with the top fill 
consisting of 9 ft of roller compacted concrete (consisting of cement and bottom ash 
mixture) placed and compacted in lifts.  The slopes of the previous dam were unchanged 
as the dam raising consisted of constructing back-to-back mechanically stabilized earth 
(MSE) walls, filling in the old spillway, constructing a new emergency spillway, and 
raising the existing principal (service) spillway structure.  The MSE structure is 
approximately 21.3-ft wide and contains a 36-ft long vinyl sheet pile vertical cutoff 
installed within a cement-bentonite slurry trench.  The sheet pile toe and trench bottom 
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extend to a minimum of three feet into the clay core of the existing earth dam (Geosyntec 
2017). 
 

2.3 Area and Volume of CCR Unit 
 
FAR II has a maximum surface area to the top of dam of approximately 184 acres.  A total 
of 161 acres at maximum pool were planned for ash waste placement.  The remaining area 
is occupied by associated facilities, including leachate treatment facilities, monitoring 
wells and stormwater conveyances (Geosyntec 2017). 
 

2.4 Surface Water Control 
 
Surface water draining into FAR II was collected within the main (north) branch of 
Blockhouse Hollow and contained by FAD 2 and discharged as part of the ash reservoir 
water through the FAD 2 principal or service spillway.  The spillway is a concrete lined 
spillway located on the upstream face of the dam.  The discharge is through a 54-inch 
diameter pre-stressed concrete pipe which exits through the bottom of the dam into a 
concrete portal flowing to an energy dissipater and a weir for monitoring. 
 
Closure activities that are presently underway will include a cap and stormwater controls 
to prevent infiltration into CCR materials. 
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3.0 Hydrogeologic Setting 
 

3.1 Climate 
 
The 2022 average monthly temperature and precipitation values for the Brilliant, Ohio area 
are presented in Table 3-1 (NOAA 2023).  The climatological data was collected from the 
weather station located in New Cumberland, West Virginia (USC00466442), which is 
28 miles north of Brilliant.  Although the Steubenville, Ohio weather station 
(USC00338025) is closer to the Site, data at that station is not collected with the same 
consistency as the New Cumberland weather station.  Climate differences between the two 
stations is not expected to be significant for the purposes of this report. 
 

3.2 Geologic Setting 
 
Geology in the vicinity of FAR II consists of nearly horizontal sequences of lower Permian 
and upper Pennsylvanian sedimentary rock.  The Permian-age Dunkard Group occurs 
only on the tops of some ridges above an elevation of approximately 1250 feet (ft), to the 
northwest and west of the FAR I RSW Landfill and FAR II units. 
 
The Monongahela Group is up to 230 feet thick in Jefferson County, consisting of shale, 
sandstone, limestone, coal, claystone, and siltstone.  These rocks form much of the slopes 
above the current levels of the FAR I RSW Landfill and FAR II units.   
 
Below the Monongahela Group is the Conemaugh Group, which is generally over 500 feet 
thick in Jefferson County.  The Conemaugh Group consists of shale, sandstone, limestone, 
coal, claystone, and siltstone.  It includes the Connellsville and Morgantown Sandstones, 
which are developed aquifers in the area.  
 
Beneath the Morgantown Sandstone is a sequence of the Conemaugh Group including the 
Elk Lick Limestone, the Skelly Limestone and Shale, the Ames Limestone, several thick 
shale sequences, the Cow Run Sandstone, and the Buffalo Sandstone (Geosyntec 2017). 
 
The immediate surrounding area around FAR II and the Village of Brilliant has been 
extensively (pre-law) drift mined.  After the Surface Mining Control and Reclamation Act 
of 1977, additional strip mining and reclamation was conducted. 
 

3.3 Hydrostratigraphic Units  
 
Sandstone and limestone units form a Shallow Aquifer system.  This specifically includes 
the Connellsville Sandstone, Summerfield Limestone, and Bellaire Sandstone, along with 
mine voids in the Pittsburgh No. 8 Coal and fill materials deposited during historical 
surface mining.  Hydraulic conductivity of the Shallow Aquifer ranges from 1x10-1 to 
1x10-4 cm/sec (Geosyntec 2016b). 
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The Shallow Aquifer lies above a shale aquitard that has very low hydraulic conductivity 
values, in the range 1x10-7 to 1x10-9 cm/sec (Geosyntec 2017).   
 
A second aquifer, the Morgantown Sandstone, lies beneath the shale aquitard.  Hydraulic 
conductivity values of the Morgantown Sandstone are in the range of 1x10-1 to 1x10-6 
cm/sec and tend to be driven by interconnected fracture flow. 
 
A second shale aquitard lies beneath the Morgantown Sandstone, separating it from the 
Cow Run Sandstone.  Groundwater in the Cow Run Sandstone is generally too saline to 
be usable (total dissolved solids [TDS] concentrations often exceed 15,000 mg/L). 
 
Additional shale aquitard is located beneath the Cow Run Sandstone, separating it from the 
Buffalo Sandstone.  
 
Geologic cross-sections illustrating the horizontal and vertical position of FAR II relative 
to the hydrostratigraphic units are provided in Appendix A. 
 

3.4 Uppermost Aquifer 
 
CCR rules (40 CFR 257.53) define the term “uppermost aquifer” 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”.  The term “aquifer” means “a geologic formation, group of formations, or 
portion of a formation capable of yielding usable quantities of groundwater to wells or 
springs.”  For purposes of this report, it is assumed that a useable aquifer has the following 
characteristics: (1) groundwater production rate over a 24-hour period of at least 0.1 gallons 
per minute (gpm); and (2) groundwater quality with total dissolved solids (TDS) less than 
10,000 milligrams per liter (mg/L). 
 
Water levels in the reservoir increased following the initial development of the 
groundwater monitoring system and are presently at an elevation where portions of the 
Shallow Aquifer could potentially be affected by the reservoir.  Although, closure of FAR 
II is presently underway and includes dewatering that is likely to remove this potential in 
the future.  Until such time, the Shallow Aquifer comprises an Uppermost Aquifer at FAR 
II. 
 
Additionally, FAR II is positioned within a former stream valley and is partially incised 
into the Morgantown Sandstone.  The Morgantown Sandstone, therefore, also comprises 
an Uppermost Aquifer. 
 

3.5 Groundwater Use 
 
The principal regional aquifer is comprised of alluvial sediments along the Ohio River, 
located east of FAR II.  These unconsolidated sediments do not reach to FAR II. 
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According to water well records obtained from the Ohio Department of Natural Resources 
(ODNR), the nearest water supply well is located approximately 2,000 feet southeast of 
FAR II in the Tidd-Dale Subdivision of Brilliant, Ohio (ODNR ID 361436).  The well was 
drilled over 50 years ago (June 1969) and municipal water is now available at its location.  
A three gallon per minute pumping test was performed following installation.  The well 
was pumped dry in one hour.  Despite the absence of an ODNR sealing log, the well may 
no longer be present or in use.  No direct inquiry as to whether the well remains in service 
has been made.   
 
The well is represented on the cross-section in Appendix A as “TIDD-DALE.”  As shown 
on the cross-section, water in the well comes from the Cow Run and/or Buffalo Sandstone, 
both of which underlie the FAR II Uppermost Aquifers 
 
According to the 2014 Drinking Water Consumer Confidence Report prepared by the 
Jefferson County Water and Sewer District, there are no surface water intakes supplying 
water to the town of Brilliant, Ohio.  Brilliant’s water source comes from two groundwater 
wells located at a water treatment plant approximately one mile east of FAR II.  ODNR 
records indicate these wells are screened within the alluvial deposits of the Ohio River and 
exhibit pumping rates of up to 700 gpm (Geosyntec 2017). 
 

3.6 Surface Water 
 
Both surface stormwater and leachate from the FAR I RSW Landfill was previously 
transferred to FAR II, as FAR II served as the facility’s sedimentation pond and leachate 
collection pond.  The intermittent stream of the western branch of Blockhouse Hollow at 
the northwest end of the FAR I RSW Landfill was historically re-routed during surface 
mining operations and flowed into FAR II.  Streams within the watersheds of the western 
and eastern branches of Blockhouse Run are recharged by mine voids and precipitation.  
The entirety of the western and eastern watersheds, including approximately 1,033 acres 
of woodland, drained into the FAR II Reservoir.  Blockhouse run discharges to the Ohio 
River approximately 1.0 mile further downstream to the east of FAR II.  According to U.S. 
Army Corps of Engineers (USACE) maps, the next nearest tributary which discharges to 
the Ohio River is Riddles Run, which is located approximately 0.75 miles to the southwest. 
 
As part of FAR II closure activities presently underway, leachate from the FAR I RSW 
Landfill no longer enters FAR II.  Furthermore, surface water runoff that previously 
drained to FAR II will be diverted to prevent infiltration into FAR II. 
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4.0 Monitoring System Evaluation 
 
The following discussion provides demonstration that the groundwater monitoring system 
meets the requirements of CCR Rule §257.91. 
 

4.1 Overview  
 
The groundwater monitoring network is shown on Figures 4-1 and 4-2.  To monitor the 
Shallow Aquifer, the groundwater monitoring network consists of four shallow monitoring 
wells (CA-0623A, S-15, S-22, and S-1005) located upgradient and three monitoring wells 
(S-9, S-21, and S-23) located downgradient of FAR II.1   
 
To monitor the Morgantown Sandstone, the network consists of five monitoring wells (CA-
0622A, M-6, M-12, M-1302 and M-GS-5) located upgradient and 18 monitoring wells 
(FA-8, M-8A, M-10, M-11, M-13, M-14, M-15, M-16, M-21, M-22, M-23, M-1003, M-
1004, M-1309, M-GS-1, M-GS-2, M-GS-3R and M-GS-4) located downgradient of FAR 
II.  Additionally, the Jules Verne Seep (also referred to as Seep 1) located downgradient 
of FAR II is sampled alongside the monitoring wells.2 
 
The number, spacing, and depth of groundwater monitoring wells included in the 
groundwater monitoring network are based on site-specific geochemical, geologic and 
hydrogeologic information of the uppermost aquifer systems.  Well construction details 
are summarized in Table 4-1.  Boring and well construction logs for the groundwater 
monitoring well network wells are provided in Appendices B and C, respectively. 
 

4.2 Performance Standard  
 
CCR Rule §257.91(a) specifies a performance standard that: 
 

The owner or operator of a CCR unit must install a groundwater monitoring system 
that consists of a sufficient number of wells, installed at appropriate locations and 
depths, to yield groundwater samples from the uppermost aquifer that: 
 

(1) Accurately represent the quality of background groundwater that has not been 
affected by leakage from a CCR unit […]; and 
 

(2) Accurately represent the quality of groundwater passing the waste boundary of 
the CCR unit. The downgradient monitoring system must be installed at the 

 
1 Although S-23 is presently upgradient of FAR II, it is considered a down-gradient well for purposes of 
compliance monitoring based upon potentiometric data collected prior to the start of dewatering activities.  
2 Because the Jules Verne Seep is surface water and not groundwater, it is not included in statistical 
comparisons to background groundwater quality.  Instead, nearby wells FA-8 and M-1003 provide 
background quality downgradient of FAD 2. 



Groundwater Monitoring System for FAR II 
Cardinal Upland Disposal Facility, Brilliant, Ohio 

June 30, 2023 
Page 8 of 14 

 

waste boundary that ensures detection of groundwater contamination in the 
uppermost aquifer. All potential contaminant pathways must be monitored.  

 
Potentiometric surface maps for both the Morgantown Sandstone and the Shallow Aquifer 
are provided in Figures 4-3 and 4-4, respectively.  As shown on the maps, groundwater in 
the Shallow Aquifer flows towards FAR II in all locations except those in close proximity 
to FAD 2.  In the Morgantown Sandstone, groundwater flow is generally towards the east 
and south.   
 
The nine monitor wells used to evaluate the quality of background groundwater are located 
upgradient of FAR II in areas that will not be affected by any leakage that may emanate 
from CCR units, including both FAR I RSW and FAR II.  The wells are placed to evaluate 
background groundwater quality in both the Shallow Aquifer and the Morgantown 
Sandstone. 
 
Twenty-one monitor wells are placed in locations downgradient of FAR II in order to detect 
any groundwater contamination in either the Shallow Aquifer or the Morgantown 
Sandstone.  Additionally, sampling of the Jules Verne Seep (Seep 1) ensures that the 
groundwater to surface water pathway is monitored. 
 

4.3 Review of Existing Monitoring Network 
 
CCR Rule §257.91(b) specifies that: 
 

The number, spacing, and depths of monitoring systems shall be determined based 
upon site-specific technical information that must include thorough 
characterization of: 
 
(1) Aquifer thickness, groundwater flow rate, groundwater flow direction including 

seasonal and temporal fluctuations in groundwater flow; and 

(2) Saturated and unsaturated geologic units and fill materials overlying the 
uppermost aquifer, materials comprising the uppermost aquifer, and materials 
comprising the confining unit defining the lower boundary of the uppermost 
aquifer, including, but not limited to, thicknesses, stratigraphy, lithology, 
hydraulic conductivities, porosities and effective porosities. 

 
An overview of hydrogeological conditions at FAR II is provided in Sections 3.2 through 
3.4.  Potentiometric surfaces presented in Figures 4-3 and 4-4 demonstrate that 
background wells are located upgradient of CCR units, and that downgradient wells are 
placed to evaluate groundwater quality near waste boundaries.  No seasonal or temporal 
fluctuations in groundwater flow direction have been observed that would affect the 
designation of monitoring wells as upgradient or downgradient, with the exception of S-
23.  Groundwater flow at S-23 is presently towards FAR II, making it an upgradient well.  
The gradient towards FAR II is increasing as a result of dewatering associated with closure 
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activities.  Because groundwater flow could have potentially flowed away from FAR II 
prior to dewatering, S-23 is conservatively treated as a downgradient (compliance) well for 
evaluation purposes rather than as a background well. 
 
Monitoring wells are screened at depths to evaluate the full thickness of the uppermost 
aquifers (Appendix C). 
 

4.4 Number of Wells 
 
CCR Rule §257.91(c) specifies that: 
 

The groundwater monitoring system must include the minimum number of 
monitoring wells necessary to meet the performance standards specified in 
paragraph (a) of this section, based on the site-specific information specified in 
paragraph (b) of this section.  The groundwater monitoring system must contain: 
 
(1) A minimum of one upgradient and three downgradient monitoring wells; and 

(2) Additional monitoring wells as necessary to accurately represent the quality of 
background groundwater that has not been affected by leaking from the CCR 
unit and the quality of groundwater passing the waste boundary of the CCR 
unit.  

 
The groundwater monitoring system is comprised of nine upgradient background wells and 
21 downgradient monitoring wells.  As such, the minimum number of wells specified in 
the CCR Rule is met or exceeded. 
 

4.5 Multiple CCR Units 
 
CCR Rule §257.91(d) allows multiple CCR units to be monitored in “a multiunit 
groundwater monitoring system instead of separate groundwater monitoring systems for 
each CCR unit.” 
 
The FAR I RSW CCR Unit is adjacent to FAR II on the west side.  The Shallow Aquifer 
is also monitored as part of a separate FAR I RSW CCR monitoring program.  Despite 
overlap between the monitoring programs, the units are monitored as separate groundwater 
monitoring systems instead of a single, multiunit system. 
 
For efficiency, groundwater samples may be collected and analyzed from the same monitor 
wells for different groundwater programs during the same field sampling event.  However, 
results will be reported and evaluated separately according to each applicable program. 
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4.6 Monitoring Well System Construction 
 
CCR Rule §257.91(e) requires that: 
 

Monitoring wells must be cased in a manner that maintains the integrity of the 
monitoring well borehole. This casing must be screened or perforated and packed with 
gravel or sand, where necessary, to enable collection of groundwater samples.  The 
annular space (i.e., the space between the borehole and well casing) above the 
sampling depth must be sealed to prevent contamination of samples and the 
groundwater. 
 

(1) The owner or operator of the CCR unit must document and include in the 
operating record the design, installation, development, and decommissioning 
of any monitoring wells, piezometers and other measurement, sampling and 
analytical devices.  The qualified professional engineer must be given access 
to this documentation when completing the groundwater monitoring system 
certification required under paragraph (f) of this section. 
 

(2) The monitoring wells, piezometers, and other measurement, sampling, and 
analytical devices must be operated and maintained so that they perform to the 
design specification throughout the life of the monitoring program.  

 
4.6.1 Monitoring Well Construction 
 
Monitor well construction logs are provided in Appendix C.  Wells are constructed of 
PVC casing and screen.  Screens are surrounded with a sand pack, and the annular space 
above the sand pack is sealed with bentonite. 
 
4.6.2 Groundwater Monitoring Program 
 
In accordance with CCR rules, groundwater sampling will be performed semi-annually.  
Based upon flow direction and velocities observed historically at the FAR II and detailed 
in annual reports, groundwater residence times at all monitor wells is considerably less 
than six months and this sampling frequency will ensure physical independence. 
 
Groundwater elevations will be measured in each well immediately prior to purging, each 
time groundwater is sampled.  To minimize the effects of temporal variation and allow 
determination of the rate and direction of groundwater flow, water levels at all wells in the 
FAR II groundwater monitoring system must be measured in as short a time period as is 
practical, even if sampling is to be conducted over multiple days. 
 
The monitoring wells will be sampled using low flow sampling techniques based on 
Chapter 10 of Ohio EPA’s Technical Guidance Manual (TGM) for Hydrogeologic 
Investigations and Ground Water Monitoring (Ohio EPA 2020) and the Facility 
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Groundwater Monitoring Program Plan, approved by Ohio EPA Division of Materials & 
Waste Management (Cardinal 2020).   
 
There are two types of well systems in use at the Facility.  One is an air driven sampler 
(i.e., Geomons) operated by applying pressure to the casing causing a check valve to close 
in the sampling device, forcing water to the surface.  When purging is complete (i.e., the 
riser pipe and reservoir have been emptied), the check valve opens to allow fresh water to 
enter the casing.  Samples are then collected after the water level in the casing returns to 
static conditions.  Generally, wells are purged one day and sampled the next day. 
 
The other type of monitoring well will be purged using a submersible (bladder) pump.  A 
dedicated length of disposal polyethylene tubing will be used to purge groundwater at each 
location, and all down-hole equipment will be decontaminated prior to use at a new 
sampling location.  
 
Water will be pumped through an enclosed, flow-through cell fitted with a multi-parameter 
groundwater meter.  Measurements of temperature, pH, specific conductance, turbidity, 
dissolved oxygen (DO), and oxidation reduction potential (ORP) will be measured 
periodically during purging.  The submersible pump wells will be purged until three 
consecutive readings are within the following limits for a minimum of three of the 
following stabilization parameters: 
 

 Turbidity has stabilized to less than 10 nephelometric turbidity units (NTU) or 
±10% if greater than 10 NTU. 

 Temperature has stabilized to ±0.5 degrees Celsius (°C). 

 ORP has stabilized to ±20 millivolts (mV). 

 DO has stabilized to 10% or ±0.2 mg/L. 

 pH has stabilized to ±0.2 standard units (SU). 

 Specific conductance has stabilized to ±3%. 
 
Groundwater levels will be monitored during purging to confirm that drawdown is 
minimized.  Submersible pump well samples will be collected following stabilization of 
field parameters.  If stabilization is not achieved after removal of 3 well volumes, then a 
sample can be collected at the discretion of the field crew.  Attempts should be made to 
avoid purging to dryness.  If purging to dryness is unavoidable or inadvertent, then 
samples should be taken when there is a sufficient amount of water to collect a sample that 
best represents the ground water quality.  Ideally, sampling after purging to dryness will 
take place within 24 hours.  
 
Groundwater samples will be collected unfiltered, in pre-preserved sampling containers 
provided by the laboratory.  In addition to groundwater samples discussed above, quality 
control blanks and field duplicates will be collected to verify that analytical data is 
representative of site conditions according to the Facility Groundwater Monitoring 
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Program Plan (Cardinal 2020).  Groundwater samples will be transported to a qualified 
laboratory in an ice-cooled chest under chain of custody. 
 
Laboratory analysis will be conducted in accordance with CCR Rule §257.93 which 
includes, but is not limited to, analytical methods that accurately measure hazardous 
constituents listed in either Appendix III or IV of CCR Rule §257.  This is further detailed 
in the Statistical Analysis Plan (Geosyntec 2020). 
 
Statistical evaluation of groundwater analytical results will be performed in accordance 
with the Site’s 2020 Statistical Analysis Plan (Geosyntec 2020) or subsequent revisions. 
 

4.7 Compliance Assessment 
 
Review of the existing groundwater monitoring well network in relation to the geologic 
and hydrogeologic conditions in the area of FAR II indicates that the monitoring well 
network consists of a sufficient number of wells installed at the appropriate depths to 
collect groundwater samples from the uppermost aquifer that accurately represent the 
groundwater quality upgradient and downgradient of FAR II.  The groundwater 
monitoring well network is also capable of providing upgradient background groundwater 
quality and downgradient detection monitoring for a potential contaminant release to the 
uppermost aquifers (Shallow Aquifer and Morgantown Sandstone) nearest the waste 
boundary. 
 
Based on the above review, the groundwater monitoring network at the Cardinal FAR II 
meets the requirements of CCR Rule §257.91. 
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5.0 Professional Engineer Certification

The undersigned Professional Engineer registered in the State of Ohio is familiar with the
requirements of CCR Rule §257, subpart D and has visited and examined the facility. The
undersigned Registered Engineer attests that the FAR II Groundwater Monitoring System
has been prepared in accordance with good engineering practice, including the design and
construction to meet the requirements of CCR Rule §257.91, for the facility to the best of
his knowledge. The minimum number of wells specified in CCR Rule §257.91(c)(1) has
been met, as documented in Section 4.4 of this report.

This certification in no way relives the owner or operator of the facility of his duty to fully
implement this Groundwater Monitoring System in accordance with the requirements of
CCR Rule §257 subpart D.

Nick M. Petruzzi, PE, CPG
Principal Engineer
Registration No. E-73052 (Ohio)
Cox-Colvin & Associates, Inc.
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Fly Ash Reservoir 2 (FAR II)
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Downgradient (Compliance)
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Table 3-1. 2022 NOAA Climatological Summary for New Cumberland, West Virginia

January 25 3.16

February 30.7 6.2

March 40.6 3.35

April 47.7 4.26

May 61.5 6.38

June 69.2 4.95

July 73.5 5.33

August 73 4.59

September 65 4.25

October 50.9 2.65

November 44.3 4.51

December 31.7 1.82
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Month
Average Temperature 

(℉)

Precipitation 

(Inches)
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Table 4-1 Groundwater Monitoring Well Network Construction Details, Fly Ash Reservoir II, Cardinal Upland Disposal Facility, Brilliant, Ohio

Monitoring Well 

Number

Hydrologic

Unit
Gradient Boring Number Date Installed

Northing

(ft.)

Easting

(ft.)

Top of Casing 

(ft.)

Ground

Elevation

(ft.)

Top of 

Bentonite Seal

(ft.)

Top of

Gravel Pack 

(ft.)

Top of Screen

(ft.)

Bottom of 

Screen

(ft.)

Bottom of

Gravel Pack 

(ft.)

Bottom of Bore 

Hole

(ft.)

Total Well Depth 

From TOC

(ft.)

Casing Type
Casing 

Diameter

(In.)

Borehole 

Diameter

(In.)

CA-0622A Morgantown Up CA-0622 16/8/2016 836,291 2,514,220 1162.28 1159.38 821.38 816.38 813.38 803.38 803.38 803.38 356.00 PVC 2.00 6.00
CA-0623A Shallow Up CA-0623A 8/16/2016 836,300 2,514,228 1162.72 1159.62 1012.62 1005.62 1005.62 995.62 995.62 995.62 167.10 PVC 2.00 6.00

FA-8 Morgantown Down FA-8 3/23/2004 829,635 2,516,460 921.03 918.23 883.03 880.43 878.23 868.23 866.23 763.23 52.80 PVC 2.00 6.00

Jules Verne Seep Morgantown Down N/A N/A 829,388 2,516,643 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

M-6 Morgantown Up 90CA-22 8/9/1990 831,919 2,516,781 1010.57 1008.56 873.06 864.35 788.06 785.56 784.56 788.36 222.40 PVC 1.00 3.00
M-8A Morgantown Down 2Sa / 85W-1D1 10/15/2003 829,049 2,517,847 893.20 890.53 828.73 821.23 808.23 769.23 767.13 767.13 123.97 PVC 2.00 6.00
M-10 Morgantown Down MW-4/ 85W-3 8/7/1985 830,800 2,518,000 1033.42 1031.00 859.50 853.00 801.50 800.50 794.00 766.00 267.42 PVC 0.75 4.87
M-11 Morgantown Down MW-5 5/4/1999 830,072 2,516,465 980.21 977.82 878.02 870.82 779.82 777.82 776.82 693.82 202.39 PVC 1.00 3.00
M-12 Morgantown Up CA-0608 12/13/2006 833,112 2,516,013 1190.66 1187.65 861.25 855.55 794.65 789.65 782.85 782.85 401.01 PVC 2.00 6.00
M-13 Morgantown Down CA-0610 4/3/2007 831,698 2,518,374 991.14 988.42 871.52 864.12 858.12 801.12 798.22 794.02 190.02 PVC 2.00 6.00
M-14 Morgantown Down CA-0612 3/21/2007 832,902 2,519,662 988.21 984.91 866.01 859.11 857.61 800.61 797.71 790.21 187.60 PVC 2.00 6.00
M-15 Morgantown Down CA-0614 7/25/2007 833,569 2,518,172 1074.28 1071.83 868.13 860.83 857.83 797.53 794.43 794.43 276.75 PVC 2.00 6.00
M-16 Morgantown Down CA-0616 1/24/2007 835,565 2,516,519 1068.55 1065.75 878.25 871.85 864.45 815.45 813.65 811.15 253.10 PVC 2.00 6.00
M-21 Morgantown Down CA-0620 6/1/2006 830,427 2,516,358 1018.61 1016.16 861.66 856.66 846.16 756.16 753.06 753.06 172.00 PVC 2.00 6.00
M-22 Morgantown Down CA-0702 5/21/2007 830,925 2,519,496 1008.04 1005.68 865.28 859.18 852.78 791.28 788.18 786.48 216.76 PVC 2.00 6.00
M-23 Morgantown Down CA-0703 4/23/2007 830,051 2,518,092 985.90 983.44 858.54 850.74 847.14 806.14 83.14 803.14 252.70 PVC 2.00 6.00

M-1003 Morgantown Down M-1003 4/7/2010 829,139 2,516,071 935.88 933.55 883.55 876.55 874.25 794.25 792.45 792.45 141.63 PVC 2.00 6.00
M-1004 Morgantown Down M-1004D 3/31/2010 831,215 2,519,112 1008.29 1005.64 866.24 859.44 857.24 807.24 805.44 791.24 201.05 PVC 2.00 6.00
M-1302 Morgantown Up B-1302M 5/30/2013 836,202 2,515,432 1030.72 1028.92 885.92 871.22 860.52 820.92 819.92 819.92 210.80 PVC 2.00 6.00
M-1309 Morgantown Down B-1309D 5/30/2013 835,558 2,517,396 1172.09 1170.24 880.04 867.74 862.34 822.74 821.24 821.24 350.85 PVC 2.00 6.00
M-GS-1 Morgantown Down M-GS-1 4/13/2016 832,687 2,518,764 991.87 988.68 873.68 868.68 866.68 856.68 854.64 779.68 137.56 PVC 2.00 6.00
M-GS-2 Morgantown Down M-GS-2 4/13/2016 832,175 2,519,358 990.81 987.62 864.62 859.62 857.62 847.62 845.59 774.62 133.54 PVC 2.00 6.00

M-GS-3R Morgantown Down M-GS-3R 5/2/2022 830,876 2,518,836 1001.44 998.75 859.75 854.75 852.84 842.84 842.75 842.75 158.59 PVC 2.00 6.00
M-GS-4 Morgantown Down M-GS-4 4/21/2016 834,147 2,517,598 1028.73 1025.65 840.65 835.65 833.65 823.65 821.62 793.65 205.41 PVC 2.00 6.00
M-GS-5 Morgantown Up M-GS-5 4/5/2016 835,739 2,511,662 1039.54 1036.92 829.92 824.92 822.92 812.92 810.89 803.92 226.95 PVC 2.00 6.00

S-9 Shallow Down MW-5 5/5/1999 830,072 2,516,465 980.56 978.56 938.56 930.56 923.56 914.56 912.56 912.56 913.56 PVC 2.00 8.00
S-15 Shallow Up CA-0614 8/1/2007 833,569 2,518,167 1010.98 1071.80 1010.37 1003.07 999.07 989.57 987.37 987.37 85.46 PVC 2.00 6.00
S-21 Shallow Down CA-0621 8/27/2006 830,432 2,516,348 1018.40 1015.95 980.95 976.05 965.05 940.95 939.95 939.95 940.95 PVC 1.00 8.00
S-22 Shallow Up CA-0701 7/17/2007 830,928 2,519,493 1008.01 1005.84 992.44 988.04 981.54 943.54 942.04 942.04 942.84 PVC 2.00 6.00
S-23 Shallow Down S-23 12/6/2022 830,002 2,518,128 987.62 984.62 981.62 954.62 950.75 940.75 939.62 939.62 46.87 PVC 2.00 6.00

S-1005 Shallow Up S-1001S 3/24/2010 830,114 2,515,651 1130.88 1128.42 1018.42 1008.42 1006.72 997.02 996.42 756.42 133.86 PVC 2.00 6.00

K:\CCA\PROJECTS\Buckeye_Power\Cardinal\FAR II\GW Monitoring Network\2022-12 Revision\Tables\Table 4-1.xlsx

Notes:

Northing and Easting based on Ohio State Plane South (ft.) NAD 27.

Elevation datum is National Geodetic Vertical Datum of 1929 (NGVD29).

Jules Verne Seep (aka Seep 1) is not a monitoring well, but is sampled alongside the monitoring wells.

Well M-23 is replacement well for 8501/1S (well MP-1) according to the well construction log for well M-23 / boring CA-0703.

Wells CA-0622 and CA-0623 were over-drilled and replaced with CA-0622A and CA-0623A, respectively, on 8/16/2016.

Well M-8A was drilled on 10/15/2003 to replace M-8, and is referred to as M-8 in some reports.

M-GS-3R was drilled in May/June 2022 to replace M-GS-3 and better represent conditions in the Morgantown Sandstone.

Although S-23 is presently upgradient of FAR II, it is considered a down-gradient well for purposes of compliance monitoring based upon potentiometric data collected prior to the start of dewatering activities.
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Cox-Colvin & Associates, Inc. 

Appendix A 
 

Cross Section 
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Boring Logs 



GROUNDING
PROCEDURES NOT
IN USE ON THIS
BORING.  BLIND
DRILLED FROM
GRADE TO 10'
WITH 3 7/8"
ROLLER BIT & SET
3" PVC CASING.
STARTED CORING
AT 10.0'

10.0

13.9

18.9

23.9

3.3

5.0

4.7

0.0

10.0

13.9

18.9

NQ

NQ

NQ

1

2

3

HARD N8 VERY LIGHT GRAY LIMESTONE
w/ 1/2" clay bands in bottom 0.3'

HARD N8 VERY LIGHT GRAY LIMESTONE

SOFT 5G 6/1 GREENISH GRAY SHALE

HARD 5R 4/2 GRAYISH RED SHALE

1159.2

Continued Next Page

RECORDER

4"
3"
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8"

NQ-2 ROCK CORE
6" x 3.25 HSA
9" x 6.25 HSA
HW CASING ADVANCER
NW CASING
SW CASING
AIR HAMMER

2.281

354.9

COORDINATES PIEZOMETER TYPEN 836,291.1   E 2,514,223.8

HGT. RISER ABOVE GROUND

DEPTH TO TOP OF WELL SCREEN

WELL DEVELOPMENT

FIELD PARTY DLB / MCR / MWJ

TYPE OF CASING USED

SYSTEM

PIEZOMETER TYPE:

Water Level, ft

TIME

DATE

GROUND ELEVATION

OW = OPEN TUBE SLOTTED SCREEN, GM = GEOMON

PT = OPEN TUBE POROUS TIP, SS = OPEN TUBE
SLOTTED SCREEN, G = GEONOR, P = PNEUMATIC

359.9

D-120
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BORING NO. 7/17/15 SHEET 16

BORING STARTCARDINAL LANDFILL
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Well CA-0622A



33.9

43.9

46.9

9.7

9.8

3.0

23.9

33.9

43.9

NQ

NQ

NQ

4

5

6

5G 6/1 GREENISH GRAY LIMESTONE
fractured throughout

5GY 6/1 GREENISH GRAY SHALE

5B 5/1 MEDIUM BLUISH GRAY SHALE
fractured

N7 LIGHT GRAY LIMESTONE

5G 6/1 GREENISH GRAY SHALE

5G 6/1 GREENISH GRAY LIMESTONE
fractured

5G 6/1 GREENISH GRAY SHALE

HARD 5B 5/1 MEDIUM BLUISH GRAY
SHALEY LIMESTONE

HARD 5B 5/1 MEDIUM BLUISH GRAY
SHALEY LIMESTONE
fractured in bottom 1.5'

HARD 5B 5/1 MEDIUM BLUISH GRAY
SHALEY LIMESTONE
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53.9

63.9

73.9

7.0

9.6

10.0

46.9

53.9

63.9

NQ

NQ

NQ

7

8

9

5B 5/1 MEDIUM BLUISH GRAY SHALE

HARD 5B 5/1 MEDIUM BLUISH GRAY
SHALEY LIMESTONE

HARD N5 MEDIUM GRAY SHALEY
LIMESTONE

HARD 5B 5/1 MEDIUM BLUISH GRAY to N6
MEDIUM LIGHT GRAY SHALE

HARD N4 MEDIUM DARK GRAY SHALE
small coal band @ 73.8
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83.9

93.9

103.9

10.0

10.0

10.0

73.9

83.9

93.9

NQ

NQ

NQ

10

11

12

HARD N6 MEDIUM LIGHT GRAY SHALE
w/ coal band @ 74.4, angle fracture @ 75.7

SOFT N4 MEDIUM DARK GRAY SHALE

HARD N2 GRAYISH BLACK SHALE

COAL

HARD 5B 5/1 MEDIUM BLUISH GRAY SHALE

HARD N5 MEDIUM GRAY SHALE

HARD 5B 7/1 LIGHT BLUISH GRAY MIXED w/
N6 MEDIUM LIGHT GRAY SHALE
w/ limestone nodules

HARD 5B 5/1 MEDIUM BLUISH GRAY SHALE

FROM

W
E

LL

U
 S

 C
 S

G
R

A
P

H
IC

LO
G

RQD

S
A

M
P

LE
N

U
M

B
E

R SAMPLE
DEPTH
IN FEET

S
A

M
P

LE

T
O

T
A

L
LE

N
G

T
H

R
E

C
O

V
E

R
Y

%

STANDARD
PENETRATION
RESISTANCE

DEPTH

IN

FEET

SOIL / ROCK

IDENTIFICATION

DRILLER'S

NOTES

BLOWS / 6"TO

75

80

85

90

95

6/1/06BORING FINISH

AMERICAN ELECTRIC POWER SERVICE CORPORATION

BORING NO. 7/17/15 SHEET

Continued Next Page

16

BORING STARTCARDINAL LANDFILL

4

AEP CIVIL ENGINEERING LABORATORY

PROJECT 4/10/06

AMERICAN ELECTRIC POWER DATECA-0622 OF

LOG OF BORING
JOB NUMBER

COMPANY

A
E

P
  C

D
_F

G
D

_L
A

N
D

F
IL

L.
G

P
J 

 A
E

P
.G

D
T

  7
/1

7
/1

5



113.9

123.9

10.0

10.0

103.9

113.9

NQ

NQ

13

14

HARD 5B 7/1 LIGHT BLUISH GRAY SHALE
w/ sandstone streaks, angle fracture @ 98.5

HARD N6 MEDIUM LIGHT GRAY SHALE
w/ sandstone streaks, bottom 0.5 carbonious

N8 VERY LIGHT GRAY LIMESTONE

HARD N3 DARK GRAY SHALE

N7 LIGHT GRAY LIMESTONE
w/ 0.2 5B 5/1 medium bluish gray shale band @
111.6

N7 LIGHT GRAY LIMESTONE

HARD 5GY 4/1 DARK GREENISH GRAY
SHALE

5GY 4/1 DARK GREENISH GRAY SHALE

HARD N6 MEDIUM LIGHT GRAY SHALE
w/ sandstone streaks
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133.9

143.9

153.9

10.0

10.0

10.0

123.9

133.9

143.9

NQ

NQ

NQ

15

16

17

HARD 5B 5/1 MEDIUM BLUISH GRAY SHALE
bottom 0.8 N3 dark gray carbonious

N5 MEDIUM GRAY FINE GRAIN SANDSTONE
w/ shale band

HARD N5 MEDIUM GRAY SHALE

COAL
w/ hard shale bands

N4 MEDIUM DARK GRAY SHALE
w/ 0.5 of carbonious shale at 142.0, bottom 1.9
hard

HARD N6 MEDIUM LIGHT GRAY SHALE

N8 VERY LIGHT GRAY LIMESTONE

HARD N6 MEDIUM LIGHT GRAY SHALE

N8 VERY LIGHT GRAY LIMESTONE
w/ 0.3 shale bands @ 147.8 & 152.4
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SWL 21.4'  on
04/17/06 w/  NQ
HOLE TO 153.9'.
USED ±4,000 GALS.
WATER TO THIS
POINT

LOST ALL WATER
RETURN AT 157.8'.
HYD. PUSH - NO
ROTATION FROM
163.9' - 165.9'
(VOID)

Stopped after going
through mine void.
Started drilling HW
casing and cleaning
inside of casing w/ 4"
roller bit.  At 155',
roller bit broke off
inside casing.  It was
decided to abandon
and grout this boring.
Moved east +/- 5"
and started drilling
new boring w/ 6" air

163.9

168.9

170.9

178.9

6.2

1.9

1.3

7.9

68

84

0

67

153.9

163.9

168.9

170.9

NQ

NQ

NQ

NQ

18

19

20

21

HARD N6 MEDIUM LIGHT GRAY LIMESTONE

HARD N6 MEDIUM LIGHT GRAY
FRACTURED LIMESTONE

HARD N5 MEDIUM GRAY SHALE/LIMESTONE

SOFT N5 MEDIUM GRAY SHALE/LIMESTONE

HARD N5 MEDIUM GRAY SHALE/LIMESTONE

VOID

SOFT 5B 5/1 MEDIUM BLUISH GRAY SHALE

SOFT N5 MEDIUM GRAY SHALE
wet

HARD N6 MEDIUM LIGHT GRAY SHALE

SOFT N4 MEDIUM DARK GRAY SHALE
fractures throughout

HARD N6 MEDIUM LIGHT GRAY SHALE
fractured

FROM

W
E

LL

U
 S

 C
 S

G
R

A
P

H
IC

LO
G

RQD

S
A

M
P

LE
N

U
M

B
E

R SAMPLE
DEPTH
IN FEET

S
A

M
P

LE

T
O

T
A

L
LE

N
G

T
H

R
E

C
O

V
E

R
Y

%

STANDARD
PENETRATION
RESISTANCE

DEPTH

IN

FEET

SOIL / ROCK

IDENTIFICATION

DRILLER'S

NOTES

BLOWS / 6"TO

155

160

165

170

175

6/1/06BORING FINISH

AMERICAN ELECTRIC POWER SERVICE CORPORATION

BORING NO. 7/17/15 SHEET

Continued Next Page

16

BORING STARTCARDINAL LANDFILL

7

AEP CIVIL ENGINEERING LABORATORY

PROJECT 4/10/06

AMERICAN ELECTRIC POWER DATECA-0622 OF

LOG OF BORING
JOB NUMBER

COMPANY

A
E

P
  C

D
_F

G
D

_L
A

N
D

F
IL

L.
G

P
J 

 A
E

P
.G

D
T

  7
/1

7
/1

5



hammer and inserted
HW casing to bottom
old mine floor @
173.3'.  This boring
was drilled through
mine piller; no camera
work done on this
boring.  Coal seam
estimated @ +/-
165.0'-17

Resumed coring and
logging core @
186.9'

186.9

189.4

194.4

204.4

6.6

2.5

5.0

10.0

56

88

40

83

178.9

186.9

189.4

194.4

NQ

NQ

NQ

NQ

22

23

24

25

HARD N7 LIGHT GRAY SHALE

SOFT N7 LIGHT GRAY SHALE
w/ fracture

SOFT N6 MEDIUM LIGHT GRAY SHALE

SOFT N6 MEDIUM LIGHT GRAY SHALE
w/ fracture, wet

HARD N7 LIGHT GRAY SHALE
dry

N7 LIGHT GRAY CLAY SHALE
dry

HARD N7 LIGHT GRAY CLAY SHALE

N4 MEDIUM DARK GRAY SHALE

VERY HARD N6 MEDIUM LIGHT GRAY
SHALE
w/ trace of fine limestone

N5 MEDIUM GRAY SHALE
fracture, wet

N6 MEDIUM LIGHT GRAY
SHALE/LIMESTONE

SOFT MEDIUM GRAY SHALE
wet

MEDIUM LIGHT GRAY SHALE

SOFT N5 MEDIUM GRAY SHALE
moist

5B 5/1 MEDIUM BLUISH GRAY SHALE

HARD N5 MEDIUM GRAY SHALE
fracture

HARD N5 MEDIUM GRAY SHALE
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214.4

219.4

229.4

8.7

5.0

9.9

64

66

81

204.4

214.4

219.4

NQ

NQ

NQ

26

27

28

N5 MEDIUM GRAY SHALE
fracture, wet

HARD N5 MEDIUM GRAY SHALE

HARD N4 MEDIUM DARK GRAY SHALE

5G 6/1 GREENISH GRAY SHALE
w/trace of fine imestone, wet

N2 GRAYISH BLACK SHALE
fractured

SOFT N4 MEDIUM DARK GRAY SHALE

N2 GRAYISH BLACK SHALE
fracture

N5 MEDIUM GRAY SHALE
fracture, wet

5G 6/1 GREENISH GRAY SHALE

5G 6/1 GREENISH GRAY SHALE
wet

5GY 6/1 GREENISH GRAY
SHALE/LIMESTONE

N5 MEDIUM GRAY SHALE

SOFT 5YR 6/1 LIGHT BROWNISH GRAY
SANDY SHALE 

HARD 5B 5/1 MEDIUM BLUISH GRAY SHALE
w/limestone fractures

5B 5/1 MEDIUM BLUISH GRAY SHALE
w/limestone

N4 MEDIUM DARK GRAY SHALE
fractured, wet
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238.8

244.4

254.4

229.4

238.8

244.4

NQ

NQ

NQ

29

30

31

5B 5/1  MEDIUM BLUISH GRAY SHALE/
LIMESTONE
fracture

N4 MEDIUM DARK GRAY SHALE
fractured

HARD MEDIUM DARK GRAY SHALE
w/limestone

MEDIUM DARK GRAY LIMESTONE
shale fractures

HARD DARK GRAY LIMESTONE

HARD N4 MEDIUM DARK GRAY SHALE

N2 GRAYISH BLACK COAL
fracture

SOFT N4 MEDIUM DARK GRAY SHALE

HARD N4 MEDIUM DARK GRAY
SHALE/LIMESTONE

5B 5/1 MEDIUM BLUISH GRAY SHALE

5B 5/1 MEDIUM BLUISH GRAY SHALE
w/limestone fractures

SOFT 5GY 6/1 GREENISH GRAY SHALE
w/limestone, wet

N5 MEDIUM GRAY & 5YR 4/1 BROWNISH
GRAY SHALE

5B 5/1 MEDIUM BLUISH GRAY SHALE
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264.4

274.4

284.4

254.4

264.4

274.4

NQ

NQ

NQ

32

33

34

SOFT MEDIUM BLUISH GRAY SHALE

HARD 5GY 6/1 GREENISH GRAY SHALE
w/fractures of limestone

5YR 4/1 BROWNISH GRAY RED SHALE

MEDIUM BLUISH GRAY SHALE
w/fractures of limestone

N4 MEDIUM DARK GRAY SHALE

SOFT N4 MEDIUM DARK GRAY SHALE
wet

SOFT N4 MEDIUM DARK GRAY SHALE

N7 LIGHT GRAY & N4 MEDIUM DARK GRAY
SHALE
w/trace of limestone
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294.4

304.4

314.4 10.0 100

284.4

294.4

304.4

NQ

NQ

NQ

35

36

37

N4 MEDIUM DARK GRAY SHALE/LIMESTONE

HARD SHALE

N4 MEDIUM DARK GRAY SHALE
w/fractures of limestone

HARD N3 DARK GRAY SHALE

HARD N4 MEDIUM DARK GRAY SHALE
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MORGANTOWN

324.4

334.4

10.0

10.0

314.4

324.4

NQ

NQ

38

39

N4 MEDIUM DARK GRAY SHALE

N4 MEDIUM DARK GRAY & N6 MEDIUM
LIGHT GRAY SHALE
w/fine sandstone

N4 MEDIUM DARK GRAY SHALE
w/traces of fine standstone lens

N5 MEDIUM GRAY SHALE
w/trace of fine sandstone

HARD MEDIUM GRAY & MEDIUM DARK
GRAY SHALE
w/trace of coarse sandstone

N5 MEDIUM GRAY COARSE GRAIN
SANDSTONE

HARD N3 DARK GRAY SHALE
w/trace of sandstone

N5 MEDIUM GRAY COARSE GRAIN
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SANDSTONE
STARTS @ 331.5'

344.4

354.4

364.4

10.0

9.8

9.7

92

91

334.4

344.4

354.4

NQ

NQ

NQ

40

41

42

SANDSTONE
Morgantown sandstone starts @ 331.5'

N6 MEDIUM LIGHT GRAY SANSDSTONE

HARD N3 DARK GRAY SHALE
w/trace of fine sandstone

N2 GRAYISH BLACK SHALE

N5 MEDIUM GRAY COARSE GRAIN
SANDSTONE

HARD N2 GRAYISH BLACK SHALE
w/trace of fine sandstone

N5 MEDIUM GRAY COARSE GRAIN
SANDSTONE
w/trace of dark shale

HARD N4 MEDIUM DARK GRAY SHALE
w/trace of fine sandstone

MEDIUM GRAY SANDSTONE
w/dark shale fractures

N6 MEDIUM LIGHT GRAY COARSE GRAIN
SANDSTONE

GRAYISH BLACK COAL
fracture
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STOPPED BORING

373.4

383.4

10.0

10.0

90

81

364.4

373.4

NQ

NQ

43

44

N6 MEDIUM LIGHT GRAY COARSE GRAIN
SANDSTONE

N5 MEDIUM GRAY SHALE

N6 MEDIUM LIGHT GRAY SILTSTONE

HARD N5 MEDIUM GRAY SHALE

HARD N3 DARK GRAY CLAY SHALE

N2 GRAYISH BLACK CLAY SHALE SEAM

N1 BLACK COAL SEAM

HARD N5 MEDIUM GRAY CLAY SHALE

FROM

W
E

LL

U
 S

 C
 S

G
R

A
P

H
IC

LO
G

RQD

S
A

M
P

LE
N

U
M

B
E

R SAMPLE
DEPTH
IN FEET

S
A

M
P

LE

T
O

T
A

L
LE

N
G

T
H

R
E

C
O

V
E

R
Y

%

STANDARD
PENETRATION
RESISTANCE

DEPTH

IN

FEET

SOIL / ROCK

IDENTIFICATION

DRILLER'S

NOTES

BLOWS / 6"TO

360

365

370

375

380

6/1/06BORING FINISH

AMERICAN ELECTRIC POWER SERVICE CORPORATION

BORING NO. 7/17/15 SHEET

Continued Next Page

16

BORING STARTCARDINAL LANDFILL

15

AEP CIVIL ENGINEERING LABORATORY

PROJECT 4/10/06

AMERICAN ELECTRIC POWER DATECA-0622 OF

LOG OF BORING
JOB NUMBER

COMPANY

A
E

P
  C

D
_F

G
D

_L
A

N
D

F
IL

L.
G

P
J 

 A
E

P
.G

D
T

  7
/1

7
/1

5



@ 383.4'.  SET 1"
GEOMON WELL
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2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

20.0

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

SS

SS

SS
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1

2

3

4

5

6

7

8

9

10

Loose, dark brown to black, silty, clayey SAND
with GRAVEL (GM); dry; non-plastic; fine to
coarse sand; fine to coarse, angular gravel; poorly
sorted.

Moist below 5.0 ft.

Loose, dark brown to black, silty, clayey SAND
with GRAVEL (GM); dry; non-plastic; fine to
coarse sand; fine to coarse, angular gravel; poorly
sorted.

722.4
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X

4"
3"
6"
8"

NQ-2 ROCK CORE
6" x 3.25 HSA
9" x 6.25 HSA
HW CASING ADVANCER
NW CASING
SW CASING
AIR HAMMER

2.55

90.0

COORDINATES PIEZOMETER TYPEN 8,288,623.6   E 2,516,641.8

HGT. RISER ABOVE GROUND

DEPTH TO TOP OF WELL SCREEN

WELL DEVELOPMENT

FIELD PARTY GEOSYNTEC CONSULTING

TYPE OF CASING USED

SYSTEM

PIEZOMETER TYPE:

Water Level, ft

TIME

DATE

GROUND ELEVATION

OW = OPEN TUBE SLOTTED SCREEN, GM = GEOMON

PT = OPEN TUBE POROUS TIP, SS = OPEN TUBE
SLOTTED SCREEN, G = GEONOR, P = PNEUMATIC

6"

115.0

N/A

WELL TYPE

DIA

BOTTOM
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RIG
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WELL TYPE:
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1

Loose, greenish brown, silty, clayey SAND (SM);
moist; non-plastic; fine to coarse sand; trace to
some, fine to coarse, angular rock gragments with
shale sandstone.

Medium to coarse sand between 34.6 to 34.8 ft.
(may be sandstone fragment).

Greenish gray grading to gray, CLAYSHALE;
with approx. 10% shale fragments.

Soft, gray, CLAYSHALE; moist.
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61.0

71.0

81.0

65
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76

51.0

61.0

71.0
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RC
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4

Soft to moderately hard, gray, (GLEY2-6/1-5PB),
SHALE.

3" vertical fracture at 56 ft., 25% off vertical.

3" vertical fracture at 60.5 ft. approx. 15% off
vertical.

Hard, gray, (GLEY2-6/1-5PB), SILTSTONE;
with 20% shale in 2 to 4" layers; massive.

Soft to moderately hard, gray (GLEY2-6/1-5PB)
to black, SHALE.
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91.0

101.0

74

55

81.0

91.0

RC
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5

6

Color changes to (GLEY2-5/1-5PB) to
(GLEY2-2.5/1-10G).

Soft to moderately hard, gray (GLEY2-6/1-5PB)
to black, SHALE.

Soft to mod hard, gray (GLEY2-5/1-5PB) to
black (GLEY2-2.5/1-10G), SHALE; 40% 3" to
18" layers of massive, hard, SILTSTONE
containing fossilized vegetation.
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111.0

121.0

131.0

54

82
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121.0

RC

RC

RC

7

8

9

Hard, gray (GLEY2-5/1-tPB), SILTSTONE;
massive.

Hard, gray (GLEY2-5/1-5PB), SANDSTONE;
medium to fine grained, brown flecks.

Hard, gray (GLEY2-5/1-5PB), SILTSTONE;
massive.

5" vertical fracture at 119.0 ft., 5 deg. off vertical.

Hard, gray (GLEY2-5/1-5PB), SILTSTONE;
massive.

4" vertical fracture at 122.0 ft., 10 deg. off vertical.

Soft to moderately hard, gray (GLEY2-5/1-5PB)
to black (GLEY2-2/5-10G), SHALE; horizontal
foliations; intervals of massive limestone.
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141.0

151.0
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131.0

141.0

RC
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Hard, gray (GLEY2-5/1-5PB), SANDSTONE;
fine grained; massive.

Hard, gray (GLEY2-5/1-5PB), SILTSTONE;
massive.
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Deconned with
alconox and steam
ginny before drilling.

15.8

20.0 1.8 23

0.0

15.8

AUGER

NQ21

AUGERED TO 15.8'

N6 LIGHT GRAY to 5G 6/1 GREENISH GRAY
FRACTURED LIMESTONE
High angle fractures

918.2

DLB

Continued Next Page
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6" x 3.25 HSA
9" x 6.25 HSA
HW CASING ADVANCER
NW CASING
SW CASING
AIR HAMMER

State Plane using
NAD27/29 2.8

40

COORDINATES PIEZOMETER TYPEN 829,635.1   E 2,516,460.0

HGT. RISER ABOVE GROUND

DEPTH TO TOP OF WELL SCREEN

WELL DEVELOPMENT

FIELD PARTY REB / DLB

TYPE OF CASING USED

SYSTEM

PIEZOMETER TYPE:

Water Level, ft

TIME

DATE

GROUND ELEVATION

SS

OW = OPEN TUBE SLOTTED SCREEN, GM = GEOMON

PT = OPEN TUBE POROUS TIP, SS = OPEN TUBE
SLOTTED SCREEN, G = GEONOR, P = PNEUMATIC

OW

50

QUICK GROUT

CME-75

WELL TYPE

DIA

BOTTOM
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RIG

WELL TYPE:
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Lost water @ 42.5'

25.0
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45.0

55.0

4.7

9.4
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NQ2

NQ2

NQ2

NQ2

2

3

4

5

10YR 4/6 DARK YELLOWISH BROWN
CLAYEY SHALE

5YR 5/2 REDDISH GRAY SHALE

5YR 3/4 DARK REDDISH GRAY CLAYEY
SHALE

5B 5/1 MEDIUM BLUISH GRAY CLAYEY
SHALE
w/ angle fractures @ 27' (120 deg.), 27.5' (60
deg.), & 28.0' (140 deg.)

5B 5/1 MEDIUM BLUISH GRAY HARD SHALE
w/ large limestone nodules and cross beds, w/
angle fractures @ 31.8' (80 deg.),  & 32.2' (80
deg.)

5B 5/1 MEDIUM BLUISH GRAY SANDY
SHALE

10YR 5/4 YELLOWISH BROWN SANDY
SHALE

10YR 5/4 YELLOWISH BROWN MEDIUM
GRAIN SANDSTONE

5B 7/1 LIGHT BLUISH GRAY MEDIUM GRAIN
SANDSTONE

10YR 5/4 YELLOWISH BROWN MEDIUM
GRAIN SANDSTONE
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65.0

75.0

10

9.8

100

100

55.0

65.0

NQ2

NQ2

6

7

w/ angle fractures @ 47.0' (110 deg.) and
limonitic vugs @ 46.4'

5B 5/1 MEDIUM BLUISH GRAY SHALE
w/ limestone cross beds

10YR 4/3  BROWN MEDIUM GRAIN
SANDSTONE
w/ angle fractures @ 49.0' (115 deg.)

5B 5/1 MEDIUM BLUISH GRAY MEDIUM
GRAIN SANDSTONE
Well cemented

10YR 5/6 GRAYISH BROWN MEDIUM GRAIN
SANDSTONE

5B 5/1 MEDIUM BLUISH GRAY MEDIUM
GRAIN SANDSTONE
Well cemented

5B 5/1 MEDIUM BLUISH GRAY MEDIUM
GRAIN SANDSTONE
w/ black shale streaks throughout
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Some water return @
75.0'

Lost water @ 95.0'

85.0

95.0

105.0

10

10

10

100

100

100
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85.0

95.0

NQ2

NQ2

NQ2

8

9

10

5B 5/1 MEDIUM BLUISH GRAY MEDIUM to
COARSE GRAIN SANDSTONE
w/ coal lenses throughout

5B 5/1 MEDIUM BLUISH GRAY MEDIUM
GRAIN SANDSTONE
w/ coal lenses throughout, 2" bands of 10YR 4/4
BROWN SANDSTONE in bottom 2.0'

10YR 4/4  DARK YELLOWISH BROWN
COARSE GRAIN SANDSTONE
w/ limonitic vugs throughout, well cemented
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115.0

125.0

10

10

92

100

105.0

115.0

NQ2

NQ2

11

12

N5 MEDIUM GRAY MEDIUM to COARSE
GRAIN SANDSTONE
w/ coal streaks

N1 BLACK COAL

N5 MEDIUM GRAY MEDIUM GRAIN
SANDSTONE

N5 MEDIUM GRAY MEDIUM to COARSE
GRAIN SANDSTONE
w/ coal streaks

N1 BLACK COAL

N5 MEDIUM GRAY MEDIUM GRAIN
SANDSTONE
w/ black shale streaks

N1 BLACK COAL

N5 MEDIUM GRAY MEDIUM GRAIN
SANDSTONE
w/ coal streaks and limestone nodules

5B 5/1 MEDIUM BLUISH GRAY MEDIUM
GRAIN SANDSTONE
w/ black coal streaks

5B 5/1 MEDIUM BLUISH GRAY MEDIUM
GRAIN SANDSTONE
w/ limestone nodules (1 1/2") @ 116.8' to 117.4'

10YR 4/4 DARK YELLOWISH BROWN
MEDIUM GRAIN SANDSTONE
w/ limonitic vugs

5B 5/1 MEDIUM BLUISH GRAY MEDIUM
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135.0

145.0

155.0

10

10

10

100

97

100

125.0

135.0

145.0

NQ2

NQ2

NQ2

13

14

15

GRAIN SANDSTONE
w/ coal streaks

5B 5/1 MEDIUM BLUISH GRAY MEDIUM
GRAIN SANDSTONE

10YR 4/4 DARK YELLOWISH BROWN
MEDIUM to COARSE GRAIN SANDSTONE

N5 MEDIUM GRAY MEDIUM to COARSE
GRAIN SANDSTONE
w/ coal streaks and limestone nodules in bottom
3.0'

N6 MEDIUM LIGHT GRAY  COARSE to
MEDIUM GRAIN SANDSTONE
w/ coal streaks and limestone nodules in bottom
1.5'

N4 MEDIUM DARK GRAY FINE GRAIN
SHALEY  SANDSTONE

N5 MEDIUM GRAY SANDY SHALE

N5 MEDIUM GRAY SHALEY FINE GRAIN
SANDSTONE
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NOTE: Had to set
31.6' of 6" casing
before using roller bit
in hole.

N5 MEDIUM GRAY SHALE
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Well M-6









Well M-8A



Well M-10























Decon drill with
potable water &
alconox prior to setup.

Started coring at 7.3'
Note: No water return.

9.6

13.3

14.6

16.5

19.6

22.1

2.3

3.0

1.1

2.1

2.3

2.4

22

0

0

0

0

0

7.3

9.6

13.3

14.6

16.5
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NQ-2

NQ-2

NQ-2

1

2

3

4

5

6

NO SAMPLE - RUN 3"CASING TO 7.3'

5GY 6/1 GREENISH GRAY SANDSTONE

5GY 6/1 GREENISH GRAY SANDY SHALE
Badly broken.

5GY 6/1 GREENISH GRAY CLAY SHALE

N6 MEDIUM LIGHT GRAY LIMESTONE

977.8

REB

Continued Next Page

RECORDER

X

4"
3"
6"
8"

NQ-2 ROCK CORE
6" x 3.25 HSA
9" x 6.25 HSA
HW CASING ADVANCER
NW CASING
SW CASING
AIR HAMMER

2.39

198

COORDINATES PIEZOMETER TYPEN 830,072.4   E 2,516,465.1

HGT. RISER ABOVE GROUND

DEPTH TO TOP OF WELL SCREEN

WELL DEVELOPMENT

FIELD PARTY TJH-REB

TYPE OF CASING USED

SYSTEM

PIEZOMETER TYPE:

Water Level, ft

TIME

DATE

GROUND ELEVATION

GEO-MON

OW = OPEN TUBE SLOTTED SCREEN, GM = GEOMON

PT = OPEN TUBE POROUS TIP, SS = OPEN TUBE
SLOTTED SCREEN, G = GEONOR, P = PNEUMATIC

GM

3

200

100 gallons of Quick Grout

CME-75

WELL TYPE

DIA

BOTTOM

BACKFILL

RIG

WELL TYPE:

FROM

W
E

LL

U
 S

 C
 S

G
R

A
P

H
IC

LO
G

RQD

S
A

M
P

LE
N

U
M

B
E

R SAMPLE
DEPTH
IN FEET

S
A

M
P

LE

T
O

T
A

L
LE

N
G

T
H

R
E

C
O

V
E

R
Y

%

STANDARD
PENETRATION
RESISTANCE

DEPTH

IN

FEET

SOIL / ROCK

IDENTIFICATION

DRILLER'S

NOTES

BLOWS / 6"TO

5

10

15

5/4/99BORING FINISH

AMERICAN ELECTRIC POWER SERVICE CORPORATION

BORING NO. 7/20/15 SHEET 12

BORING STARTCARDINAL FLY ASH DAM

1

AEP CIVIL ENGINEERING LABORATORY

PROJECT

AMERICAN ELECTRIC POWER DATEMW-5 OF

LOG OF BORING
JOB NUMBER

COMPANY

A
E

P
  C

D
_F

A
_D

A
M

.G
P

J 
 A

E
P

.G
D

T
  7

/2
0

/1
5

Wells S-9 and M-11



24.6

29.2

34.6

34.7
39.6

43.8

49.1

4.0

5.4

0.1
5.0

3.0

3.8

0

30

33

0
32

20

0

22.1

24.6

29.2

34.6
34.7

39.6

43.8

NQ-2

NQ-2

NQ-2

NQ-2
NQ-2
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NQ-2

7

8

9

10
11

12

13

With iron stain

N5 MEDIUM GRAY CLAY SHALE

N6 MEDIUM LIGHT GRAY LIMESTONE
Broken up; iron stain

N5 MEDIUM GRAY CLAY SHALE
Broken up

N6 MEDIUM LIGHT GRAY CLAY SHALE

5GY 6/1 GREENISH GRAY SANDY SHALE

N6 MEDIUM LIGHT GRAY CLAY SHALE

5GY 6/1 GREENISH GRAY SANDSTONE

N5 MEDIUM GRAY CLAY SHALE

RED,BROWN & GRAY CLAY SHALE

N6 MEDIUM LIGHT GRAY LIMESTONE
Oxidized above & below

N5 MEDIUM GRAY CLAY SHALE

N5 MEDIUM GRAY CLAY SHALE

RED & GREENISH GRAY CLAY SHALE
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Note:  At approx.
70.0', the rock
became more
competent.

54.6

59.6

64.6

69.3

74.6

2.5

4.6

3.3

4.7

4.6

0

30

0

60

26

49.1

54.6

59.6

64.6

69.3

NQ-2

NQ-2

NQ-2

NQ-2

NQ-2

14

15

16

17

18

N6 MEDIUM LIGHT GRAY LIMESTONE

N6 MEDIUM LIGHT GRAY CLAY SHALE

N6 MEDIUM LIGHT GRAY LIMESTONE

N6 MEDIUM LIGHT GRAY CLAY SHALE
Iron stain at 56.8'

N6 MEDIUM LIGHT GRAY LIMESTONE
Iron stain; broken up

N5 MEDIUM GRAY CLAY SHALE

10R 4/2 GRAYISH RED CLAY SHALE

N6 MEDIUM LIGHT GRAY CLAY SHALE
Soft from 64.6'-67.2'

N5 MEDIUM GRAY CLAY SHALE
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84.6

94.6

104.6

10.0

10.0

9.9

30

53

84

74.6

84.6

94.6

NQ-2

NQ-2

NQ-2

19

20

21

5GY 6/1 GREENISH GRAY CLAY SHALE
Iron stain; fractures

N5 MEDIUM GRAY CLAY SHALE

5GY 6/1 GREENISH GRAY CLAY SHALE

N5 MEDIUM GRAY CLAY SHALE

N5 MEDIUM GRAY LIMESTONE

N5 MEDIUM GRAY CLAY SHALE with
LIMESTONE LENSES

5R 4/2 GRAYISH RED CLAY SHALE

N5 MEDIUM GRAY CLAY SHALE

FROM

W
E

LL

U
 S

 C
 S

G
R

A
P

H
IC

LO
G

RQD

S
A

M
P

LE
N

U
M

B
E

R SAMPLE
DEPTH
IN FEET

S
A

M
P

LE

T
O

T
A

L
LE

N
G

T
H

R
E

C
O

V
E

R
Y

%

STANDARD
PENETRATION
RESISTANCE

DEPTH

IN

FEET

SOIL / ROCK

IDENTIFICATION

DRILLER'S

NOTES

BLOWS / 6"TO

75

80

85

90

95

5/4/99BORING FINISH

AMERICAN ELECTRIC POWER SERVICE CORPORATION

BORING NO. 7/20/15 SHEET

Continued Next Page

12

BORING STARTCARDINAL FLY ASH DAM

4

AEP CIVIL ENGINEERING LABORATORY

PROJECT

AMERICAN ELECTRIC POWER DATEMW-5 OF

LOG OF BORING
JOB NUMBER

COMPANY

A
E

P
  C

D
_F

A
_D

A
M

.G
P

J 
 A

E
P

.G
D

T
  7

/2
0

/1
5



114.6

124.2

9.6

10.0

85

96

104.6

114.6

NQ-2

NQ-2

22

23

N5 MEDIUM GRAY SANDY CLAY SHALE

10YR 5/4 MODERATE YELLOWISH BROWN
SANDSTONE
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0.1' limestone at
141.0'

129.6

134.6

144.6

154.6

5.4

5.0

10.0

9.6

100

100

100

76

124.2

129.6
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144.6

NQ-2

NQ-2

NQ-2

NQ-2

24

25

26

27

N5 MEDIUM GRAY SANDSTONE

10YR 5/4 MODERATE YELLOWISH BROWN
SANDSTONE

N5 MEDIUM GRAY SANDSTONE

10YR 5/4 MODERATE YELLOWISH BROWN
SANDSTONE
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Lost drill water at
155'; geared rig down
from 5th to 3rd gear.

Mud seam at 169.8'

164.6

174.6

184.6

10.0

10.0

10.0

80

68

64

154.6

164.6

174.6

NQ-2

NQ-2

NQ-2

28

29

30

N5 MEDIUM GRAY SANDSTONE

10YR 5/4 MODERATE YELLOWISH BROWN
SANDSTONE

N5 MEDIUM GRAY SANDSTONE

10YR 5/4 MODERATE YELLOWISH BROWN
SANDSTONE

N5 MEDIUM GRAY SANDSTONE

10YR 5/4 MODERATE YELLOWISH BROWN
SANDSTONE

N5 MEDIUM GRAY SANDSTONE with COAL
STREAKS

10YR 5/4 MODERATE YELLOWISH BROWN
SANDSTONE

N5 MEDIUM GRAY SANDSTONE with COAL
STREAKS

10YR 5/4 MODERATE YELLOWISH BROWN
SANDSTONE
Mud seam at 169.8'

N5 MEDIUM GRAY SANDSTONE with COAL
STREAKS
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Mud seam at 200.2'

194.6

204.6

10.0

10.0

90

89

184.6

194.6

NQ-2

NQ-2

31

32

N5 MEDIUM GRAY SANDSTONE
CONGLOMERATE

N5 MEDIUM GRAY SANDSTONE with COAL
STREAKS
(Morgantown)  Vertical crack at 189.3'

N5 MEDIUM GRAY CLAY SHALE
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Rock fracture at
209.7'

214.6

224.6

234.6

10.0

10.0

10.0

96

80

83

204.6

214.6

224.6

NQ-2

NQ-2

NQ-2

33

34

35

N4 MEDIUM DARK GRAY SANDY SHALE

N6 MEDIUM LIGHT GRAY SHALEY
SANDSTONE

N6 MEDIUM LIGHT GRAY LIMESTONE
Vertical crack at 220.1'-220.7' (fossils)

N6 MEDIUM LIGHT GRAY SHALEY
LIMESTONE

N5 MEDIUM GRAY CLAY SHALE

N5 MEDIUM GRAY SANDY SHALE
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Mud seam at 230.0'

Mud seam at 235.2'

Mud seam at 239.9'

Note:  Run 3" casing
to 83.6'

235.2

237.6

244.6

249.2

254.6

.6

2.4

6.3

2.3

100

0

33

0

0

234.6

235.2

237.6

244.6

249.2

NQ-2

NQ-2

NQ-2

NQ-2

NQ-2

36

37

38

39

40

N6 MEDIUM LIGHT GRAY LIMESTONE
Shale streaks.

N5 MEDIUM GRAY SHALEY SANDSTONE
With calcite.

N5 MEDIUM GRAY CLAY SHALE
Broken up

N3 DARK GRAY CLAY SHALE
Broken up.

N5 MEDIUM GRAY SANDSTONE

N5 MEDIUM GRAY CLAY SHALE
Broken up
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264.6

264.8
274.6

284.6

9.8

0.2
9.8

10.0

51

0
70

38

254.6

264.6
264.8

274.6

NQ-2

NQ-2
NQ-2

NQ-2

41

42
43

44

N3 DARK GRAY CLAY SHALE

N1 BLACK COAL

N4 MEDIUM DARK GRAY CLAY SHALE
Limestone nodules.

10Y 6/2 PALE OLIVE LIMESTONE

N5 MEDIUM GRAY SHALEY LIMESTONE

N5 MEDIUM GRAY CLAY SHALE
Limestone nodules

FROM

W
E

LL

U
 S

 C
 S

G
R

A
P

H
IC

LO
G

RQD

S
A

M
P

LE
N

U
M

B
E

R SAMPLE
DEPTH
IN FEET

S
A

M
P

LE

T
O

T
A

L
LE

N
G

T
H

R
E

C
O

V
E

R
Y

%

STANDARD
PENETRATION
RESISTANCE

DEPTH

IN

FEET

SOIL / ROCK

IDENTIFICATION

DRILLER'S

NOTES

BLOWS / 6"TO

255

260

265

270

275

5/4/99BORING FINISH

AMERICAN ELECTRIC POWER SERVICE CORPORATION

BORING NO. 7/20/15 SHEET

Continued Next Page

12

BORING STARTCARDINAL FLY ASH DAM

11

AEP CIVIL ENGINEERING LABORATORY

PROJECT

AMERICAN ELECTRIC POWER DATEMW-5 OF

LOG OF BORING
JOB NUMBER

COMPANY

A
E

P
  C

D
_F

A
_D

A
M

.G
P

J 
 A

E
P

.G
D

T
  7

/2
0

/1
5



FROM

W
E

LL

U
 S

 C
 S

G
R

A
P

H
IC

LO
G

RQD

S
A

M
P

LE
N

U
M

B
E

R SAMPLE
DEPTH
IN FEET

S
A

M
P

LE

T
O

T
A

L
LE

N
G

T
H

R
E

C
O

V
E

R
Y

%

STANDARD
PENETRATION
RESISTANCE

DEPTH

IN

FEET

SOIL / ROCK

IDENTIFICATION

DRILLER'S

NOTES

BLOWS / 6"TO

5/4/99BORING FINISH

AMERICAN ELECTRIC POWER SERVICE CORPORATION

BORING NO. 7/20/15 SHEET 12

BORING STARTCARDINAL FLY ASH DAM

12

AEP CIVIL ENGINEERING LABORATORY

PROJECT

AMERICAN ELECTRIC POWER DATEMW-5 OF

LOG OF BORING
JOB NUMBER

COMPANY

A
E

P
  C

D
_F

A
_D

A
M

.G
P

J 
 A

E
P

.G
D

T
  7

/2
0

/1
5



Started coring @
10.0'

Poor recovery due to
sand which locked
core in inner tube

10.0

14.5

24.5

3.1

4.05

16

69

0.0

10.0

14.5

NQ

NQ

1

2

Deconed rig & tools 08/29/06 using fire protection
water from Cardinal U3.  Grounding procedures
not in use on this boring.  Drilling water used from
cardinal u3 fire protection.

Blind drilled 4" roller bit from grade to 10.0'.

HARD 10YR/5/4 MODERATE YELLOWISH
BROWN CLAY SHALES
w/fractured and soft areas from 10.0' to 12.0'

10YR 5/4 MODERATE YELLOWISH BROWN
MEDIUM CLAY SHALE
w/fractures and soft areas

HARD N6 MEDIUM LIGHT GRAY LIMESTONE

10YR 5/4 MODERATE YELLOWISH BROWN
MEDIUM CLAY SHALE
w/fractures

1187.7

Continued Next Page
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3"
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8"

NQ-2 ROCK CORE
6" x 3.25 HSA
9" x 6.25 HSA
HW CASING ADVANCER
NW CASING
SW CASING
AIR HAMMER

3.009

393.0

COORDINATES PIEZOMETER TYPEN 833,112.2   E 2,516,013.2

HGT. RISER ABOVE GROUND

DEPTH TO TOP OF WELL SCREEN

WELL DEVELOPMENT

FIELD PARTY MCR / ZLR

TYPE OF CASING USED

SYSTEM

PIEZOMETER TYPE:

Water Level, ft

TIME

DATE

GROUND ELEVATION

OW = OPEN TUBE SLOTTED SCREEN, GM = GEOMON

PT = OPEN TUBE POROUS TIP, SS = OPEN TUBE
SLOTTED SCREEN, G = GEONOR, P = PNEUMATIC
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1.5
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34.5

44.5

54.5

10.0

10.0

9.8

100

100

71

24.5

34.5

44.5

NQ

NQ

NQ

3

4

5

SOFT 10Y 4/2 GRAYISH OLIVE CLAY SHALE

MEDIUM HARD 10YR 6/6 DARK YELLOWISH
ORANGE CLAY SHALE

HARD N7 LIGHT GRAY LIMESTONE

5G 6/1 GREENISH GRAY MEDIUM CLAY
SHALE

HARD N7 LIGHT GRAY LIMESTONE

MEDIUM HARD 5G 6/1 GREENISH GRAY
CLAY SHALE

MEDIUM HARD 5GY 3/2 GRAYISH OLIVE
GREEN and 5GY 6/1 GREENISH GRAY CLAY
SHALE
w/fractures and iron staining @ 34.5 - 35.4, 35.7 -
36.5, 36.7 - 40.0, 40.4, & 40.9 - 44.5

HARD 5B 5/1 MEDIUM BLUISH GRAY
SHALEY LIMESTONE
w/fractures and iron staining throughout
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Lost all drill return
water @ ~61.5'

59.5

69.5

79.5

5.0

4.5

9.1

44

100

66

54.5

59.5

69.5

NQ

NQ

NQ

6

7

8

HARD N6 MEDIUM LIGHT GRAY LIMESTONE
w/fractures and iron staining throughout

MEDIUM HARD 5G 6/1 GREENISH GRAY
CLAY SHALE
w/fractures and iron staining throughout

HARD N7 LIGHT GRAY LIMESTONE
w/fractures and iron staining throughout

MEDIUM HARD 5GY 6/1 GREENISH GRAY
CLAY SHALE
w/fractures throughout
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Air hammer to 77.0'

Pumped 70 gals quick
grout into bore hole &
let set all weekend to
try to seal fractures in
limestone.  SWL DRY
09/05/06; this is 96 hr
reading

All coal placed in
sepatate box.

89.5

99.5

9.7

9.2

82

43

79.5

89.5

NQ

NQ

9

10

HARD N5 MEDIUM GRAY LIMESTONE

MEDIUM HARD 5GY 6/1 GREENISH GRAY
CLAY SHALE

HARD N5 MEDIUM GRAY LIMESTONE

HARD N5 MEDIUM GRAY SHALEY
LIMESTONE

HARD N7 LIGHT GRAY LIMESTONE

SOFT N5 MEDIUM GRAY FRACTURED CLAY
SHALE

HARD N7 LIGHT GRAY LIMESTONE

HARD N5 MEDIUM GRAY CLAY SHALE
w/fracture

SOFT N5 MEDIUM GRAY CLAY SHALE

N1 BLACK COAL

SOFT N5 MEDIUM GRAY CLAY SHALE
w/fractures & iron staining throughout
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9/6/06 - SWL =
123.6' (16 hr reading)

109.5

119.5

122.0

129.5

10.0

10.0

2.5

6.5

55

62

0

42

99.5

109.5

119.5

122.0

NQ

NQ

NQ

NQ

11

12

13

14

HARD N5 MEDIUM GRAY CLAY SHALE
w/fractures and iron staining throughout

HARD N5 MEDIUM GRAY CLAY SHALE

HARD N7 LIGHT GRAY LIMESTONE
w/fractures

HARD N7 LIGHT GRAY LIMESTONE
w/fractures

SOFT N5 MEDIUM GRAY CLAY SHALE

HARD 5G 6/1 GREENISH GRAY CLAY SHALE
w/fractures & fine grain sandstone lenses
throughout

HARD 5G 6/1 GREENISH GRAY CLAY SHALE
w/fractures throughout

HARD 5G 6/1 GREENISH GRAY CLAY SHALE
w/fractures throughout
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w/ NQ rods @ 149.5'

139.0' - 153.6'
Possible Connellsville

139.5

149.5

156.5

10.0

10.0

5.5

72

74

40

129.5

139.5

149.5

NQ

NQ

NQ

15

16

17

SOFT N5 MEDIUM GRAY CLAY SHALE

HARD N4 MEDIUM DARK GRAY CLAY SHALE
w/fractures

HARD N7 LIGHT GRAY LIMESTONE
w/fractures

HARD N7 LIGHT GRAY LIMESTONE
w/fractures & iron staining throughout

HARD 5BG 5/2 GRAYISH BLUE GREEN CLAY
SHALE
w/fractures

SOFT 5BG 5/2 GRAYISH BLUE GREEN CLAY
SHALE

HARD 5BG 5/2 GRAYISH BLUE GREEN CLAY
SHALE

HARD 5G 6/1 GREENISH GRAY FINE GRAIN
SILTY SANDSTONE
w/crossbedding throughout

HARD 5G 6/1 GREENISH GRAY FINE GRAIN
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159.5

169.5

179.5

2.45

10.0

5.4

22

90

52

156.5

159.5

169.5

NQ

NQ

NQ

18

19

20

SILTY SANDSTONE
w/crossbedding throughout

COAL

HARD N5 MEDIUM GRAY SILTY CLAY SHALE
w/limestone modules & fractures

HARD N7 LIGHT GRAY LIMESTONE
w/fractures throughout

HARD N7 LIGHT GRAY LIMESTONE

SOFT N5 MEDIUM GRAY CLAY SHALE

HARD N7 LIGHT GRAY LIMESTONE
w/fractures

SOFT N5 MEDIUM GRAY CLAY SHALE
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09/09/06 NQ Rods @
179.5; SWL Dry @
32 hr reading; Bottom
of mine floor w/ air
hammer 186.6'

SWL @ 182.7 on
12/11/06; 80 hr
reading with NQ hole
to 289.8'. HW casing
seated on bottom of
mine floor

10/6/06 Pulled air
hammer & rods.  Set
HW casing to 186.6';
resumed NQ rock
coring
SWL @ 187.6 on
12/12/06; 14 hr
reading with NQ hole
to 312.8'. HW casing
seated on bottom of
mine floor

194.8

204.8

7.3

9.3

56

73

186.6

194.8

NQ

NQ

21

22

MINE VOID
Lost water pressure @ 176.0'.  Stopped rotation
@ 176.5'.  Using no rotation & water presssure,
moved NQ rods from 176.5' to 186.0'.  Mine void
of abandoned mine from 176.5' to 186.0.   SWL
at this time - DRY

MEDIUM HARD N5 MEDIUM GRAY SILTY
FINE SANDSTONE

HARD N7 LIGHT GRAY LIMESTONE

MEDIUM HARD N5 MEDIUM GRAY SILTY
CLAY SHALE

HARD 5G 6/1 GREENISH GRAY SILTY CLAY
SHALE
w/limestone nodules throughout
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214.8

224.8

234.8

9.8

10.0

9.9

61

53

41

204.8

214.8

224.8

NQ

NQ

NQ

23

24

25

HARD 5B 5/1 MEDIUM BLUISH GRAY SILTY
CLAY SHALE

SOFT 5GY 6/1 GREENISH GRAY CLAY
SHALE

HARD 5GY 6/1 GREENISH GRAY FINE
SANDY CLAY SHALE

HARD 5GY 6/1 GREENISH GRAY FINE
SANDY CLAY SHALE

FROM

W
E

LL

U
 S

 C
 S

G
R

A
P

H
IC

LO
G

RQD

S
A

M
P

LE
N

U
M

B
E

R SAMPLE
DEPTH
IN FEET

S
A

M
P

LE

T
O

T
A

L
LE

N
G

T
H

R
E

C
O

V
E

R
Y

%

STANDARD
PENETRATION
RESISTANCE

DEPTH

IN

FEET

SOIL / ROCK

IDENTIFICATION

DRILLER'S

NOTES

BLOWS / 6"TO

205

210

215

220

225

12/13/06BORING FINISH

AMERICAN ELECTRIC POWER SERVICE CORPORATION

BORING NO. 7/17/15 SHEET

Continued Next Page

16

BORING STARTCARDINAL LANDFILL

9

AEP CIVIL ENGINEERING LABORATORY

PROJECT 12/13/06

AMERICAN ELECTRIC POWER DATECA-0608 OF

LOG OF BORING
JOB NUMBER

COMPANY

A
E

P
  C

D
_F

G
D

_L
A

N
D

F
IL

L.
G

P
J 

 A
E

P
.G

D
T

  7
/1

7
/1

5



243.8

249.8

259.8

7.9

6.0

9.8

20

75

79

234.8

243.8

249.8

NQ

NQ

NQ

26

27

28

HARD N7 LIGHT GRAY LIMESTONE

HARD 5GY 6/1 GREENISH GRAY CLAY
SHALE
w/limestone nodules throughout

SOFT 5G 6/1 GREENISH GRAY CLAY SHALE

HARD 5B 5/1 MEDIUM BLUISH GRAY FINE
SANDY CLAY SHALE

HARD 5B 5/1 MEDIUM BLUISH GRAY FINE
SANDY CLAY SHALE
w/limestone nodules throughout

HARD 5B 5/1 MEDIUM BLUISH GRAY FINE
GRAIN SANDY CLAY SHALE
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269.8

275.8

284.8

9.3

5.1

9.0

42

55

60

259.8

269.8

275.8

NQ

NQ

NQ

29

30

31

MEDIUM HARD 5G 6/1 GREENISH GRAY
CLAY SHALE

HARD 5B 7/1 LIGHT BLUISH GRAY SHALEY
LIMESTONE

HARD 5G 6/1 GREENISH GRAY CLAY SHALE
w/limestone nodules throughout

HARD 5B 7/1 LIGHT BLUISH GRAY SHALEY
LIMESTONE

HARD 5G 6/1 GREENISH GRAY CLAY SHALE
w/limestone nodules throughout

MEDIUM TO HARD 5G 6/1 GREENISH GRAY
CLAY SHALE

HARD 5G 6/1 GREENISH GRAY CLAY SHALE
w/limestone nodules throughout
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289.4

299.8

309.8

5.0

10.0

10.0

28

63

62

284.4

289.8

299.8

NQ

NQ

NQ

32

33

34

HARD GRAY SHALE

N6 MEDIUM LIGHT GRAY HARD GRAY
SHALE
w/limestone nodules

HARD N6 MEDIUM LIGHT GRAY SHALE

HARD N6 MEDIUM LIGHT GRAY SHALE
w/limestone nodules

HARD N6 MEDIUM LIGHT GRAY SHALE

5YR 4/1 BROWNISH GRAY SHALE

SOFT GRAY SHALE
wet

HARD 5YR 4/1 BROWNISH GRAY SHALE

SOFT GRAY SHALE

5YR 4/1 BROWNISH GRAY SHALE
w/brownish red shale

HARD GRAY / RED SHALE

RED GRAY SHALE
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Start of Morgantown
Sandstone @ +/- 331'

312.8

319.8

329.8

339.8

3.0

7.0

10.0

10.0

93

93

100

80

309.8

312.8

319.8

329.8

NQ

NQ

NQ

NQ

35

36

37

38

GRAY SILTY SHALE

GRAY HARD LIMESTONE

HARD 5B 7/1 LIGHT BLUISH GRAY FINE
GRAIN SANDY SILTSTONE
w/limestone lenses throughout

HARD N4 MEDIUM DARK GRAY FINE GRAIN
STILTY SANDSTONE

HARD N4 MEDIUM DARK GRAY FINE GRAIN
SILTY SANDSTONE

HARD N5 MEDIUM DARK GRAY FINE SILTY
SANDSTONE
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349.8

359.8

10.0

10.0

100

100

339.8

349.8

NQ

NQ

39

40

MEDIUM HARD N5 MEDIUM DARK GRAY
SANDSTONE

HARD N5 MEDIUM DARK GRAY FINE SILTY
SANDSTONE

MEDIUM HARD N5 MEDIUM DARK GRAY
SANDSTONE

HARD N7 LIGHT GRAY WELL CEMENTED
MEDIUM to COARSE GRAIN SANDSTONE
w/some crossbedding

HARD MEDIUM DARK GRAY WELL
CEMENTED MEDIUM to COARSE GRAIN
SANDSTONE
w/some crossbedding
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369.8

379.8

389.8

10.0

10.0

10.0

100

97

95

359.8

369.8

379.8

NQ

NQ

NQ

41

42

43

HARD MEDIUM DARK GRAY WELL
CEMENTED MEDIUM  to COARSE GRAIN
SANDSTONE
w/some crossbeddings

HARD MEDIUM DARK GRAY WELL
CEMENTED MEDIUM  to COARSE GRAIN
SANDSTONE
w/some crossbeddings

HARD N4 MEDIUM DARK GRAY SHALE

HARD N4 MEDIUM DARK GRAY SILTY
SHALE

HARD N4 MEDIUM DARK GRAY WELL
CEMENTED MEDIUM to COARSE GRAIN
SANDSTONE
w/some crossbedding
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Bottom of
Morgantown
Sandstone @ 398.4'

Stopped boring @
404.8' on 12/13/06.
Flushed w/~700 gals
water; installed 1"
geomon type well w/
5' screen.

399.8

809.6

10.0

5.0

88

34

389.8

399.8

NQ

NQ

44

45

COAL PARTING IN SANDSTONE

HARD N4 MEDIUM DARK GRAY WELL
CEMENTED MEDIUM to COARSE GRAIN
SANDSTONE
w/some crossbedding

N5 MEDIUM GRAY FINE GRAIN SANDSTONE

COAL LENSE

N5 MEDIUM GRAY FINE GRAIN SANDSTONE
w/ coal lenses

HARD N4 MEDIUM DARK GRAY FINE GRAIN
SANDY CLAY SHALE

FINE GRAIN SILTY SANDSTONE
w/limestone nodules

FINE GRAIN CLAY SHALE
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GROUNDING
PROCEDURES NOT
IN USE ON THIS
BORING;
DECONNED RIG &
TOOL 04/02/07; ALL
WATER USED
COMING FROM
FIRE PROTECTION
SYSTEM @
CARDINAL PLANT;
BLIND DRILLED
3.25" HSA'S TO
19.0'; STARTED
CORING @ 19.0'

24.4 5.4 2019.0NQ1 SOFT N7 LIGHT GRAY SANDY CLAY SHALE

988.4

RACER

Continued Next Page

RECORDER

X

4"
3"
6"
8"

NQ-2 ROCK CORE
6" x 3.25 HSA
9" x 6.25 HSA
HW CASING ADVANCER
NW CASING
SW CASING
AIR HAMMER

2.724

130.3

COORDINATES PIEZOMETER TYPEN 831,697.9   E 2,518,374.3

HGT. RISER ABOVE GROUND

DEPTH TO TOP OF WELL SCREEN

WELL DEVELOPMENT

FIELD PARTY MCR / ZLR

TYPE OF CASING USED

SYSTEM

PIEZOMETER TYPE:

Water Level, ft

TIME

DATE

GROUND ELEVATION

OW = OPEN TUBE SLOTTED SCREEN, GM = GEOMON

PT = OPEN TUBE POROUS TIP, SS = OPEN TUBE
SLOTTED SCREEN, G = GEONOR, P = PNEUMATIC

OW

2"

187.3

QUICK GROUT

D-120

WELL TYPE

DIA

BOTTOM

BACKFILL

RIG

YES

WELL TYPE:
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4/3/07BORING FINISH

AMERICAN ELECTRIC POWER SERVICE CORPORATION

BORING NO. 7/17/15 SHEET 8

BORING STARTCARDINAL LANDFILL

1

AEP CIVIL ENGINEERING LABORATORY

PROJECT 4/3/07

AMERICAN ELECTRIC POWER DATECA-0610 OF

LOG OF BORING
JOB NUMBER

COMPANY

A
E

P
  C

D
_F

G
D

_L
A

N
D

F
IL

L.
G

P
J 

 A
E

P
.G

D
T

  7
/1

7
/1

5

Well M-13



LOST ALL DRILL
RETURN WATER @
+/-22.0'

34.4

42.4

49.4

7.3

2.4

3.4

7

0

0

24.4

34.4

42.4

NQ

NQ

NQ

2

3

4

HARD FINE SANDY LIMESTONE

HARD N7 LIGHT GRAY FINE SANDY
LIMESTONE

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE
w/trace of iron staining throughout

SOFT 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE

HARD N7 LIGHT GRAY LIMESTONE

HARD N6 MEDIUM LIGHT GRAY CLAY
SHALE

SOFT N6 MEDIUM LIGHT GRAY CLAY SHALE
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SWL @ 13.8'
04/04/07; NQ HOLE
TO 64.4' - 14 HOUR
READING

REASON FOR
POOR RECOVERY -
HSA'S NOT SEATED
@ ROCK & SOIL
INTERFACE;
PULLED NQ'S RODS

57.9

64.4

69.4

76.4

6.0

6.5

1.4

5.9

0

17

0

0

49.4

57.9

64.4

69.4

NQ

NQ

NQ

NQ

5

6

7

8

MEDIUM HARD 5B 5/1 MEDIUM BLUISH
GRAY CLAY SHALE

SOFT TO MEDIUM 5B 5/1 MEDIUM BLUISH
GRAY CLAY SHALE

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE

SOFT N5 MEDIUM GRAY CLAY SHALE
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AND HSA'S;
DRILLED 4" CASING
TO 24.0' FOR GOOD
SEAL

SWL @ 22.5'
04/09/07; NQ HOLE
TO 79.4' - 130 HOUR
READING

HIGH ANGLE
FRACTURE @ 88.4'

79.4

89.4

99.4

3.1

10.0

10.0

39

4

15

76.4

79.4

89.4

NQ

NQ

NQ

9

10

11

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE

MEDIUM TO HARD 5B 5/1 MEDIUM BLUISH
GRAY CLAY SHALE
86.0 to 89.4 has iron staining throughout

SOFT 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE

HARD N5 MEDIUM GRAY LIMESTONE
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106.4

114.4

124.4

6.7

6.5

10.0

45

74

68

99.4

106.4

114.4

NQ

NQ

NQ

12

13

14

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE

HARD N5 MEDIUM GRAY LIMESTONE

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE
high angle fracture @ 103.9

MEDIUM HARD 5B 5/1 MEDIUM BLUISH
GRAY SILTY CLAY SHALE
broken, possibly machine breaks

MEDIUM TO HARD N5 MEDIUM GRAY SILTY
CLAY SHALE

HARD 5YR 6/1 LIGHT BROWNISH GRAY
CLAY SHALE

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE

SOFT 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE

SOFT 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE
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134.4

144.4

154.4

10.0

10.0

10.0

69

91

62

124.4

134.4

144.4

NQ

NQ

NQ

15

16

17

SOFT 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE

HARD N3 DARK GRAY SILTSTONE

FINE TO MEDIUM N5 MEDIUM GRAY
SANDSTONE
well cemented

MEDIUM N5 MEDIUM GRAY SANDSTONE
well cemented

N5 MEDIUM GRAY LARGE GRAIN WELL
CEMENTED SANDSTONE

N5 MEDIUM GRAY LARGE GRAIN WELL
CEMENTED SANDSTONE
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164.4

169.4

179.4

10.0

5.0

10.0

75

20

90

154.4

164.4

169.4

NQ

NQ

NQ

18

19

20

N5 MEDIUM GRAY LARGE GRAIN WELL
CEMENTED SANDSTONE

HARD 5GY 4/1 DARK GREENISH GRAY
SILTSTONE

HARD N5 MEDIUM GRAY SILTSTONE

N5 MEDIUM GRAY LARGE GRAIN WELL
CEMENTED SANDSTONE

N5 MEDIUM GRAY LARGE GRAIN WELL
CEMENTED SANDSTONE
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SWL @ 49.8'
04/11/07; NQ HOLE
FINISHED @ 194.4';
18 HR READING;
STOPPED BORING
@ 194.4 04/10/07;
INSTALLED 2"
MONITORING WELL

189.4

194.4

10.0

5.0

90

58

179.4

189.4

NQ

NQ

21

22

N5 MEDIUM GRAY LARGE GRAIN WELL
CEMENTED SANDSTONE

HARD N5 MEDIUM GRAY SHALEY
LIMESTONE

HARD N5 MEDIUM GRAY SHALEY
LIMESTONE
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GROUNDING
PROCEDURES NOT
IN USE; DECONNED
TOOLS & DRILL
03/01/07; DRILL
WATER USED
COMING FROM
FIRE PROTECTION
SYSTEM @
CARDINAL; BLIND
DRILLED 325 HSA'S
TO TOP OF
BEDROCK @ 14.0';
STARTED CORING
AT 14.0'

19.3

24.7

2.2

2.7

18

30

14.0

19.3

NQ

NQ

1

2

HARD N6 LIGHT GRAY CLAY SHALE

SOFT 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE

SOFT 5B 5/1 MEDIUM BLUISH GRAY CLAY

984.9

ZLR

Continued Next Page

RECORDER

4"
3"
6"
8"

NQ-2 ROCK CORE
6" x 3.25 HSA
9" x 6.25 HSA
HW CASING ADVANCER
NW CASING
SW CASING
AIR HAMMER

3.301

127.3

COORDINATES PIEZOMETER TYPEN 832,901.9   E 2,519,661.8

HGT. RISER ABOVE GROUND

DEPTH TO TOP OF WELL SCREEN

WELL DEVELOPMENT

FIELD PARTY MCR / ZLR

TYPE OF CASING USED

SYSTEM

PIEZOMETER TYPE:

Water Level, ft

TIME

DATE

GROUND ELEVATION

OW = OPEN TUBE SLOTTED SCREEN, GM = GEOMON

PT = OPEN TUBE POROUS TIP, SS = OPEN TUBE
SLOTTED SCREEN, G = GEONOR, P = PNEUMATIC

OW

2"

184.3

QUICK GROUT

D-120

WELL TYPE
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RIG

YES
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34.7

41.7

44.7

54.7

9.9

4.6

1.5

10.0

23

0

27

69

24.7

34.7

41.7

44.7

NQ

NQ

NQ

NQ

3

4

5

6

SHALE

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE
w/vertical fractures

HARD N5 MEDIUM GRAY CLAY SHALE
w/limestone nodules throughout, w/fractures

HARD N5 MEDIUM GRAY CLAY SHALE
w/limestone nodules throughout

SOFT 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE
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64.7

72.7

9.6

7.9

49

28

54.7

64.7

NQ

NQ

7

8

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE

SOFT 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE

SOFT N7 LIGHT GRAY CLAY SHALE

HARD N7 LIGHT GRAY CLAY SHALE

SOFT N7 LIGHT GRAY CLAY SHALE

SOFT 5G 6/1 GREENISH GRAY CLAY SHALE

HARD 5G 6/1 GREENISH GRAY CLAY SHALE
w/limestone nodules

FROM

W
E

LL

U
 S

 C
 S

G
R

A
P

H
IC

LO
G

RQD

S
A

M
P

LE
N

U
M

B
E

R SAMPLE
DEPTH
IN FEET

S
A

M
P

LE

T
O

T
A

L
LE

N
G

T
H

R
E

C
O

V
E

R
Y

%

STANDARD
PENETRATION
RESISTANCE

DEPTH

IN

FEET

SOIL / ROCK

IDENTIFICATION

DRILLER'S

NOTES

BLOWS / 6"TO

50

55

60

65

70

3/21/07BORING FINISH

AMERICAN ELECTRIC POWER SERVICE CORPORATION

BORING NO. 7/17/15 SHEET

Continued Next Page

8

BORING STARTCARDINAL LANDFILL

3

AEP CIVIL ENGINEERING LABORATORY

PROJECT 3/6/07

AMERICAN ELECTRIC POWER DATECA-0612 OF

LOG OF BORING
JOB NUMBER

COMPANY

A
E

P
  C

D
_F

G
D

_L
A

N
D

F
IL

L.
G

P
J 

 A
E

P
.G

D
T

  7
/1

7
/1

5



79.7

89.7

99.7

7.0

10.0

10.0

27

67

40

72.7

79.7

89.7

NQ

NQ

NQ

9

10

11

HARD 5G 6/1 GREENISH GRAY CLAY SHALE
w/limestone nodules

SOFT 5G 6/1 GREENISH GRAY CLAY SHALE

HARD 5G 6/1 GREENISH GRAY LIMESTONE

HARD WELL CEMENTED SILTSTONE
w/limestone nodules

HARD 5G 6/1 GREENISH GRAY WELL
CEMENTED SILTSTONE

SOFT 5G 6/1 GREENISH GRAY SHALE

HARD N7 LIGHT GRAY LIMESTONE

SOFT N7 LIGHT GRAY SHALE
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109.7

119.7

129.7

10.0

9.6

10.0

60

66

82

99.7

109.7

119.7

NQ

NQ

NQ

12

13

14

HARD N7 LIGHT GRAY LIMESTONE

HARD 5G 6/1 GREENISH GRAY CLAY SHALE

HARD 5G 6/1 GREENISH GRAY WELL
CEMENTED SILTSTONE

HARD 5G 6/1 GREENISH GRAY CLAY SHALE

HARD 5G 6/1 GREENISH GRAY CLAY SHALE

HARD 5G 6/1 GREENISH GRAY WELL
CEMENTED SILTSTONE

HARD 5G 6/1 GREENISH GRAY CLAY SHALE

N3 DARK GRAY COAL

HARD N5 MEDIUM GRAY CLAY SHALE
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139.7

149.7

10.0

10.0

96

90

129.7

139.7

NQ

NQ

15

16

w/traces of sandstone

HARD N7 LIGHT GRAY WELL CEMENTED
MEDIUM TO COARSE SANDSTONE
w/cross bedding throughout

MEDIUM TO COARSE N6 MEDIUM LIGHT
GRAY WELL CEMENTED SANDSTONE

MEDIUM TO COARSE N6 MEDIUM LIGHT
GRAY WELL CEMENTED SANDSTONE

HARD 5G 6/1 GREENISH GRAY SILTSTONE
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159.7

169.7

179.7

10.0

10.0

9.8

56

86

83

149.7

159.7

169.7

NQ

NQ

NQ

17

18

19

MEDIUM TO COARSE N6 MEDIUM LIGHT
GRAY WELL CEMENTED SANDSTONE

MEDIUM TO COARSE N6 MEDIUM LIGHT
GRAY WELL CEMENTED SILTSTONE

FINE TO MEDIUM N6 MEDIUM LIGHT GRAY
WELL CEMENTED SANDSTONE
w/cross bedding silt stone

FINE TO MEDIUM N6 MEDIUM LIGHT GRAY
WELL CEMENTED SANDSTONE
w/trace siltstone

FINE TO MEDIUM N7 LIGHT GRAY WELL
CEMENTED SANDSTONE
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STOPPED BORING
@ 194.7'; SWL @
44.2' 03/23/07; NQ
HOLE TO 194.7'

189.7

194.7

9.8

4.6

93

93

179.7

189.7

NQ

NQ

20

21

FINE TO MEDIUM N7 LIGHT GRAY WELL
CEMENTED SANDSTONE
w/limestone nodules

MEDIUM TO COARSE N7 LIGHT GRAY WELL
CEMENTED SANDSTONE
w/limestone nodules

5G 6/1 GREENISH GRAY WELL CEMENTED
SILSTONE

5G 6/1 GREENISH GRAY WELL CEMENTED
SILTSTONE

FROM

W
E

LL

U
 S

 C
 S

G
R

A
P

H
IC

LO
G

RQD

S
A

M
P

LE
N

U
M

B
E

R SAMPLE
DEPTH
IN FEET

S
A

M
P

LE

T
O

T
A

L
LE

N
G

T
H

R
E

C
O

V
E

R
Y

%

STANDARD
PENETRATION
RESISTANCE

DEPTH

IN

FEET

SOIL / ROCK

IDENTIFICATION

DRILLER'S

NOTES

BLOWS / 6"TO

180

185

190

3/21/07BORING FINISH

AMERICAN ELECTRIC POWER SERVICE CORPORATION

BORING NO. 7/17/15 SHEET 8

BORING STARTCARDINAL LANDFILL

8

AEP CIVIL ENGINEERING LABORATORY

PROJECT 3/6/07

AMERICAN ELECTRIC POWER DATECA-0612 OF

LOG OF BORING
JOB NUMBER

COMPANY

A
E

P
  C

D
_F

G
D

_L
A

N
D

F
IL

L.
G

P
J 

 A
E

P
.G

D
T

  7
/1

7
/1

5



GROUNDING
PROCEDURES NOT
IN USE ON THIS
BORING; DRILL AND
DECON WATER
USED FROM
CARDINAL FIRE
PROTECTION
SYSTEM;
DECONNED TOOLS
& DRILL 07/18/07;
BLIND DRILLED 4"
HW CASING TO
START CORING @
8.6'

14.4

24.4

3.7

6.3

11

30

8.6

14.4

NQ

NQ

1

2

SOFT N6 MEDIUM LIGHT GRAY BROKEN
SILTY CLAYSHALE

N5 MEDIUM GRAY BROKEN SILTSTONE

HARD N8 VERY LIGHT GRAY LIMESTONE
w/heavy iron staining throughout

1071.8

Continued Next Page

RECORDER

4"
3"
6"
8"

NQ-2 ROCK CORE
6" x 3.25 HSA
9" x 6.25 HSA
HW CASING ADVANCER
NW CASING
SW CASING
AIR HAMMER

2.45

214.0

COORDINATES PIEZOMETER TYPEN 833,569.0   E 2,518,172.3

HGT. RISER ABOVE GROUND

DEPTH TO TOP OF WELL SCREEN

WELL DEVELOPMENT

FIELD PARTY MCR/ZLR/RMP

TYPE OF CASING USED

SYSTEM

PIEZOMETER TYPE:

Water Level, ft

TIME

DATE

GROUND ELEVATION

N/A

OW = OPEN TUBE SLOTTED SCREEN, GM = GEOMON

PT = OPEN TUBE POROUS TIP, SS = OPEN TUBE
SLOTTED SCREEN, G = GEONOR, P = PNEUMATIC

OW

2"

274.3

QUICK GROUT
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WELL TYPE

DIA
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RIG
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29.9

39.4

49.9

4.3

9.1

10

47

31

22

24.4

29.9

39.4

NQ

NQ

NQ

3

4

5

HARD N7 LIGHT GRAY SILTY CLAYSHALE
w/iron staining

HARD N5 MEDIUM GRAY WELL CEMENTED
FINE SANDY SILTSTONE
w/iron staining throughout; high angle fracture @
35.2'

HARD N3 DARK GRAY FINE SANDY
SILTSTONE
Well Cemented
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54.9

59.9

69.9

79.9

3.7

4.6

7.1

5.4

68

43

61

43

49.9

54.9

59.9

69.9

NQ

NQ

NQ

NQ

6

7

8

9

N1 BLACK COAL

N6 MEDIUM LIGHT GRAY LIMESTONE

N5 MEDIUM GRAY LIMEY SILTSTONE

N5 MEDIUM GRAY BROKEN LIMEY
SILTSTONE

HARD 5Y 6/4 DUSKY YELLOW FINE GRAIN
WELL CEMENTED SANDSTONE
w/heavy iron staining; vertical fracture @ 56.5'

HARD N5 MEDIUM GRAY WELL CEMENTED
LIMESTONE

N5 MEDIUM GRAY BROKEN CLAYSHALE
w/fractures @ 61' and 64.0'

HARD N5 MEDIUM GRAY LIMESTONE

SOFT N7 LIGHT GRAY CLAYSHALE
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89.9

99.9

6.6

10

23

12

79.9

89.9

NQ

NQ

10

11

N1 BLACK COAL

N5 MEDIUM GRAY SILTSTONE
w/high angle fracture

N6 MEDIUM LIGHT GRAY FINE GRAIN WELL
CEMENTED SANDY CLAYSHALE
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106.9

114.9

120.9

129.9

5.8

5.6

5.2

4.8

53

0

8

38

99.9

106.9

114.9

120.9

NQ

NQ

NQ

NQ

12

13

14

15

N6 MEDIUM LIGHT GRAY FINE GRAIN
SANDY CLAYSHALE

N6 MEDIUM LIGHT GRAY WELL CEMENTED
FINE GRAIN SANDSTONE
w/high angle fracture throughout whole piece

N6 MEDIUM LIGHT GRAY  WELL CEMENTED
FINE GRAIN SANDSTONE

HARD N4 MEDIUM GRAY SHALE
w/machine break

SOFT N4 MEDIUM GRAY CLAYSHALE

HARD N5 MEDIUM GRAY CLAYSHALE

N6 MEDIUM LIGHT GRAY LIMESTONE
w/ high angle fracture from 117' - 118.4'

SOFT N5 MEDIUM GRAY CLAYSHALE

HARD N5 MEDIUM GRAY CLAYSHALE

N6 MEDIUM LIGHT GRAY LIMESTONE
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SWL 74.4' 07/23/07 -
50 HR READING /
NQ HOLE TO 129.9'

134.9

138.4

143.9

149.4

154.4

3.9

2.3

6.5

4.0

3.9

10

17

0

18

0

129.9

134.9

138.4

144.4

149.4

NQ

NQ

NQ

NQ

NQ

16

17

18

19

20

HARD N5 MEDIUM GRAY CLAYSHALE

HARD N6 MEDIUM LIGHT GRAY SILTSTONE
w/high angle fracture @ 130.9'

SOFT N6 MEDIUM LIGHT GRAY CLAYSHALE

HARD N5 MEDIUM GRAY LIMESTONE

N5 MEDIUM GRAY SILTSTONE

HARD N5 MEDIUM GRAY CLAYSHALE

HARD N5 MEDIUM GRAY CLAYSHALE

SOFT N4 MEDIUM DARK GRAY CLAYSHALE

N5 MEDIUM GRAY LIMEY SILTSTONE

SOFT N5 MEDIUM GRAY CLAYSHALE

N4 MEDIUM DARK GRAY CLAYSHALE
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158.4

164.9

168.9

174.9

179.9

3.5

5.7

3.4

5.7

5

11

16

0

0

10

154.4

158.4

164.9

168.9

174.9

NQ

NQ

NQ

NQ

NQ

21

22

23

24

25

HARD N6 MEDIUM LIGHT GRAY SILTSTONE

HARD N5 MEDIUM GRAY CLAYSHALE

SOFT N6 MEDIUM LIGHT GRAY CLAYSHALE
w/high angle fracture @ 168.7'

HARD N5 MEDIUM GRAY CLAYSHALE

HARD N5 MEDIUM GRAY SILTSTONE
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SWL 67.4' - 14 HR
READING / NQ
HOLE TO 182.9'

182.4

183.9

187.9

189.9

194.9

199.9

204.9

1.9

1

3.4

2.4

4.9

5

5

0

0

50

0

0

32

36

179.9

182.4

183.9

187.9

189.9

194.9

199.9

NQ

NQ

NQ

NQ

NQ

NQ

NQ

26

27

28

29

30

31

32

HARD N4 MEDIUM DARK GRAY LIMESTONE

N4 MEDIUM DARK GRAY SILTSTONE

N4 MEDIUM DARK GRAY SILTY LIMESTONE

HARD N5 MEDIUM GRAY LIMEY SILTSTONE

SOFT N5 MEDIUM GRAY SILTSTONE
w/high angle fracture @ 186.7'

SOFT N5 MEDIUM GRAY LIMEY SILTSTONE

HARD N5 MEDIUM GRAY LIMEY SILTSTONE

HARD N6 MEDIUM LIGHT GRAY LIMEY
SILTSTONE

SOFT N6 MEDIUM LIGHT GRAY CLAYSHALE

N5 MEDIUM GRAY CLAYSHALE

N5 MEDIUM GRAY FINE GRAIN WELL
CEMENTED SANDSTONE

N6 MEDIUM LIGHT GRAY SILTSTONE

N6 MEDIUM LIGHT GRAY SANDY FINE
GRAIN WELL CEMENTED SILTSTONE
w/crossbeddings in sandstone
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214.9

224.9

229.9

10.2

10

5

28

76

86

204.9

214.9

224.9

NQ

NQ

NQ

33

34

35

N6 MEDIUM LIGHT GRAY FINE GRAIN WELL
CEMENTED SANDSTONE
badly broken by machine

N6 MEDIUM LIGHT GRAY FINE GRAIN
SANDSTONE

N4 MEDIUM DARK SANDY CLAYSHALE

N6 MEDIUM LIGHT GRAY SILTY
SANDSTONE
w/crossbeddings

SOFT N4 MEDIUM DARK GRAY SANDY
CLAYSHALE

N6 MEDIUM LIGHT GRAY WELL CEMENTED
FINE GRAIN SANDSTONE

N4 LIGHT GRAY WELL CEMENTED FINE
SANDY SILTSTONE
w/sandstone lenses

N5 MEDIUM GRAY FINE GRAIN SILTSTONE
w/sandstone lenses

N5 MEDIUM GRAY FINE SANDSTONE
w/crossbedding throughout

N5 MEDIUM GRAY FINE GRAIN SILTSTONE
w/sandstone lenses

N5 MEDIUM GRAY COARSE SANDSTONE
well cemented throughout

N6 MEDIUM LIGHT GRAY COARSE
SANDSTONE
crossbedded w/siltstone

N5 MEDIUM GRAY SILTSTONE

N6 MEDIUM LIGHT GRAY COARSE
SANDSTONE
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234.9

244.9

254.9

5

10

9.2

90

90

91

229.9

234.9

244.9

NQ

NQ

NQ

36

37

38

N5 MEDIUM GRAY SILTSTONE

N6 MEDIUM LIGHT GRAY COARSE
SANDSTONE
w/coal lenses

HARD N7 LIGHT GRAY COARSE
SANDSTONE

COAL PARTINGS

HARD WELL CEMENTED COAL LENSES

N7 LIGHT GRAY MEDIUM GRAIN
SANDSTONE
w/1" cross of clayshale

HARD WELL CEMENTED CLAYSHALE
crossbedded w/fine grain sandstone

N6 MEDIUM LIGHT GRAY MEDIUM GRAIN
SANDSTONE
w/clayshale crossbedding

N2 GRAYISH BLACK CLAYSHALE
crossbedded w/fine grain sandstone

N6 MEDIUM LIGHT GRAY MEDIUM GRAIN
SANDSTONE
w/clayshale crossbedding

N2 GRAYISH BLACK CLAYSHALE
crossbedded w/fine grain sandstone

HARD N7 MEDIUM LIGHT GRAY MEDIUM
GRAIN WELL CEMENTED SANDSTONE
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250
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STOPPED BORING
@ 277.4'  07/25/07

264.1

269.6

277.4

9.2

6.2

7.5

100

89

65

254.9

264.1

269.9

NQ

NQ

NQ

39

40

41

crossbedded w/clayshale

N7 LIGHT GRAY COURSE GRAIN
SANDSTONE
w/lenses

HARD N6 MEDIUM LIGHT GRAY WELL
CEMENTED COARSE SANDSTONE
w/coal parting @ 266.0'

HARD N6 MEDIUM LIGHT GRAY WELL
CEMENTED COARSE SANDSTONE
w/limestone nodules @ 273.9' - 274.9'

HARD N5 MEDIUM GRAY WELL CEMENTED
SILTSTONE
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GROUNDING
PROCEDURES NOT
IN USE; DECONNED
TOOLS 01/08/07;
WATER TO DRILL
AND DECON FROM
FIRE PROTECTION
SYSTEM @
CARDINAL PLANT;
BLIND DRILL HW 4"
CASING FROM
GRADE TO
BEDROCK @ 78'
THROUGH MINE
SPOIL; BLIND
DRILLED 4" ROLLER
BIT FROM 78' TO
82.8'

1065.8

Continued Next Page

RECORDER

X

4"
3"
6"
8"

NQ-2 ROCK CORE
6" x 3.25 HSA
9" x 6.25 HSA
HW CASING ADVANCER
NW CASING
SW CASING
AIR HAMMER

2.798

201.3

COORDINATES PIEZOMETER TYPEN 835,565.0   E 2,516,519.0

HGT. RISER ABOVE GROUND

DEPTH TO TOP OF WELL SCREEN

WELL DEVELOPMENT

FIELD PARTY MCR / ZLR

TYPE OF CASING USED

SYSTEM

PIEZOMETER TYPE:

Water Level, ft

TIME

DATE

GROUND ELEVATION

N/A

OW = OPEN TUBE SLOTTED SCREEN, GM = GEOMON

PT = OPEN TUBE POROUS TIP, SS = OPEN TUBE
SLOTTED SCREEN, G = GEONOR, P = PNEUMATIC

OW

2"

250.3

QUICK GROUT

D-120

WELL TYPE

DIA

BOTTOM

BACKFILL

RIG

YES

WELL TYPE:
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STARTED CORING
@ 82.8'

89.6

97.6

104.6

6.6

7.4

6.8

12

36

56

82.8

89.6

97.6

NQ

NQ

NQ

1

2

3

MEDIUM HARD 5B 5/1 MEDIUM BLUISH
GRAY CLAY SHALE

MEDIUM HARD 5B 5/1 MEDIUM BLUISH
GRAY CLAY SHALE

SOFT 5YR 3/4 MODERATE BROWN SHALE
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LOST ALL DRILL
RETURN WTAER @

114.6

124.6

10.0

10.0

67

82

104.6

114.6

NQ

NQ

4

5

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE

SOFT 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE

HARD SILTY FINE 5B 5/1 MEDIUM BLUISH
GRAY SANDSTONE
w/limestone nodules

HARD 5B 5/1 MEDIUM BLUISH GRAY FINE
TO MEDIUM GRAIN SANDSTONE

HARD 5B 5/1 MEDIUM BLUISH GRAY FINE
TO MEDIUM GRAIN SANDSTONE
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123.0'; NO VISABLE
SIGNS OF
FRACTURES OR
IRON STAINING

SWL 1,122' ON
01/22/07 (80 HR
READING) NQ HOLE
TO 129.6'

129.6

139.6

146.1

154.6

4.6

9.6

5.7

8.4

13

39

32

31

124.6

129.6

139.6

146.1

NQ

NQ

NQ

NQ

6

7

8

9

SOFT TO HARD 5B 5/1 MEDIUM BLUISH
GRAY CLAY SHALE

HARD N5 MEDIUM GRAY SHALEY
LIMESTONE

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE
w/limestone nodules throughout

HARD N5 MEDIUM GRAY LIMESTONE

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE

SOFT TO HARD 5B 5/1 MEDIUM BLUISH
GRAY CLAY SHALE

HARD N5 MEDIUM GRAY LIMEY SHALE

HARD N5 MEDIUM GRAY LIMESTONE

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE
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SWL 109.4' ON
01/23/07 (~15 HR
READING) NQ HOLE
TO 159.6'

FROM 159.6' - 169.6'
INNER TUBE DID
NOT LATCH IN
CORE BARREL;
PULLED TOOLS &
RECOVERED 5.8'
OF CORE FROM
INSIDE CORE
BARREL; CURE
COULD BE
MISPLACED IN BOX;
RESET TOOLS &
STARTED CORING
@ 169.6', CORED
5.0' - 174.6'; PICKED
UP 2.1' OF CORE
FROM RUN #11

159.6

169.6

174.6

184.6

5.0

5.8

7.1

10.0

22

72

75

64

154.6

159.6

169.6

174.6

NQ

NQ

NQ

NQ

10

11

12

13

SOFT 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE

SOFT TO HARD 5B 5/1 MEDIUM BLUISH
GRAY CLAY SHALE

HARD N5 MEDIUM GRAY LIMESTONE

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE
w/limestone nodules throughout

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE
w/limestone nodules

HARD 5B 7/1 LIGHT BLUISH GRAY SILTY
FINE GRAIN WELL CEMENTED SANDSTONE

HARD 5B 5/1 MEDIUM BLUISH GRAY SILTY
FINE GRAIN WELL CEMENTED SANDSTONE
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SWL 117.6' ON
01/24/07 (18 HR
READING) NQ HOLE
TO 199.6'

194.6

199.6

209.6

10.0

5.1

10.1

25

90

94

184.6

194.6

199.6

NQ

NQ

NQ

14

15

16

HARD N4 MEDIUM DARK GRAY SILTY
SILTSTONE

HARD 5B 7/1 LIGHT BLUISH GRAY MEDIUM
SANDSTONE

HARD 5B 5/1 MEDIUM BLUISH GRAY SILTY
FINE SANDSTONE

HARD N7 LIGHT GRAY MEDIUM
SANDSTONE

HARD 5B 5/1 MEDIUM BLUISH GRAY SILTY
FINE SANDSTONE

HARD N7 LIGHT GRAY MEDIUM
SANDSTONE

HARD N7 LIGHT GRAY MEDIUM TO COARSE
SANDSTONE

HARD N6 MEDIUM LIGHT GRAY WELL
CEMENTED MEDIUM TO COARSE
SANDSTONE
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219.6

229.6

9.9

10.0

97

86

209.6

219.6

NQ

NQ

17

18

HARD N6 MEDIUM LIGHT GRAY WELL
CEMENTED MEDIUM TO COARSE
SANDSTONE
w/small 1" seams of coal

HARD N6 MEDIUM LIGHT GRAY WELL
CEMENTED MEDIUM TO COARSE
SANDSTONE

HARD N4 MEDIUM DARK GREY SILTSTONE

HARD N6 MEDIUM LIGHT GRAY WELL
CEMENTED MEDIUM TO COARSE
SANDSTONE
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239.6

249.6

254.6

10.0

9.9

5.1

84

72

41

229.6

239.6

249.6

NQ

NQ

NQ

19

20

21

HARD N6 MEDIUM LIGHT GRAY WELL
CEMENTED MEDIUM TO COARSE
SANDSTONE

HARD N4 MEDIUM DARK GRAY SILTSTONE

HARD N6 MEDIUM LIGHT GRAY WELL
CEMENTED MEDIATE TO COARSE
SANDSTONE

HARD N4 MEDIUM DARK GRAY SILTSTONE

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE
w/limestone nodules

HARD N6 MEDIUM LIGHT GRAY WELL
CEMENTED MEDIUM TO COARSE
SANDSTONE

COAL SEAM

HARD N6 MEDIUM LIGHT GRAY WELL
CEMENTED MEDIUM TO COARSE
SANDSTONE

HARD N4 MEDIUM DARK GRAY SILTSTONE

HARD N5 MEDIUM GRAY WELL CEMENTED
MEDIUM TO COARSE SANDSTONE
w/siltstone crossbedded throughout

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE
w/limestone nodules
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STOPPED BORING
@ 254.6 ON
01/24/07; BUILD 2"
MONITORING
WELL; 111.0' - 130.0'
IS CONNELLSVILLE;
194.6' - 249.7' IS
MORGANTOWN
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2.00.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

1

2

3

4

5

6

7

8

9

10

Loose, grayish brown, gravelly SAND (SP); dry;
non-plastic; coarse to fine sand with approx. 20%
fine gravel to cobbles.

Loose, black, COAL; dry.

Loose, orange, silty SAND (SM); dry, fine
grained; over 6" of grayish brown, clayey silt.

Loose, grayish brown to orange, silty SAND
(SM); dry; non-plastic; micaceous.

Moderately hard, greenish gray, SANDSTONE;

1016.2

Continued Next Page
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NQ-2 ROCK CORE
6" x 3.25 HSA
9" x 6.25 HSA
HW CASING ADVANCER
NW CASING
SW CASING
AIR HAMMER

2.45

170.0

COORDINATES PIEZOMETER TYPEN 830,426.7   E 2,516,358.1

HGT. RISER ABOVE GROUND

DEPTH TO TOP OF WELL SCREEN

WELL DEVELOPMENT

FIELD PARTY GEOSYNTEC CONSULTING

TYPE OF CASING USED

SYSTEM

PIEZOMETER TYPE:

Water Level, ft

TIME

DATE

GROUND ELEVATION

OW = OPEN TUBE SLOTTED SCREEN, GM = GEOMON

PT = OPEN TUBE POROUS TIP, SS = OPEN TUBE
SLOTTED SCREEN, G = GEONOR, P = PNEUMATIC
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N/A
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30.0

40.0

50.0

20.0

22.0

30.0

40.0

SS

RC

RC

RC

11

1

2

3

fine grained; rust color along fractures; massive.

Hard, light gray, LIMESTONE; fine grained; rust
color along fractures; vertical fracture at 24.0 ft.;
massive.

Soft, greenish gray (GLEY1-6/1-5GY),
SANDSTONE; micaceous; massive.

Soft, gray, SAND and SHALE; micaceous.

Soft, gray to greenish gray, SANDSTONE;
medium grained; slight shale like foliations; 3"
sandy shale at 33 ft.; 5 horizontal and vertical
fractures.

Very soft, gray to greenish gray, CLAYSHALE;
massive.

Hard, gray to greenish gray, SANDSTONE.

Very soft, gray to greenish gray, CLAYSHALE;
high sand content; massive to foliated.
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60.0

70.0

80.0

50.0

60.0

70.0

RC

RC

RC

4

5

6

Moderately hard, greenish gray, SANDSTONE;
fine grained, rust color along cracks; massive.

2 horizontal fractures near 55.0 ft.

Soft, gray to black, CLAYSHALE; massive to
foliated.

Hard, light gray (GLEY2-7/1-10B), LIMESTONE;
massive.

Soft, gray to black; CLAYSHALE; massive.
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90.0

100.0

80.0

90.0

RC

RC

7

8

Moderately hard, greenish gray, SANDSTONE;
fine grained; massive.
Vertical fracture at 73.0 ft.
Horizontal fracture at 74.5 ft.

Soft, dark gray, CLAYSHALE; massive.

Light gray, LIMESTONE; iron staining.

Soft, dark gray, CLAYSHALE; massive.

Light gray, LIMESTONE.

Soft, dark gray, CLAYSHALE; massive.

Hard, gray (GLEY1-6/2-N), LIMESTONE;
massive.

Soft, dark gray, CLAYSHALE; massive.
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110.0

120.0

130.0

100.0

110.0

120.0

RC

RC

RC

9

10

11

Hard, gray, LIMESTONE; massive.

Soft, gray (GLEY1-4/1-N), CLAYSTONE;
massive.

Light gray, LIMESTONE.

Dark gray, CLAYSHALE.
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140.0

150.0

130.0

140.0

RC

RC

12

13

Light gray, LIMESTONE.

Dark gray to black to red brown (10R-3/2-/2),
CLAYSHALE; dry; massive.

Hard, dark gray (GLEY2-3/1-5PB),
CLAYSTONE; vertical fractures refilled with
calcite; massive.
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160.0

170.0

180.0

150.0

160.0

170.0

RC

RC

RC

14

15

16

Hard, gray, SANDSTONE; medium grained.

Hard, grayish brown (10YR 5/3), SANDSTONE;
medium grained.

Hard, gray (GLEY2-5/1-10B), SANDSTONE;
medium grained.

Vertical fracture at 172.0 ft.
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190.0

200.0

210.0

180.0

190.0

200.0

RC

RC

RC

17

18

19

Thin (1mm) clay hair line seams between 185.5
and 187.0 ft. and through sandstone to 225.5 ft.

Pebbly subrounded limestone clasts.
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220.0

230.0

210.0

220.0

RC

RC

20

21

Sandstone conglomerate between 210.0 and
211.0 ft.

Sandstone conglomerate between 212.0 and
213.5 ft.

Sandstone conglomerate between 214.0 and
215.0 ft.

Sandstone conglomerae between 221.5 and
221.7 ft.

Sandstone conglomerate between 225.0 and
225.5 ft.
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240.0

250.0

260.0

230.0

240.0

250.0

RC

RC

RC

22

23

24

Hard, dark gray, SANDSTONE; fine grained.

Moderately hard to hard, dark gray to black,
CLAYSHALE; contains brown, angular, coarse
to fine gravel inclusions (>5%); massive.

Sandstone conglomerate between 233.0 and
233.3 ft.

Sandstone conglomerate between 237.6 and
238.0 ft.

Hard, light gray, SANDSTONE; medium grained;
thin coal streaks (1mm) throughout.

Dark gray claystone between 250.0 and 250.5 ft.
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270.0

280.0

260.0

270.0

RC

RC

25

26

Gray, SANDSTONE; conglomerate.

Soft to moderately hard, greenish gray
(GLEY2-4/1-5B), CLAYSHALE; slightly foliated.

Hard, gray (GLEY1-4/1-5B), LIMESTONE;
contains fossils, fractured and broken glass at
273.0 ft.

Dark gray to black, CLAYSHALE; slicken slides
throughout.
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290.0

300.0

280.0

290.0

RC

RC

27

28
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17.9

24.2

1.2

4.0

0

55

15.5

17.9

NQ

NQ

1

2

HARD N4 MEDIUM GRAY LIMESTONE

SOFT N4 MEDIUM GRAY CLAY

HARD N4 MEDIUM GRAY LIMESTONE

HARD N4 MEDIUM GRAY LIMESTONE
all fractured

HARD 5B 7/1 MEDIUM LIGHT BLUISH GRAY
LIMEY FINE-GRAIN SANDSTONE

1005.7
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34.2

40.7

49.2

9.2

6.4

8.2
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40.7

NQ

NQ

NQ

3
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5

HARD 5B 7/1 MEDIUM LIGHT BLUISH GRAY
LIMEY FINE-GRAIN SANDSTONE

SOFT N5 MEDIUM GRAY CLAY SHALE

HARD LIMESTONE

SOFT N5 MEDIUM GRAY CLAY SHALE

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE / LIMESTONE NODULE

SOFT 5YR 4/1 BROWNISH GRAY CLAY
SHALE
w/5G 6/1 greenish gray clay shale, w/high angle
fracture

HARD TO MEDIUM 5G 6/1 GREENISH GRAY
CLAY SHALE
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59.2

69.2

75.2

10.0

7.7

6.0

42

43
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49.2

59.2

69.2

NQ

NQ

NQ

6

7

8

HARD 5G 6/1 GREENISH GRAY CLAY SHALE

SOFT 5G 6/1 GEEENISH GRAY CLAY SHALE

HARD 5G 6/1 GREENISH GRAY CLAY SHALE
w/traces of limestone

HARD 5G 6/1 GREENISH GRAY LIMESTONE

HARD 5G 6/1 GREENISH GRAY CLAY SHALE
w/fracture 64.0' and 65.0 high angles

HARD 5G 6/1 GREENISH GRAY CLAY SHALE
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84.2

90.7

97.7

8.4

4.7

5.4

49

0

61

75.2

84.2

90.7

NQ

NQ

NQ
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11

HARD N5 MEDIUM GRAY LIMESTONE
broken up

HARD N7 LIGHT GRAY LIMESTONE

HARD 5G 6/1 GREENISH GRAY CLAY SHALE

HARD 5G 6/1 GREENISH GRAY CLAY SHALE
w/limestone nodules

HARD 5G 6/1 GREENISH GRAY CLAY SHALE
w/limestone nodules
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104.2

114.2

121.2

129.2

6.4

8.8

6.2

8.3

44

70

19

51

97.7

104.2

114.2

121.2

NQ

NQ

NQ

NQ

12

13

14

15

HARD 5G 6/1 GREENISH GRAY CLAY SHALE

HARD 5G 6/1 GREENISH GRAY LIMESTONE

HARD 5G 6/1 GREENISH GRAY CLAY SHALE
w/limestone nodules

HARD 5G 6/1 GREENISH GRAY LIMESTONE

MEDIUM TO HARD 5G 6/1 GREENISH GRAY
CLAY SHALE

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE

HARD 5B 5/1 MEDIUM BLUISH GRAY
LIMESTONE
w/fracture throughout

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE

HARD 5B 5/1 MEDIUM BLUISH GRAY
LIMESTONE
w/fracture throughout

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE
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148.0' - 215.0'
MORGANTOWN
SANDSTONE /
SHALLOW WELL?

139.2

149.2

159.2

10.0

10.0

10.0

33

41

87

129.2

139.2

149.2

NQ

NQ

NQ

16

17

18

HARD N5 MEDIUM GRAY CLAY SHALE
w/fractures

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE

COAL

HARD N3 DARK GRAY SHALE

N5 MEDIUM GRAY WELL CEMENTED
MEDIUM GRAIN SANDSTONE

N5 MEDIUM GRAY WELL CEMENTED
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169.2

179.2
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MEDIUM GRAIN SANDSTONE

N5 MEDIUM GRAY WELL CEMENTED
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MEDIUM GRAIN SANDSTONE
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SWL 117.8' 05/21/07;
NQ HOLE TO 179.2';
THIS IS A 408 HR
READING

189.2
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209.2
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9.2
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199.2
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N5 MEDIUM GRAY MEDIUM GRAIN
SANDSTONE

N5 MEDIUM GRAY MEDIUM GRAIN
SANDSTONE
w/coal

N5 MEDIUM GRAY MEDIUM GRAIN
SANDSTONE

N5 MEDIUM GRAY MEDIUM GRAIN
SANDSTONE
w/coal

N5 MEDIUM GRAY MEDIUM GRAIN
SANDSTONE

N5 MEDIUM GRAY MEDIUM GRAIN
SANDSTONE
w/coal seams

N5 MEDIUM GRAY WELL CEMENTED
MEDIUM GRAIN SANDSTONE

N5 MEDIUM GRAY WELL CEMENTED
MEDIUM GRAIN SANDSTONE
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STOPPED BORING
@ 219.2' 05/21/07;
INSTALLED 2" PVC
MONITORING
WELL; SWL 90.8'
05/22/07; NQ HOLE
TO 219.2' ; 14 HR
READING

219.2 10.0 95209.2NQ24

COAL SEAM

N5 MEDIUM GRAY SANDY COARSE STONE

N5 MEDIUM GRAY MEDIUM GRAIN WELL
CEMENTED SANDSTONE

N5 MEDIUM GRAY WELL CEMENTED
MEDIUM GRAIN SANDSTONE

HARD N5 MEDIUM GRAY SILTY SHALE
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CL BROWN SANDY CLAY

BROWN SANDY CLAY With boulders.

BROWN SHALE Weathered, soft.

GRAY SILTY SHALE Small clay seams.

984.0

B. Collihue

Continued Next Page

RECORDER

X

4"
3"
6"
8"

NQ-2 ROCK CORE
6" x 3.25 HSA
9" x 6.25 HSA
HW CASING ADVANCER
NW CASING
SW CASING
AIR HAMMER

STATE PLANE

COORDINATES PIEZOMETER TYPEN 830,050.0   E 2,518.0

HGT. RISER ABOVE GROUND

DEPTH TO TOP OF WELL SCREEN

WELL DEVELOPMENT

FIELD PARTY B. Collihue

TYPE OF CASING USED

SYSTEM

PIEZOMETER TYPE:

Water Level, ft

TIME

DATE

GROUND ELEVATION

143.0

8-20-85

OW = OPEN TUBE SLOTTED SCREEN, GM = GEOMON

PT = OPEN TUBE POROUS TIP, SS = OPEN TUBE
SLOTTED SCREEN, G = GEONOR, P = PNEUMATIC

3/4"

Cement bentonite grout

Acker

WELL TYPE
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25.0
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45.0
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GRAY SANDY SHALE Soft, broken.

GRAY LIMESTONE Hard.

GRAY LIMEY SHALE Soft seams.

GRAY/RED CLAYSTONE Broken.
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65.0

75.0
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6 GRAY LIMEY SHALE Hard, broken.
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115.0

125.0
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115.0

NX

NX
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GRAY SILTY SHALE Hard.
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Top of seal.

Top of sand.
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145.0

155.0

10.0

10.0
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125.0
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145.0

NX
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NX
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13

14

BLACK SANDSTONE Some coal.

GRAY SANDSTONE Course grain.
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Top of screen.
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175.0

185.0
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175.0

NX

NX

NX

15

16

17

FROM

W
E

LL

U
 S

 C
 S

G
R

A
P

H
IC

LO
G

RQD

S
A

M
P

LE
N

U
M

B
E

R SAMPLE
DEPTH
IN FEET

S
A

M
P

LE

T
O

T
A

L
LE

N
G

T
H

R
E

C
O

V
E

R
Y

%

STANDARD
PENETRATION
RESISTANCE

DEPTH

IN

FEET

SOIL / ROCK

IDENTIFICATION

DRILLER'S

NOTES

BLOWS / 6"TO

155

160

165

170

175

8/20/85BORING FINISH

AMERICAN ELECTRIC POWER SERVICE CORPORATION

BORING NO. 7/17/15 SHEET

Continued Next Page

14

BORING STARTCARDINAL FLY ASH DAM

7

AEP CIVIL ENGINEERING LABORATORY

PROJECT 8/15/85

AMERICAN ELECTRIC POWER DATE8501 OF

LOG OF BORING
JOB NUMBER

COMPANY

A
E

P
  C

D
_F

A
_D

A
M

.G
P

J 
 A

E
P

.G
D

T
  7

/1
7

/1
5



Bottom of screen.

Top of seal.

195.0

205.0
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NX
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GRAY SHALE Limey , broken, very hard.

FROM

W
E

LL

U
 S

 C
 S

G
R

A
P

H
IC

LO
G

RQD

S
A

M
P

LE
N

U
M

B
E

R SAMPLE
DEPTH
IN FEET

S
A

M
P

LE

T
O

T
A

L
LE

N
G

T
H

R
E

C
O

V
E

R
Y

%

STANDARD
PENETRATION
RESISTANCE

DEPTH

IN

FEET

SOIL / ROCK

IDENTIFICATION

DRILLER'S

NOTES

BLOWS / 6"TO

180

185

190

195

200

8/20/85BORING FINISH

AMERICAN ELECTRIC POWER SERVICE CORPORATION

BORING NO. 7/17/15 SHEET

Continued Next Page

14

BORING STARTCARDINAL FLY ASH DAM

8

AEP CIVIL ENGINEERING LABORATORY

PROJECT 8/15/85

AMERICAN ELECTRIC POWER DATE8501 OF

LOG OF BORING
JOB NUMBER

COMPANY

A
E

P
  C

D
_F

A
_D

A
M

.G
P

J 
 A

E
P

.G
D

T
  7

/1
7

/1
5



215.0

225.0

235.0

3.5

10.0

10.0

205.0

215.0

225.0

NX

NX

NX
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 LIGHT GRAY LIMESTONE Hard.
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245.0

255.0

10.0

10.0

235.0

245.0

NX

NX

23
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BLACK COAL

LIGHT GRAY LIMESTONE Hard.
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Top of sand.
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275.0

285.0

10.0

10.0

10.0

255.0
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275.0
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NX
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GRAY SANDSTONE Medium grain.
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295.0

305.0

315.0

10.0

10.0

10.0

285.0

295.0

305.0

NX

NX

NX

28

29

30

GRAY SILTY SHALE Hard.

GRAY LIMEY SHALE Hard.

GRAY LIMESTONE Broken.

GRAY LIMEY SHALE Hard.
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Top of screen.

Bottom of screen.
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32 GRAY SILTY SHALE Hard.
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NO SPT'S TAKEN
DUE TO STARTING
DRILLING ON
BEDROCK /
ELEVATION
LOWERED FOR
DRILL PAD /
DECONED 04/07/10 /
LIQUI-NOX HIGH
PRESSURE WASH /
NO GROUNDING
PROCEDURE IN
USE / 4" CASING
BLIND DRILLED TO
3.7'

9.0

14.4

24.4

2.0

4.7

2.7

0

88

0

3.7

9.0

14.4

NQ

NQ

NQ

1

2

3

BLIND DRILLED TO 3.7'

HARD LIGHT GRAY N7 LIMESTONE

HARD MODERATE YELLOWISH BROWN
10YR 5/4 CLAYSHALE

SOFT DARK REDDISH BROWN 10R 3/4
CLAYSHALE

HARD LIGHT BLUISH GRAY 5B 7/1
CLAYSHALE
badly broken

933.6
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9" x 6.25 HSA
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2.33

59.3

COORDINATES PIEZOMETER TYPEN 829,139.1   E 2,516,070.9
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TYPE OF CASING USED

SYSTEM

PIEZOMETER TYPE:

Water Level, ft

TIME

DATE

GROUND ELEVATION

N/A

OW = OPEN TUBE SLOTTED SCREEN, GM = GEOMON

PT = OPEN TUBE POROUS TIP, SS = OPEN TUBE
SLOTTED SCREEN, G = GEONOR, P = PNEUMATIC
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139.3

VOLCLAY
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WELL TYPE
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29.4
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49.4

3.9
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HARD TO SOFT LIGHT BLUISH GRAY 5B 7/1
CLAYSHALE

HARD LIGHT GRAY N7 LIMESTONE
w/iron staining and badly broken

SOFT GREENISH GRAY 5G 6/1 CLAYSHALE

HARD GRAYISH RED 10R 4/2 CLAYSHALE

SOFT MODERATE REDDISH BROWN 10R 4/6
CLAYSHALE

HARD DARK GREENISH GRAY 5G 4/1
CLAYSHALE
w/limestone nodules
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54.4

64.4

74.4

4.9

9.9
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78

42

100

49.4

54.4

64.4

NQ

NQ

NQ
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HARD DARK GREENISH 5G 4/1 CLAYSHALE
w/limestone nodules @ 52.0' to 54.4'; w/iron
staining & calcite

HARD DARK GREENISH GRAY 5G 4/1
CLAYSHALE
w/iron staining throughout

HARD MEDIUM BLUISH GRAY 5B 5/1 WELL
CEMENTED FINE TO MEDIUM GRAIN
SANDSTONE
w/high angle fracture @ 58.6' and iron staining
throughout

HARD MEDIUM BLUISH GRAY 5B 5/1 WELL
CEMENTED MEDIUM GRAIN SANDSTONE
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84.4

94.4

104.4
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10

10
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100

100

74.4
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94.4

NQ

NQ

NQ

12

13

14

HARD MEDIUM BLUISH GRAY 5B 5/1 WELL
CEMENTED MEDIUM TO FINE GRAIN
SANDSTONE
w/black shale streak @ 99.4' and 100.2'
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114.4

124.4

9.8

10

94

83

104.4

114.4

NQ

NQ

15

16

HARD LIGHT GRAY N7 WELL CEMENTED
SANDSTONE
w/black shale streaks from 104.7' to 107.0',
107.3', 107.4', 109.1', & 111.0'

HARD LIGHT GRAY N7 WELL CEMENTED
FINE TO MEDIUM GRAIN SANDSTONE
w/black N1 shale streaks @ 115.0', 115.2' -
115.8', 116.5', 117.2' - 117.6'; black N1 coal lens
@ 116.8' - 116.9' & 121.6'; high angle fracture @
119.6'
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134.4

144.4

154.4

10

10

10
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HARD LIGHT GRAY N7 WELL CEMENTED
FINE GRAIN SANDSTONE
w/gravel nodules 124.9' - 125.3'; w/black N1 shale
streaks throughout

HARD MEDIUM BLUISH GRAY 5B 5/1 WELL
CEMENTED FINE TO MEDIUM GRAIN
SANDSTONE

HARD MEDIUM BLUISH GRAY 5B 5/1
CLAYSHALE

HARD MEDIUM BLUISH GRAY 5B 5/1
CLAYSHALE
w/limestone nodules throughout
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HARD MEDIUM BLUISH GRAY 5B 5/1 FINE
SANDY CLAYSHALE

HARD MEDIUM BLUISH GRAY 5B 5/1 FINE
GRAIN SANDSTONE

STOPPED DRILLING @ 154.4' ON 04/13/10 /
INSTALLED 2" PVC MONITORING WELL
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5.0

6.2

7.1

14.4

24.4

7-6-5-9

5-23-50/.2

50/1

5.9

10

52

70

3.0

5.0

7.0

8.1

14.4

SPT

SPT

SPT

NQ

NQ

1

2

3

1

2

DECONED 03/23/10 - LIQUI-NOX & HIGH
PRESSURE PUMP / NO GROUNDING
PROCESS IN USE / DRILL 4" CASING THEN
SPLIT SPOON / DRILL & DECON WATER
FROM CD FIRE PROTECTION SYSTEM / NO
SPT'S TAKEN FROM 0' - 3.0' DUE TO MINE
SPOIL PLACED FOR DRILL PAD

VERY HARD MEDIUM GRAY N5 LIMESTONE
dry

VERY HARD MEDIUM GRAY N5 CLAYSHALE
moist

SPOON REFUSAL @ 7.1' / HW CASING
REFUSAL @ 8.1' / STARTED CORING @ 8.1'
ON 03/24/10 / SWL DRY ON 03/24/10 / HW
CASING TO 8.1'

HARD MEDIUM BLUISH GRAY 5B 5/1 SILTY
FINE GRAIN SANDSTONE
w/high angle fracture @ 1.4'

HARD MEDIUM BLUISH GRAY 5B 5/1 SILTY
FINE GRAIN SANDSTONE

HARD MEDIUM GRAY N5 LIMEY SILTSTONE

HARD LIMESTONE

1005.6
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N/A

OW = OPEN TUBE SLOTTED SCREEN, GM = GEOMON

PT = OPEN TUBE POROUS TIP, SS = OPEN TUBE
SLOTTED SCREEN, G = GEONOR, P = PNEUMATIC

OW

2"

198.4
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34.4

41.8

49.4

10

3.8

7.5

52

24

35
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NQ

NQ

NQ

3

4

5

SOFT TO MEDIUM CLAYSHALE

HARD GREENISH GRAY 5GY 4/1
CLAYSHALE

MEDIUM LIGHT GRAY N6 SILTY FINE GRAIN
SANDSTONE

HARD MEDIUM GRAY N5 CLAYSHALE

HARD MEDUIM LIGHT GRAY N6 LIMESTONE

HARD GREENISH GRAY 5GY 6/1
CLAYSHALE
w/limestone nodules throughout; w/high angle
fracture @ 29.5'

SOFT LIGHT GRAY N7 CLAYSHALE

HARD LIGHT GRAY N7 LIMESTONE

HARD GREENISH GRAY 5GY 6/1
CLAYSHALE
badly broken

HARD MEDIUM LIGHT GRAY N6 CLAYSHALE
45.0' - 49.4' badly broken machine break
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59.4

67.4

74.4

8.7

5.5

7.0

49

9

24

49.4

59.4

67.4

NQ

NQ

NQ

6

7

8

HARD MEDIUM BLUISH GRAY 5B 5/1
CLAYSHALE

HARD MEDIUM LIGHT GRAY N5 SILTSTONE
w/limestone nodules throughout; slickenslide @
5.6'

MEDIUM HARD TO SOFT DARK GREENISH
GRAY 5GY 4/1 CLAYSHALE
w/limestone nodule @ 4.8' to 5.5'

HARD GREENISH GRAY 5G 6/1 CLAYSHALE
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NQ

NQ

9
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HARD MEDIUM LIGHT GRAY N6 LIMESTONE

HARD GREENISH GRAY 5G 6/1 CLAYSHALE
w/limestone nodules

MEDIUM TO SOFT MODERATE OLIVE
BROWN 5Y 4/4 CLAYSHALE

HARD MEDIUM LIGHT GRAY N6 LIMESTONE

MEDIUM TO SOFT MODERATE OLIVE
BROWN 5Y 4/4 CLAYSHALE

HARD MEDIUM LIGHT GRAY N6 LIMESTONE

HARD DARK GREENISH GRAY 5G 4/1
CLAYSHALE

HARD MEDIUM DARK GRAY N4 LIMESTONE

HARD MEDIUM BLUISH GRAY 5B 5/1
CLAYSHALE
w/limestone nodules throughout
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109.4
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129.4

9.9

9.4
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66

62
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109.4

119.4

NQ

NQ

NQ
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HARD MEDIUM BLUISH GRAY 5B 5/1
CLAYEY SILTSTONE
w/limestone nodules 99.4' - 99.6'

HARD MEDIUM BLUISH GRAY 5B 5/1
CLAYEY SILTSTONE

HARD MEDIUM GRAY N5 LIMESTONE

HARD MEDIUM BLUISH GRAY 5B 5/1
CLAYEY SILTSTONE

HARD MEDIUM GRAY N5 LIMESTONE

SOFT TO MEDIUM GREENISH GRAY 5G 6/1
CLAYSHALE

HARD MEDIUM BLUISH GRAY 5B 5/1
CLAYEY SILTSTONE
w/limestone nodules

HARD MEDIUM BLUISH GRAY 5B 5/1
CLAYSHALE
w/limestone nodules throughout @ 119.4' -
124.6'; Hard Very Dark Red 5R 2/6 Clayshale
mixed w/Hard Medium Bluish Gray 5B 5/1
Clayshale from 125.6' - 126.6'
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139.4

149.4

159.4

9.5

10

10

64

57

100

129.4

139.4

149.4

NQ

NQ

NQ

15

16
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MEDIUM HARD VERY DARK RED 5R 2/6
W/MEDIUM GRAY N4 CLAYSHALE

HARD MEDIUM GRAY N4 CLAYSHALE

VERY HARD MEDIUM BLUISH GRAY 5B 5/1
CLAYSHALE

HARD MEDIUM BLUISH GRAY 5B 5/1
CLAYSHALE

HARD DARK GRAY N3 CLAYSHALE
w/coal seams @ 144.2' - 144.3', 145.2', & 145.4'

HARD MEDIUM BLUISH GRAY 5B 5/1 SILTY
FINE GRAIN  SANDSTONE

HARD MEDIUM BLUISH GRAY 5B 5/1 WELL
CEMENTED FINE GRAIN SANDSTONE

HARD MEDIUM BLUISH GRAY 5B 5/1 WELL
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169.4

179.4

9.9

10

92

98

159.4

169.4

NQ

NQ
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CEMENTED FINE GRAIN SANDSTONE

HARD MEDIUM BLUISH GRAY 5B 5/1 WELL
CEMENTED MEDIUM TO FINE GRAIN
SANDSTONE
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189.4

199.4

209.4

9.9

9.9

10

95

99

99

179.4

189.4

199.4

NQ

NQ

NQ

20

21

22

HARD MEDIUM LIGHT GRAY N6 FINE SANDY
CLAYSHALE

HARD MEDIUM BLUISH GRAY 5B 5/1 WELL
CEMENTED FINE GRAIN SANDSTONE

HARD MEDIUM LIGHT GRAY N6 WELL
CEMENTED MEDIUM TO FINE GRAIN
SANDSTONE

HARD LIGHT GRAY N7 WELL CEMENTED
FINE GRAIN SANDSTONE

HARD MEDIUM LIGHT GRAY N6 WELL
CEMENTED MEDIUM GRAIN SANDSTONE
w/Hard Black N1 Clayshale streaks

HARD MEDIUM LIGHT GRAY N6 WELL
CEMENTED MEDIUM GRAIN SANDSTONE
w/gravel in bed @ 189.4' - 189.7'

HARD MEDIUM LIGHT GRAY N6 SANDY
LIMESTONE

HARD MEDIUM LIGHT GRAY N6 FINE SANDY
CLAYSHALE

HARD MEDIUM LIGHT GRAY N6 SILTY FINE
GRAIN SANDSTONE

HARD MEDIUM LIGHT GRAY N6 FINE GRAIN
SANDSTONE

HARD MEDIUM LIGHT GRAY N6 WELL
CEMENTED FINE GRAIN SANDY SILTSTONE
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214.4 5 100209.4NQ23 HARD MEDIUM LIGHT GRAY N6 WELL
CEMENTED FINE GRAIN SANDY SILTSTONE

HARD MEDIUM LIGHT GRAY N6 WELL
CEMENTED FINE GRAIN SANDSTONE

HARD MEDIUM LIGHT GRAY N6 SILTSTONE
w/slickenslide @ 212.1'

STOPPED BORING @ 214.4' ON 03/30/10 /
SWL 13.1' ON 03/31/10 - 18 HR READING / NQ
HOLE TO 214.4' / BUILT 2" PVC MONITORING
WELL
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STONE PAD OFF
HAUL ROAD
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5-13-13

22-20-10

4-5-7

4-5-7

7-4-4

9-6-6

6-8-8

7-5-5

6-5-4

4-5-7

5-5-9

27-7-6

23-12-15
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STONE PAD #4 LIMESTONE

VERY STIFF DUSKY BROWN 5YR 2/2 MINE
SPOIL

VERY STIFF MEDIUM LIGHT GRAY N6
SHALE

STIFF DUSKY BROWN 5YR 2/2 MINE SPOIL

STIFF GRAYISH BROWN 5YR 3/2 MINE
SPOIL

STIFF DARK YELLOWISH BROWN 10YR 5/4
MINE SPOIL
tsf 1.5

STIFF DARK YELLOWISH BROWN 10YR 4/2
MINE SPOIL

VERY STIFF LIGHT GRAY N7 MINE SPOIL

STIFF MODERATE YELLOWISH BROWN
10YR 5/4 MINE SPOIL

STIFF MODERATE YELLOWISH BROWN
10YR 5/4 MINE SPOIL
tsf 2.0

STIFF MODERATE YELLOWISH BROWN
10YR 5/4 MINE SPOIL

STIFF LIGHT BROWN 5YR 5/6 MINE SPOIL

VERY STIFF LIGHT GRAY N7 MINE SPOIL

1028.9

Continued Next Page
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WELL TYPE:

FROM

W
E

LL

U
 S

 C
 S

G
R

A
P

H
IC

LO
G

RQD

S
A

M
P

LE
N

U
M

B
E

R SAMPLE
DEPTH
IN FEET

S
A

M
P

LE

T
O

T
A

L
LE

N
G

T
H

R
E

C
O

V
E

R
Y

%

STANDARD
PENETRATION
RESISTANCE

DEPTH

IN

FEET

SOIL / ROCK

IDENTIFICATION

DRILLER'S

NOTES

BLOWS / 6"TO

5

10

15

5/30/13BORING FINISH

AMERICAN ELECTRIC POWER SERVICE CORPORATION

BORING NO. 7/17/15 SHEET 9

BORING STARTCARDINAL FLY ASH DAM

1

AEP CIVIL ENGINEERING LABORATORY

PROJECT 3/7/13

AMERICAN ELECTRIC POWER DATEB-1302M OF

LOG OF BORING
JOB NUMBER

COMPANY

A
E

P
  C

D
_F

A
_D

A
M

.G
P

J 
 A

E
P

.G
D

T
  7

/1
7

/1
5

Well M-1302



Lost water return @
36.0'

21.1

22.8

24.3

34.0

44.0

54.0

50/.1

50/.3

50/.3

.1

1.5

.2

8.5

5.3

3.9

27

28

51

21.0

22.5

24.0

25.5

34.0

44.0

SPT

SPT

SPT

NQ

NQ

NQ

15

16

17

1
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3

HARD LIGHT GRAY N7 LIMESTONE

HARD LIGHT GRAY N7 LIMEY CLAYSHALE

HARD DUSKY BROWN 5YR 2/2 LIMEY
CLAYSHALE

MEDIUM HARD MEDIUM BLUISH GRAY 5B
5/1 SANDY CLAYSHALE

MEDIUM HARD MEDIUM GRAY N5
CLAYSHALE

HARD MEDIUM GRAY N5 LIMESTONE

MEDIUM HARD MEDIUM GRAY N5
CLAYSHALE
badly broken w/iron stains throughout

MEDIUM HARD LIGHT BLUISH GRAY 5B 7/1
SANDY CLAYSHALE
w/iron stains throughout
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64.0

74.0

6.4

7.7

80

62

54.0

64.0
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4

5

MEDIUM HARD LIGHT BLUISH GRAY 5B 7/1
TO GRAYISH PURPLE 5P 4/2 CLAYSHALE

HARD LIGHT BLUISH 5B 7/1 WELL
CEMENTED FINE GRAIN SANDSTONE
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84.0

94.0
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9.3

9.8

1.3

63

68

0
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NQ
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8

MEDIUM HARD MEDIUM BLUISH GRAY 5B
5/1 CLAYSHALE
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114.0

124.0

3.5

6.5

23

48
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114.0

NQ
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9
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MEDIUM HARD LIGHT BLUISH GRAY 5B 7/1
CLAYSHALE

HARD MEDIUM BLUISH GRAY 5B 5/1
CLAYSHALE

HARD MEDIUM GRAY N5 LIMESTONE

HARD MEDIUM GRAY N5 CLAYSHALE
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w/limestone nodules
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w/high fractures @ 1.7', 3.6', & 4.1'

HARD MEDIUM GRAY N5 CLAYSHALE
w/high angle fracture @ .4'
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CLAYSHALE

HARD MEDIUM GRAY N5 WELL CEMENTED
FINE SANDSTONE
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HARD MEDIUM LIGHT GRAY N6 WELL
CEMENTED FINE SANDSTONE
w/shale lenses, limestone nodules @ 6.8'
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w/shale lenses, pyrite and limestone nodules @
7.8' and 8.3'
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HARD MEDIUM LIGHT GRAY N6 WELL
CEMENTED FINE GRAIN STANDSTONE

HARD MEDIUM GRAY N5 CLAYSHALE
w/limestone nodules throughout

HARD MEDIUM DARK GRAY N4 CLAYSHALE
w/limestone nodules throughout
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HARD DARK GRAY N3 CLAYSHALE

HARD BROWNISH GRAY 5YR 4/1
CLAYSHALE
w/high angle fractures @ 1.8', 6.0', & 7.3'
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VERY HARD MEDIUM LIGHT GRAY N6 LIMEY
SHALE
w/limestone nodules @ 4.5'

VERY HARD MEDIUM LIGHT GRAY N6 LIMEY
SHALE

HARD MEDIUM DARK GRAY N4 CLAYSHALE
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VERY HARD LIGHT OLIVE GRAY 5Y 5/2
LIMESTONE
w/high angle fractures @ .8', 1.3', 3.0', & 4.0'

HARD MEDIUM BLUISH GRAY 5B 5/1
CLAYSHALE

HARD MEDIUM DARK GRAY N4 CLAYSHALE

HARD LIGHT GRAY N7 CLAYSHALE
w/limestone nodules, high angle fractures @ 4.9'
& 5.4' of recovery
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HARD MEDIUM BLUISH GRAY 5B 5/1
CLAYSHALE
w/limestone nodules throughout

HARD MEDIUM DARK GRAY N4 SILTSTONE

HARD BLACK N1 COAL
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134.1

144.1

154.1
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10

10

65

67

26

124.1
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VERY HARD VERY LIGHT GRAY N8
LIMESTONE
w/high angle fracture @ 6.8'

HARD VERY LIGHT GRAY N8 LIMESTONE
w/ high angle fracture @ 1.1'

HARD GREENISH GRAY 5G 6/1 LIMEY
CLAYSHALE

HARD GREENISH GRAY 5G 6/1 CLAYSHALE

MEDIUM HARD BLACK N1 COAL
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HARD MEDIUM LIGHT GRAY N6 CLAYSHALE

HARD LIGHT BLUISH GRAY 5B 7/1
CLAYSHALE
w/limestone nodules @ 3.1' to 3.5'
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HARD MEDIUM BLUISH GRAY 5B 5/1
CLAYSHALE
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HARD DARK REDDISH BROWN 10R 3/4
MULTICOLORED CLAYSHALE

HARD MEDIUM BLUISH GRAY 5B 5/1
CLAYSHALE

HARD DARK REDDISH BROWN 10R 3/4
CLAYSHALE

HARD MEDIUM BLUISH GRAY 5B 5/1 SHALE
w/limestone nodules

HARD MEDIUM BLUISH GRAY 5B 5/1 FINE
SANDY SHALE
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HARD DARK GREENISH GRAY 5G 4/1
CLAYSHALE

HARD LIGHT BLUISH GRAY 5B 7/1
CLAYSHALE
w/limestone nodules
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Overburden: No sample recovered with coring
wireline rig.

(15') ROCK: No sample recovered with coring
wireline rig.
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153/
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110/
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(20') CLAYSTONE: moderately strong to
weak, greenish gray (5G 6/1), massive to
slightly fissile, clay infillings in fractures,
moderately to highly decomposed, slightly
disintegrated, intensely fractured.

(23.5') SANDSTONE: strong to very strong,
medium light gray (N6), fine grained, slightly
micaceous, minor cross bedding to massive,
competent, fresh, unfractured, bottom 0.5 ft of
sandstone - intensely fractured, moderately
decomposed, clay infillings in fractures, few
small limestone nodules at bottom of unit.

(27.4') CLAYSTONE: moderately strong to
weak, greenish gray (5G 6/1), massive to
slightly fissile, clay infillings in fractures,
moderately decomposed, intensely
disintegrated, intensely fractured.

(30.6') Silty SHALE: strong, greenish gray (5G
6/1), fissile, slightly decomposed, competent,
moderately fractured.

(33') Silty SHALE: strong, greenish gray (5G
6/1), fissile, slightly decomposed, competent,
intensely fractured.

(34.8') Very fissile, highly decomposed,
moderately disintegrated, weak.

(37') Clayey LIMESTONE: moderately strong
to strong, dark greenish gray (5G 4/1),
massive to nodular, moderately fractured,
microcrystalline, slightly decomposed,
moderately disintegrated.
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65/96

70/84
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(41.4') Sandy CLAYSTONE: weak to very
weak, dark greenish gray (5G 4/1), massive,
highly decomposed, intensely fractured.

(48') CLAYSTONE: strong, dark greenish gray
(5G 4/1), massive, fissile for first 0.5 ft,
slightly decomposed, slightly disintegrated,
intensely fractured, very intensely fractured for
frist 0.5 ft.

(51.3') Highly decomposed (4 inch thick).

(52.3') Highly decomposed (3 inch thick).

(52.9') Highly decomposed (3 inch thick).

(56') CLAYSTONE: moderately strong to
strong, variegated colors of dark reddish
brown (10YR 3/4), light olive brown (5Y 5/6)
and light olive gray (5Y 5/2), massive, slightly
decomposed, slightly disintegrated, slightly to
moderately fractured, sandy lenses
occasionally.

(57') Color changes to dark greenish gray (5G
4/1).

Run 3

Run 4
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(59.8') Changes to moderately strong,
slickensides, moderately decomposed, sand
grades out, intensely fractured.

(61.2') 1 inch limestone band.

(63') CLAYSTONE: strong to moderately
strong, dark greenish gray (5G 4/1), massive,
slightly decomposed, slightly disintegrated,
moderately fractured, 2 inch limestone band
0.3 ft from top of Run 5.

(63-65') Small, brownish gray nodules (5YR
4/1).

(64.2') Carbonaceous SHALE: strong to
moderately strong, dark greenish gray (5G
4/1), with limestone nodules, massive,
moderately fractured with few intensely
fractured zones, slightly decomposed, slightly
disintegrated.

(65-73') Large, medium light gray (N6)
nodules.

(73.7') Fissile, weak, intensely fractured,
highly decomposed (0.5 ft layer).

(74.7') CLAYSHALE: strong, dark greenish
gray (5GY 4/1), massive, competent,
moderately fractured, slightly disintegrated.

(76.6') Carbonaceous SHALE: strong to
moderately strong, dark greenish gray (5G
4/1), with less limestone nodules, with calcite
veining, massive, moderately fractured with
few intensely fractured zones, slightly
decomposed, slightly disintegrated.

(79') Becomes weak, moderately

Run 5

Run 6
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168/
180

34

decomposed, fissile, clay infillings in
fractures, intensely fractured.

(79.7') Silty CLAYSHALE: strong, dark
greenish gray (5G 4/1), massive, fresh to
slightly decomposed, competent, slightly
fractured.

(82.7') 1 ft vertical fracture.

(88') Sandy SHALE: strong, medium bluish
gray (5B 5/1), fissile, fresh, competent,
intensely fractured.

(89') Changes to massive.

(92.8') LIMESTONE: strong to very strong,
medium bluish gray (5B 5/1), massive,
microcrystalline to fine grained, some silty
parts, moderately fractured to intensely
fractured, fresh, slightly disintegrated. (may
be calcareous siltstone with interbedded
limestone)

(95.3') MUDSTONE: very weak to weak,
greenish gray (5GY 6/1), moderately to highly
decomposed, very intensely fractured.

(96.3') Calcareous SILTSTONE: 0.5 vertical
fracture 15 ft from bottom of run, massive to
nodular. (see previous limestone description)

Run 7
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(101.4') MUDSTONE: very weak to weak,
greenish gray (5GY 6/1), calcareous,
moderately to highly decomposed, very
intensely fractured.

(103') CLAYSHALE: strong to moderately
strong, dark greenish gray (5G 4/1),
moderately fractured, slightly to moderately
decomposed, slightly to moderately
disintegrated, massive, small limestone
nodules throughout.

(112') CLAYSTONE: moderately strong to
weak, dark greenish gray (5G 4/1), very
intensely fractured, massive, highly
decomposed.

(113') CLAYSHALE: limestone veining also
present, locally fissile, fresh to slightly
decomposed, competent, slightly to
moderately fractured.

(114.4') Thin coal veins occasionally appear.

Run 8

Run 9
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(120.9') Coal-bearing SHALE: very strong,
grayish black (N2) to black (N1), massive,
micaceous, fresh, competent, moderately
fractured.

(122.5') SANDSTONE: strong, medium gray
(N5), minor cross bedding, micaceous,
competent, fresh, medium grained, slightly
fractured to unfractured. [MORGANTOWN]

(122.5') SANDSTONE: strong, medium gray
(N5), few cross beds, micaceous, mostly
massive, competent, fresh, medium grained,
slightly fractured to unfractured.
[MORGANTOWN]
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(142.5') Intensely fractured.

(143') SANDSTONE: strong, medium gray
(N5), few cross beds, micaceous, massive,
competent, fresh, fine to medium grained,
slightly fractured to unfractured.
[MORGANTOWN]

(144.5') Coal veins increase in appearance,
moderately to intensely fractured.

(146.5') Coal veins disappear, slightly
fractured.

(151.5') Coal veins appear again, slightly to
moderately fractured for rest of Run 11.

(153.4') Changes to light gray (N7).

(158') SANDSTONE: strong, medium gray
(N5), few cross beds, micaceous, massive,
competent, fresh, fine to medium grained,
slightly to moderately fractured, coal veining

Run
11
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for top 2 ft of Run 12. [MORGANTOWN]

(160.3') Becomes unfractured.

(164.1') Sandy silty SHALE: moderately
strong, medium gray (N5), fresh, competent,
laminated, minor coal inclusions, micaceous,
massive.

(166.5') Conglomerate SANDSTONE: very
light gray (N8) and medium gray (N5) with
medium yellowish brown (10YR 5/4)
conglomerate, medium gray (N5) clay
inclusions and coal veining, fine grained,
massive, slightly decomposed to fresh,
competent, intensely fractured.
[MORGANTOWN]

(168') SANDSTONE: strong, medium dark
gray (N5), massive, occasional coal veining,
fresh, competent, micaceous, moderately
fractured, fine to medium grained.
[MORGANTOWN]

(173') SANDSTONE: strong, medium dark
gray (N5), massive, occasional coal veining,
fresh, competent, micaceous, slightly to
moderately fractured, medium grained, 1 inch
coal bed 2 ft from top of run.
[MORGANTOWN]

(175.5-181.5') Veining disappears.

(176.5') Changes to fine grained for 7 ft.
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90

(181.5-188') Extensive coal veining.

(184') Conglomerate SANDSTONE: strong,
medium light gray (N6), calcareous, medium
grained, coal veins and inclusions,
conglomerate (up to 2" long), slightly
decomposed, competent, moderately
fractured, massive. [MORGANTOWN]

(186.6') Silty SHALE: strong, greenish gray
(5GY 6/1), fresh, competent, massive,
moderately to intensely fractured.

(187.8') Limestone nodules.

(188') Silty SHALE: strong, greenish gray
(5GY 6/1), fresh, competent, massive, slightly
fractured, no limestone nodules.

End of borehole at 198 ft bgs.

Well installed on 04/13/2016, centralizer at 65
ft bgs.
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Overburden: No Recovery with core rig.

(7.5') ROCK: No Recovery - drillers use roller
bit down to 15 ft.

(15') SILTSTONE: strong, light gray to
medium dark gray (N4 to N7), moderately
decomposed, intensely fractured, few
yellowish gray (5Y 8/1) calcareous veins, few
fine sandy lenses with minor cross bedding.

(18') CLAYSTONE: strong, medium gray to
grayish black (N5 to N2), yellowish gray
limestone nodules, moderately decomposed,
intensely fractured.

Run 1

Run 2
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143/
144

74/
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51

(21-24') Changing to medium gray, crumbled,
soft, not calcareous.

(24-26') Changing to moderately strong, silty,
white, calcareous veins.

(26') SANDSTONE: moderately strong, very
light to light gray (N8/N7), very fine grained,
silty, massive, intensely fractured, moderately
decomposed.
(27') SANDSTONE: moderately strong, very
light to light gray (N8/N7), very fine grained,
silty, massive, intensely fractured, moderately
decomposed, with yellowish gray (5Y 8/1)
sand inclusions.
(28.5') Sandy CLAYSHALE: moderately
strong, medium gray to grayish black,
intensely fractured, slightly decomposed.
(30') SANDSTONE: moderately strong, very
light to light gray (N8/N7), very fine grained,
silty, massive, intensely fractured, moderately
decomposed, clay infillings in fractures.
(30.8') Silty CLAYSHALE: moderately strong,
medium gray to grayish black, intensely
fractured, moderately decomposed, with
yellowish gray sandy inclusions.

(37.5') Fracture with ~1" of soft claystone
infilling.

(39') LIMESTONE: strong, medium light gray
(N6) to dark greenish gray (5GY 4/1),

Run 3

Run 4

SOIL/ROCK VISUAL DESCRIPTION

LI
TH

O
LO

G
Y

Sa
m

pl
e 

Ty
pe

Bl
ow

 C
ou

nt
s

Client: AEP-Cardinal

Address: 3202 Twp Rd 163, Brilliant, OH

D
at

e 
& 

Ti
m

e

W
AT

ER
 L

EV
EL

Well Diameter (in): 2

Filter Pack: #5 Medium Coarse Sand

W
EL

L
C

O
M

PL
ET

IO
N

Project: CHE8126L

NOTES:

Drilling Start Date: 03/22/2016 08:30

Drilling Equipment: CS1500 Wireline Rig

Drilling End Date: 03/23/2016 09:45
Drilling Company: Layne Drilling

Riser Material: Sch 40 PVCDrilling Method: Rock Core
Screen Slot (in): 0.010

Seal Material(s): Bentonite Pellets

Well Depth (ft): 140

N
 V

al
ue

R
Q

D
 (%

)

COLLECT

D
EP

TH
 (f

t)

REMARKS

D
EP

TH
 (f

t)

Driller: Bill Womack
Logged By: Chad Gregory

20

25

30

35

40

R
ec

ov
er

y 
(in

)

Screen Material: Pre-packed Sch 40 PVC

20

25

30

35

40

BORING LOG
Boring/Well No. M-GS-2 
Page: 2 of 11

209

6
Boring Depth (ft): 

Boring Diameter (in): 

Sampling Method(s): 

DTW During Drilling (ft): 

Ground Surface Elev. (ft):

Top of Casing Elev. (ft): 

Location (X,Y):

Rock Core

 987.62
990.81

N 832,174.6 E 2,519,357.6



86/
108

84/84

45

64

massive, slightly fractured.
(39.5-40') Intensely fractured, moderately
decomposed.

(42.5-44') Intensely fractured, moderately
decomposed.

(48.8') CLAYSTONE: dark greenish gray,
calcareous, very soft, easily crumbled.
(49') LIMESTONE: strong, medium dark gray
(N4), nodular, massive, slightly fractured.

(52') CLAYSHALE: moderately strong, dark
gray (N3), moderately fractured, limestone
nodules.

(55') Changing to intensely
fractured/crumbled.

(58') CLAYSTONE: strong, dark gray,
yellowish gray calcareous veins.
(58.5') Sandy SILTSTONE: moderately
strong, medium dark gray, sandy zones light

Run 5

Run 6
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gray, moderately fractured, yellowish gray
sandy inclusions/veins.

(63') Sandy CLAYSHALE: moderately strong
to weak, dark gray (N3), slightly pyritic at 63
ft, intensely fractured.

(68') LIMESTONE: strong, dark gray, large
light gray nodules (~1" diameter), intensely
fractured, moderately decomposed, some
clayey infillings in fractures.

(75') Silty CLAYSTONE: strong, medium dark
gray (N4), intensely fractured, pyritic,
limestone nodules, moderately decomposed.
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75

(82-84.5') White to yellowish gray calcareous
veins.

(84.5') Shaly SILTSTONE: moderately strong,
medium bluish gray (5B 5/1), slightly
fractured, few calcareous veins - lenses,
fresh.

(93') Changing to strong.

(95') Changing to moderately to intensely
fractured, clay infillings, moderately
decomposed 97-98 ft.

(98') Shaly LIMESTONE: strong, massive,
microcrystalline, nodular, medium bluish gray
(5B 5/1), moderately fractured, slightly
decomposed.
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93

(101.5') CLAYSTONE: dark greenish gray (5G
4/1), weak, soft.
(102') Shaly LIMESTONE: strong, massive,
microcrystalline, nodular, medium bluish gray
(5B 5/1), moderately fractured, slightly
decomposed.

(113') CLAYSHALE: strong, medium dark
gray (N4), calcareous, limestone nodules,
moderately to intensely fractured, slightly
pyritic, less calcareous towards end of run.

(116.5') Changing to grayish black (N2),
intensely fractured/crumbled.

(118') Changing to medium bluish gray (5B
5/1), yellowish gray to white calcareous veins.
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(124') Changing to less calcareous.

(128.8') Coal-bearing SHALE: strong, grayish
black (N2), coal lenses black (N1), slightly
fractured, slightly decomposed.

(130.8') SANDSTONE: strong, light gray to
medium dark gray, slightly fractured, fine to
medium grained, thin to medium bedded,
micaceous, few black carbonaceous seams.
[MORGANTOWN]
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(157-159') Mud inclusions.
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(161') Changing to very light gray (N8).

(170') Alternating between medium gray (N5),
massive, and light gray with thinly interbedded
black seams.

(179.5') Some interbedded conglomerate, few
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180

93

interbedded siltstone seams, conglomerate
dusky brown (5YR 2/2), grayish orange-pink
(10R 8/2) to gray. Sandstone primarily
massive with some black, very thin coal
seams/veins.

(188') Conglomerate SANDSTONE: grading
into medium grained sandstone and very
conglomeratic, including coal seams and
pieces, few calcareous nodules.

(191') Fracture with coal and pyrite.

(193.5') Changing to dark greenish gray (5G
4/1).

(196.3') Silty SHALE: strong, medium dark
gray (N4), slightly fractured, few thin coal
seams.
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(208') Changing to intensely fractured,
claystone infillings.
(208.8') CLAYSTONE: moderately strong to
weak, dark gray (N3), crumbled.
End of borehole at 209 ft bgs.
Well installed on 04/13/2016, centralizer at 70
ft bgs.
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LITHOLOGIC LOG

Boring/Well: Project:

Driller:

Total Depth:

Sample Interval (ft):

Logged by:
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Drilling Method:

Survey Information

Location:

Start/Completion:

Site:

Drilling Co.: Boring Diameter:

Sampling Device:

Boring # :

Cascade

Josh Stigler

Sonic

6 in

Colton Creal

Continuous

156 ft
5/2/22 - 5/3/22

Cardinal

Brilliant, Ohio
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M-GS-3R

M-GS-3R

M-GS-3R Installation

Description and Classification

Sonic Tooling

Ground Elevation: 998.75 ft amsl

830875.88, 2518836.33Northing,Easting (NAD 27):

Page: 1 of 7Cox-Colvin & Associates, Inc.
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5.1

OVERBURDEN: Yellowish brown (10YR5/6) sandy lean clay with gravel, medium to high 
plasticity, moist. Sand and gravel size rock fragments (light brown-brown), orange mottling.

OVERBURDEN: Medium light gray (N6) to olive gray (5Y4/1) highly weathered siltstone and 
shale in a lean clay matrix (oxidized – orange mottling), moist, medium plasticity. Highly 
weathered and very intensely fractured limestone and carbonaceous shale from 9.5'-10', 0.01’ 
seam of decomposed plant organics (black) at 8’.

LIMESTONE: Medium gray (N5), microcrystalline. Moderately weathered, intensely 
fractured, friable, little pitted weathering, trace pyrite mineralization.

SILTSTONE: Medium gray (N5) in a silt matrix. Highly to severely weathered, intensely 
fractured, fissile.

SANDSTONE: Medium dark gray (N4), fine-medium grained, micaceous. Very slightly 
fractured with few horizontal fractures, cross-bedded.
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CLAYSTONE: Medium gray (N5). Moderately to highly weathered, very thinly bedded to 
laminated, clay matrix in weathered fraction.

SILTSTONE: Yellowish gray (5Y7/2). Moderately fractured, sub-vertical to sub-horizontal 
fractures with slightly weathered surfaces, black (N1) fragments filling fractures.

SANDSTONE: Medium gray (N5), fine-grained. Very slightly fractured with few horizontal 
fractures, slightly weathered (pitted, trace fine gravel size voids), little to few limestone 
nodules, cross bedding at base of unit.

SILTSTONE: Medium bluish gray (5B5/1) to medium gray (N5) in a silt matrix. Highly 
weathered, soft, friable, intensely fractured (blocky), little mineral nodules (greenish in color) 
throughout interval, moderately bedded from 26'-29'.

CLAYSTONE: Dark greenish gray (5GY4/1) to grayish red purple (5PR4/2). Mottling, slightly 
weathered, intensely to very intensely fractured, trace slickensides.

SILTSTONE: Medium light gray (N6) to medium gray (N5), sandy. Moderately fractured (few 
vertical fractures), moderately to thinly bedded, few limestone nodules.

CLAYSTONE: Medium dark gray (N4). Moderately fractured, thinly bedded to laminated, 
trace calcareous mineral veins, trace voids (<0.1’ diameter) filled with sandy clay (high 
plasticity). Intensely fractured from 37’-38’, increase in silt fraction with depth.
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LIMESTONE: Medium gray (N5), microcrystalline. Intensely fractured (natural random 
fractures – irregular), green mottling.

SHALE: Medium gray (N5), calcareous. Thinly bedded to laminated, gradual grading from 
intensely to moderately fractured, alteration of mineral veins (tan) near base of interval.

LIMESTONE: Medium light gray (N6), microcrystalline. Intensely fractured with clayey silt 
filled voids and fractures.
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CLAYSTONE: Greenish gray (5G4/1) to grayish red (5R4/2) at 70’-72’. Intensely fractured, 
silty clay filled vertical fractures, becomes slightly fractured with depth.

SILTSTONE: Greenish gray (5GY6/1). Intensely fractured, soft, friable, reddish mottling.

LIMESTONE: Light gray (N7), microcrystalline. Slightly weathered, intensely fractured, trace 
pyrite mineralization veins, becomes very thinly bedded at base of interval.

CLAYSTONE: Grayish red purple (5RP4/2) to dark greenish gray (5G4/1), grading to medium 
gray (N5) with depth. Moderately fractured with sub-horizontal fractures, moderately 
weathered, soft to moderately soft.

SHALE: Medium gray (N5). Moderately to highly weathered, laminated, little pyrite 
mineralization.

CLAYSTONE: Medium dark gray (N4). Intensely fractured (irregular pattern), few reddish 
nodules, moderately soft to hard with depth.

SILTSTONE: Medium gray (N5), sandy. Slightly fractured, hard, moderately fractured and 
highly weathered from 89'-89.5' and 94.5'-96', few thin beds (~0.2') of increased clay content 
(claystone).
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SANDSTONE: Medium gray (N5) to medium dark gray (N4), fine grained, silty. Slightly to 
very slightly fractured with few horizontal fractures, cross-bedded, little pyrite mineralization, 
few bedding planes of moderately sorted medium to coarse grained sand.

SHALE: Medium dark gray (N4), sandy. Moderately to intensely fractured, thinly bedded to 
laminated, slightly weathered with few voids.

LIMESTONE: Light gray (N7). Moderately fractured with voids at the base of interval.

SHALE: Grayish red (10R4/2) to medium light gray (N6). Moderately to slightly fractured with
medium light gray (N6) silty clay matrix inside the fractures, little to few limestone nodules, 
little moderate greenish yellow (10Y7/4) fine gravel size angular fragments in fractures.
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SILTSTONE: Medium gray (N5). Few highly weathered beds, moderately to intensely 
fractured with angular sand size rock fragments filling fractures.

CLAYSTONE: Dark gray (N3), silty. Slightly to moderately fractured with horizontal fractures 
along bedding planes, becomes highly fractured from 136’-137’, coal seams from 132'-133'.
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COAL: Black (N1). Coal seam with coal bearing shale.

SANDSTONE: Grayish black (N2), fine grained, poorly sorted, micaceous. Thinly bedded to 
laminated, few mineral nodules, trace coal bearing seams.

SANDSTONE: Dark gray (N3) to medium gray (N5), micaceous, Morgantown Sandstone. 
Slightly fractured to moderately fractured, primarily horizontal to sub-horizontal fractures with 
few vertical to sub-vertical fractures from 144’-147’, oxidized dark yellowish orange 
(10YR6/6) to light brown (5YR5/6) from 139.75’-143.75’ and dark yellowish brown 
(10YR4/2) from 148.5’-151’, void from 143’-143.25’, trace coal seams (~0.01' thick) in top 2’ 
of interval, trace black (N1) mineralization at 146’.



Overburden: No sample recovered with
wireline coring rig.
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Boring Diameter (in): 

Sampling Method(s): 

DTW During Drilling (ft): 

Ground Surface Elev. (ft):

Top of Casing Elev. (ft): 
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Rock Core
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Bill thinks rods were not on
rock when started coring. Rock
may start ~26-28 ft.

18/60

62/
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(25') CHERT: very strong, grayish black (N2),
moderately red (5R 5/4) secondary staining,
slightly to moderately disintegrated,
competent, intensely fractured, massive,
heavily pitted.

(25.3') SANDSTONE: very strong, medium
light gray (N6), fine grained, massive to
slightly laminated, micaceous, intensely to
very intensely fractured, also light olive gray
(5Y 5/2) with light brown (5YR 5/6) significant
secondary staining, slightly decomposed,
slightly disintegrated.

(31') LIMESTONE: very strong, brownish
black (5YR 2/1), microcrystalline, fresh,
competent, unfractured.

(31.8') SANDSTONE: strong, medium gray
(N5), fine grained, massive with slight
laminations, moderately fractured, slightly
decomposed, slightly disintegrated, clay
infillings in fractures.

(33.5') MUDSTONE: very weak, light gray
(N7), planar structure, intensely fractured,
highly decomposed, highly disintegrated.
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Run 2
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(41.5') SANDSTONE: very strong, medium
light gray (N6), fine grained, massive to
slightly laminated, micaceous, intensely to
very intensely fractured, also light olive gray
(5Y 5/2) with light brown (5YR 5/6) significant
secondary staining, slightly decomposed,
slightly disintegrated.

(41.9') MUDSTONE and CHERT: very weak,
light gray (N7) and light gray (N8), planar
structure, very intensely fractured, highly
decomposed, highly disintegrated.

(43') SANDSTONE: very strong, significant
olive gray (5Y 3/2) and light brown (5YR 5/6)
secondary staining, massive, fine grained,
well-cemented, very intensely fractured,
slightly decomposed, moderately
disintegrated, micaceous, pitted.

(45.7') MUDSTONE: very weak, light gray
(N7), planar structure, very intensely
fractured, highly decomposed, highly
disintegrated.

(52') SANDSTONE: very strong, medium light
gray (N6), fine grained, massive to slightly
laminated, micaceous, intensely fractured,
also light olive gray (5Y 5/2) with light brown
(5YR 5/6) significant secondary staining,
slightly decomposed, slightly disintegrated.

(52.5') CLAYSTONE: very weak, greenish
gray (5G 6/1), massive, imbedded
conglomerate, unfractured, moderately
decomposed, moderately disintegrated.

(53.1') SANDSTONE: very strong, medium
light gray (N6), fine grained, massive to
slightly laminated, micaceous, intensely
fractured, also light olive gray (5Y 5/2) with
light brown (5YR 5/6) significant secondary
staining, slightly decomposed, slightly
disintegrated.

(53.8') CLAYSTONE: very weak, greenish

Run 3

Run 4

Run 5
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gray (5G 6/1), massive, imbedded
conglomerate, unfractured, moderately
decomposed, moderately disintegrated,
becomes fissile in bottom 0.5 ft.

(56.7') CLAYSTONE: strong, light gray (N7),
massive, significant secondary staining of
medium yellow (5Y 7/6) and dark gray (N3),
moderately to highly decomposed, moderately
to highly disintegrated, intensely fractured, 4
inch layer of sandstone.

(63') CLAYSTONE: strong, light gray (N7),
massive, minimal secondary staining of
medium yellow (5Y 7/6) and dark gray (N3),
moderately to highly decomposed, moderately
to highly disintegrated, intensely fractured, 4
inch layer of sandstone.

(64') Becomes fissile, weak.

(64.5') MUDSTONE: very weak, light gray
(N7), planar structure, very intensely
fractured, highly decomposed, highly
disintegrated.

(65.7') LIMESTONE.

(66.1') MUDSTONE: very weak, light gray
(N7), planar structure, very intensely
fractured, highly decomposed, highly
disintegrated.

(68') LIMESTONE: strong, olive gray (5Y 4/1),
massive, microcrystalline, intensely fractured,
slightly decomposed, slightly disintegrated.

(69.5') 1 ft vertical fracture.

(73') LIMESTONE: strong, olive gray (5Y 4/1),
massive, microcrystalline, intensely fractured,
slightly decomposed, slightly disintegrated.

(73.5') CLAYSHALE: very strong, dark
greenish gray (5G 4/1), massive, slickensides,
intensely fractured, slightly decomposed,
slightly disintegrated, calcareous nodules.

(74.4') CLAYSTONE: moderately strong to
weak, dark greenish gray (5G 4/1) to greenish
gray (5G 6/1), massive to planar structure,
highly decomposed, intensely fractured.

(78') CLAYSHALE: very strong to strong, dark
greenish gray (5G 4/1), massive, fresh to
slightly decomposed, competent to slightly
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disintegrated, moderately fractured, minor
calcareous veins/nodules.

(79.5') 0.8 ft vertical fracture.

(80.6') Grade medium dark gray (N4), fissile.

(81.4') Changes to massive, dark greenish
gray (5G 4/1) with brownish gray secondary
staining (5YR 4/1), very intensely fractured.

(82.9') Changes to moderately fractured,
medium bluish gray (5B 5/1) with large
limestone nodules.

(84') 2.5 ft vertical fracture, significant staining
in fracture.

(86.5') Changes to slightly fractured, minor
limestone nodules/veins.

(91') Changes to intensely fractured,
moderately decomposed.

(96.1') Clayey LIMESTONE: very strong to
strong, greenish black (5GY 2/1), massive,
microcrystalline, alternating 2-3 inches of
mudstone, moderately to intensely fractured,
fresh, competent.

(98.8') CLAYSHALE: strong, dark greenish
gray (5G 4/1), massive, intensely fractured,
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slightly decomposed, slightly disintegrated,
small limestone nodules.

(103') CLAYSHALE: strong, dark greenish
gray (5G 4/1), massive, very intensely
fractured, slightly decomposed, slightly
disintegrated, small limestone nodules.

(104.6') Grades to dark gray (N3).

(105.4') LIMESTONE: strong, medium gray
(N5), massive, microcrystalline, slightly
fractured, competent, fresh.

(106.4') CLAYSHALE: strong, dark greenish
gray (5G 4/1), massive, moderately fractured,
slightly decomposed, slightly disintegrated,
small limestone nodules.

(109.4') Becomes weak, very intensely
fractured, highly decomposed.

(113') CLAYSHALE: strong, grayish red (5R
4/2), massive, fresh, competent, moderately
fractured, slickensides, light olive gray (5Y
5/2) limestone veins.

(114.2') Changes to variegated colors of
grayish red (5R 4/2) and medium dark gray
(N4).

(116') Changes to dark greenish gray (5G
4/1), limestone veins grade out, laminated,
slightly fractured.
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(123.9') CLAYSTONE: weak to very weak,
massive, planar structure, intensely fractured,
dark greenish gray (5G 4/1), some limestone
nodules, highly decomposed.

(126.9') LIMESTONE: very strong, brownish
black (5YR 2/1), massive, microcrystalline,
moderately fractured, fresh, competent.

(130.5') CLAYSHALE: moderately strong to
strong, dark greenish gray (5G 6/1), limestone
nodules, massive, slightly to moderately
fractured, fresh to slightly decomposed,
competent.

(134.5-136') Changes to grayish red (5R 4/2).

(136-137') Changes to dark greenish gray (5G
4/1).

(137-138') Changes to grayish red (5R 4/2).

(138-140') Changes to dark greenish gray (5G
4/1).
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May be equivalent to
coal-bearing shale at M-GS-1
and M-GS-3

131/
132

164/
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76
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(140-143') Changes to pale brown (5YR 5/2),
limestone veins also appear.

(143') CLAYSHALE: moderately strong to
strong, dark greenish gray (5G 4/1), limestone
nodules/veins, massive, intensely fractured,
moderately decomposed, competent.

(146.8') Changes to medium dark gray (N4),
no limestone nodules or veins, slightly
fractured, fresh.

(149.2') Sandy SHALE: strong, medium gray
(N5) and grayish black (N2), massive for top
1.5 ft of unit, laminated for bottom 3.2 ft of
unit, fine grained sandy areas, sand content
increases towards bottom, well cemented,
micaceous, slightly fractured, fresh,
competent.

(154') Sandy SHALE: strong, grayish black
and light gray (N6), massive shale to
alternating laminations of shale and
sandstone, fine grained sandy areas, sand
content increases towards bottom, well
cemented, micaceous, slightly fractured,
fresh, competent.
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(161') SANDSTONE: strong, medium light
gray (N6), some grayish black laminations
(shale or coal), micaceous, slightly fractured,
fine grained, fresh, competent.

(162.7') Sandy SHALE to Shaly
SANDSTONE: strong, grayish black and light
gray (N6), massive shale to alternating
laminations of shale and sandstone, fine
grained sandy areas, sand content increases
towards bottom, well cemented, micaceous,
slightly fractured, fresh, competent, 2 inch
layer of previous sandstone 2.8 ft from top of
unit.

(165.2') 0.3 ft vertical fracture.

(168') Sandy SHALE to Shaly SANDSTONE:
strong, grayish black and light gray (N6),
massive shale to alternating laminations of
shale and sandstone, fine grained sandy
areas, sand content increases towards
bottom, well cemented, micaceous, slightly
fractured, fresh, competent, 2 inch layer of
previous sandstone 2.8 ft from top of unit,
becomes fissile at bottom.

(171.8') SANDSTONE: strong, medium gray
(N5), fine grained, micaceous, massive, weak
coal veins, slightly fractured, fresh,
competent, mud inclusions.
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(183') SANDSTONE: strong, medium gray
(N5), fine grained, micaceous, massive, weak
coal veins, slightly fractured, fresh,
competent.

(187.4') Becomes medium grained.

(188.8') Becomes moderately fractured.

(192.5') Coal veins increase for rest of run.

(196.3') Mud inclusions begin to appear.

(198.3') Conglomerate SANDSTONE: strong,
very light gray (N6), massive, micaceous,
abundant imbedded conglomerates (up to 1.5
inch thick), mud inclusions, slightly fractured,
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fresh, competent, fine grained, conglomerates
are brownish gray (5YR 4/1) and very pale
orange (10YR 8/2).

(200.8') SANDSTONE: strong, medium gray
(N5) to medium dark gray (N4), massive to
minor cross bedding, occasional zones of
imbedded conglomerate, fine grained, slightly
fractured, fresh, competent, minor coal veins.

(208.3') COAL: moderately strong, black (N1),
fissile to cubic structure, sandstone inclusions
(up to 1.5 inch thick), moderately fractured.

(208.8') Coal-bearing, sandy conglomerate
CLAYSHALE: strong, medium dark gray (N4),
massive, slightly fractured, fresh, competent.

(210.2') SANDSTONE: strong, medium gray
(N5) to medium dark gray (N4), massive to
minor cross bedding, occasional zones of
imbedded conglomerate, medium grained,
slightly fractured, fresh, competent.

(218') End of MORGANTOWN.

(218.1') Silty SHALE: strong, dark greenish
gray (5G 4/1), massive, slightly to moderately
fractured, fresh, competent.
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End of borehole at 228 ft bgs.

Well installed on 04/21/2016
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Overburden: No sample recovered with
wireline coring rig.
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Started coring at 20 ft bgs.
Overburden: Driller (B.
Womack) figured this material
was overburden because of
change in drilling speed (faster
through limestone boulders
and slow through clay). Rods
were violently shaking, as well,
as if trying to drill through
unstable rock material is
boxed.

31/
156

30/
156

13

4

(20') Overburden: Some limestone boulders
encountered. (see remarks)

(30') Overburden: LIMESTONE encountered -
strong, light gray (N7), microcrystalline,
intensely fractured, slightly decomposed,
slightly disintegrated.

(33') Overburden: 2.5 ft of previous
LIMESTONE encountered through course of
Run 2.
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End of overburden, begin bedrock.

(44.7') LIMESTONE: strong, greenish black
(5GY 2/1), microcrystalline, moderately
fractured, slightly decomposed, slightly
disintegrated, clay in fractures.

(52.6') CLAYSTONE: very weak, medium
dark gray (N4), massive, highly decomposed,
highly disintegrated, intensely fractured.

(53.6') Sandy silty SHALE: strong, medium
light gray (N6), massive, laminated from 4-5.5
ft from top of unit, competent, fresh, slightly
fractured, micaceous, sand content increases
at bottom of unit.

(59.5') CLAYSHALE: strong, medium dark
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gray (N4), massive, slightly decomposed to
fresh, competent, moderately fractured.

(60.8') LIMESTONE: strong, medium light
gray (N4), microcrystalline to fine grained,
massive, fresh, competent, unfractured.

(62.6') Silty SHALE: strong, medium light gray
(N6), massive, laminated from 4-5.5 ft from
top of unit, competent, fresh, slightly
fractured, slightly micaceous, few sandy parts.

(65.1') CLAYSTONE: very weak, medium
dark gray (N4), massive, highly decomposed,
highly disintegrated, intensely fractured.

(66.1') CLAYSHALE: strong, dark greenish
gray (5G 4/1), massive, slightly decomposed
to fresh, competent, moderately fractured.

(68') CLAYSHALE to silty SHALE: strong,
dark greenish gray (5G 4/1) to medium light
gray (N5), massive, moderately to intensely
fractured, slightly decomposed, competent,
clay infillings in fractures, some limestone
nodules, some sandy parts in silty shale.

(71.5') Highly decomposed.

(78.8') Sandy SHALE: laminated.
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(81') Limestone nodules increase.

(83') CLAYSHALE: strong, dark greenish gray
(5G 4/1), massive, fissile 1.5 ft from top of
run, intensely fractured, slightly decomposed,
competent, clay infillings in fractures.

(84.5') Becomes fissile, weak, moderately to
highly decomposed, moderately to highly
disintegrated.

(85.3') LIMESTONE: strong, olive black (5Y
2/1) with medium light gray nodules (N6),
massive, fresh, competent, moderately
fractured.

(88.3') CLAYSHALE: strong, dark greenish
gray (5G 4/1), massive, fissile 1.5 ft from top
of run, intensely fractured, slightly
decomposed, competent, clay infillings in
fractures, with limestone nodules.

(91.3') LIMESTONE: strong, olive black (5Y
2/1) with medium light gray nodules (N6),
massive, fresh, competent, moderately
fractured.

(92.2') CLAYSHALE to CLAYSTONE:
moderately strong to very weak, dark greenish
gray (5G 4/1) with yellowish gray quartz veins
to olive gray (5Y 4/1), slightly to intensely
decomposed, intensely fractured.

(95') CLAYSHALE: strong, dark greenish gray
(5G 4/1) with yellowish gray (5Y 7/2), quartz
veins, fresh, competent, moderately fractured.

(98') Changes to intensely fractured,
moderately decomposed.

(98.8') Changes to slightly fractured.

Run 6

Run 7
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(100') Changes to Silty CLAYSHALE.

(108') CLAYSHALE: strong, dark greenish
gray (5G 4/1) with yellowish gray (5Y 7/2),
quartz veins, fresh, competent, moderately
fractured.

(113.6') Shaly SANDSTONE: strong, medium
gray (N5), interbedded sandstone with shale
(possibly cross-bedding), micaceous, fine
grained, competent, fresh, moderately
fractured, some mud inclusions, shale is
grayish black (N2).

(118.6') Sandy CLAYSHALE: strong, grayish
black (N2), massive, sandy for top 1.7 ft of
unit, fine grained, mud inclusions for top 1.7

Run 8
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ft, competent, fresh, moderately fractured,
may be coal-bearing for top 1.7 ft.

(123') CLAYSHALE: strong, medium dark
gray (N4), massive, competent, fresh,
moderately fractured, no mud inclusions, coal
or sandy areas, abundant limestone nodules.

(131.5') 1" band of small limestone nodules.

(134.5') SANDSTONE: strong, medium gray
(N5), minor cross bedding, fine grained, fresh,
competent, micaceous, slightly fractured.

(136.8') Silty SHALE: strong, medium dark
gray (N4), massive, competent, fresh,
moderately fractured, abundant limestone
nodules.

(138') Silty SHALE: strong, medium dark gray
(N4) to dark gray (N3), massive, competent,
fresh, slightly to moderately fractured,

Run 9
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abundant limestone nodules.

(140.6') Becomes intensely fractured.

(141') LIMESTONE: strong, olive gray (5Y
4/1), massive, microcrystalline, competent,
fresh, unfractured.

(141.6') Silty SHALE: strong, medium dark
gray (N4) to dark gray (N3), massive,
competent, fresh, slightly to moderately
fractured, limestone nodules throughout.

(153.3') CLAYSHALE: strong, dark greenish
gray (5G 4/1), massive, moderately fractured,
slightly decomposed, slightly disintegrated,
0.5 ft vertical fracture at top of unit.

(156.3') CLAYSTONE: moderately strong,
medium dark gray (N4), massive, intensely
fractured, clay infillings in fractures,
moderately decomposed, moderately
disintegrated.

(157.3') LIMESTONE: strong, olive black (5Y
2/1) to dark greenish gray (5G 4/1), light gray
(N7), limestone nodules, nodular to massive,
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microcrystalline, moderately fractured, slightly
disintegrated, fresh.

(162.3') CLAYSTONE: moderately strong,
medium dark gray (N4), massive, intensely
fractured, clay infillings in fractures,
moderately decomposed, moderately
disintegrated.

(163.3') LIMESTONE: strong, dark greenish
gray (5G 4/1), massive, microcrystalline,
unfractured, fresh, competent.

(163.8') CLAYSTONE: moderately strong,
medium dark gray (N4), massive, intensely
fractured, clay infillings in fractures,
moderately decomposed, moderately
disintegrated.

(168') Silty SHALE: strong, dark greenish gray
(5G 4/1), massive, slightly fractured, fresh,
competent, minor limestone nodules.

(170') Intensely fractured, moderately
disintegrated.

(173.4') Sandy silty SHALE: strong, grayish
black (N2), massive, slightly fractured, fresh,
competent, minor limestone nodules,
occasional sandstone lenses, fine grained,
micaceous, medium light gray.

(178.4') SANDSTONE: strong, medium light
gray (N6), fine grained, micaceous,
cross-bedded, competent, fresh, mud
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inclusions/lenses, slightly fractured.
[MORGANTOWN]

(180.6') Sandy silty SHALE: strong, grayish
black (N2), massive, slightly fractured, fresh,
competent, occasional sandstone lenses, fine
grained, micaceous, medium light gray.

(183') Sandy SHALE: strong, dark gray (N3)
[shale], medium dark gray (N5) [sandstone],
laminations/lenses of sandstone, lenses up to
6" thick, fresh, competent, slightly fractured.

(191.7') SANDSTONE: strong, medium light
gray (N6) to medium gray (N5), cross-bedded,
fine grained, micaceous, slightly fractured,
fresh, competent. [MORGANTOWN]

(193.8') Shale lenses, mud inclusions/lenses
appear (up to 1 inch thick).

(196.7') Becomes moderately fractured.

(191.7') SANDSTONE: strong, medium light
gray (N6) to medium gray (N5), cross-bedded,
fine grained, micaceous to very micaceous,
slightly to moderately fractured, fresh,
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Drilling Start Date: 03/14/2016 14:45

Drilling Equipment: CS1500 Wireline Rig

Drilling End Date: 03/16/2016 09:30

Drilling Company: Layne Drilling

Riser Material: Sch 40 PVCDrilling Method: Rock Core

Screen Slot (in): 0.010

Seal Material(s): Bentonite Pellets

Well Depth (ft): 224
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Top of Casing Elev. (ft): 

Location (X,Y):

Rock Core

Boring Depth (ft): 

Boring Diameter (in): 

Sampling Method(s): 

DTW During Drilling (ft): 
Ground Surface Elev. (ft): 1,036.92

1,039.54
N 835,739.3 E 2,511,662.3



152/
156

80

competent, some coal veining, some
imbedded conglomerate, shale lenses, mud
inclusions. [MORGANTOWN]

(212.2') Becomes massive.

(213') SANDSTONE: strong, medium light
gray (N6) to medium gray (N5), cross-bedded,
fine grained, micaceous to very micaceous,
slightly fractured, fresh, competent, some coal
veining, some imbedded conglomerate, shale
lenses, mud inclusions. [MORGANTOWN]
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Project: CHE8126L

NOTES:

Drilling Start Date: 03/14/2016 14:45

Drilling Equipment: CS1500 Wireline Rig

Drilling End Date: 03/16/2016 09:30

Drilling Company: Layne Drilling

Riser Material: Sch 40 PVCDrilling Method: Rock Core

Screen Slot (in): 0.010

Seal Material(s): Bentonite Pellets

Well Depth (ft): 224
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Top of Casing Elev. (ft): 

Location (X,Y):

Rock Core

Boring Depth (ft): 

Boring Diameter (in): 

Sampling Method(s): 

DTW During Drilling (ft): 
Ground Surface Elev. (ft): 1,036.92

1,039.54
N 835,739.3 E 2,511,662.3



84/84 92

(221.8') 0.4 ft thick lense of sandstone with
prevalent mud inclusions, conglomerate, coal
veining.

(222.2') COAL: strong, black (N1), massive to
cubic structure, slightly fractured, slightly
decomposed, competent, sandstone lense,
mud inclusions.

(222.7') SANDSTONE: strong, medium light
gray (N6) to medium gray (N5), massive,
cross-bedded, fine grained, micaceous to very
micaceous, slightly fractured, fresh,
competent, some coal veining.
[MORGANTOWN]

(223.3') CLAYSHALE: strong, dark greenish
gray (5G 4/1), massive, intensely fractured,
moderately decomposed, slightly
disintegrated, calcareous nodules/veining.

(225.3') CLAYSTONE: weak to very weak,
medium light gray (N6), massive, intensely
fractured, highly decomposed, highly
disintegrated.

(226') CLAYSHALE: strong, dark greenish
gray (5G 4/1), massive, intensely fractured,
moderately decomposed, slightly
disintegrated, calcareous nodules/veining.

(226.5') Changes to slightly fractured, fresh,
competent.

End of borehole at 233 ft bgs.

Well installed on 04/05/2016
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Drilling Start Date: 03/14/2016 14:45

Drilling Equipment: CS1500 Wireline Rig

Drilling End Date: 03/16/2016 09:30

Drilling Company: Layne Drilling

Riser Material: Sch 40 PVCDrilling Method: Rock Core

Screen Slot (in): 0.010

Seal Material(s): Bentonite Pellets

Well Depth (ft): 224
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Top of Casing Elev. (ft): 

Location (X,Y):

Rock Core

Boring Depth (ft): 

Boring Diameter (in): 

Sampling Method(s): 

DTW During Drilling (ft): 
Ground Surface Elev. (ft): 1,036.92

1,039.54
N 835,739.3 E 2,511,662.3



Decon drill with
potable water &
alconox prior to setup.

Started coring at 7.3'
Note: No water return.
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1
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NO SAMPLE - RUN 3"CASING TO 7.3'

5GY 6/1 GREENISH GRAY SANDSTONE

5GY 6/1 GREENISH GRAY SANDY SHALE
Badly broken.

5GY 6/1 GREENISH GRAY CLAY SHALE

N6 MEDIUM LIGHT GRAY LIMESTONE

977.8

REB

Continued Next Page
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With iron stain

N5 MEDIUM GRAY CLAY SHALE

N6 MEDIUM LIGHT GRAY LIMESTONE
Broken up; iron stain

N5 MEDIUM GRAY CLAY SHALE
Broken up

N6 MEDIUM LIGHT GRAY CLAY SHALE

5GY 6/1 GREENISH GRAY SANDY SHALE

N6 MEDIUM LIGHT GRAY CLAY SHALE

5GY 6/1 GREENISH GRAY SANDSTONE

N5 MEDIUM GRAY CLAY SHALE

RED,BROWN & GRAY CLAY SHALE

N6 MEDIUM LIGHT GRAY LIMESTONE
Oxidized above & below

N5 MEDIUM GRAY CLAY SHALE

N5 MEDIUM GRAY CLAY SHALE

RED & GREENISH GRAY CLAY SHALE
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Note:  At approx.
70.0', the rock
became more
competent.
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N6 MEDIUM LIGHT GRAY LIMESTONE

N6 MEDIUM LIGHT GRAY CLAY SHALE

N6 MEDIUM LIGHT GRAY LIMESTONE

N6 MEDIUM LIGHT GRAY CLAY SHALE
Iron stain at 56.8'

N6 MEDIUM LIGHT GRAY LIMESTONE
Iron stain; broken up

N5 MEDIUM GRAY CLAY SHALE

10R 4/2 GRAYISH RED CLAY SHALE

N6 MEDIUM LIGHT GRAY CLAY SHALE
Soft from 64.6'-67.2'

N5 MEDIUM GRAY CLAY SHALE
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5GY 6/1 GREENISH GRAY CLAY SHALE
Iron stain; fractures

N5 MEDIUM GRAY CLAY SHALE

5GY 6/1 GREENISH GRAY CLAY SHALE

N5 MEDIUM GRAY CLAY SHALE

N5 MEDIUM GRAY LIMESTONE

N5 MEDIUM GRAY CLAY SHALE with
LIMESTONE LENSES

5R 4/2 GRAYISH RED CLAY SHALE

N5 MEDIUM GRAY CLAY SHALE
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N5 MEDIUM GRAY SANDY CLAY SHALE

10YR 5/4 MODERATE YELLOWISH BROWN
SANDSTONE
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0.1' limestone at
141.0'
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N5 MEDIUM GRAY SANDSTONE
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10YR 5/4 MODERATE YELLOWISH BROWN
SANDSTONE
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Lost drill water at
155'; geared rig down
from 5th to 3rd gear.

Mud seam at 169.8'
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N5 MEDIUM GRAY SANDSTONE

10YR 5/4 MODERATE YELLOWISH BROWN
SANDSTONE

N5 MEDIUM GRAY SANDSTONE

10YR 5/4 MODERATE YELLOWISH BROWN
SANDSTONE

N5 MEDIUM GRAY SANDSTONE

10YR 5/4 MODERATE YELLOWISH BROWN
SANDSTONE

N5 MEDIUM GRAY SANDSTONE with COAL
STREAKS

10YR 5/4 MODERATE YELLOWISH BROWN
SANDSTONE

N5 MEDIUM GRAY SANDSTONE with COAL
STREAKS

10YR 5/4 MODERATE YELLOWISH BROWN
SANDSTONE
Mud seam at 169.8'

N5 MEDIUM GRAY SANDSTONE with COAL
STREAKS
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Mud seam at 200.2'
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204.6
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N5 MEDIUM GRAY SANDSTONE
CONGLOMERATE

N5 MEDIUM GRAY SANDSTONE with COAL
STREAKS
(Morgantown)  Vertical crack at 189.3'

N5 MEDIUM GRAY CLAY SHALE
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Rock fracture at
209.7'

214.6

224.6

234.6

10.0
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N4 MEDIUM DARK GRAY SANDY SHALE

N6 MEDIUM LIGHT GRAY SHALEY
SANDSTONE

N6 MEDIUM LIGHT GRAY LIMESTONE
Vertical crack at 220.1'-220.7' (fossils)

N6 MEDIUM LIGHT GRAY SHALEY
LIMESTONE

N5 MEDIUM GRAY CLAY SHALE

N5 MEDIUM GRAY SANDY SHALE
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Mud seam at 230.0'

Mud seam at 235.2'

Mud seam at 239.9'

Note:  Run 3" casing
to 83.6'

235.2

237.6

244.6

249.2

254.6

.6

2.4

6.3

2.3

100

0

33

0

0

234.6
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237.6

244.6

249.2

NQ-2

NQ-2

NQ-2

NQ-2

NQ-2

36
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40

N6 MEDIUM LIGHT GRAY LIMESTONE
Shale streaks.

N5 MEDIUM GRAY SHALEY SANDSTONE
With calcite.

N5 MEDIUM GRAY CLAY SHALE
Broken up

N3 DARK GRAY CLAY SHALE
Broken up.

N5 MEDIUM GRAY SANDSTONE

N5 MEDIUM GRAY CLAY SHALE
Broken up
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264.6

264.8
274.6

284.6

9.8

0.2
9.8

10.0

51

0
70

38

254.6

264.6
264.8

274.6

NQ-2

NQ-2
NQ-2

NQ-2

41

42
43

44

N3 DARK GRAY CLAY SHALE

N1 BLACK COAL

N4 MEDIUM DARK GRAY CLAY SHALE
Limestone nodules.

10Y 6/2 PALE OLIVE LIMESTONE

N5 MEDIUM GRAY SHALEY LIMESTONE

N5 MEDIUM GRAY CLAY SHALE
Limestone nodules
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GROUNDING
PROCEDURES NOT
IN USE ON THIS
BORING; DRILL AND
DECON WATER
USED FROM
CARDINAL FIRE
PROTECTION
SYSTEM;
DECONNED TOOLS
& DRILL 07/18/07;
BLIND DRILLED 4"
HW CASING TO
START CORING @
8.6'

14.4

24.4

3.7

6.3

11

30

8.6

14.4

NQ

NQ

1

2

SOFT N6 MEDIUM LIGHT GRAY BROKEN
SILTY CLAYSHALE

N5 MEDIUM GRAY BROKEN SILTSTONE

HARD N8 VERY LIGHT GRAY LIMESTONE
w/heavy iron staining throughout

1071.8

Continued Next Page

RECORDER

4"
3"
6"
8"

NQ-2 ROCK CORE
6" x 3.25 HSA
9" x 6.25 HSA
HW CASING ADVANCER
NW CASING
SW CASING
AIR HAMMER

2.45

214.0

COORDINATES PIEZOMETER TYPEN 833,569.0   E 2,518,172.3

HGT. RISER ABOVE GROUND

DEPTH TO TOP OF WELL SCREEN

WELL DEVELOPMENT

FIELD PARTY MCR/ZLR/RMP

TYPE OF CASING USED

SYSTEM

PIEZOMETER TYPE:

Water Level, ft

TIME

DATE

GROUND ELEVATION

N/A

OW = OPEN TUBE SLOTTED SCREEN, GM = GEOMON

PT = OPEN TUBE POROUS TIP, SS = OPEN TUBE
SLOTTED SCREEN, G = GEONOR, P = PNEUMATIC

OW

2"

274.3

QUICK GROUT

D-120

WELL TYPE

DIA

BOTTOM

BACKFILL

RIG

YES

WELL TYPE:
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29.9

39.4

49.9

4.3

9.1

10

47

31

22

24.4

29.9

39.4

NQ

NQ

NQ

3

4

5

HARD N7 LIGHT GRAY SILTY CLAYSHALE
w/iron staining

HARD N5 MEDIUM GRAY WELL CEMENTED
FINE SANDY SILTSTONE
w/iron staining throughout; high angle fracture @
35.2'

HARD N3 DARK GRAY FINE SANDY
SILTSTONE
Well Cemented
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54.9

59.9

69.9

79.9

3.7

4.6

7.1

5.4

68

43

61

43

49.9

54.9

59.9

69.9

NQ

NQ

NQ

NQ

6

7

8

9

N1 BLACK COAL

N6 MEDIUM LIGHT GRAY LIMESTONE

N5 MEDIUM GRAY LIMEY SILTSTONE

N5 MEDIUM GRAY BROKEN LIMEY
SILTSTONE

HARD 5Y 6/4 DUSKY YELLOW FINE GRAIN
WELL CEMENTED SANDSTONE
w/heavy iron staining; vertical fracture @ 56.5'

HARD N5 MEDIUM GRAY WELL CEMENTED
LIMESTONE

N5 MEDIUM GRAY BROKEN CLAYSHALE
w/fractures @ 61' and 64.0'

HARD N5 MEDIUM GRAY LIMESTONE

SOFT N7 LIGHT GRAY CLAYSHALE
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89.9

99.9

6.6

10

23

12

79.9

89.9

NQ

NQ

10

11

N1 BLACK COAL

N5 MEDIUM GRAY SILTSTONE
w/high angle fracture

N6 MEDIUM LIGHT GRAY FINE GRAIN WELL
CEMENTED SANDY CLAYSHALE
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106.9

114.9

120.9

129.9

5.8

5.6

5.2

4.8

53

0

8

38

99.9

106.9

114.9

120.9

NQ

NQ

NQ

NQ

12

13

14

15

N6 MEDIUM LIGHT GRAY FINE GRAIN
SANDY CLAYSHALE

N6 MEDIUM LIGHT GRAY WELL CEMENTED
FINE GRAIN SANDSTONE
w/high angle fracture throughout whole piece

N6 MEDIUM LIGHT GRAY  WELL CEMENTED
FINE GRAIN SANDSTONE

HARD N4 MEDIUM GRAY SHALE
w/machine break

SOFT N4 MEDIUM GRAY CLAYSHALE

HARD N5 MEDIUM GRAY CLAYSHALE

N6 MEDIUM LIGHT GRAY LIMESTONE
w/ high angle fracture from 117' - 118.4'

SOFT N5 MEDIUM GRAY CLAYSHALE

HARD N5 MEDIUM GRAY CLAYSHALE

N6 MEDIUM LIGHT GRAY LIMESTONE
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SWL 74.4' 07/23/07 -
50 HR READING /
NQ HOLE TO 129.9'

134.9

138.4

143.9

149.4

154.4

3.9

2.3

6.5

4.0

3.9

10

17

0

18

0

129.9

134.9

138.4

144.4

149.4

NQ

NQ

NQ

NQ

NQ

16

17

18

19

20

HARD N5 MEDIUM GRAY CLAYSHALE

HARD N6 MEDIUM LIGHT GRAY SILTSTONE
w/high angle fracture @ 130.9'

SOFT N6 MEDIUM LIGHT GRAY CLAYSHALE

HARD N5 MEDIUM GRAY LIMESTONE

N5 MEDIUM GRAY SILTSTONE

HARD N5 MEDIUM GRAY CLAYSHALE

HARD N5 MEDIUM GRAY CLAYSHALE

SOFT N4 MEDIUM DARK GRAY CLAYSHALE

N5 MEDIUM GRAY LIMEY SILTSTONE

SOFT N5 MEDIUM GRAY CLAYSHALE

N4 MEDIUM DARK GRAY CLAYSHALE
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158.4

164.9

168.9

174.9

179.9

3.5

5.7

3.4

5.7

5

11

16

0

0

10

154.4

158.4

164.9

168.9

174.9

NQ

NQ

NQ

NQ

NQ

21

22

23

24

25

HARD N6 MEDIUM LIGHT GRAY SILTSTONE

HARD N5 MEDIUM GRAY CLAYSHALE

SOFT N6 MEDIUM LIGHT GRAY CLAYSHALE
w/high angle fracture @ 168.7'

HARD N5 MEDIUM GRAY CLAYSHALE

HARD N5 MEDIUM GRAY SILTSTONE
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SWL 67.4' - 14 HR
READING / NQ
HOLE TO 182.9'

182.4

183.9

187.9

189.9

194.9

199.9

204.9

1.9

1

3.4

2.4

4.9

5

5

0

0

50

0

0

32

36

179.9

182.4

183.9

187.9

189.9

194.9

199.9

NQ

NQ

NQ

NQ

NQ

NQ

NQ

26

27

28

29

30

31

32

HARD N4 MEDIUM DARK GRAY LIMESTONE

N4 MEDIUM DARK GRAY SILTSTONE

N4 MEDIUM DARK GRAY SILTY LIMESTONE

HARD N5 MEDIUM GRAY LIMEY SILTSTONE

SOFT N5 MEDIUM GRAY SILTSTONE
w/high angle fracture @ 186.7'

SOFT N5 MEDIUM GRAY LIMEY SILTSTONE

HARD N5 MEDIUM GRAY LIMEY SILTSTONE

HARD N6 MEDIUM LIGHT GRAY LIMEY
SILTSTONE

SOFT N6 MEDIUM LIGHT GRAY CLAYSHALE

N5 MEDIUM GRAY CLAYSHALE

N5 MEDIUM GRAY FINE GRAIN WELL
CEMENTED SANDSTONE

N6 MEDIUM LIGHT GRAY SILTSTONE

N6 MEDIUM LIGHT GRAY SANDY FINE
GRAIN WELL CEMENTED SILTSTONE
w/crossbeddings in sandstone
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214.9

224.9

229.9

10.2

10

5

28

76

86

204.9

214.9

224.9

NQ

NQ

NQ

33

34

35

N6 MEDIUM LIGHT GRAY FINE GRAIN WELL
CEMENTED SANDSTONE
badly broken by machine

N6 MEDIUM LIGHT GRAY FINE GRAIN
SANDSTONE

N4 MEDIUM DARK SANDY CLAYSHALE

N6 MEDIUM LIGHT GRAY SILTY
SANDSTONE
w/crossbeddings

SOFT N4 MEDIUM DARK GRAY SANDY
CLAYSHALE

N6 MEDIUM LIGHT GRAY WELL CEMENTED
FINE GRAIN SANDSTONE

N4 LIGHT GRAY WELL CEMENTED FINE
SANDY SILTSTONE
w/sandstone lenses

N5 MEDIUM GRAY FINE GRAIN SILTSTONE
w/sandstone lenses

N5 MEDIUM GRAY FINE SANDSTONE
w/crossbedding throughout

N5 MEDIUM GRAY FINE GRAIN SILTSTONE
w/sandstone lenses

N5 MEDIUM GRAY COARSE SANDSTONE
well cemented throughout

N6 MEDIUM LIGHT GRAY COARSE
SANDSTONE
crossbedded w/siltstone

N5 MEDIUM GRAY SILTSTONE

N6 MEDIUM LIGHT GRAY COARSE
SANDSTONE
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234.9

244.9

254.9

5

10

9.2

90

90

91

229.9

234.9

244.9

NQ

NQ

NQ

36

37

38

N5 MEDIUM GRAY SILTSTONE

N6 MEDIUM LIGHT GRAY COARSE
SANDSTONE
w/coal lenses

HARD N7 LIGHT GRAY COARSE
SANDSTONE

COAL PARTINGS

HARD WELL CEMENTED COAL LENSES

N7 LIGHT GRAY MEDIUM GRAIN
SANDSTONE
w/1" cross of clayshale

HARD WELL CEMENTED CLAYSHALE
crossbedded w/fine grain sandstone

N6 MEDIUM LIGHT GRAY MEDIUM GRAIN
SANDSTONE
w/clayshale crossbedding

N2 GRAYISH BLACK CLAYSHALE
crossbedded w/fine grain sandstone

N6 MEDIUM LIGHT GRAY MEDIUM GRAIN
SANDSTONE
w/clayshale crossbedding

N2 GRAYISH BLACK CLAYSHALE
crossbedded w/fine grain sandstone

HARD N7 MEDIUM LIGHT GRAY MEDIUM
GRAIN WELL CEMENTED SANDSTONE
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STOPPED BORING
@ 277.4'  07/25/07

264.1

269.6

277.4

9.2

6.2

7.5

100

89

65

254.9

264.1

269.9

NQ

NQ

NQ

39

40

41

crossbedded w/clayshale

N7 LIGHT GRAY COURSE GRAIN
SANDSTONE
w/lenses

HARD N6 MEDIUM LIGHT GRAY WELL
CEMENTED COARSE SANDSTONE
w/coal parting @ 266.0'

HARD N6 MEDIUM LIGHT GRAY WELL
CEMENTED COARSE SANDSTONE
w/limestone nodules @ 273.9' - 274.9'

HARD N5 MEDIUM GRAY WELL CEMENTED
SILTSTONE
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2.00.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

1

2

3

4

5

6

7

8

9

10

Loose, grayish brown, gravelly SAND (SP); dry;
non-plastic; coarse to fine sand with approx. 20%
fine gravel to cobbles.

Loose, black, COAL; dry.

Loose, orange, silty SAND (SM); dry, fine
grained; over 6" of grayish brown, clayey silt.

Loose, grayish brown to orange, silty SAND
(SM); dry; non-plastic; micaceous.

Moderately hard, greenish gray, SANDSTONE;

1016.2
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30.0

40.0

50.0

20.0

22.0

30.0

40.0

SS

RC

RC

RC

11

1

2

3

fine grained; rust color along fractures; massive.

Hard, light gray, LIMESTONE; fine grained; rust
color along fractures; vertical fracture at 24.0 ft.;
massive.

Soft, greenish gray (GLEY1-6/1-5GY),
SANDSTONE; micaceous; massive.

Soft, gray, SAND and SHALE; micaceous.

Soft, gray to greenish gray, SANDSTONE;
medium grained; slight shale like foliations; 3"
sandy shale at 33 ft.; 5 horizontal and vertical
fractures.

Very soft, gray to greenish gray, CLAYSHALE;
massive.

Hard, gray to greenish gray, SANDSTONE.

Very soft, gray to greenish gray, CLAYSHALE;
high sand content; massive to foliated.
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60.0

70.0

80.0

50.0

60.0

70.0

RC

RC

RC

4

5

6

Moderately hard, greenish gray, SANDSTONE;
fine grained, rust color along cracks; massive.

2 horizontal fractures near 55.0 ft.

Soft, gray to black, CLAYSHALE; massive to
foliated.

Hard, light gray (GLEY2-7/1-10B), LIMESTONE;
massive.

Soft, gray to black; CLAYSHALE; massive.
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90.0

100.0

80.0

90.0

RC

RC

7

8

Moderately hard, greenish gray, SANDSTONE;
fine grained; massive.
Vertical fracture at 73.0 ft.
Horizontal fracture at 74.5 ft.

Soft, dark gray, CLAYSHALE; massive.

Light gray, LIMESTONE; iron staining.

Soft, dark gray, CLAYSHALE; massive.

Light gray, LIMESTONE.

Soft, dark gray, CLAYSHALE; massive.

Hard, gray (GLEY1-6/2-N), LIMESTONE;
massive.

Soft, dark gray, CLAYSHALE; massive.
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110.0

120.0

130.0

100.0

110.0

120.0

RC

RC

RC

9

10

11

Hard, gray, LIMESTONE; massive.

Soft, gray (GLEY1-4/1-N), CLAYSTONE;
massive.

Light gray, LIMESTONE.

Dark gray, CLAYSHALE.

FROM

W
E

LL

U
 S

 C
 S

G
R

A
P

H
IC

LO
G

RQD

S
A

M
P

LE
N

U
M

B
E

R SAMPLE
DEPTH
IN FEET

S
A

M
P

LE

T
O

T
A

L
LE

N
G

T
H

R
E

C
O

V
E

R
Y

%

STANDARD
PENETRATION
RESISTANCE

DEPTH

IN

FEET

SOIL / ROCK

IDENTIFICATION

DRILLER'S

NOTES

BLOWS / 6"TO

100

105

110

115

120

6/1/06BORING FINISH

AMERICAN ELECTRIC POWER SERVICE CORPORATION

BORING NO. 7/17/15 SHEET

Continued Next Page

12

BORING STARTCARDINAL LANDFILL

5

AEP CIVIL ENGINEERING LABORATORY

PROJECT 8/25/06

AMERICAN ELECTRIC POWER DATECA-0620 OF

LOG OF BORING
JOB NUMBER

COMPANY

A
E

P
  C

D
_F

G
D

_L
A

N
D

F
IL

L.
G

P
J 

 A
E

P
.G

D
T

  7
/1

7
/1

5



140.0

150.0

130.0

140.0

RC

RC

12

13

Light gray, LIMESTONE.

Dark gray to black to red brown (10R-3/2-/2),
CLAYSHALE; dry; massive.

Hard, dark gray (GLEY2-3/1-5PB),
CLAYSTONE; vertical fractures refilled with
calcite; massive.
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160.0

170.0

180.0

150.0

160.0

170.0

RC

RC

RC

14

15

16

Hard, gray, SANDSTONE; medium grained.

Hard, grayish brown (10YR 5/3), SANDSTONE;
medium grained.

Hard, gray (GLEY2-5/1-10B), SANDSTONE;
medium grained.

Vertical fracture at 172.0 ft.
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190.0

200.0

210.0

180.0

190.0

200.0

RC

RC

RC

17

18

19

Thin (1mm) clay hair line seams between 185.5
and 187.0 ft. and through sandstone to 225.5 ft.

Pebbly subrounded limestone clasts.
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220.0

230.0

210.0

220.0

RC

RC

20

21

Sandstone conglomerate between 210.0 and
211.0 ft.

Sandstone conglomerate between 212.0 and
213.5 ft.

Sandstone conglomerate between 214.0 and
215.0 ft.

Sandstone conglomerae between 221.5 and
221.7 ft.

Sandstone conglomerate between 225.0 and
225.5 ft.
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240.0

250.0

260.0

230.0

240.0

250.0

RC

RC

RC

22

23

24

Hard, dark gray, SANDSTONE; fine grained.

Moderately hard to hard, dark gray to black,
CLAYSHALE; contains brown, angular, coarse
to fine gravel inclusions (>5%); massive.

Sandstone conglomerate between 233.0 and
233.3 ft.

Sandstone conglomerate between 237.6 and
238.0 ft.

Hard, light gray, SANDSTONE; medium grained;
thin coal streaks (1mm) throughout.

Dark gray claystone between 250.0 and 250.5 ft.
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270.0

280.0

260.0

270.0

RC

RC

25

26

Gray, SANDSTONE; conglomerate.

Soft to moderately hard, greenish gray
(GLEY2-4/1-5B), CLAYSHALE; slightly foliated.

Hard, gray (GLEY1-4/1-5B), LIMESTONE;
contains fossils, fractured and broken glass at
273.0 ft.

Dark gray to black, CLAYSHALE; slicken slides
throughout.
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17.9

24.2

1.2

4.0

0

55

15.5

17.9

NQ

NQ

1

2

HARD N4 MEDIUM GRAY LIMESTONE

SOFT N4 MEDIUM GRAY CLAY

HARD N4 MEDIUM GRAY LIMESTONE

HARD N4 MEDIUM GRAY LIMESTONE
all fractured

HARD 5B 7/1 MEDIUM LIGHT BLUISH GRAY
LIMEY FINE-GRAIN SANDSTONE

1005.7

Continued Next Page

RECORDER

X

X

4"
3"
6"
8"

NQ-2 ROCK CORE
6" x 3.25 HSA
9" x 6.25 HSA
HW CASING ADVANCER
NW CASING
SW CASING
AIR HAMMER

2.359

152.9

COORDINATES PIEZOMETER TYPEN 830,925.1   E 2,519,495.8

HGT. RISER ABOVE GROUND

DEPTH TO TOP OF WELL SCREEN

WELL DEVELOPMENT

FIELD PARTY MCR / ZLR

TYPE OF CASING USED

SYSTEM

PIEZOMETER TYPE:

Water Level, ft

TIME

DATE

GROUND ELEVATION

N/A

OW = OPEN TUBE SLOTTED SCREEN, GM = GEOMON

PT = OPEN TUBE POROUS TIP, SS = OPEN TUBE
SLOTTED SCREEN, G = GEONOR, P = PNEUMATIC

OW

2"

214.4

QUICK GROUT

D-120

WELL TYPE

DIA

BOTTOM

BACKFILL

RIG

YES

WELL TYPE:
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34.2

40.7

49.2

9.2

6.4

8.2

54

0

28

24.2

34.2

40.7

NQ

NQ

NQ

3

4

5

HARD 5B 7/1 MEDIUM LIGHT BLUISH GRAY
LIMEY FINE-GRAIN SANDSTONE

SOFT N5 MEDIUM GRAY CLAY SHALE

HARD LIMESTONE

SOFT N5 MEDIUM GRAY CLAY SHALE

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE / LIMESTONE NODULE

SOFT 5YR 4/1 BROWNISH GRAY CLAY
SHALE
w/5G 6/1 greenish gray clay shale, w/high angle
fracture

HARD TO MEDIUM 5G 6/1 GREENISH GRAY
CLAY SHALE
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59.2

69.2

75.2

10.0

7.7

6.0

42

43

33

49.2

59.2

69.2

NQ

NQ

NQ

6

7

8

HARD 5G 6/1 GREENISH GRAY CLAY SHALE

SOFT 5G 6/1 GEEENISH GRAY CLAY SHALE

HARD 5G 6/1 GREENISH GRAY CLAY SHALE
w/traces of limestone

HARD 5G 6/1 GREENISH GRAY LIMESTONE

HARD 5G 6/1 GREENISH GRAY CLAY SHALE
w/fracture 64.0' and 65.0 high angles

HARD 5G 6/1 GREENISH GRAY CLAY SHALE

FROM

W
E

LL

U
 S

 C
 S

G
R

A
P

H
IC

LO
G

RQD

S
A

M
P

LE
N

U
M

B
E

R SAMPLE
DEPTH
IN FEET

S
A

M
P

LE

T
O

T
A

L
LE

N
G

T
H

R
E

C
O

V
E

R
Y

%

STANDARD
PENETRATION
RESISTANCE

DEPTH

IN

FEET

SOIL / ROCK

IDENTIFICATION

DRILLER'S

NOTES

BLOWS / 6"TO

50

55

60

65

70

5/21/07BORING FINISH

AMERICAN ELECTRIC POWER SERVICE CORPORATION

BORING NO. 7/17/15 SHEET

Continued Next Page

9

BORING STARTCARDINAL LANDFILL

3

AEP CIVIL ENGINEERING LABORATORY

PROJECT 5/1/07

AMERICAN ELECTRIC POWER DATECA-0702 OF

LOG OF BORING
JOB NUMBER

COMPANY

A
E

P
  C

D
_F

G
D

_L
A

N
D

F
IL

L.
G

P
J 

 A
E

P
.G

D
T

  7
/1

7
/1

5



84.2

90.7

97.7

8.4

4.7

5.4

49

0

61

75.2

84.2

90.7

NQ

NQ

NQ
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HARD N5 MEDIUM GRAY LIMESTONE
broken up

HARD N7 LIGHT GRAY LIMESTONE

HARD 5G 6/1 GREENISH GRAY CLAY SHALE

HARD 5G 6/1 GREENISH GRAY CLAY SHALE
w/limestone nodules

HARD 5G 6/1 GREENISH GRAY CLAY SHALE
w/limestone nodules
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104.2

114.2

121.2

129.2

6.4

8.8

6.2

8.3

44

70

19

51

97.7

104.2

114.2

121.2

NQ

NQ

NQ

NQ

12

13

14

15

HARD 5G 6/1 GREENISH GRAY CLAY SHALE

HARD 5G 6/1 GREENISH GRAY LIMESTONE

HARD 5G 6/1 GREENISH GRAY CLAY SHALE
w/limestone nodules

HARD 5G 6/1 GREENISH GRAY LIMESTONE

MEDIUM TO HARD 5G 6/1 GREENISH GRAY
CLAY SHALE

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE

HARD 5B 5/1 MEDIUM BLUISH GRAY
LIMESTONE
w/fracture throughout

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE

HARD 5B 5/1 MEDIUM BLUISH GRAY
LIMESTONE
w/fracture throughout

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE
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148.0' - 215.0'
MORGANTOWN
SANDSTONE /
SHALLOW WELL?

139.2

149.2

159.2

10.0

10.0

10.0

33

41

87

129.2

139.2

149.2

NQ

NQ

NQ

16

17

18

HARD N5 MEDIUM GRAY CLAY SHALE
w/fractures

HARD 5B 5/1 MEDIUM BLUISH GRAY CLAY
SHALE

COAL

HARD N3 DARK GRAY SHALE

N5 MEDIUM GRAY WELL CEMENTED
MEDIUM GRAIN SANDSTONE

N5 MEDIUM GRAY WELL CEMENTED
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169.2

179.2

10.0

10.0

93

71

159.2

169.2

NQ

NQ

19

20

MEDIUM GRAIN SANDSTONE

N5 MEDIUM GRAY WELL CEMENTED
MEDIUM GRAIN SANDSTONE

N5 MEDIUM GRAY WELL CEMENTED
MEDIUM GRAIN SANDSTONE
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SWL 117.8' 05/21/07;
NQ HOLE TO 179.2';
THIS IS A 408 HR
READING

189.2

199.2

209.2

10.0

10.0

9.2

52

85

87

179.2

189.2

199.2

NQ

NQ

NQ

21

22

23

N5 MEDIUM GRAY MEDIUM GRAIN
SANDSTONE

N5 MEDIUM GRAY MEDIUM GRAIN
SANDSTONE
w/coal

N5 MEDIUM GRAY MEDIUM GRAIN
SANDSTONE

N5 MEDIUM GRAY MEDIUM GRAIN
SANDSTONE
w/coal

N5 MEDIUM GRAY MEDIUM GRAIN
SANDSTONE

N5 MEDIUM GRAY MEDIUM GRAIN
SANDSTONE
w/coal seams

N5 MEDIUM GRAY WELL CEMENTED
MEDIUM GRAIN SANDSTONE

N5 MEDIUM GRAY WELL CEMENTED
MEDIUM GRAIN SANDSTONE
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STOPPED BORING
@ 219.2' 05/21/07;
INSTALLED 2" PVC
MONITORING
WELL; SWL 90.8'
05/22/07; NQ HOLE
TO 219.2' ; 14 HR
READING

219.2 10.0 95209.2NQ24

COAL SEAM

N5 MEDIUM GRAY SANDY COARSE STONE

N5 MEDIUM GRAY MEDIUM GRAIN WELL
CEMENTED SANDSTONE

N5 MEDIUM GRAY WELL CEMENTED
MEDIUM GRAIN SANDSTONE

HARD N5 MEDIUM GRAY SILTY SHALE
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LITHOLOGIC LOG

Boring/Well: Project:

Driller:

Total Depth:

Sample Interval (ft):

Logged by:

D
ep

th
 (

ft
)

R
ec

o
v

er
y

 (
ft

)

Drilling Method:

Survey Information

Location:

Start/Completion:

Site:

Drilling Co.: Boring Diameter:

Sampling Device:

Boring # :

Cascade 6 in

Colton Creal

Continuous

Brilliant, Ohio

L
it

h
o

lo
g

y

Description and Classification

Sonic Tooling

Ground Elevation:

S-23 Installation

S-23

S-23

45 ft

Rick Tustin

Sonic

12/5/22 - 12/7/22

Cardinal Power Plant

Northing,Easting (NAD 27):

984.62 ft. amsl

830001.82, 2518128.28

Page: 1 of 2Cox-Colvin & Associates, Inc.
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OVERBURDEN: Very dark brown (10YR2/2) sandy silt with gravel, low plasticity, moist 
becoming dry with depth, brownish yellow (10YR 6/8) mottling, fine to medium size gravel at 
base of interval.

OVERBURDEN: (2.8') Yellowish brown (10YR 5/6) sandy silt, some (35-40%) fine sand, low 
to no plasticity, dry.

SANDSTONE: (4.9') Light brownish gray (10YR 6/2), fine grained, micaceous, thinly bedded, 
highly weathered, very intensely fractured.

SILTSTONE: (7') Light bluish gray (10YR 6/2), laminated to thinly bedded, moderately 
weathered, very intensely fractured (blocky).

SANDSTONE: (8.6') Gray (7.5YR 5/1), fine grained, slightly weathered, slightly fractured 
(sub-horizontal), silt filled voids within fractures. Top of interval is black (N1) from 8.6'-8.7'.

SILTSTONE: (10') Light brownish gray (2.5YR 6/2), mottling to light olive brown (2.5YR 
5/4), laminated to thinly bedded, slightly to moderately weathered, subangular (blocky) 
fractures in moderately weathered fraction.

SANDSTONE: (10.6') Gray (7.5YR 5/1), fine grained, moderately to slightly fractured 
(horizontal) and single sub-horizontal fracture with a <0.1' diameter void.

SILTSTONE: (14') Bluish gray (GLEY2 5B 6/1), soft, friable, moderately bedded, unfractured 
from 14'-15', becomes intensely fractured from 15'-15.4' (drilling induced).

CLAYSTONE: (15.4') Greenish gray (GLEY1 5G 5/1), intensely fractured, slightly weathered, 
becomes heavily weathered and very intensely fractured from 15.6'-16', slickensides at 17'.

SILTSTONE: (18.5') Bluish gray (GLEY2 10B 6/1), moderately to thinly bedded, intensely 
fractured becoming very intensely fractured with depth (primarily vertical with few 
sub-vertical), pitted weathering with brownish yellow (10YR 6/6) mottling from 22'-24', silty 
sand with gravel matrix filling fractures from 23'-24'.
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CLAYSTONE: (25.5') Bluish gray (GLEY2 5B 5/1), slightly sandy, hard, thinly bedded, 
moderately fractured with horizontal fractures, brown (10YR 5/3) sub-rounded limestone 
nodules throughout (fine to medium gravel size), alteration mineral veins at 27', becomes very 
intensely fractured from 27.6'-28' and 30'-30.3', laminated (wavy) at base of interval.

LIMESTONE: (33.6') Gray (7.5YR 5/1) to dark gray (7.5YR 4/1), fine grained, intensely to 
moderately fractured, sub-horizontal to vertical fractures with smooth weathered surfaces, 
becomes very intensely fractured from 33.8'-.5' and 37.5'-39.2'.

SHALE: (39.2') Greenish gray (GLEY2 5BG 6/1), limy (slight reaction with HCl), soft, fissile, 
intensely fractured with fractures filled with fine grained shale fragments (weathered).

CLAYSTONE: (44.5') Bluish gray (GLEY1 10G 6/1) to weak red (10R 4/4), soft, friable, thinly
bedded.
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LIMESTONE Light Brownish Gray Hard
micritic

SHALE Brown to Medium Gray
fe stain fracture 4.4' to 4.6', 6.0' to 6.4' and
bedding plane fracture w/calcite 6.7', 8.3', & 9.3'

SHALE Light Gray - Medium Gray Silty

COAL Black
pyritic vitreous to boney towards base

SHALE Medium Gray Hard

SHALE Medium Gray Fissile
1-2 cm thick dull pyritic bed @ 43.5' and high
angle fe stain fracture 43.6' to 44.6'

LIMESTONE Light Gray to Light Greenish Gray
1+0 micritic limonitic staining 44.1' - 45.1' and fe
stain fracture 45.7' - 46.6'

FROM

W
E

LL

U
 S

 C
 S

G
R

A
P

H
IC

LO
G

RQD

S
A

M
P

LE
N

U
M

B
E

R SAMPLE
DEPTH
IN FEET

S
A

M
P

LE

T
O

T
A

L
LE

N
G

T
H

R
E

C
O

V
E

R
Y

%

STANDARD
PENETRATION
RESISTANCE

DEPTH

IN

FEET

SOIL / ROCK

IDENTIFICATION

DRILLER'S

NOTES

BLOWS / 6"TO

25

30

35

40

45

3/24/10BORING FINISH

AMERICAN ELECTRIC POWER SERVICE CORPORATION

BORING NO. 7/17/15 SHEET

Continued Next Page

15

BORING STARTCARDINAL LANDFILL

2

AEP CIVIL ENGINEERING LABORATORY

PROJECT 3/22/10

AMERICAN ELECTRIC POWER DATEM-1001S OF

LOG OF BORING
JOB NUMBER

COMPANY

A
E

P
  C

D
_F

G
D

_L
A

N
D

F
IL

L.
G

P
J 

 A
E

P
.G

D
T

  7
/1

7
/1

5



60.0

61.6

70.0

80.0

10

10

10

10

65

38

50.0

60.0

61.6

70.0

9

10

11

12

SHALE Soft Medium Gray
fe stain fractures 55.0' - 55.4' and 56.0' - 56.2'

SANDSTONE Light Gray, Fine Grain
laminar bedded - gradational to shale

SHALE Light - Medium Gray
67.1' - 68.2' fracture

LIMESTONE Very Light Gray, Argillaceous,
Hard
pyritic 70.4' - 70.9', fracture 75.2' - 76.0' w/calcite
vein along fracture w/soft light greenish gray clay
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friable, slickenslides, pyritic
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indurated
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laminar to current ripple bedding

SANDSTONE Medium Gray, Fine Grain
indurated, laminar to current ripple bedded, fine
micaceous

FROM

W
E

LL

U
 S

 C
 S

G
R

A
P

H
IC

LO
G

RQD

S
A

M
P

LE
N

U
M

B
E

R SAMPLE
DEPTH
IN FEET

S
A

M
P

LE

T
O

T
A

L
LE

N
G

T
H

R
E

C
O

V
E

R
Y

%

STANDARD
PENETRATION
RESISTANCE

DEPTH

IN

FEET

SOIL / ROCK

IDENTIFICATION

DRILLER'S

NOTES

BLOWS / 6"TO

75

80

85

90

95

3/24/10BORING FINISH

AMERICAN ELECTRIC POWER SERVICE CORPORATION

BORING NO. 7/17/15 SHEET

Continued Next Page

15

BORING STARTCARDINAL LANDFILL

4

AEP CIVIL ENGINEERING LABORATORY

PROJECT 3/22/10

AMERICAN ELECTRIC POWER DATEM-1001S OF

LOG OF BORING
JOB NUMBER

COMPANY

A
E

P
  C

D
_F

G
D

_L
A

N
D

F
IL

L.
G

P
J 

 A
E

P
.G

D
T

  7
/1

7
/1

5



101.9

102.2
103.5

104.0

105.9

110.0

112.1

113.9

114.5

118.3

118.6
120.0

128.0

10

9.8

88

51

100.0

101.9
102.2

103.5

104.0

105.9

110.0

112.1

113.9

114.5

118.3
118.6

120.0

17

18
19

20

21

22

23

24

25

26

27
28

29

SANDSTONE Medium Gray, Fine Grain
micaceous, indurated, laminar bedded, abundant
plant stem fragments

SHALE Dark Gray - Black
carbonaceous

COAL Black
pyritic, vitreous - fusian

SHALE Dark Gray - Black Hard
carbonaceous

SHALE Dark Medium Gray Soft
slickenslides

LIMESTONE Light Gray Hard
micritic, fracture 109.6' - 110'

SHALE Dark Gray - Black
carbonaceous, indurated, finely disseminate pyrite
111.9' - 112.1'

LIMESTONE Light - Medium Gray Hard
micritic, fe stain fracture 113.2' - 113.4'

SHALE Dark Gray, Hard
calc, fe stain fracture 113.9' - 115.1'

LIMESTONE Light Gray - Light Greenish Gray,
Hard
micritic, fe stain fracture 116.4' - 118.1', fine
pyrite xls along fracture

SHALE Dark Gray
friable

SHALE Medium Gray
indurated

SHALE Gray
notes from driller's field log

FROM

W
E

LL

U
 S

 C
 S

G
R

A
P

H
IC

LO
G

RQD

S
A

M
P

LE
N

U
M

B
E

R SAMPLE
DEPTH
IN FEET

S
A

M
P

LE

T
O

T
A

L
LE

N
G

T
H

R
E

C
O

V
E

R
Y

%

STANDARD
PENETRATION
RESISTANCE

DEPTH

IN

FEET

SOIL / ROCK

IDENTIFICATION

DRILLER'S

NOTES

BLOWS / 6"TO

100

105

110

115

120

3/24/10BORING FINISH

AMERICAN ELECTRIC POWER SERVICE CORPORATION

BORING NO. 7/17/15 SHEET

Continued Next Page

15

BORING STARTCARDINAL LANDFILL

5

AEP CIVIL ENGINEERING LABORATORY

PROJECT 3/22/10

AMERICAN ELECTRIC POWER DATEM-1001S OF

LOG OF BORING
JOB NUMBER

COMPANY

A
E

P
  C

D
_F

G
D

_L
A

N
D

F
IL

L.
G

P
J 

 A
E

P
.G

D
T

  7
/1

7
/1

5



130.0

131.1

134.9

140.0

142.5

143.9

145.7

150.0

9.3

9.5

60

62

128.0

130.0

131.1

134.9

140.0

142.5

143.9

145.7

30

31

32

33

34

35

36

37

COAL Black

COAL Black
pyritic, vitreous

SHALE Medium Gray
indurated

SHALE Medium Gray, Hard
w/nodular limestone

LIMESTONE Light - Medium Gray, Hard
micritic

SHALE Medium Dark Gray
friable

SHALE Medium Gray, Silty
indurated

SANDSTONE Very Fine Grain, Light Medium
Gray
laminar bedded
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Driller's Note Run
From 160' - 177'

160.0

167.4

177.0

10 67150.0

160.0

167.4
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SHALE Medium Gray
indurated, sandy, slickenslides 148' - 160',
limestone nodules 151.7' - 154.5'

SANDSTONE Fine Grain, Light Gray
laminar bedded, fine brown calcite veins

SHALE Medium - Dark Gray, Sandy
friable, indurated
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SHALE Medium - Dark Gray, Very Light
Greenish Gray Mottled w/Red
indurated, light gray nodular, picked up 1.7' from
previous run

SHALE Medium Gray & Red
friable, indurated

LIMESTONE Light Gray, Nodular, Hard

SHALE Medium Gray - Red
indurated
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214.0

225.5
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SHALE Medium Dark Gray to Red
indurated, slickenslide @205.4, very light gray
nodular limestone 207.0' - 208.3'

SHALE Medium Gray
indurated, very fine dissiminated pyrite

SHALE Medium Gray
indurated
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250.0

262.0

237.0

250.0
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SHALE Red & Medium Gray
indurated

SHALE Medium Gray
indurated, interbedded, w/very light gray nodular
limestone
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273.8

285.0 100

262.0

273.8

50

51

SHALE Medium Gray, Hard
indurated

SANDSTONE Light Medium Gray, Medium
Grain
crossbedded, sparse limonitic pebbles, micaceous
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297.0

308.0
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100

285.0

297.0
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53

SANDSTONE Light Medium Gray, Medium
Grain
laminar to crossbedded to massive, micaceous

SANDSTONE Light Medium Gray, Medium -
Coarse Grain
crossbedded to massive, micaceous, pyritic
fossilized plant stem @ 303.0'
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342.0
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308.0

319.0

330.0
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56

SANDSTONE Light Medium Gray, Medium -
Coarse Grain
crossbedded to massive, micaceous

SANDSTONE Light Medium Gray, Medium -
Coarse Grain
massive, pyritic, coal streaks 327' - 330'

SANDSTONE Light Medium Gray, Medium -
Coarse Grain
massive, limonitic pebble conglomerate 336.0' -
336.2', micaceous calcereous
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DRILLER'S

NOTES

BLOWS / 6"TO
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3/24/10BORING FINISH

AMERICAN ELECTRIC POWER SERVICE CORPORATION

BORING NO. 7/17/15 SHEET

Continued Next Page

15

BORING STARTCARDINAL LANDFILL
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AEP CIVIL ENGINEERING LABORATORY

PROJECT 3/22/10

AMERICAN ELECTRIC POWER DATEM-1001S OF

LOG OF BORING
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344.4

347.9

351.5

359.4

100

100

342.0

344.4

347.9

351.5

57

58

59

60

SANDSTONE Light Medium Gray, Medium -
Coarse Grain
massive, pyritic coal partings 342.2' - 344.4',
micaceous

SHALE Medium Dark Gray, Silty
indurated

SANDSTONE Light - Medium Gray, Fine
Medium - Coarse Grain
micaceous

SANDSTONE Light - Medium Gray, Medium -
Coarse Grain
massive, coal partings 357.0' - 359.4'

FROM

W
E

LL

U
 S

 C
 S

G
R

A
P

H
IC

LO
G

RQD

S
A

M
P

LE
N

U
M

B
E

R SAMPLE
DEPTH
IN FEET

S
A

M
P

LE

T
O

T
A

L
LE

N
G

T
H

R
E

C
O

V
E

R
Y

%

STANDARD
PENETRATION
RESISTANCE

DEPTH
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SOIL / ROCK

IDENTIFICATION

DRILLER'S

NOTES

BLOWS / 6"TO
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340

345

350

355

3/24/10BORING FINISH

AMERICAN ELECTRIC POWER SERVICE CORPORATION

BORING NO. 7/17/15 SHEET

Continued Next Page

15

BORING STARTCARDINAL LANDFILL
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AEP CIVIL ENGINEERING LABORATORY

PROJECT 3/22/10

AMERICAN ELECTRIC POWER DATEM-1001S OF

LOG OF BORING
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361.2

362.8

365.0

365.4
372.0

359.4

361.2

362.8

365.0
365.4

61

62

63

64
65

LIMESTONE Brown
pebble conglomerate

SHALE Medium - Dark Gray
indurated

LIMESTONE Light Gray, Hard
nodular

SANDSTONE Medium Dark Gray, Very Fine
Grain
current ripple bedding distorted -
penecontamerous slumping, coal parting -
slickenslide @ 365.0', plant stem @ 365.4'

SHALE Medium Dark Gray
indurated
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PENETRATION
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DEPTH

IN

FEET

SOIL / ROCK

IDENTIFICATION

DRILLER'S

NOTES

BLOWS / 6"TO

360

365

370

3/24/10BORING FINISH

AMERICAN ELECTRIC POWER SERVICE CORPORATION

BORING NO. 7/17/15 SHEET 15

BORING STARTCARDINAL LANDFILL
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Cox-Colvin & Associates, Inc. 

Appendix C 
 

Monitoring Well Construction Logs 



TOP RISER: 1162.28 FT.

BOTTOM BORING: 803.38 FT.

BOTTOM SCREEN: 803.38 FT.

TOP BENTONITE SEAL: 821.38 FT.

TOP GRAVEL PACK: 816.38 FT.

BOTTOM WELL: 803.38 FT.

CA-0622A 8/16/16

State Plane using NAD27/29

N 836,291.4   E 2,514,219.5

1159.38 FT.

BOTTOM GRAVEL PACK: 803.38 FT.

TOP SCREEN: 813.38 FT.

AEP CIVIL ENGINEERING LABORATORY

BENTONITE SEAL: PELLETS

SCREEN: 2" dia., U-PACK .10 SLOT, 10.0'

GRAVEL PACK:

RISER PIPE: 2", dia., PVC

SPACERS, DEPTH: 20',80',140',200',250',325'

INSTALLED

CARDINAL LANDFILLPROJECT

WELL No.AMERICAN ELECTRIC POWER

JOB NUMBER

CA-0622A

COORDINATES

GROUND ELEVATION

GROUT SEAL: BENTONITE CHIPS

BORING No.COMPANY

SYSTEM

AMERICAN ELECTRIC POWER SERVICE CORPORATION

MONITORING WELL CONSTRUCTION

G
E
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TOP RISER: 1162.72 FT.

BOTTOM BORING: 995.62 FT.

BOTTOM SCREEN: 995.62 FT.

TOP BENTONITE SEAL: 1012.62 FT.

TOP GRAVEL PACK: 1005.62 FT.

BOTTOM WELL: 995.62 FT.

CA-0623A 8/16/16

State Plane using NAD27/29

N 836,300.1   E 2,514,227.5

1159.62 FT.

BOTTOM GRAVEL PACK: 995.62 FT.

TOP SCREEN: 1005.62 FT.

AEP CIVIL ENGINEERING LABORATORY

BENTONITE SEAL: PELLETS

SCREEN: 2" dia., U-PACK .10 SLOT, 10.0'

GRAVEL PACK:

RISER PIPE: 2", dia., PVC

SPACERS, DEPTH: 20',60',100',140'

INSTALLED

CARDINAL LANDFILLPROJECT

WELL No.AMERICAN ELECTRIC POWER

JOB NUMBER

CA-0623A

COORDINATES

GROUND ELEVATION

GROUT SEAL: BENTONITE CHIPS

BORING No.COMPANY

SYSTEM

AMERICAN ELECTRIC POWER SERVICE CORPORATION

MONITORING WELL CONSTRUCTION

G
E
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TOP RISER: 921.03 FT.

BOTTOM BORING: 763.23 FT.

BOTTOM SCREEN: 868.23 FT.

State Plane using NAD27/29

N 829,635.1   E 2,516,460.0

918.23 FT.

BOTTOM GRAVEL PACK: 866.23 FT.

TOP SCREEN: 878.23 FT.

FA-8

TOP GRAVEL PACK: 880.43 FT.

BOTTOM WELL: 867.73 FT.

3/23/04

TOP BENTONITE SEAL: 883.03 FT.
BENTONITE SEAL: 50 lbs 3/8" PELLETS

SCREEN: 2" dia., 50 SLOT, 10'

GRAVEL PACK: 225 lbs #4 QUARTZ

RISER PIPE: 2", dia., PVC

SPACERS, DEPTH: None

Note: Backfilled hole from 156' to 52' with pea gravel

AEP CIVIL ENGINEERING LABORATORY

COORDINATES

GROUND ELEVATION

COMPANY

SYSTEM

AMERICAN ELECTRIC POWER SERVICE CORPORATION

MONITORING WELL CONSTRUCTION

GROUT SEAL: 90 GALLONS OF QUICK GROUT

BORING No.WELL No.FA-8 INSTALLED

CARDINAL FLY ASH DAMPROJECT

AMERICAN ELECTRIC POWER

JOB NUMBER
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TOP RISER: 1010.46 FT.

BOTTOM BORING: 778.36 FT.

BOTTOM SCREEN: 785.96 FT.

STATE PLANE

N 831,918.6   E 2,156,681.5

1008.56 FT.

BOTTOM GRAVEL PACK: 784.56 FT.

TOP SCREEN: 787.96 FT.

90CA22

TOP GRAVEL PACK: 864.36 FT.

BOTTOM WELL: 785.56 FT.

8/9/90

ELEV. CHECK VALVE: 788.56 FT.

TOP BENTONITE SEAL: 873.06 FT.
BENTONITE SEAL: PI PELLETS

SCREEN: 1.25 dia., PVC SCH 40 20 SLOT, 2.0

GRAVEL PACK: #4 OHIO QUATZ

RISER PIPE: 1.0, dia., PVC SCH 80

SPACERS, DEPTH:

20' OF CASING LOST (3" NW) IN HOLE BETWEEN 18'
TO 50'? GEOMON A-36 STEEL CASING

AEP CIVIL ENGINEERING LABORATORY

COORDINATES

GROUND ELEVATION

COMPANY

SYSTEM

AMERICAN ELECTRIC POWER SERVICE CORPORATION

MONITORING WELL CONSTRUCTION

GROUT SEAL: BENSEAL

BORING No.WELL No.M-6 INSTALLED

CARDINAL PLANTPROJECT

AMERICAN ELECTRIC POWER

JOB NUMBER
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o 
cR 

AMERICAN ELECTRIC POWER SERVICE CORPORATION 

AEP CIVIL ENGINEERING LABORATORY 

JOB NUMBER 
MONITORING WELL CONSTRUCTION 

COMPANY AMERICAN ELECTRIC POWER WELL No M -' g BORING No. 2S-A 

~ROJECT CARDINAL FLY ASH DAM 

~OORDINATES N 829,048.7 E 2,517,847.4 

SYSTEM 

~ 

INSTALLED10(15/03 

TOP RISER 893.20 FT. 

GROUND ELEVATION 890.53 FT. 

/. 

GROUT SEAL: QUICK GROUT 

Ø BENTONITE SEAL• 100# Pellets 

SCREEN: 2" dia., 40 .020 SLOT SCREEN, 39' •  

~ GRAVEL PACK: #4 Quaitz Sand 

 

RISER PlPE: 2", dia., PVC _ _ — 

SPACERS, DEPTH:  

OR WELL 2S; 2S IS ---- 
PIEZOMETER—  

 with - - 
of Brdliant, OH — — 

 to 123.4' — — 
n with approx. 700 — — 

BOTTOM GRAVEL PACK 767.13 FT. 

— BOTTOM BORING: 767.13 FT. 

TOP BENTONITE SEAL-  828.73 FT. 

TOP GRAVEL PACK: 821.23 FT. 

TOP SCREEN: 808.23 ET. 

ade using approx. 115 

l 
ng completed 

14.3 

—THIS IS A REPLACEMENT F 
NOW BEING USED AS A 

-Alt drilling deconing and flushi 
potabe water from the city 

-Drilled 6.25" HSA's to14.3' 
-Drilled 5 718" roller bit from 14. 
-Flushed bore hole at comp(etio 

gallons of water. 
-SWL at installation 242' 
-Installed 40'- 0.020 slot screen 
-750 lbs of #4 Quartz Sand 
-Tremie grouted from 61.8' to gr 

gations of quick grout 
-Poured pad and set protector 

BOTTOM SCREEN: 769.23 FT. 

BOTTOM WELL 68.53 FT. 

 A



TOP RISER: 1033.42 FT.

BOTTOM BORING: 766.00 FT.

BOTTOM SCREEN: 800.50 FT.

STATE PLANE

N 829,994.0   E 2,518,683.2

1031.00 FT.

BOTTOM GRAVEL PACK: 794.00 FT.

TOP SCREEN: 801.50 FT.

85W-3

TOP GRAVEL PACK: 853.00 FT.

BOTTOM WELL: 800.50 FT.

8/13/85

ELEV. CHECK VALVE: 802.10 FT.

TOP BENTONITE SEAL: 859.50 FT.
BENTONITE SEAL: PI PELLETS

SCREEN: 1.25 dia., PORPUS POLYETHLENE, 1.0

GRAVEL PACK: #4 OHIO QUARTZ

RISER PIPE: 0.8, dia., PVC SCH 80

SPACERS, DEPTH:

 GEOMON 12"GEOMON

AEP CIVIL ENGINEERING LABORATORY

COORDINATES

GROUND ELEVATION

COMPANY

SYSTEM

AMERICAN ELECTRIC POWER SERVICE CORPORATION

MONITORING WELL CONSTRUCTION

GROUT SEAL: CEMENT\BENTONITE

BORING No.WELL No.M-10 INSTALLED

CARDINAL PLANTPROJECT

AMERICAN ELECTRIC POWER

JOB NUMBER
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AMERICAN ELECTRIC POWER SERVICE CORPORATION 

AEP CLL ENGINEERING LABORATORY . 

.JOB NUMBER 6854 
(ÁONITORING WELL CONSTRUCTION

- .. 

COMPANYOHIO POWER COMPANY WELL No. IA BORING No. MW INSTALLED5!4199 

RO.JEGT CARDINAL FLY ASH DAM 

COORDINATÉS N 830,072.4 E 2,516,465.1 - . 

SYSTEM  

— TOP RISER 980.21 FT. 

GROUND ELEVATION 977.82 FT. 
7, 

GROUT SEAL .Iäo gaiions Quick Grout 

Ø BENTONITE SEAL 325 Ibs. 3tW bentonite peilets 

.( 
. 

. . 
SCREEN: dia., 1 Geo-mon, 2 

GRAVEL PÂCI< 500 lbs #4 Quartz 

RISER PIPE: t, c1ia, 

\ J 
SPACERS, DEPT1-l: - 

— TÒP BENTC*IITË SEAL 878.02 FT. 

- - 

— TOP GRAVEL PACK 87082 FT. 

— EL.EV CHECKVALVE. 779.82 FT 

— — TOP SCREEN: 779.82 FT. 

NQ boring dèveloped approx. 5 hrs using potbI 
• . water & air frorn compressor prtor to weii 
• instaiiation. 

Purge data separate. • 

o 
co . 

-• 

ç•t BOTUOMSCREEN:777.82FT. 

BOTFOM WELL FT. 

- — BOTTOM GRAVEL PACK 776.82 FT. 

— BOEITOM BORING 693.82 FT. 



TOP RISER: 1190.66 FT.

BOTTOM BORING: 782.85 FT.

BOTTOM SCREEN: 789.65 FT.

N 833,112.2   E 2,516,013.2

1187.65 FT.

BOTTOM GRAVEL PACK: 782.85 FT.

TOP SCREEN: 794.65 FT.

CA-0608

TOP GRAVEL PACK: 855.55 FT.

BOTTOM WELL: 789.65 FT.

12/13/06

TOP BENTONITE SEAL: 861.25 FT.
BENTONITE SEAL: 30# BENTONITE PELLETS

SCREEN: 1.5" dia., 0.20 SLOT, GEOMON, 5'

GRAVEL PACK: #4 QUARTZ 250 LBS

RISER PIPE: 1", dia.,

SPACERS, DEPTH: N/A

-FLUSHED BORE HOLE W/700 GALS WATER
-6" AIR HAMMER TO 188.6' SET HW CASING THEN

NQ ROCK CORE TO 404.8'
-SWL @ INSTALL 186.0'
-TREMIED SAND & PELLETS INTO CORE HOLE W/1"

PIPE
-DECONNED TOOLS 11/7/06

AEP CIVIL ENGINEERING LABORATORY

COORDINATES

GROUND ELEVATION

COMPANY

SYSTEM

AMERICAN ELECTRIC POWER SERVICE CORPORATION

MONITORING WELL CONSTRUCTION

GROUT SEAL: 3,000 LBS HOLE PLUG

BORING No.WELL No.M-12 INSTALLED

CARDINAL LANDFILLPROJECT

AMERICAN ELECTRIC POWER
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TOP RISER: 991.14 FT.

BOTTOM BORING: 794.02 FT.

BOTTOM SCREEN: 801.12 FT.

N 831,697.9   E 2,518,374.3

988.42 FT.

BOTTOM GRAVEL PACK: 798.22 FT.

TOP SCREEN: 858.12 FT.

CA-0610

TOP GRAVEL PACK: 864.12 FT.

BOTTOM WELL: 800.42 FT.

4/3/07

TOP BENTONITE SEAL: 871.52 FT.
BENTONITE SEAL: 100 lbs 3/8" Pellets

SCREEN: 2" dia., .020 Slot, 57.0'

GRAVEL PACK: 1,050 lbs #4 Quartz

RISER PIPE: 2", dia., PVC

SPACERS, DEPTH: 150',100',50'

NOTES:
-Drilled w/6" Air Hammer
-Deconned Tolls & Rig 04/05/07
-SWL @ Install 134.2'

-3' SS Pump Type
-Pump intake @ 185'

AEP CIVIL ENGINEERING LABORATORY

COORDINATES

GROUND ELEVATION

COMPANY

SYSTEM

AMERICAN ELECTRIC POWER SERVICE CORPORATION

MONITORING WELL CONSTRUCTION

GROUT SEAL: ~200 Gals Quick Grout

BORING No.WELL No.M-13 INSTALLED

CARDINAL LANDFILLPROJECT

AMERICAN ELECTRIC POWER
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TOP RISER: 988.21 FT.

BOTTOM BORING: 790.21 FT.

BOTTOM SCREEN: 800.61 FT.

N 832,901.9   E 2,519,661.8

984.91 FT.

BOTTOM GRAVEL PACK: 797.71 FT.

TOP SCREEN: 857.61 FT.

CA-0612

TOP GRAVEL PACK: 859.11 FT.

BOTTOM WELL: 799.91 FT.

3/21/07

TOP BENTONITE SEAL: 866.01 FT.
BENTONITE SEAL: 100 lbs 3/8" Pellets

SCREEN: 2" dia., .020 Slot, 57.0'

GRAVEL PACK: 1,150 lbs #4 Quartz

RISER PIPE: 2", dia., PVC

SPACERS, DEPTH: 150',100',50'

NOTES:
-Drilled w/6" Air Hammer
-Deconned Tools & Drill 03/21/07
-SWL @ 43.8'

-3' SS Pump Type
-Pump intake @ 182'

AEP CIVIL ENGINEERING LABORATORY

COORDINATES

GROUND ELEVATION

COMPANY

SYSTEM

AMERICAN ELECTRIC POWER SERVICE CORPORATION

MONITORING WELL CONSTRUCTION

GROUT SEAL: ~150 Gals Quick Grout

BORING No.WELL No.M-14 INSTALLED

CARDINAL LANDFILLPROJECT

AMERICAN ELECTRIC POWER
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TOP RISER: 1074.28 FT.

BOTTOM BORING: 794.43 FT.

BOTTOM SCREEN: 797.53 FT.

N 833,569.0   E 2,518,172.3

1071.83 FT.

BOTTOM GRAVEL PACK: 794.43 FT.

TOP SCREEN: 857.83 FT.

CA-0614

TOP GRAVEL PACK: 860.83 FT.

BOTTOM WELL: 796.83 FT.

7/25/07

TOP BENTONITE SEAL: 868.13 FT.
BENTONITE SEAL: 100 lbs 3/8" Pellets

SCREEN: 2" dia., .020 Slot, 60'

GRAVEL PACK: 1,275 lbs #4 Quartz

RISER PIPE: 2", dia., PVC

SPACERS, DEPTH: 250',200',150',100',50'

NOTES:
-Drilled w/6" Air Hammer
-SWL @ Install 72.5'
-Decon Tools 07/23/07

-3' SS Pump Type
-Pump intake @ 273'

AEP CIVIL ENGINEERING LABORATORY

COORDINATES

GROUND ELEVATION

COMPANY

SYSTEM

AMERICAN ELECTRIC POWER SERVICE CORPORATION

MONITORING WELL CONSTRUCTION

GROUT SEAL: ~600 Gals Quick Grout

BORING No.WELL No.M-15 INSTALLED

CARDINAL LANDFILLPROJECT

AMERICAN ELECTRIC POWER

JOB NUMBER
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TOP RISER: 1068.55 FT.

BOTTOM BORING: 811.15 FT.

BOTTOM SCREEN: 815.45 FT.

N 835,565.0   E 2,516,519.0

1065.75 FT.

BOTTOM GRAVEL PACK: 813.65 FT.

TOP SCREEN: 864.45 FT.

CA-0616

TOP GRAVEL PACK: 871.85 FT.

BOTTOM WELL: 814.75 FT.

1/24/07

TOP BENTONITE SEAL: 878.25 FT.
BENTONITE SEAL: 100 lbs 3/8" Pellets

SCREEN: 2" dia., .020 Slot, 49.0'

GRAVEL PACK: 1,950 lbs #4 Quartz

RISER PIPE: 2", dia., PVC

SPACERS, DEPTH: 250',200',150',100'

NOTES:
-Drilled w/6" Air Hammer
-Deconned Tools & Drill 02/01/07
-SWL @ Install 101.4'

-3' SS Pump Type
-Pump intake @ 248'

AEP CIVIL ENGINEERING LABORATORY

COORDINATES

GROUND ELEVATION

COMPANY

SYSTEM

AMERICAN ELECTRIC POWER SERVICE CORPORATION

MONITORING WELL CONSTRUCTION

GROUT SEAL: ~850 Gals Quick Grout

BORING No.WELL No.M-16 INSTALLED

CARDINAL LANDFILLPROJECT

AMERICAN ELECTRIC POWER
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TOP RISER: 1018.61 FT.

BOTTOM BORING: 753.06 FT.

BOTTOM SCREEN: 756.16 FT.

N 830,426.7   E 2,516,358.1

1016.16 FT.

BOTTOM GRAVEL PACK: 753.06 FT.

TOP SCREEN: 846.16 FT.

CA-0620

TOP GRAVEL PACK: 856.16 FT.

BOTTOM WELL: 756.16 FT.

6/1/06

TOP BENTONITE SEAL: 861.66 FT.
BENTONITE SEAL: PELLETS

SCREEN: 1" dia., .020 SLOT, 90.0'

GRAVEL PACK: FILTER PRO

RISER PIPE: 2", dia., PVC

SPACERS, DEPTH:

NOTES:
-Surface Seal: Cement
-Annular Sealant: Bentonite Slurry, Tremie Pipe

Installation, Overnight Setting Time
-Bentonite Seal: Poured Slowly, One Hr Setting Time
-Sand Pack: Poured Slowly

-Original pump installed @ 258.5', then pulled. Grout in
water sample.

-Well redeveloped with reclaimer.
-Pump reinstalled w/ intake @ 255.5'

AEP CIVIL ENGINEERING LABORATORY

COORDINATES

GROUND ELEVATION

COMPANY

SYSTEM

AMERICAN ELECTRIC POWER SERVICE CORPORATION

MONITORING WELL CONSTRUCTION

GROUT SEAL: BENTONITE SLURRY

BORING No.WELL No.M-21 INSTALLED

CARDINAL LANDFILLPROJECT

AMERICAN ELECTRIC POWER
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TOP RISER: 1008.04 FT.

BOTTOM BORING: 786.48 FT.

BOTTOM SCREEN: 791.28 FT.

N 830,925.1   E 2,519,495.8

1005.68 FT.

BOTTOM GRAVEL PACK: 788.18 FT.

TOP SCREEN: 852.78 FT.

CA-0702

TOP GRAVEL PACK: 859.18 FT.

BOTTOM WELL: 790.58 FT.

5/21/07

TOP BENTONITE SEAL: 865.28 FT.
BENTONITE SEAL: 100 LBS 3/8" PELLETS

SCREEN: 2" dia., .020 SLOT, 65'

GRAVEL PACK: 1,100 LBS #4 QUARTZ

RISER PIPE: 2", dia., PVC

SPACERS, DEPTH: 200',150',100',50'

NOTES:
-Decon 05/22/07
-Drilled w/6" Air Hammer
-SWL @ Install 139.4'

-3' SS Pump Type
-Pump intake @ 214.5'

AEP CIVIL ENGINEERING LABORATORY

COORDINATES

GROUND ELEVATION

COMPANY

SYSTEM

AMERICAN ELECTRIC POWER SERVICE CORPORATION

MONITORING WELL CONSTRUCTION

GROUT SEAL: ~250 GALS QUICK GROUT

BORING No.WELL No.M-22 INSTALLED

CARDINAL LANDFILLPROJECT

AMERICAN ELECTRIC POWER

JOB NUMBER
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TOP RISER: 985.90 FT.

BOTTOM BORING: 803.14 FT.

BOTTOM SCREEN: 806.14 FT.

N 830,051.2   E 2,518,092.0

983.44 FT.

BOTTOM GRAVEL PACK: 803.14 FT.

TOP SCREEN: 847.14 FT.

CA-0703

TOP GRAVEL PACK: 850.74 FT.

BOTTOM WELL: 805.44 FT.

4/23/07

TOP BENTONITE SEAL: 858.54 FT.
BENTONITE SEAL: 100 lbs 3/8" Pellets

SCREEN: 2" dia., .020 Slot, 45'

GRAVEL PACK: 750 lbs #4 Quartz

RISER PIPE: 2", dia., PVC

SPACERS, DEPTH: 150', 100', 50'

NOTES:
-Replacement well for 8501/1S
-Drilled w/6" Air Hammer
-Deconned Tools & Drill 04/18/07
-SWL @ Install 98.4'

-3' SS Pump Type
-Pump intake @ 175'

AEP CIVIL ENGINEERING LABORATORY

COORDINATES

GROUND ELEVATION

COMPANY

SYSTEM

AMERICAN ELECTRIC POWER SERVICE CORPORATION

MONITORING WELL CONSTRUCTION

GROUT SEAL: 150 Gals Quick Grout

BORING No.WELL No.M-23 INSTALLED

CARDINAL LANDFILLPROJECT

AMERICAN ELECTRIC POWER
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TOP RISER: 935.88 FT.

BOTTOM BORING: 792.45 FT.

BOTTOM SCREEN: 794.25 FT.

N 829,139.1   E 2,516,070.9

933.55 FT.

BOTTOM GRAVEL PACK: 792.45 FT.

TOP SCREEN: 874.25 FT.

M-1003

TOP GRAVEL PACK: 876.55 FT.

BOTTOM WELL: 793.65 FT.

4/7/10

TOP BENTONITE SEAL: 883.55 FT.
BENTONITE SEAL: 3/8" COATED PELLETS

SCREEN: 2" dia., 20 SLOT SCH 40, 80.0'

GRAVEL PACK: 1550 LBS #4 QUARTZ SAND

RISER PIPE: 2", dia., SCH 40

SPACERS, DEPTH: 50', 10'

NOTES:
-Drill & decon water coming from CD Fire Protection

System
-Decon rig & tools  04/13/10
-Drilled w/6" air hammer
-SWL @ 73.8' @ install

AEP CIVIL ENGINEERING LABORATORY

COORDINATES

GROUND ELEVATION

COMPANY

SYSTEM

AMERICAN ELECTRIC POWER SERVICE CORPORATION

MONITORING WELL CONSTRUCTION

GROUT SEAL: 100 GALS VOLCLAY BENTONITE

BORING No.WELL No.M-1003 INSTALLED

CARDINAL LANDFILLPROJECT

AMERICAN ELECTRIC POWER
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TOP RISER: 1008.29 FT.

BOTTOM BORING: 791.24 FT.

BOTTOM SCREEN: 807.24 FT.

N 831,215.4   E 2,519,112.4

1005.64 FT.

BOTTOM GRAVEL PACK: 805.44 FT.

TOP SCREEN: 857.24 FT.

M-1004D

TOP GRAVEL PACK: 859.44 FT.

BOTTOM WELL: 806.64 FT.

3/31/10

TOP BENTONITE SEAL: 866.24 FT.
BENTONITE SEAL: 100 LBS 3/8" COATED PELLETS

SCREEN: 2" dia., 20 SLOT SCH 40, 50.0

GRAVEL PACK: 975 LBS #4 QUARTZ SAND

RISER PIPE: 2", dia., SCH 40

SPACERS, DEPTH: 140', 80', 20'

NOTES:
-Drill & decon water coming from CD Fire Protection

System
-Decon rig & tools  3/31/10
-Drilled w/6" air hammer
-SWL @ 15.1'

AEP CIVIL ENGINEERING LABORATORY

COORDINATES

GROUND ELEVATION

COMPANY

SYSTEM

AMERICAN ELECTRIC POWER SERVICE CORPORATION

MONITORING WELL CONSTRUCTION

GROUT SEAL: 250 GALS VOLCLAY

BORING No.WELL No.M-1004 INSTALLED

CARDINAL LANDFILLPROJECT

AMERICAN ELECTRIC POWER
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TOP RISER: 1030.72 FT.

BOTTOM BORING: 809.92 FT.

BOTTOM SCREEN: 820.92 FT.

State Plane using NAD27/29

N 836,201.9   E 2,515,432.0

1028.92 FT.

BOTTOM GRAVEL PACK: 819.92 FT.

TOP SCREEN: 860.52 FT.

B-1302M

TOP GRAVEL PACK: 871.22 FT.

BOTTOM WELL: 820.42 FT.

5/30/13

TOP BENTONITE SEAL: 885.92 FT.
BENTONITE SEAL: 3/8" COATED PELLETS 150 LBS

SCREEN: 2" dia., SLOTTED .020, 39.6'

GRAVEL PACK: #4 QUARTZ 1,100 LBS

RISER PIPE: 2", dia., PVC

SPACERS, DEPTH: 130 & 50

NOTES:
-Pump installed

AEP CIVIL ENGINEERING LABORATORY

COORDINATES

GROUND ELEVATION

COMPANY

SYSTEM

AMERICAN ELECTRIC POWER SERVICE CORPORATION

MONITORING WELL CONSTRUCTION

GROUT SEAL: HOLE PLUG 600 LBS & QUICK GROUT
50 GALS

BORING No.WELL No.M-1302 INSTALLED

CARDINAL FLY ASH DAMPROJECT

AMERICAN ELECTRIC POWER
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TOP RISER: 1172.09 FT.

BOTTOM BORING: 806.14 FT.

BOTTOM SCREEN: 822.74 FT.

State Plane using NAD27/29

N 835,558.0   E 2,517,396.3

1170.24 FT.

BOTTOM GRAVEL PACK: 821.24 FT.

TOP SCREEN: 862.34 FT.

B-1309D

TOP GRAVEL PACK: 867.74 FT.

BOTTOM WELL: 822.24 FT.

5/30/13

TOP BENTONITE SEAL: 880.04 FT.
BENTONITE SEAL: 3/8" COATED PELLETS 150 LBS

SCREEN: 2" dia., SLOTTED .020, 39.6

GRAVEL PACK: #4 QUARTZ 750 LBS

RISER PIPE: 2", dia., PVC

SPACERS, DEPTH: 250',150',50'

NOTES:
-Hole plug from 209.2' to 130.0'
-Pump installed

AEP CIVIL ENGINEERING LABORATORY

COORDINATES

GROUND ELEVATION

COMPANY

SYSTEM

AMERICAN ELECTRIC POWER SERVICE CORPORATION

MONITORING WELL CONSTRUCTION

GROUT SEAL: QUICK GROUT 100 GALS & HOLE
PLUG 500 LBS

BORING No.WELL No.M-1309 INSTALLED

CARDINAL FLY ASH DAMPROJECT

AMERICAN ELECTRIC POWER
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forms/Well Construction Log M-GS-1 06142016 

     
WELL CONSTRUCTION LOG 

ABOVE GROUND COMPLETION 

 

Well I.D. (LOCID): M-GS-1_________________  Site: AEP – Cardinal                Project Number: CHE8126L_    

Drilling Company: Layne   Installation Method:  HAS/Rotary  ________  

Drillers: Danny Allen   Casing Installation Date (INSDATE): 4/13/16   

Geologist/Engineer: D. Mateas / M. Muenich ______   Well Type (WTCCODE):  Monitoring Well    

Signature:    Well Completion Method (WCMCODE):  Above Grade  

   Geologic Completion Zone (GZCODE):     

 

 

   Well Completion 

          2 Guard Posts ( Y  /  N )  Date:   ___ 

   Surface Pad Size:    2     ft  x   2    ft  x __6”__     

   Protective Casing or Cover 

   Diameter/Type:  4” locking flip-top    

   Depth BGS:  2  Weep Hole  ( Y /  N ) 

   Grout 

   Composition/Proportions:  150 lbs Haliburton Bentonite  

   Quick Grout / 100 gal. H2O__________________  

   Placement Method:  pressure tremie    

           

   Seal     Date: ___4/13/16_____ 

   Type:  3/8” coated bentonite pellets _______  

   Source:  Pel-Plug Western Bentonite _____________ 

   Set-up/Hydration Time:  30 mins    

   Placement Method:  poured gravity    

   Vol. Fluid Added:  N/A - submerged    

   Filter Pack 

   Type:  #5 med. coarse sand ________   

   Source:  Flat Rock, Sparta, MI     

   Amount Used:  8 x 50 lb bags_______________  

   Placement Method:  poured gravity   

   

   Well Riser Pipe 

   Casing Material (CMACODE):   Sch. 40 PVC           

   Casing Inside Diameters (CASDIAM):  ___2.0   __    in. 

   Screen 

   Material:  Pre-packed Sch. 40 PVC    

   Inside Diameter (SCRDIAM):  __2.0          in. 

   Screen Slot Size: (SOUA):  0.010 10-slot         in.  

   Percent Open Area (PCTOPEN):     

   Sump or Bottom Cap ( Y /  N ) 

   Type/Length:  4” Sch. 40 PVC_    

   Backfill Plug (Y / N)  

   Material:  3/8” med. crushed bentonite chips   

   Placement Method:  poured gravity    

   Set-up/Hydration Time:      

Comments   Total Water Volume During Construction 

Total drilled depth = 209’; backfilled with sand and chips Introduced (Gal):  0  Recovered 

to 134’; centralizer at 65’                 ___________  (Gal):  -   

   Reviewed By:   J. Neil Couch__ Date:  _4/22/2016___   
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forms/Well Construction Log M-GS-2 06142016 

    
WELL CONSTRUCTION LOG 

ABOVE GROUND COMPLETION 

 

Well I.D. (LOCID): M-GS-2_________________  Site: AEP – Cardinal                Project Number: CHE8126L_    

Drilling Company: Layne   Installation Method:  HSA  ________   

Drillers: Danny Allen   Casing Installation Date (INSDATE): 4/13/16   

Geologist/Engineer: D. Mateas / M. Muenich ______   Well Type (WTCCODE):  Monitoring Well    

Signature:    Well Completion Method (WCMCODE):  Above Grade  

   Geologic Completion Zone (GZCODE):     

 

 

   Well Completion 

          2 Guard Posts ( Y  /  N )  Date:   ___ 

   Surface Pad Size:    2     ft  x   2    ft  x __6”__     

   Protective Casing or Cover 

   Diameter/Type:  4” locking flip-top    

   Depth BGS:  2  Weep Hole  ( Y /  N ) 

   Grout 

   Composition/Proportions:  150 lbs Haliburton Bentonite  

   Quick Grout / 100 gal. H2O__________________  

   Placement Method:  pressure tremie    

           

   Seal     Date: ___4/13/16_____ 

   Type:  3/8” coated bentonite pellets _______  

   Source:  Pel-Plug Western Bentonite _____________ 

   Set-up/Hydration Time:  30 mins    

   Placement Method:  poured gravity    

   Vol. Fluid Added:  N/A - submerged    

   Filter Pack 

   Type:  #5 med. coarse sand ________   

   Source:  Flat Rock, Sparta, MI     

   Amount Used:  6 x 50 lb bags_______________  

   Placement Method:  poured gravity   

   

   Well Riser Pipe 

   Casing Material (CMACODE):   Sch. 40 PVC           

   Casing Inside Diameters (CASDIAM):  ___2.0   __    in. 

   Screen 

   Material:  Pre-packed Sch. 40 PVC    

   Inside Diameter (SCRDIAM):  __2.0          in. 

   Screen Slot Size: (SOUA):  0.010 10-slot         in.  

   Percent Open Area (PCTOPEN):     

   Sump or Bottom Cap ( Y /  N ) 

   Type/Length:  4” Sch. 40 PVC_    

   Backfill Plug (Y / N) 

   Material:  3/8” med. crushed bentonite chips   

   Placement Method:  poured gravity    

   Set-up/Hydration Time:      

Comments   Total Water Volume During Construction 

Total drilled depth = 213’; backfilled to 142’ with sand and Introduced (Gal):  0  Recovered  

chips (20’ seal); 1 centralizer used at 70’                 ____  (Gal):  -   

   Reviewed By:  J. Neil Couch ___ Date:  _4/22/2016___ 
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E N V I R O N M E N T A L   S E R V I C E S

Cox-Colvin
&  A S S O C I A T E S ,  I N C .

Well Construction Log
Well #: M-GS-3R

Project:
Site Location:

Coordinates:

Ground Surface Elevation:

Surveyed Estimated

Well Construction
Details

Well Type:

Measuring Point Description:

Drilling Company:

Driller:

Drilling Method:

Drilling Fluid:

Fluid Loss During Drilling (gal):

Installation Date(s):

Development Technique:

Fluid Developed (gal):

Static Depth to Water:

Prepared by:

Soil Boring Cross-Reference:

Comments:

Measuring Point Elevation: Surveyed Estimated
Surveyed Estimated

Development Date:

Static Depth to Water Date:

Ground Surface

Base of Screen and Total
Depth of Boring 156' bgs

Bentonite Chips

Sand Pack

2" Sch. 40 PVC Riser

Unless noted otherwise, all well construction depths are below ground surface (bgs)

Base of Grout 139' bgs
Top of Sand Pack 144' bgs
Top of Screen 146' bgs

6" Borehole Diameter

Bentonite
Amended Grout

Well Screen: 2" Sch. 40 Screen 0.01" Slot
Total Depth Below Measuring Point: 158.60 ft

Cardinal Power Plant
Brilliant, Ohio

830875.88 N     2518836.33 E     (NAD 27)

998.75' amsl

Monitor Well (2" PVC)

Top of Casing

Cascade Drilling

Josh Stigler

Rotary-Sonic 6-inch Core Barrel

Water (from Truck Wash Hydrant)

100

05/02 to 05/03/2022

Over Pumping

05/04/2022

44

67.49 ft

05/04/2022

C. Creal

M-GS-3R

1001.44' amsl

Above Grade
Locking Steel

Protective Casing Expandable Well Plug
Top of PVC Stick up 2.6 ft
Filter Sand

Well Log
Top of Steel Protective Casing 2.9 ft

Sonotube with Concrete

Well purged dry multiple times

during development.  Majority of lost drilling

water in void above screened depth.
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forms/Well Construction Log M-GS-4 06142016 

     
WELL CONSTRUCTION LOG 

ABOVE GROUND COMPLETION 

 

Well I.D. (LOCID): M-GS-4                                   Site: AEP – Cardinal                Project Number: CHE8126L       

Drilling Company: Layne   Installation Method: HAS/Rotary           

Drillers:  Danny Allen   Casing Installation Date (INSDATE): 04/21/2016        

Geologist/Engineer: D. Mateas                   Well Type (WTCCODE): Monitoring Well       

Signature:    Well Completion Method (WCMCODE):  Above Grade    

   Geologic Completion Zone (GZCODE):     

 

 

   Well Completion 

               2 Guard Posts ( Y  /  N )  Date:   ___ 

   Surface Pad Size:    2     ft  x   2    ft     

   Protective Casing or Cover 

   Diameter/Type:  4” steel                  

   Depth BGS:                Weep Hole  ( Y /  N ) 

   Grout 

   Composition/Proportions:  15 bags Bentonite grout  

                    

   Placement Method:  pressure tremie          

           

   Seal     Date:   04/21/16     

   Type:  3/8” coated bentonite pellets                  

   Source:  Pel-Plug Western Bentonite                         

   Set-up/Hydration Time:    30 mins             

   Placement Method: poured gravity            

   Vol. Fluid Added:  N/A - submerged         

   Filter Pack 

   Type:  #5 medium coarse sand                              

   Source:   Flat Rock, Sparta, MI                  

   Amount Used:      14 x 50 lb bags                            

   Placement Method: poured gravity    

   Well Riser Pipe 

   Casing Material (CMACODE):   Sch. 40 PVC           

   Casing Inside Diameters (CASDIAM):     2.0             in. 

   Screen 

   Material:  Pre-packed Sch. 40 PVC               

   Inside Diameter (SCRDIAM):     2.0          in. 

   Screen Slot Size: (SOUA):  0.010 10-slot                  in.  

   Percent Open Area (PCTOPEN):     

   Sump or Bottom Cap ( Y /  N ) 

   Type/Length:  4”   Sch. 40 PVC              

   Backfill Plug (Y / N) 

   Material:  3/8” medium crushed bentonite chips                

   Placement Method:  poured gravity           

   Set-up/Hydration Time:      

Comments   Total Water Volume During Construction 

Total drilled depth = 232’; backfilled with chips to 204’.   Introduced (Gal):       Recovered  

   (Gal):     

   Reviewed By: J. Neil Couch     Date:  5/03/2016             
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forms/Well Construction Log M-GS-5 06142016 

     
WELL CONSTRUCTION LOG 

ABOVE GROUND COMPLETION 

 

Well I.D. (LOCID): M-GS-5_________________  Site: AEP – Cardinal                Project Number: CHE8126L_    

Drilling Company: Layne   Installation Method:  HSA/Rotary  ________  

Drillers: Danny Allen   Casing Installation Date (INSDATE): 4/5/16   

Geologist/Engineer: J. Bannantine ______   Well Type (WTCCODE):  Monitoring Well    

Signature:    Well Completion Method (WCMCODE):  Above Grade  

   Geologic Completion Zone (GZCODE):     

 

 

   Well Completion 

               2 Guard Posts ( Y  /  N )  Date:   ___ 

   Surface Pad Size:    2     ft  x   2    ft  x __6”__     

   Protective Casing or Cover 

   Diameter/Type:  4” locking flip-top    

   Depth BGS:  2  Weep Hole  ( Y /  N ) 

   Grout 

   Composition/Proportions:  150 lbs Haliburton Bentonite  

   Quick Grout / 100 gal. H2O__________________  

   Placement Method:  pressure tremie    

           

   Seal     Date: ___4/5/16_____ 

   Type:  3/8” coated bentonite pellets _______  

   Source:  Pel-Plug Western Bentonite _____________ 

   Set-up/Hydration Time:  30 mins    

   Placement Method:  poured gravity    

   Vol. Fluid Added:  N/A - submerged    

   Filter Pack 

   Type:  #5 med. coarse sand ________   

   Source:  Flat Rock, Sparta, MI     

   Amount Used:  8 x 50 lb bags_______________  

   Placement Method:  poured gravity   

   

   Well Riser Pipe 

   Casing Material (CMACODE):   Sch. 40 PVC           

   Casing Inside Diameters (CASDIAM):  ___2.0   __    in. 

   Screen 

   Material:  Pre-packed Sch. 40 PVC    

   Inside Diameter (SCRDIAM):  __2.0          in. 

   Screen Slot Size: (SOUA):  0.010 10-slot         in.  

   Percent Open Area (PCTOPEN):     

   Sump or Bottom Cap ( Y /  N ) 

   Type/Length:  4” Sch. 40 PVC_    

   Backfill Plug (Y / N)  

   Material:  3/8” med. crushed bentonite chips   

   Placement Method:  poured gravity    

   Set-up/Hydration Time:      

Comments   Total Water Volume During Construction 

Total drilled depth = 233.3’; backfilled with chips to 226’ Introduced (Gal):  0  Recovered 

                ___________               (Gal):  -   

    Reviewed By:   J. Neil Couch__ Date:  _5/3/2016___   
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AMERICAN ELECTRIC POWER SERVICE CORPQRATInN  

AEP C(VIL ENGINEERING LABORATORY  

JOB NUMBER 6854 
MONITOR(NG WELL CONSTRUCTION 

COMPANY OH[O POWER COMPANY WELL No-•  5- \ BORING No.  MW S INSTALLED5Í5/99  

f PROJECT CARD[NAL FLY ASH DAM 

COORDINATEs N 830,072.4 E 2,516,466.0 

SYSTEM 
. 

TOP RISER: 980.56 FC. 

GROUND ELEVATION 978.56 FT. 

GROUT SEAL: 100 gallons Quick Grout 

Ø BENTONITE SEAL-  200 lbs 3/8" bentonite chips 

. 

( -- ___

_ SCREEN: 2 dia., PVC, 9.0 

GRAVEL PACK 600 lbs #4 Quartz 

❑ 

RISER P(PE: 2, dia., 

SPACERS, DEPTH: N/A 

— TOP BENTONITE SEAL 938.56 Fi'. 

— TOP GRAVEL PACK: 930.56 FT. 

— TOP SCREEN: 923.56 FT. 

i. Boring drilfed with 8" air hammer & potable water. 
2: Boring flushed briefly prior to piezometer 

installation. 

o 

— BOTTOM SCREEN: 914.56 FT. 

— BOTTOM VVELL• 913.56 FT. 

— BOT.TOM GRA~/EL PACK: 912.56 FT. 

— BOTTOM BORING: 912.56 FT. 



TOP RISER: 1074.33 FT.

BOTTOM BORING: 987.37 FT.

BOTTOM SCREEN: 989.57 FT.

N 833,569.3   E 2,518,166.8

1071.87 FT.

BOTTOM GRAVEL PACK: 987.37 FT.

TOP SCREEN: 999.07 FT.

CA-0615

TOP GRAVEL PACK: 1003.07 FT.

BOTTOM WELL: 988.87 FT.

8/1/07

TOP BENTONITE SEAL: 1010.37 FT.
BENTONITE SEAL: 100 lbs 3/8" Pellets

SCREEN: 2" dia., .020 SLOT, 10'

GRAVEL PACK: 200 lbs. #4 Quartz

RISER PIPE: 2", dia., PVC

SPACERS, DEPTH: 60', 30'

NOTES:
-Drilled w/6" Air Hammer
-SWL @ Install 65.2'
-Decon Tools 08/01/07

-3' SS Pump Type
-Pump intake @ 81'

AEP CIVIL ENGINEERING LABORATORY

COORDINATES

GROUND ELEVATION

COMPANY

SYSTEM

AMERICAN ELECTRIC POWER SERVICE CORPORATION

MONITORING WELL CONSTRUCTION

GROUT SEAL: ~250 Gals Quick Grout

BORING No.WELL No.S-15 INSTALLED

CARDINAL LANDFILLPROJECT

AMERICAN ELECTRIC POWER
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TOP RISER: 1018.40 FT.

BOTTOM BORING: 939.95 FT.

BOTTOM SCREEN: 940.95 FT.

N 830,431.8   E 2,516,348.3

1015.95 FT.

BOTTOM GRAVEL PACK: 939.95 FT.

TOP SCREEN: 965.95 FT.

CA-0621

TOP GRAVEL PACK: 976.05 FT.

BOTTOM WELL: 940.95 FT.

8/27/06

TOP BENTONITE SEAL: 980.95 FT.
BENTONITE SEAL: PELLETS

SCREEN: 1" dia., .020 SLOT, 25.0'

GRAVEL PACK: FILTER PRO

RISER PIPE: 2", dia., PVC

SPACERS, DEPTH:

NOTES:
-Surface Seal: Cement
-Annular Sealant: Bentonite Slurry, Tremie Pipe

Installation, Overnight Setting Time
-Bentonite Seal: Poured Slowly, One Hr Setting Time
-Sand Pack: Poured Slowly

-3' PVC Pump Type
-Pump intake @ 71.5'
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GROUT SEAL: BENTONITE SLURRY

BORING No.WELL No.S-21 INSTALLED

CARDINAL LANDFILLPROJECT

AMERICAN ELECTRIC POWER
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TOP RISER: 1008.01 FT.

BOTTOM BORING: 942.04 FT.

BOTTOM SCREEN: 943.54 FT.

N 830,928.0   E 2,519,492.6

1005.84 FT.

BOTTOM GRAVEL PACK: 942.04 FT.

TOP SCREEN: 981.54 FT.

CA-0701

TOP GRAVEL PACK: 988.04 FT.

BOTTOM WELL: 942.84 FT.

7/17/07

TOP BENTONITE SEAL: 992.44 FT.
BENTONITE SEAL: 75 LBS 3/8" PELLETS

SCREEN: 2" dia., .020 SLOT, 40'

GRAVEL PACK: 850 LBS #4 QUARTZ

RISER PIPE: 2", dia., PVC

SPACERS, DEPTH: 50', 20'

NOTES:
-Decon 06/05/07
-Drilled w/6" Air Hammer
-SWL @ Install 40.0'
-Hydrated Pellets and Chips

-3' SS Pump Type
-Pump intake @ 63'

AEP CIVIL ENGINEERING LABORATORY

COORDINATES

GROUND ELEVATION

COMPANY

SYSTEM

AMERICAN ELECTRIC POWER SERVICE CORPORATION

MONITORING WELL CONSTRUCTION

GROUT SEAL: 250# BENTONITE CHIPS

BORING No.WELL No.S-22 INSTALLED

CARDINAL LANDFILLPROJECT
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E N V I R O N M E N T A L   S E R V I C E S

Cox-Colvin
&  ASSOCIATES, INC.

Well Construction Log
Well #: S-23

Project:
Site Location:

Coordinates:

Ground Surface Elevation:

Surveyed Estimated

Well Construction
Details

Well Type:

Measuring Point Description:

Drilling Company:

Driller:

Drilling Method:

Drilling Fluid:

Fluid Loss During Drilling (gal):

Installation Date(s):

Development Technique:

Fluid Developed (gal):

Static Depth to Water:

Prepared by:

Soil Boring Cross-Reference:

Comments:

Measuring Point Elevation: Surveyed Estimated
Surveyed Estimated

Development Date:

Static Depth to Water Date:

Ground Surface

Total Depth of Boring 45' bgs

Bentonite Chips

Sand Pack

2" Sch. 40 PVC Riser

Unless noted otherwise, all well construction depths are below ground surface (bgs)

Top of Seal 3' bgs

Top of Sand Pack 30' bgs

Top of Screen 33.87' bgs

6" Borehole Diameter

Well Screen: 2" Sch. 40 Screen 0.01" Slot
Total Depth Below Measuring Point: 45.70 ft

Cardinal Power Plant
Brilliant, Ohio

830001.82 N     2518128.28 E     (NAD 27)

984.62' amsl

Monitor Well (2" PVC)

Top of Casing

Cascade Drilling

Rick Tustin

Rotary-Sonic 6-inch Core Barrel

City/Plant Water

~525

12/05 to 12/06/2022

Over Pumping

12/07 and 12/19/2022

96

27.46 ft from TOC

12/07/2022

C. Creal

S-23

986.65' amsl

Above Grade
Locking Steel

Protective Casing Expandable Well Plug
Top of PVC Stick up 1.83 ft
Filter Sand

Well Log
Top of Steel Protective Casing 3.0 ft

Sonotube with Concrete

Seal type: Bentonite chips and

Benseal Quick Grout:  8 x 50# bags

   and 2 x 50# bags of Benseal on top of chips,
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Base of Screen 43.87' bgs

   below concrete pad.

Sand pack type: Global Filter Sand (Global #5)

   5.5 x 50# bags.

Total depth of well from notch/mark at the top

of the PVC casing is 45.70' after development.

Majority of lost drilling water in formations

above screened interval.



AMERICAN ELECTRIC POWER SERVICE CORPORATION 

AEP CIVIL ENGINEERING LABORATORY 
MONITORING WELL CONSTRUCTION 

JOB NUMBER 

COMPANY AMERICAN ELECTRIC POWER 
PROJECT CARDINAL LANDFILL 
COORDINATES N 830,114.1 E 2,515,650.7 
SYSTEM 

WELL No. S-1005 BORING No. M-1001S INSTALLED3/24/10 

TOP RISER: 1130.88 FT. 

GROUND ELEVATION 1128.42 FT. 

~ GROUT SEAL: VOLCLAY BENTONITE 

~ BENTONITE SEAL: 100 LBS 3/8" COATED PELLETS 

~ SCREEN: 2" dia., 20 SLOT SCH 40, 10' 

~ GRAVEL PACK: 100 LBS #4 QUARTZ SAND 

❑ 

RISER PIPE: 2", dia., SCH 40 

~ 
SPACERS, DEPTH: NA 

TOP BENTONITE SEAL: 1018.42 FT. 

TOP GRAVEL PACK: 1008.42 FT. 

TOP SCREEN: 1006.72 FT. 

NOTES: 
-Drill & decon water coming from CD Fire Protection 

System 
-Decon rig & tools N/A 
-Drilled w/6" roller bit 
-SWL @ install N/A 
-Drilled by Frontz Drilling 

BOTTOM SCREEN: 997.02 FT. 

BOTTOM WELL: 996.42 FT. 

BOTTOM GRAVEL PACK: 996.42 FT. 

- BOTTOM BORING: 756.42 FT. 
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